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Operative therapy is complex, technically demanding, and 
rapidly evolving. Although there are a number of standard 
textbooks that cover aspects of general, thoracic, vascular, or 
transplant surgery, Operative Techniques in Surgery is unique 
in offering a comprehensive treatment of contemporary proce
dures. Open operations, laparoscopic procedures, and newly 
described robotic approaches are all included. Where alterna
tive or complementary approaches exist, all are provided. The 
scope and ambition of the project is one of a kind. 

The text is organized anatomically in sections cover
ing thoracic surgery, upper gastrointestinal surgery, hepato
pancreatico-biliary surgery, colorectal surgery, breast surgery, 
endocrine surgery, and topics related to surgical oncology and 
modern approaches to vascular surgery. 

The editors are renowned surgeons with expertise in their 
respective fields. Each is a leader in the discipline of surgery, 
each recognized for superb surgical judgment and outstand
ing operative skill. Breast surgery, endocrine procedures, and 
surgical oncology topics were edited by Dr. Michael Sabel 
of the University of Michigan. Thoracic and upper gastro
intestinal surgery topics were edited by Dr. Mary Hawn of 
the University of Alabama at Birmingham, with Dr. Steven 
Hughes of the University of Florida directing the section on 
hepato-pancreatico-biliary surgery. Dr. Daniel Albo of Baylor 
College of Medicine directed the section dedicated to colorec
tal surgery. Dr. Ronald Dalman of Stanford University edited 
topics related to vascular surgery, including both open and 

endovascular approaches. In turn, the editors have recruited 
contributors that are world-renowned; the resulting volumes 
have a distinctly international flavor. 

Surgery is a visual discipline. Operative Techniques in 
Surgery is lavishly illustrated with a compelling combination 
of line art and intraoperative photography. The illustrated 
material was all executed by a single source, Body Scientific 
International, to provide a uniform style emphasizing clarity 
and strong, clean lines. Intraoperative photographs are taken 
from the perspective of the operating surgeon so that opera
tions might be visualized as they would be performed. The 
result is visually striking, often beautiful. The accompanying 
text is intentionally spare, with a focus on crucial operative 
details and important aspects of postoperative management. 

The text is designed for surgeons at all levels of prac
tice, from surgical residents to advanced practice fellows to 
surgeons of wide experience. The incredible pace at which sur
gical technique evolves means that the volumes will offer new 
insights and novel approaches to all surgeons. 

Operative Techniques in Surgery would be possible only 
at Wolters Kluwer Health, an organization of unique vision, 
organization, and talent. Brian Brown, executive editor, Keith 
Donnellan, acquisition editor, and Brendan Huffman, product 
development editor, of Wolters Kluwer Health deserve special 
recognition for vision and perseverance. 

Michael W. Mulholland, MD, PhD 
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Chapter 1 Open Tracheostomy 
·----------------------------------------------------- .... 

Sam T. Windham, Ill John Christopher McAuliffe 

DEFINITION 
• Tracheostomy is a procedure defined as the creation of a 

communication between the trachea and the skin of the neck 
anteriorly. In general, this technique is viewed as a definitive 
airway for the management of the critically ill patient need
ing prolonged ventilator support. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The history from the patient may be limited as compared 

to standard history and physical exams normally per
formed on patients during routine evaluations for surgery; 
however, the history and physical exam should focus to 
determine ( 1 )  the indications for tracheostomy, (2) opti
mal timing for the performance of the tracheostomy, and 
( 3 )  which approach will provide the safest tracheostomy 
for the patient. 

• With respect to the indication for tracheostomy, the first 
and foremost indication should be that of the patient with a 
difficult airway who requires prolonged mechanical ventila
tor support. In these patients, loss of the airway can have 
devastating consequences. Pertinent history might include a 
difficult airway at the time of surgery; prior maxillofacial 
trauma; presence of severe inflammation or edema in the 
mandibular, pharyngeal, or base of tongue regions; prior 
head and neck radiation; or conditions that limit the mobil
ity of the neck (e.g. ,  ankylosing spondylitis, cervical trauma, 
or fixation) . In these patients, early tracheostomy should be 
considered. 

• With respect to timing of the tracheostomy, many studies 
have evaluated this question. 

When endotracheal tubes were first created, the tubes 
were less flexible than modern tubes with low-volume, 
high-pressure cuffs that resulted in more tracheal 
trauma than modern tubes. However, tracheal trauma 
and stenosis still occur with modern endotracheal tubes, 
and as a result, this leads to one of the indications for 
timing of the tracheostomy. In order to minimize the 
risk of tracheal stenosis,  most recommend performance 
of tracheostomy in patients for whom 2 weeks of 
mechanical ventilation is expected.  Pena et al . 1 found 
that 8 6 %  of patients requiring laryngotracheal surgery 
for stenosis had a mean duration of 1 7  days of me
chanical ventilation. So to minimize this risk, tracheos
tomy is usually recommended for expected duration of 
1 4  days. 
Other studies have looked at the timing of tracheosto
mies based on outcomes for the patients . Most studies 
evaluating performance of tracheostomies within the 

first 10 days of intensive care unit ( ICU) course sug
gest statistically significant improvement in days on 
ventilator, days in the ICU, need for sedation, costs, 
and total hospital length of stay. Z-4 In busy hospitals, 
with increased ICU usage, early tracheostomy should be 
considered. 
With respect to timing of the tracheostomy, an important 
aspect of the history to evaluate is the disease process 
that required the need for mechanical ventilator sup
port. In patients with severe brain injury/ spinal cord 
inj ury associated with ineffective cough, severe multi
ple system organ failure, or in whom multiple-staged 
operations are planned, early tracheostomy should be 
considered. 

• The final aspect to the history and physical exam that 
should be considered alters whether the patient should 
undergo percutaneous dilatational tracheostomy ver
sus standard surgical tracheostomy. Certain condi
tions might warrant open technique over percutaneous 
tracheostomy. 

In the setting of altered patient anatomy, the safer option 
would favor standard surgical tracheostomy with direct 
exposure of the trachea. 
With respect to morbid obesity, Byhahn et al.6 reported a 
greater complication rate with percutaneous dilatational 
tracheostomy over surgical tracheostomy (43 % vs. 1 8 % ) . 
If an extended length tracheostomy is anticipated to be 
needed, then surgical tracheostomy may be safer and eas
ier approach. 
The final consideration in preprocedural evaluation is the 
ventilator settings.  In this setting, the surgeon must be 
comfortable either performing nonbronchoscopic percu
taneous tracheostomies or choosing an open approach in 
order to minimize derecruitment. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Prior to taking the patient for open tracheostomy, clotting 
parameters such as prothrombin time, partial thrombo
plastin time, and platelet count should be evaluated and 
optimized. 

• Cervical spine status should be evaluated in the setting of 
trauma. 

• Periprocedural antibiotics should be administered. 

Positioning 

• The patient is positioned supine with arms tucked to the 
side. Often, a pack is placed behind the shoulders to aid with 
neck extension ( FIG 1 ). 

5 
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6 P a rt 1 OPERATIVE TECHNIQUES IN THORACIC AND ESOPHAGEAL SURGERY 

Pack behind shoulders 
FIG 1 • Patient is posit ioned with a pack beh ind the scapu lae  i n  
order t o  i ncrease cervica l extens ion .  

I NCISION 

• A no.  1 5  b lade sca lpe l  is used to make a vert ica l ,  m id
l ine i nc is ion a pproxi mately 30 to 40 m m  a long the lower 
neck. The cepha lad extent of the inc i s ion beg ins  at the 
l evel of the cr icoid cart i l age and extends ca uda l ly toward 
the sterna l  notch .  

Electrocautery division 
between strap muscles 

Forceps on platysma 

Forceps on platysma Head 

• 

• 

The sk in  edges are  e l evated with Adson forceps a n d  
the  d i ssect ion  cont i n ues with Bovie e l ectroca utery 
th rough  the p l atysma  a n d  between the  stra p m usc les 
(FIG 2) .  

Once between t h e  strap m usc les, a Weit laner retractor 
may be p l aced to retract the sk in  edges, the subdermal  
tissue, and the strap m uscles l atera l ly. 

FIG 2 • D ivis ion between the strap m uscles us ing e lectrocautery. 



PRETRACHEAL DISSECTION 

• A gently curved, r ig ht-a ng le  c l amp is then p laced in the 
pretrachea l  space at the level of the cr icoid ca rt i l age .  In 
genera l ,  it is safest to deve lop the pretrachea l space from 
cephalad to cauda l  d i rect ion beg i n n i n g  at the l evel of 
the cr icoid carti l age (FIG 3A) .  

Caudal 
Forceps hold ing Pretracheal 
strap muscles tissue 

Forceps hold ing 
strap muscles 

• 

• 

• 
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Bovie e lectrocautery is used to d iv ide the tissue exposed 
between the r ight-ang le  c l amp .  
The  isthmus of  the thyro id is then d ivided us ing the Bovie 
e lectroca utery between the r ig ht-ang le  c lamp (FIG 38) .  

A p lane  is  then deve loped between the pretrachea l  
t i ssue and the trachea l atera l ly on each s ide us ing Bovie 
e lectroca utery (FIG 3C, 30) .  

Electrocautery 
division of 

Right-ang le clamp elevating 
A pretracheal tissue 

Cephalad 
B 

Right-ang le clamp elevating 
pretracheal tissue 

Divided thyroid isthmus Thyroid carti lage 

C Tracheal ring 4 Tracheal ring 3 

FIG 3 • A. Divis ion of the pretrachea l t issue 
using r ig ht-a ng le  c l amp  for exposu re and  
e lectrocautery for  d iv is ion of  t issue. B. D iv is ion 
of the thyro id  isth mus  us ing e lectrocautery. 
C. Anter ior exposure of the trachea after 
d iv is ion of the thyro id isthmus and l atera l 
mob i l ization of the thyro id  isthm us. Part (D) i s  
a n  i l l ustrat ion of th i s  step.  D 

Thyroid 
isthmus 
divided 

� Thyroid 
� carti lage 

Tracheal 
ring 3 

Tracheal 
ring 4 
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RING FIXATION 

• Once the a nter ior and anter ior l atera l exposure of the 
trachea has been obta ined, a 2-0 Prolene suture i s  p laced 
through the 3 rd trachea l ring latera l ly on  each s ide .  
The endotrachea l cuff should be br iefly defl ated as each 
st itch is p laced so as not to incorporate the cuff with the 
suture (FIG 4). 

TRACHEAL ENTRY 

• An i nc is ion is then made with a no.  1 1  b lade sca l pe l  in the 
space between r ings  2 and  3 and i n  the space between 
r ings 3 and 4.  

• The sca l pe l  is then used to d iv ide the 3 rd r ing ,  thus  cre
ating a s ideways " H -shaped " open ing  i n  the trachea 
(FIG S) .  

• A Kel ly  c l amp or trachea l spreader is then inserted, open
ing  the trachea.  

Placing suture in tracheal ring 3,  
right side Cephalad 

Prolene suture in tracheal ring 3, left side 
FIG 4 • A 2-0 Prolene suture p lacement i nto the 3 rd trachea l 
r ing on each s ide .  

Cranial 

Caudal 

-___,,__ Thyroid 
carti lage 

with incision d ividing 
the middle of ring 3 

FIG 5 • I l l ustrat ion showing H-sha ped inc i s ion of the trachea .  
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CANN U LATION OF THE TRACH EA • The tracheostomy tube is then inserted i nto the trachea 
(FIG GA,B) .  

• 

A 

The endotrachea l  tube is then s lowly withd rawn unt i l  
the t ip  is just proxi m a l  to the tracheotomy site. 

Cephalad 

• The tracheostomy tube is connected to anesthes ia venti
l ator and end-t ida l  carbon d ioxide (C02) i s  confi rmed.  

Prolene 
suture in 
ring 3 

Prolene suture 
in ring 3 

Caudal 

FIG 6 • A. Trachea l spreader open ing  of the trachea .  Note the 
endotrachea l  tube has been withd rawn to a location proxi m a l  
t o  t h e  tracheotomy. B. I ntrod uct ion o f  the tracheostomy tube 
i nto the tracheotomy. B Prolene suture in ring 3 

CLOSURE • The tracheostomy tube is secu red to the sk in us ing i nter
ru pted 2-0 Pro lene sutures. 

• A 2-0 Pro lene suture is then used to reapproxi mate sk in 
edges a bove and be low the tracheostomy tube.  

PEARLS AND PITFALLS 
Pretrachea l  d i ssect ion • Working from cepha lad  to caudad in the pretrachea l p l ane  resu lts in less b leed i n g .  

R ing  fixation  • P lac ing the sutu res in the 3 rd r ing a l l ows for l atera l tract ion to open the tracheotomy for i nsert ion of 
the tracheostomy tube.  

• The r ing sutu res a lso a l l ow for rei nsert ion of tracheostomy tube i n  the case of accidenta l d is lodgement 
before a tract is formed.  

Trachea l entry • Airway fi res have been described with the use of e lectrocautery to enter the trachea or to control 
b leed ing  of the trachea.  Sharp entry with sca l pe l  is the safest means to enter the trachea .  Otherwise, 
fract ion of insp i red oxygen (F i02) needs to be reduced to less than 40% to m i n i m ize r isk (exper iments 
have shown f l ammab le  cond it ions in F i02 as l ow as 2 5 %  with use of laser).7 

• I f  d iv is ion of the 3rd ring is not poss ib le  with sca lpe l ,  curved Mayo scissors can be used . 
• I nsert ion of the tracheostomy tube i nto the trachea shou ld  be at 90 degrees to the trachea .  Ta ngent ia l  

entry i ncreases the chance of pretrachea l p lacement of the tracheostomy tube.  

POSTOPERATIVE CARE 
• The 3rd ring stay sutures should stay until a tract develops 

between the skin and the trachea. Usually, these are removed 
after the first exchange of the tracheostomy tube. 

• The tracheostomy tube should be exchanged between 
days 7 and 12 for hygiene purpose as well as to decrease the 
granulation tissue ingrowth into the tracheostomy tube. 

• Once off the ventilator and as long as secretions are manage
able, the tracheostomy tube can be downsized. Usually, the 
tube is downsized every other day, until the tube is size 4 ,  
a t  which time decannulation i s  performed. 

• A decannulated tracheostomy stoma is covered with 
sterile gauze and tape and generally closes within 2 to 
4 days . 
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COMPLICATIONS 
• Rate of skin infection at surgical site: 2% to 3 %  
• Bleeding 
• Tracheoinnominate fistula 
• Tracheostomy dislodgement 
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Chapter 2 Cricothyroidotomy 
I 

---------------------------------------- -1 ----------------------------------------------------- · 

Sam T. Windham, Ill 

DEFINITION 
• Cricothyroidotomy is an emergency procedure to establish 

airway access when orotracheal intubation is not possible 
or attempts have failed. As cricothyroidotomy has a high 
rate of complications compared to orotracheal intubation 
and tracheostomy, its role is limited to a rescue procedure 
for emergent airway access. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The circumstances surrounding the loss of airway are para

mount to the use of cricothyroidotomy for establishment of 
the airway. These are broken down into patient-specific cir
cumstances and setting-specific circumstances. 

Patient-specific circumstances include trauma to face or 
upper airway, concern for cervical spine fractures, trau
matic brain injury, limitations to cervical mobility, previ
ous radiation to head and neck, and other circumstances 
leading to a difficult airway. 

In certain circumstances such as potential isolated cervi
cal spine fracture in a patient with a competent airway, 
attempts can be made to establish an airway by other 
means such as awake fiberoptic intubation or other 
intubation-assist devices .  
In  the setting of severe maxillofacial trauma where di
rect laryngoscopy is impeded by deranged anatomy, 
bleeding, and/or difficulty ventilating the patient, crico
thyroidotomy should be considered early in the airway 
management algorithm. 

Setting-specific circumstances also play a role as to the 
timing of emergency cricothyroidotomy in the airway al
gorithm. For example, considering the location where the 

airway is lost ( such as the emergency department, operat
ing room, or intensive care unit) will play a role in decid
ing what other options, equipment, and help are available. 

If the loss of airway occurs in the operating room where 
full technical support is available, the full difficult air
way algorithm may be used. 1 
The most common setting for the performance of crico
thyroidotomy is for the trauma patient in an emergency 
room. In these patients with multiple injuries, subop
timal airway exposure due to need to maintain in-line 
cervical stabilization, and/or facial trauma, cricothy
roidotomy should be prepared for at the first indication 
of a difficult airway. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Planning for the cricothyroidotomy begins before the situa
tion arises, such as familiarization with the steps involved in 
the procedure and knowledge of the equipment available to 
perform the procedure. 

• Prepping the neck and obtaining equipment should begin 
with the second attempt of direct laryngoscopy in the dif
ficult airway or at any sign of significant desaturation. Direct 
laryngoscopy may continue as the cricothyroidotomy is 
begun but should not delay the procedure. 

• The pertinent anatomy and location of the cricothyroid 
membrane are illustrated in FIG 1. 

Positioning 

• The patient is placed in the supine position with in-line 
cervical spine stabilization for trauma patients. 

11 
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Hyoid bone 

Thyrohyoid � 
membrane 

Median thyrohyoid 
l igament -----L:I--

Thyroid carti lage ---

Median cricothyroid 
l igament 

Cricoid carti lage 

PREP 

Lateral / thyrohyoid 

..._---�!Iiiii'!' l igament 

Superior cornu 
of thyroid 
cartilage 

Superior 
laryngeal 
nerve and artery 

Cricothyroid 
muscle 

Inferior cornu of 
thyroid carti lage 

Cricothyroid joint 

• Betad ine or ava i l ab l e  sk in  prep shou ld  be used to prep 
the a nterior  neck as qu ickly as poss ib le .  

INCISION 

• Us ing a no.  1 0  b lade or no. 1 5  b lade sca lpe l ,  a vertica l 
inc is ion shou ld  be made from the prominence of the thy
roid carti l age to be low the level of the cricoid cart i l age .  
Th is  i nc is ion shou ld  be through the ep iderm is, derm is, 
and subderm a l  tissues (FIGS 2 and 3) .  

Head Thyroid carti lage Incision 

FIG 1 • Pert inent anatomy i l l ustrat ing posit ion of 
the cr icothyro id membrane .  

FIG 2 • I nc is ion of the anter ior  neck, inc i s ing through 
epiderm is, derm is, and subderm a l  tissues. 



CRICOTHYROI D  MEMBRANE ENTRY 

• A curved hemostat is p laced on the cr icothyro id mem- • 
brane and " popped " throug h the membrane.  The hemo
stats a re then opened in a vert ica l-or iented man ner and 

Hemostat on cricothyroid membrane 

C h a p t e r  2 CRICOTHYRO I DOTO M V  13 

FIG 3 • Location of the sk in i nc is ion 
relative to a natomic  l andmarks. 

left i n  p l ace to ma inta i n  the open ing  i n  the cri cothyro id 
membrane (FIG 4) .  

A bougie ( 1 5 Fr) is advanced through  the open ing  of the  
hemostats and i nto the trachea (FIG 5) .  

Bougie Hemostat opening cricothyroid membrane 

FIG 5 • Hemostat spread to open cr icothyro id membrane in  
FIG 4 • Curved hemostat p laced onto cricothyroid membrane.  ab le to i ntrod uce boug ie  i nto the trachea .  
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I NTUBATION 

• A 6-0 endotrachea l tube (ETI) is advanced over the 

• Confi rmation of a tube p lacement shou ld  be performed 
with auscu ltat ion of the lung f ie lds, end-t ida l  C02 mon i -
tor, if ava i lab le, and portab le  chest x-ray. 

boug ie  i nto the trachea and the ba l l oon is insuffl ated • 0 S i l k  (or other l a rge sutu re) is used to secure the ETI 
to the sk in  and prevent accidenta l d is lodgement of the 
tube (FIG 7). 

(FIG 6) .  

Bougie 

6-0 ETI 

Cricothyroid 
membrane 

FIG 6 • 6-0 ETI introd uced i nto the trachea over the boug ie  
catheter. 

PEARLS AND PITFALLS 

6-0 ETI Suture securing ETI 

FIG 7 • 2-0 Prolene used to secu re the ETI in p l ace and  to 
c lose the wou nd .  

I nc is ion • A vert ica l i nc is ion is p refera b le, as a tra nsverse/hor izonta l i nc is ion can transect the anter ior 
j u g u l a r  ve ins, lead ing  to s ign if icant b leed ing,  and  i m pede visua l i zat ion .  

Cr icothyro id membrane entry • If a hemostat is not rea d i ly ava i lab le, the b lade of the sca l pe l  can be used to i ncise the 
membrane and the handle ca n be used to open the mem brane.  

I ntubation • A bougie does not have to be used, but once i n  p lace, it fac i l itates the i ntroduction of the ETI 
and ma inta ins the control of the a i rway. 

• G iv ing a twist to the ETI a l l ows for eas ier i ntrod uct ion of the ETI through the cr icothyro id 
mem brane .  

• A tracheostomy tube can be used instead of the ETI, but often these a re more d iffi cu lt  to f ind 
and  the ETI a re usua l l y  read i ly ava i l ab le .  

POSTOPERATIVE CARE COMPLICATIONS 
• The cricothyroidotomy should be formalized to a tracheos

tomy within the first 48 hours to minimize risk of long-term 
complications of tracheal stenosis as well as to establish a 
safer, more definitive airway. 

• In general, the cricothyroidotomy is converted to an open 
tracheostomy. At the same time, the wound of the cricothy
roidotomy is surgically cleaned and a strap muscle can be 
pulled down to the site of the cricothyroidotomy to aid with 
wound healing. 

• Subglottic stenosis 
• Wound complications 
• Occlusion of the small ETT with blood 

REFERENCE 
1. American Society of Anesthesiologists Task Force on Management of the 

Difficult Airway. Practice guidelines for management of the difficult air
way. A report by the American Society of Anesthesiologists Task Force on 
Management of the Difficult Airway. Anesthesiology. 1992;78:597-602. 
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Chapter 3 Tracheostomy: Endoscopic 
1----------------------------------------------------- .... 

Sam T. Windham, Ill 

DEFINITION 
• Tracheostomy is defined as a procedure creating a com

munication between the trachea and the skin of the neck 
anteriorly. Tracheostomy is used as a definitive manner of 
airway management as opposed to translaryngeal intubation 
for the needs of the critically ill patient. Since the mid-1 980s, 
percutaneous dilational tracheostomy (PDT) has gained 
acceptance with equivalent safety as compared to standard 
surgical tracheostomy, with equal or fewer complications, 
and decreased resource usage and costs. 1 •2 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The history from the patient may be limited as compared 

to standard history and physical exams normally performed 
during routine evaluations for surgery; however, the history 
and physical exam should focus on ( 1 )  the indications for 
tracheostomy, (2)  optimal timing for the performance of 
the tracheostomy, and ( 3 )  which approach will provide the 
safest tracheostomy for the patient. 

• With respect to the indication for tracheostomy, the first and 
foremost indication should be that of the patient with a dif
ficult airway who requires prolonged mechanical ventilator 
support. In these patients, loss of the airway can have devas
tating consequences. Pertinent history might include a diffi
cult airway at the time of surgery; prior maxillofacial trauma; 
presence of inflammation or edema in the mandibular, pha
ryngeal, or base of tongue regions; prior head and neck 
radiation; or conditions that limit the mobility of the neck 
(e.g., ankylosing spondylitis, cervical trauma, or fixation) .  
In these patients, early tracheostomy should be considered. 

• With respect to timing of the tracheostomy, many studies 
have aimed to evaluate this question. 

When endotracheal tubes were first created, the tubes were 
less flexible than modern tubes with low-volume and high
pressure cuffs that resulted in more tracheal trauma than 
modern endotracheal tubes. However, tracheal trauma and 
stenosis still occur with modern tubes, and as a result, this 
leads to one of the indications for timing of the tracheostomy. 
In order to minimize the risk of tracheal stenosis, most rec
ommend performance of tracheostomy in patients for whom 
2 weeks of mechanical ventilation is expected. Pena et aP 
found that 86% of patients requiring laryngotracheal surgery 
for stenosis had a mean duration of 17 days of mechanical 
ventilation. So to minimize this risk, tracheostomy is usually 
recommended for expected duration of 14 days. 
Other studies have looked at the timing for when to perform 
tracheostomies based on outcomes for the patients . Most 
studies evaluating performance of tracheostomies within 
the first 10 days of intensive care unit (ICU) course suggest 
statistically significant improvement in days on ventilator, 
days in the ICU, need for sedation, costs, and total hospi
tal length of stay.4-6 In busy hospitals, with increased ICU 
usage, early tracheostomy should be considered. 

With respect to timing of the tracheostomy, a final aspect 
to the history to evaluate is the disease process that 
required the need for mechanical ventilator support. 
In patients with severe brain injury/ spinal cord injury 
associated with ineffective cough, severe multiple system 
organ failure, or in whom multiple-staged operations are 
planned, early tracheostomy should be considered. 

• Another aspect of the history and physical exam that should 
be considered alters whether the patient should undergo 
PDT versus standard surgical tracheostomy. In the past, fre
quently cited contraindications to PDT were altered patient 
anatomy, morbid obesity, coagulopathy, cervical fracture, 
previous tracheostomy, and high ventilator setting, all of 
which should be evaluated in preprocedural setting. 

In the setting of altered anatomy, certainly, the safer op
tion would favor standard surgical tracheostomy with 
direct exposure of the trachea. 
With respect to morbid obesity, Byhahn et al. 8 reported 
greater complication rate with PDT over surgical trache
ostomy. If an extended length tracheostomy (XLT) is an
ticipated due to the distance between skin and trachea, 
then surgical tracheostomy may be a safer approach. 
With respect to coagulopathy, PDT can be safely per
formed in patients with a coagulopathy as long as the risk 
factors are modified prior to the procedure. If the platelet 
count is less than 50,000/JlL, platelets should be given at 
the time of the procedure.9 If the platelet count is less than 
75,000/JlL and the patient has other risk factors for platelet 
dysfunction (i .e . ,  azotemia, anti platelet therapy) or abnor
mal coagulation cascade ( i .e . ,  elevated prothrombin time 
or partial thromboplastin time) ,  platelets should be given 
periprocedural, as well as fresh frozen plasma if the inter
national normalized ratio (INR) is greater than 1 .7. 
With respect to cervical fixation and cervical fractures, studies 
have shown that PDT can be safely performed without cervi
cal spine clearance or fixation10 as long as cervical extension is 
not needed to gain adequate exposure on physical exam. 
In patients with prior tracheostomies, PDT has been 
shown to be a safe approach to tracheostomy placement.U 
The final consideration in preprocedural evaluation is the 
ventilator settings. High ventilator settings (e.g. ,  positive 
end-expiratory pressure [PEEP] > 1 4  em HzO, vent rate 
>20 breaths per minute) are a relative contraindication 
to PDT due to derecruitment issues during bronchoscopy. 
Depending on the comfort of the surgeon, a PDT can be 
performed with nonbronchoscopic or a standard open 
surgical approach. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Probably one of the most important components for safely 
performing this procedure is preparation and setup. 

Medications for the procedure usually consist of an anxio
lytic (Versed),  a narcotic, and a neuromuscular relaxant. 

15 
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The bed is positioned to allow access to the head of the 
bed so that translaryngeal reintubation can be performed. 
An intubation/airway tray should be at the bedside as well 
as supplies for reintubation (e.g. ,  Yankauer suction appa
ratus, Ambu bag, free flowing intravenous fluid) . 

Positioning 

The head of the bed is positioned at approximately 
30 degrees .  
A respiratory therapist and a nurse are both available as  
part of the preoperative planning and setup portions of  
the procedure. 

• For most patients, if the head of bed is elevated, a pack is 
not needed behind the back for neck extension, as it often 
does not increase the number of cartilaginous rings above 
the sternal notch. It is helpful, however, if the working dis
tance between the chin and sternal notch is limited, such as 
in those patients with a " second chin ."  

• If the pack is used, usually one to  two rectangular-shaped 
towels are positioned behind the shoulder blades. 

A bronchoscopy cart is set up to be used during the procedure. 
Periprocedural antibiotics are administered. 

SETUP 

• The vent i l ator is set to de l iver 1 00 %  fract ion of insp i red 
oxygen (F i02) i n  order to preoxygenate the patient. The 
vent i l ator i s  a l so adjusted to de l iver a set vo l u m e, and 
the rate is i ncreased i n  order  to preventi late the patient. 

• At the same t ime of adjust ing the vent i l ator sett ings, 
if the patient is conscious, the a nxio lyt ic is g iven .  If the 
patient to lerates the dos ing of the anxio lyt ic from a 
hemodynam ic  sta ndpoint, then a na rcotic is g iven shortly 
thereafter. 

• F i na l ly, the neurom uscu l a r  relaxant med ication is 
adm in istered. 
• The base of the neck is prepped with ch lorhexid ine  

f rom the ch in  to  the n ipp les and f rom l atera l aspect 
of the neck to the other latera l aspect of the neck. 

• Three ster i l e  towels  are used to d rape the latera l 
aspects of the surg ica l  f ie ld and the ca uda l  aspect of 
the fi e ld .  A ster i l e  sheet is then p laced to cover the 
ent ire body of the patient and is used to lay out the 
equ ipment for the proced u re (FIG 1 ) .  

I NCISION 

• Lidoca i ne  with ep inephr ine  is i nfi ltrated a long  lower 
m id l i ne  cerv ica l  reg ion from the externa l ly pa l pated cr i
coid carti l age to the sterna l  notch .  

• A 1 2- to 1 5-mm length inc is ion is made with a no.  1 5  b lade 
sca lpe l  through the dermis a long the m id l ine .  The cepha
lad port ion of the incis ion should sta rt at or just below the 
level of the crico id carti lage (FIG 2) .  

• Lidoca i ne  with ep inephr ine  is often used to i nfi ltrate 
sma l l  points of b leed ing  at the lower port ion of the 
dermis  and then pressure he ld  for 10 to 20 seconds to 
ach ieve relative hemostasis before proceed ing .  

• Curved hemostats a re then used to perform b l u nt d i ssec
t ion a long  the length of the i nc is ion between the stra p 
m uscles in order to better pa l pate the trachea to deter
m ine  the point of entry. 

Tapered di lator 
with  gu idance 

Introducer need le Guidewire catheter 

Pretracheal d i lator Tracheostomy with 
loading di lator 

FIG 1 • To aid with the procedure, the equipment is positioned 
on a sheet on the patient to m in im ize turn ing away from the 
operative f ie ld .  

Thyroid carti lage Chin 

FIG 2 • A 1 2- to 1 5-mm i nc is ion i s  made a long the lower 
m id l i ne  port ion of the neck. The inc i s ion i s  made through the 
ep iderm is, derm is, and  p latysma.  



CANN U LATION OF THE TRACH EA 

• If the bronchoscope is used, it is inserted down the endo
trachea l  tube at th is  point to the end of the endotrachea l  
tube but sti l l  ins ide the endotrachea l  tube so as to pro- • 
teet the endoscope from trauma  (FIG 3A) .  

• The curved hemostat or the i ntrod ucer need le  is 
then used to pa l pate the trachea between cart i l age 
r ings  2 and 3 (FIG 38) .  

• The endotrachea l  tube and bronchoscope a re with
d rawn s lowly unti l  they a re posit ioned just above 
the point of pa l pation, then the i ntrod ucer needle 
enters the trachea under  visua l i zat ion of the bron
choscope (FIG 3C) .  

• The gu idewire is then passed through  the i ntro
d ucer need le  under  visua l i zat ion of the broncho
scope (FIG 3D,E) .  

C h a p t e r  3 TRACH EOSTOMY: Endoscopi c  17 

• If the patient has l i m ited " reserve"/requ i red h i gh  
venti lator sett ings  p r i o r  to  the  proced ure, the  bron
choscope can be removed pr ior to the d i lat ion por
t ion of the proced u re.  

If bronchoscope is not used for the procedu re, the 
endotrachea l  tube is left i n  pos it ion,  and the i ntroducer 
need le  is p laced on  the i nterspace between ca rti l age 
r ings  2 and 3 .  
• The need le  is advanced i nto the trachea, asp i rati ng  

with  a syri nge as the trachea is entered . Most com
mon ly, a ir or a i rway secret ion f lu id is asp i rated as 
the trachea is  entered with the i ntrod ucer need le .  
The endotrachea l  tube is  l eft down at th i s  step to 
decrease the chance for  a poster ior trachea l wa l l  
i n jury with t h e  need le .  

• The g u idewi re is adva nced through the i ntroducer 
need le .  

Int roducer need le Chin 

Tracheal r ings Carina 

A 

C D 

FIG 3 • A. Image from the bronchoscope viewi ng the entire trachea.  B. The needle is then used to app ly pressure on the 
anter ior wa l l  of the trachea.  C. Need le  entry i nto the trachea under endoscopic  v is ion .  D. G u idewi re i nsert ion throug h the 
i ntroducer need le  from the externa l  v iew. (continued) 
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Introducer 
need le 

E 
FIG 3 • (continued) E. Guidewire insertion through the intro
ducer need le from the endoscopic view. 

DI LATION 

• The short, p retrachea l  d i lator is then advanced over the 
g u idewi re, enter ing the trachea at 90 degrees to the tra
chea.  As the d i lator is enter ing i nto the trachea, a s l i ght 
twist is app l ied to the d i lator to a i d  with entry i nto the 
trachea (FIG 4A,B). 

• Next, the tapered d i l ator and the gu id i ng  catheter a re • 
advanced as a u n it over the g u idewire.  Once aga in ,  the 
catheters shou ld  enter the trachea at 90-deg ree angle to 

Pretracheal d i lator Gu idewire 

B 

the trachea . The tapered d i l ator is advanced to d i late the 
trachea unti l  the sk in level mark on  the d i l ator is at the 
sk in  inc is ion.  If the bronchoscope is not used, the endo
trachea l tu be is withdrawn at th i s  po int by severa l cen
t imeters as the respi ratory therap i st, who is ho ld ing  the 
endotrachea l tube, beg ins  to feel the tapered d i lator p u l l  
and  h it  t h e  endotrachea l tube (FIG 4C,D) .  

The  ta pered d i l ator i s  removed from the gu id i ng  catheter 
and the g u idewi re, leaving the two of these i n  p lace .  

Pretracheal d i lator 

FIG 4 • A. Pretrachea l d i lator being passed over gu idewi re to perform pretrachea l  d i lat ion . B. Endoscopic  v iew of pretrachea l  
d i lator. (continued) 
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Sternal notch 
Tapered 
d i lator 

Guiding 
catheter Guidewire 

FIG 4 • (continued) C,D. Tapered d i l ator be ing passed over gu idewire and g u ida nce catheter. 

I NSERTION OF TRACHEOSTOMY TUBE 

• F ina l ly, the load ing d i l ator and the tracheostomy are 
loaded onto the g u idewire and gu idance catheter with 
caution to make sure the g u idance catheter emerges from 
the d i sta l end of the tracheostomy and load ing d i l ator. 

• Once the load ing  d i l ator is at the safety r idge of the 
g u ida nce catheter, the g u ida nce catheter, load ing  d i la
tor, and  tracheostomy tube a re advanced as a u n it i nto 
the trachea (FIG SA, B) .  

A 

Guidance 
Guidewire catheter 

Load ing 
catheter Tracheostomy 

• The g u i d ewi re, g u ida nce catheter, a n d  l o a d i n g  d i lator  
a re rem oved as  a u n it .  The cuff of the  trach eostomy 
tube  i s  i nf lated .  The i n ner  ca n n u l a  i s  then  i n se rted 
i nto the tracheostomy. E nd-t i d a l  carbon d iox ide 
(C02)  d etect ion  s h o u l d  be assessed as  the  pat ient  i s  
p l aced back o n  the  vent i l ator o r  the  bronchoscope 
s h o u l d  be q u ick ly  passed t h ro u g h  the  tracheos
tomy tube  to conf i rm a p p ropr i ate pos it i o n i n g  of the  
tracheostomy tube .  

Loading 
Tracheostomy di lator Guidewire 

B 

Guidance 
catheter 

FIG S • A. Tracheostomy tube be ing advanced i nto trachea over the g u idewi re, g u ida nce catheter, and load ing  d i l ator. 
B. Com pletion of i ntroduction of tracheostomy tube i nto trachea .  
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COMPLETION OF THE PROCEDURE 

• A 4 x 4 gauze shou ld  be cut to rest between the sk in 
and  tracheostomy tube for 24 hours, after which it is 
removed.  

• The tracheostomy tube shou ld  be sewn to the neck with 
2-0 Prolene sutu res that rema in  i n  place for 7 to 1 0  days. 

• A Velcro rei nforcement co l l a r  a lso provides support to 
prevent accidenta l d is lodgement pr ior to tract formation .  

PEARLS AND PITFALLS 

• 

• 

A chest rad iograph is rout ine ly obta ined postprocedure 
to eva l uate for a ppropr iate position ing  of the trache
ostomy tu be, rule out pneumothorax, and eva l uate for 
bronch i a l  obstruct ion .  
The sty let of the tracheostomy tube shou ld  be taped to 
the wa l l  a bove the patient's bed to be used for  tracheos
tomy rei nsert ion shou ld  accidenta l d is lodgement occu rs. 

I nd ications • I n  the obese patient, if a computed tomography (CT) sca n is ava i lab le, th i s  can be used to measure 
the d ista nce between the sk in  and trachea if an XLT tracheostomy tube is be ing considered . 

Inc i s ion • If a n  anter ior j u g u l a r  ve i n  i s  encou ntered i n  the i nc is ion (even if no  in jury i s  suspected), cons ider  
l igat ion proxi ma l l y  and d i sta l ly as th i s  i s  easiest to perform before the tracheostomy tube has been 
p laced.  

Can n u lat ion • The i ntroduc ing needle should be stab i l ized with the 1 st and 2nd d ig its of the left hand whi le the 
3 rd-5th d ig its rest on the trachea to stab i l ize it ;  th i s  he lps prevent the needle from s l i d i ng  off the 
l atera l wa l l  of the trachea.  

• The g u idewire shou ld  pass eas i ly  through  the i ntrod ucer needle i nto the trachea.  

D i lat ion • Al l  catheters (pretrachea l  d i l ator, tapered d i lator, and i ntroduc ing catheter) should enter 
perpend i cu la r  to the trachea as to prevent pretrachea l d i ssect ion or fa lse passage .  

I nsert ion of tracheostomy 
tube 

• Confi rmation with bronchoscope shou ld  be performed if the bronchoscope is used or  confi rmation 
of end-t ida l  C02 if the bronchoscope is  not used . 

POSTOPERATIVE CARE 
• The coagulopathic patient should be evaluated for bleeding, 

with platelets and/or blood products given if bleeding is 
present in the first 6 hours . 

• A 4 X 4 gauze placed between the tracheostomy and skin 
should be removed 24 hours after placement. 

• The initial tracheostomy tube should be exchanged between 
days 7 and 12 to help minimize secretions and decrease the 
ingrowth of granulation tissue. 

COMPLICATIONS 
• Rate of skin infection at surgical site: 2 %  to 3 %  
• Bleeding 
• Tracheoinnominate fistula 
• Tracheostomy dislodgement 
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Chapter 4 Tracheal Resection and 
Reconstruction 

. --------------------------------------- 1----------------------------------------------------- � 

Alexander T. Hillel William Grist 

DEFINITION 
• Tracheal resection is usually performed for the external ex

cision of tracheal stenosis or hypertrophic scarring of the 
trachea with critical obstruction of the airway. The term cri
cotracheal resection is used when the anterior section of the 
cricoid cartilage requires removal due to extension of the 
scar near the vocal folds. Tracheal resection is performed 
following failure of other surgical therapy, primarily endo
scopic excision and dilation of tracheal stenosis. A success
ful tracheal resection allows the patient to avoid a lifelong 
tracheostomy tube. 

DIFFERENTIAL DIAGNOSIS 
• Tracheal stenosis is primarily due to postintubation injury, 

although autoimmune disease can also cause subglottic ste
nosis. Acquired stenosis is usually secondary to pathogenic 
wound healing, with the formation of permanent scar tissue 
in the airway. 

• Tracheal neoplasms, including adenoid cystic and squamous 
cell carcinoma, or thyroid tumors with tracheal invasion are 
less frequent etiologies for segmental tracheal or cricotra
cheal resection. 1 

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• A thorough history should be performed, including past 

medical history, past surgical history-including previous 
intubations or surgery on the trachea or esophagus, medica
tions, allergies, and a family history of autoimmune disease. 

• Patients with an idiopathic etiology, who have not undergone 
intubation, or those with a history/family history of autoim
mune disease should have an autoimmune serum panel. 

• A detailed medical history for comorbidities that could affect 
recovery following resection includes diabetes, coronary 
artery disease, and lung disease including chronic obstructive 
pulmonary disease (COPD) and tracheobronchial malacia. 
Severe COPD and tracheobronchial malacia may necessitate 
the need for tracheostomy even following successful resection. 

• Patients who had multiple previous procedures, especially 
open tracheostomies or cervical tracheoesophageal fistula 
repair, may have extratracheal fibrosis, making dissection 
more challenging and increasing the risk of injury to the 
recurrent laryngeal nerve (RLN).  

Table 1:  Absolute and Relative Contraindications 
for Tracheal Resection 

1. Active auto immune d iseases affecti ng the a i rway (Wegener's 
g ranu lomatosis, re laps ing polychond ritis) 

2. Stenosis extend ing to inc lude the vocal folds 
3. Stenosis greater than ha lf the length of the trachea (relative contra ind ication) 
4. Concurrent l a ryngeal stenosis (relative contra ind ication)-tracheostomy 

wil l  need to rema in  i n  p lace unti l l a ryngeal stenosis is add ressed. 

• Thorough evaluation of vocal fold mobility is recommended 
to document preoperative function. Patients often have mul
tiple levels of stenosis, and glottic narrowing due to a second 
stenosis at level of vocal folds (relative contraindication) 
may limit the efficacy of successful tracheal resection. 

• Accurate understanding of the length of stenosis will impact 
the necessity of surgical release maneuvers. These are rarely 
required for stenosis less than 5 em. 

• Contraindications for tracheal resection are listed in Table 1 .  

IMAGING AND OTHER DIAGNOSTIC STIJDIES 
• Bronchoscopy is required to accurately map out the stenosis, 

including its length, width, and distance from the vocal folds 
and carina when appropriate. Bronchoscopy is usually per
formed in the operating room or endoscopy suite ( FIG 1 ) ;  
however, with appropriate topical anesthesia, in-office bron
choscopy can provide similar results and avoid a trip to the 
operating room. 

• As detailed in the preceding section, laryngoscopy or strobes
copy, when indicated, should be performed to assess preopera
tive vocal fold mobility and the presence of laryngeal stenosis. 

• Computed tomography (CT) can provide key anatomic detail 
of the trachea, especially of the external trachea and adjacent 
vasculature. Three-dimensional CT provides excellent recon
structions of the tracheal and bronchial airways ( FIG 2 ) .  

• I f  the patient complains of  dysphagia, a modified barium 
swallow study may yield relevant results especially if the 
patient requires infra- or suprahyoid laryngeal release maneu
vers, which will adversely affect swallowing postoperatively. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• When relevant, preoperative discussion between surgical 
teams about the extent of the stenosis is recommended. If the 
otolaryngologist represents the primary surgeon and repair 
of the stenosis may require a sternotomy, thoracic surgery 
should be consulted. 

FIG 1 • B ronchoscop ic  view of trachea l  stenosis taken at the 
level of the voca l fo lds .  

21 
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FIG 2 • Three-d i mens iona l  sag itta l CT image of cervica l trachea l 
stenosis with d i l ated segment proxim a l  to stenosis .  

BRONCHOSCOPY 

• Similarly, if it is a primary thoracic team performing surgery 
and the stenosis requires a suprahyoid release maneuver, pre
operative inclusion of otolaryngology team is recommended. 

• Use of an NIM™ RLN monitoring endotracheal tube (ETT) 
is recommended to allow for monitoring of the RLN during 
dissection. 

• Having a second anesthesia circuit in a sterile sleeve allows 
for easy control of the airway when the anode tube is placed 
in the distal trachea following the tracheal cuts. 

Positioning 

• An inflatable shoulder roll should be inflated to provide 
complete neck extension and deflated prior to closure. 

• Initial bronchoscopy may be performed with the bed rotated 
90 degrees from the anesthesia team to allow the surgical 
team to dilate the stenosis in order to place an ETT. 

• Following intubation, the bed should be rotated another 
90 degrees to have the head 1 8 0  degrees from anesthesia. 
This allows for adequate room around the head and neck. 

• If tracheostomy tube cannot be replaced with placement of an 
ETT following dilation, replace the tracheostomy tube with an 
anode tube to remove the flange from the operative field. 

• 

• I n it i a l  bronchoscopy is recom mended to assess the steno
sis; d i l ate and p lace a n  ETI pr ior to resect ion .  We encour
age per ioperative p lacement of an ETI in patients with 
tracheostom ies to remove the tracheostomy tube from 
the surg ica l  f ie ld .  

A key determ inat ion on  bronchoscopy is the proxim ity of  
the stenosis to the voca l fo lds .  If the proxi m a l  port ion i s  
with in  2 em of the super ior  aspect of the voca l fo lds, the 
cr icoid wi l l  usua l ly need to be inc l uded i n  the excis ion,  
which wi l l  i nf luence the l ocation of the i n it i a l  trachea l  
inc is ion .  

PLACEMENT OF INCISION 

• A low transverse neck inc i s ion shou ld  be p laced in a neck 
crease be low the cr ico id  carti l age extend ing  from the 
a nter ior border of the sternoc le idomasto id m uscles on 
each s ide of the neck.  

SKIN I NCISION AND RAISING OF FLAPS 

• An i nc is ion is extended deep to the p latysma, and  i nfe
r ior  and super ior subp latysma l  f laps shou ld  be e levated 
from the sterna l  notch to the hyoid super ior ly. 

EXPOSURE OF TRACH EA 

• The sternohyoid and  the sternothyro id m uscles shou ld  
be d i ssected and retracted latera l ly to expose the thy
roid isth m us, which shou ld  be tra nsected and reflected 
l atera l ly. 

• If there is exist ing tracheostomy sk in scar, the i nc is ion 
should inc lude the sca r a round the tracheostomy s ite i n  
a n  e l l i pse fash ion .  

• The a uthors a re proponents of the M ayfie ld  thyro id 
retractor to provide adequate exposure. 

• This  provides exposu re of the trachea, which shou ld  be 
skeletonized with b l unt d i ssect ion to free up the a nterior  
l i gamentous attachments to just above the ca r ina .  Th i s  
assists i n  for  tens ion-free a nastomosis .  Latera l  d i ssect ion 
should be l i m ited to ma inta in  the vascu l a r  supp ly. 
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SEPARATION OF COMMON PARTY WALL 

• Fol lowi ng ske leton iz ing  the a nterior  trachea, the trachea 
shou ld  be d i ssected c i rcumferent ia l ly at the level of the 
stenosis .  Dur ing exposure of tracheoesophagea l  g roove, • 
ca re shou ld  be taken with the d i ssect ion g iven proxi m-
ity of RLNs.  G iven the g reater ascend ing  length of the 
l eft RLN, it tends to run i n  a more cran i a l-cauda l  cou rse, 
whereas the r ight may be more ob l ique  in a l atera l to 
med ia l  d i rect ion .  • 

• Dissect ion may be used with a (Cri le) c l amp to sepa
rate the common pa rty wa l l ,  separati ng the poster ior 

Esophagus 

Clamp 
A 

I 
Surgeon's fingert ip  
palpat ing clamp 

Clamp t ips 

cart i lage 

Tracheal ring 1 

mem branous  trachea l  wa l l  from the anter ior wa l l  of the 
esophagus  (FIG 3A) .  This  should be done at the level of 
stenosis, however, not super ior  to the 1 st trachea l r ing to 
prevent in jury to the RLNs .  
Pa l pate the t ip  of the c lamp on the contra latera l s ide to 
gently d i ssect through the tissue p lane.  T issue bunch ing  
u p  between c l amp  t ip  and  f inger  suggest ing  the d i ssec
tion i s  i n  wrong p lane  with the tissue i s  l i ke ly represent
ing folded mem branous  trachea l  wa l l  o r  the esophagus .  
After the wa l l  i s  separated, p lacement of a 1 - inch  th ick  
Pen rose d ra i n  ma i nta ins  control (FIG 38) .  

B 

FIG 3 • A. B l u nt c l amp d i ssect ion sepa rati ng poster ior trachea l  wa l l  from esophagus .  B. Mayfie ld retractor provid ing  cra n i a l
cauda l  exposure of trachea after 1 - i n  Pen rose p laced between trachea and esophagus .  

TRACHEAL I NCISION 

• Pr ior to the trachea l i nc is ion,  two retention sutu res 
shou ld  be p l aced with 2-0 Vicryl  sutu res (on a CT- 1 
need le) around one or two trachea l r ings  be low the 
p l anned i nfer ior  i nc is ion l i ne .  These a re p laced at 
1 0  o'c lock and 2 o'c lock posit ions .  This provides a sub
stanti a l  ho ld  on the trachea shou ld  the trachea retract 
fo l lowing the inc i s ion .  

• The super ior i nc is ion shou ld  be made fi rst. If the sub
g l ott ic  stenosis is h i gh, in proxi m ity to the cr icoid, the 
i n it i a l  i nc is ion should be made at the infer ior aspect of 
the cr icothyroid mem brane.  A curved Mayo scissors is 
used to cut throug h a nterolatera l cr icoid, a n g l i n g  the cut 
l atera l ly i n  a superoinfer ior d i rect ion (FIG 4A) .  Usua l ly, 
on ly 1 20 to 1 80 deg rees of the a nter ior cr ico id  requ i re 
exc is ion;  however, u p  to 240 degrees may be excised 
(FIG 48) .2 If poster ior cr ico id  rema ins  th ickened with 
concern for a i rway obstruct ion fo l lowing  a nastomosis, it 
may be excised or  a b lated . 

• 

• 

• 

• 

• 

For cervica l trachea l  stenosis, enter at top port ion of the 
stenosis as est imated by bronchoscopy. I n it i a l ly, favor 
the inc i s ion toward the stenosis so hea lthy trachea is  not 
excised. 
If the ETT is i nterfer ing with the superior i nc is ion,  it may 
be retracted by the anesthesia team and surgery may 
cont inue  under i nterm ittent apneic condit ions .  Tying  a 
2-0 s i l k  suture through  the M u rphy's eye of the ETT w i l l  
a l l ow fo r  easy advancement l ater i n  the  proced ure .  
Next, the poster ior  inc is ion is made through  the mem
branous trachea.  Th is  may be infer ior  to the a nter ior inc i 
s ion,  resu lt ing i n  a beve led cut .  
The i nfer ior i nc is ion is made one r ing be low the infer ior 
aspect of stenosis, again beve led i nferior ly i n  a n  a nte
r ior-poster ior  d i rect ion to match the super ior  cut. 
At this poi nt, a ster i l e  a node tube on a second anesthesia 
c i rcu it is p l aced i nto the open aspect of the trachea to 
vent i late the patient (FIG 4C) .  C lose com m u n icat ion with 
the anesthesia team is paramount dur ing  p lacement and 
su bseq uent remova l of the anode tube. 
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FIG 4 • A. Cricoid cuts taken d u ring  cri cotrachea l  resect ion .  B. Axia l  
image of  cr icoid dep ict ing  maxi m a l  cr icoid cut  and relationsh i p  to  RLN and 
esophagus.  C. An anode tube is p laced i nto the d ista l trachea fo l lowing the  
cr icoid cut  separati ng the super ior  trachea . 

ANASTOMOSIS 

• Dur ing  the a nastomosis, the anode tube is i nterm ittently • 
removed to p l ace the sutu res and  rep laced to vent i late. 

• The poster ior  mem branous  wa l l  shou ld  be l i ned up fi rst • 
with a 2-0 polydioxanone (PDS) suture p laced at the cor-
ner b i l atera l ly, leaving the suture knot externa l  to the 
trachea (FIG SA,B) .  If a centra l trachea l resect ion i s  per-
formed, the suture spans from the corner of the mem- • 
branous  trachea i nfer ior ly to the poster ior aspect of the 
crico id super ior ly. Pr ior to tying  the corner sutu res, a run
n ing 2-0 PDS is used to close the mem branous trachea . 
After the corner sutu res a re tied, the runn ing  suture is 
sutu red to one s ide, pu l led t ight, and sutu red to the con
tra l atera l corner suture (FIG SC) .  

• Closure conti nues in a l atera l to a nterior  d i rect ion from 
each corner using 3-0 Vicryl  i nterrupted sutu res with the • 
suture knots kept outside the l umen  (FIG SD,E) .  

• Pr ior to p lac ing  the a nter ior sutu res, the anode is 
u lt i mately removed and the ETI is advanced past the 
a nastomosis .  The cuff should be advanced beyond the 

a nastomosis to prevent anter ior sutu res from inc lud ing  
the cuff. 
If there is some concern for tension, the shou lder  ro l l  
m a y  b e  deflated a n d  t h e  head fl exed t o  red uce tens ion .  
Super ior  retention sutu res a re p l aced through the thy
roid carti l age su per ior ly at 1 0  o'c lock and 2 o'c lock 
posit ions and tied to the i nferior stay sutu res to release 
tens ion from the a nastomosis (FIG 5F,G) .3 

F inger  d i ssect ion a long  a nter ior  trachea is usua l ly ade
quate for tension release i n  most cases (<5  em) .  If extra 
length i s  needed, supra hyo id l a ryngea l release provides 
1 to 2 em in length with less r isk of in jury to the i nter
na l  branch of the super ior  l a ryngea l  nerve than i nfra hy
oid release.• H i l a r  release is not usua l ly performed for 
lengthy ben ign  stenosis; i n stead, the su bstantia l ly less 
morbid Trachea l T-Tu be reconstruct ion i s  recommended .2 

After thorough ly i rr igat ing the surg ica l  bed, the anas
tomosis may be tested by fi l l i n g  the bed with sa l i ne, 
deflat ing the cuff, and having anesthesia provide posi
tive pressure venti lat ion .  I f  bu bbles a re appreciated, the 
leak should be loca l ized and c losed . 
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FIG S • A. The anastomosis beg ins  with sutu res passed at each posterol atera l corner of the mem branous  trachea i nferior ly and  
the poster ior cr ico id  u s i ng  2 -0  dyed PDS  suture. Pa ne l  (B) i s  a n  i l l ustrat ion of  th i s  step .  C. Closure of  mem branous  trachea l wa l l  
i n it ia l ly with two posterolatera l corner sutu res a n d  then a runn ing  suture a long t h e  mem branous  wa l l .  After a l l  three a re p laced, 
the two corner sutu res a re t ied, and then each end of the runn ing  suture is t ied to the respective corner suture. Al l  suture knots a re 
kept outside the l u men .  D. After the l atera l trachea is approxi mated with interrupted Vicryl  sutu res, the ETI is advanced (ETI no 
p ictured) and the anter ior wa l l  is c l osed . Pane l  (E) is  a n  i l l ustrat ion of th i s  step .  F. Retention sutu res a re tied to re l i eve tens ion off 
the a nastomotic suture l i ne  in a trachea l resect ion .  G. The a nastomosis in a cr icotrachea l  resect ion,  sutu red to the thyro id anter ior ly, 
showing the latera l presence of the cr icoid,  which is i nc l uded i n  the anastomosis latera l ly (and poster ior ly-not p ictu red) .  
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CLOSURE • 

• After hemostas is is verified, a Pen rose d ra i n  may be 
p l aced deep to the stra p m uscles. We favor a Pen rose 
d ra i n  because a negative pressure bu lb  d ra i n  may propa
gate a sma l l  trachea l  deh i scence. The 3-0 Vicryl  sutu res 
a re used to c lose the sternohyoid and sternothyro id m us
cles and to rea pproximate the p latysma l ayer. F i na l ly, the 
epidermis is c losed with a nylon suture. 

Gr i l lo2 proposed a "guard ian"  suture (Gri l l o  stitch) passed 
through the skin of the submentum to the presterna l  sk in as 
a rem inder to the patient to prevent excessive neck exten
sion and l im it postoperative tension on the a nastomosis. 
The p lacement of carti l ag inous retention sutu res creates a 
h igher  force req u i rement for tracheal anastomotic rupture 
beyond native trachea l rupture. This provides support for 
not p lac ing a guard ian sutu re, a l lowing patients to avoid 
the associated postoperative discomfort.3•5 

PEARLS AND PITFALLS 
I nd ications 

I nc is ion 

Exposu re 

Exc is ion 

C losure 

Postoperative ca re 

POSTOPERATIVE CARE 

• A thorough h i story shou ld  be performed, i nc l ud ing  past medica l ,  surg ica l ,  and  
fam i ly h i story a long  with preoperative bronchoscopy and imag ing  to  assess if the  
patient is a n  appropr iate surg ica l  ca nd idate. 

• Post intubation stenosis represents the pr imary i nd icat ion a long with trachea l  
neoplasms and,  rarely, tracheoesophagea l  fistu l a .  

• Avoid operat ing  on patients with active a uto immune  d isease. 

• A low transverse neck i nc is ion is usua l ly p laced i n  a neck crease just below the 
cr icoid carti lage .  

• Exist ing tracheotomy scars shou ld  be excised . 

• Subp latysmal  f laps a re e levated from the sternal  notch inferiorly and superiorly to the 
thyroid carti lage for tracheal  resection and hyoid ca rti lage for cr icotrachea l resect ion .  

• The posterior wa l l  of the trachea should be separated from the esophagus with a c lamp.  
• I nferior retention sutu res prevent trachea l  retract ion .  
• I n c lud ing  a marg in  of one trachea l r ing,  when poss ib le, is idea l  to prevent restenosis .  

• Absorbab le  sutu res red uce the r isk of a nastomotic restenosis .  
• Tying  the superior and i nferior retention sutu res rel axes tension on the anastomosis .  
• A Pen rose d ra i n  may be p laced and a n  opt iona l  G r i l l o  st itch may be used to rem ind  

the patient not  to extend the i r  neck. 

• Extubation fo l lowing  the procedure i s  h igh ly  recommended.  

• Infection (wound or pulmonary) 

• We are proponents of immediate extubation following tra
cheal resection. Close observation with the patient placed 
on proton pump inhibitors, antibiotics, and pain control is 
recommended. If there is no concern for esophageal injury, 
an initial soft diet may be advanced as tolerated. The patient 
should be instructed to limit neck extension. 

• Vocal fold paralysis 
• Loss of high-pitched phonation (with sacrifice of cricothy

roid muscles) 
• Dysphagia ( increased with superior release maneuvers) 
• Hemorrhage 
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Chapter 5 Lobectomy: Open 
- --------------------------------------- 1----------------------------------------------------- .... 

Awad EI-Ashry Robert J. Cerfolio 

DEFINITION 
• Anatomic resection of one or more of the pulmonary lobes 

with ligation and resection of their respective bronchus, 
arterial supply, and venous drainage ( FIG 1 ) .  

Indications 

• Appropriately staged and selected patients with non-small 
cell lung cancer (NSCLC) .  For the purposes of this chap
ter, we will focus on oncologic resection of pulmonary lobe 
together with lymph node (LN) dissection ( FIG 2 ) .  

• Destroyed lobe from chronic infections such a s  aspergillosis 
or tuberculosis (TB)  

F IG 1 • Provides a n  overview of the surg ica l  anatomy and 
related LN stations.  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Growing nodules in a smoker 
• Chronic cough and/or hemoptysis 
• Dyspnea 
• Age older than 50 years 
• History of smoking 
• Family or personal history of cancer 
• Lymphadenopathy 
• Horner's syndrome 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Chest x-ray: Plain films may show a pulmonary nodule and 

are also useful to evaluate for chronic lung conditions such as 
chronic obstructive pulmonary disease (COPD) .  Historically, 
the pattern of calcification of the nodule has been used to dif
ferentiate between benign and malignant lesions. However, this 
is not sensitive, as up to 20% of malignant nodules had benign 
appearance. Serial x-rays may be required to follow the lesion. 

• Contrast-enhanced computed tomography (CT) scan: A sol
itary pulmonary nodule is most likely benign; however, 
high index of suspicion should prompt further investigation 
to rule out the possibility of malignancy. Typically, malig
nant nodules enhance more than 20 Hounsfield units (HU), 
whereas benign nodules are usually less than 15.  CT is useful 
to identify the location (central vs. peripheral) ,  size, charac
teristics, single versus multiple, presence or absence of direct 

Superior Mediastinal Nodes 

• 2 Upper Paratracheal 

• 4 Lower Paratracheal 

Aortic Nodes 

5 Su baortic (A-P window) 

• 6 Para-aortic 

Inferior Mediastinal Nodes 
• 7 Su bcarinal 

• 8 Paraesophageal 

• 9 Pulmonary Ligament 

N1 Nodes 

• 1 0  H i lar 

• 1 1  I nterlobar 

1 2  Lobar 

1 3  Segmental 

1 4  Subsegmental 

FIG 2 • Lymph  node c lassif ication for l ung  cancer stag i ng .  
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extension to mediastinal structures and/or chest wall, and 
presence or absence of suspicious LNs and their location. 

• Positron emission tomography (PET) scan: The PET scan is 
less sensitive, however, more specific than CT in identify
ing malignant lesions. A lesion with standard uptake value 
(SUV) of 4.6 is associated with 96% likelihood of malig
nancy. An uptake of 0 to 2.5 is associated with 25 % likeli
hood of malignancy. For staging purposes, PET scan helps 
identify the presence or absence of PET avid lymphatic and/ 
or systemic metastasis. 

• Mediastinoscopy for LN biopsy and staging 
• Endobronchial ultrasound (EBUS) for LN status and biopsy 

of suspicious LNs 
• Navigational bronchoscopy 
• Pulmonary function test: with focus on forced expiratory 

volume (FEV1 ) and diffusing capacity of the lung for carbon 
monoxide (DLco) .  These measures help predict the postre
section pulmonary function. 

• Video-assisted thoracoscopic surgery (VATS) biopsy if the 
diagnosis is still in doubt 

• Brain and/or spine CT or magnetic resonance imaging 
(MRI) should be considered to identify possible metastasis, 
especially if the patient has neurologic symptoms. It was 
found that up to 1 8 %  of NSCLC has brain metastasis at 
presentation, with 1 0 %  asymptomatic. 

SURGICAL MANAGEMENT -PULMONARY 
LOBECTOMY 
Positioning and Preoperative Planning 

• Position the patient supine. 
• Intubate with a double lumen endotracheal tube. 
• Perform complete bronchoscopy and confirm position of the 

double lumen tube for single-lung ventilation. 
• Place a Foley catheter. 
• After intubation, place the patient in full lateral decubitus 

position, the operated side exposed. 
• Arms in swimmer's position to display the axilla 
• Shoulder higher than hip 

NOTE: It is important to place the patients flank exactly over the 
breaking point (flex or kidney break) of the table. We use the break 
table/flex function to maximize rib separation. 

RIGHT UPPER LOBECTOMY 

• Legs are positioned with the bottom leg bent and pillow in 
between to stabilize patient's lateral position. 

• Break table (kidney bend/flex) and use additional reverse 
Trendlenburg to position the patient's lateral chest wall almost 
parallel to the floor and the legs are angled toward the floor. 

• Pad pressure points and bony prominences; appropriately 
secure body position. 

• A body warmer to prevent patient hypothermia can be applied. 
• Curvilinear posterolateral incision at the 5th intercostal 

space is made starting midway between the medial edge of 
scapula and spine ending at the anterior axillary line, passing 
at a point two fingerbreadths below the scapular tip. 

• We spare the rib as well as the serratus anterior muscle dur
ing dissection. 

• Inject local anesthetic directly into the 5th and 6th intercos
tals nerve roots. 

• Apply rib spreader retractor with gradual retraction. 
• First inspect the pleural space and explore to ensure there 

are no metastatic lesions on the diaphragm or the parietal or 
visceral pleura. 

• The hilum is identified after the lung is retracted posteriorly 
and inferiorly. The dissection is carried down between the 
hilar structures and the phrenic nerve. 

• Sweep phrenic nerve gently down to remove the station l OR 
LN, avoiding the small phrenic vein that goes to the large 
station lOR LN that is routinely found in this area. 

• Divide the inferior pulmonary ligament up to the level of the 
inferior pulmonary vein (IPV) .  Resect the LNs encountered 
in this area (stations 8 and 9) and clean the esophagus and 
vagus nerve of hilar tissue ( FIG 3 ) .  

F IG  3 • T h e  infer ior p u l monary l i gament exposed b y  retract ing 
the l ung  super ior ly. 

• Deve lop the bifu rcat ion between m idd le  and upper  lobe 
ve ins  by b l untly d i ssect ing it off of the u nder ly ing pu l mo
nary a rtery (PA) (FIG 4). 

• 

• 

Cont inue en b loc d i ssect ion of the h i l a r  t issue to c lear ly 
expose the main PA. 
Enc i rc le  the super ior  pu lmonary ve in  with a vessel loop 
and retract it off the PA beh ind it. Us ing  the vessel loop 
as a g u ide, the l i near  sta p l i ng  device i s  passed across the 
r ig ht super ior  pu lmonary ve i n  and fi red (FIG SA-C) .  F IG  4 • I dentif ication o f  super ior  PA. 
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FIG 5 • Tra nsect ion of r ight super ior  p u l monary ve i n :  (A) vessel loop p l aced, (B) vessel loop gu id i ng  stap ler, and  (C) ve i n  tra nsected . 

• Next, the a nter ior-apica l tru n k  PA branch is enc i rc led 
with a vessel loop and  transected with a l i near  sta p ler  in 
the same fash ion as the ve i n  (FIG 6) .  • 

• The r ight upper  lobe (RUL) bronch us' anatomy is ex
posed.  Its u pper aspect is eas i ly seen com ing  off the tra
chea. The d i ssect ion is conti nued i nferior ly to expose the 
i nferior edge of the RUL bronchus and free it from the • 
bronchus i ntermed ius  (FIG 7). 

• LN d i ssect ion (stat ions 1 OR and 1 1  R, h i l a r  and i nter loba r) 
is continued a long the r ight ma in  bronchus and the bi
furcat ion between the bronchus i ntermed ius  with the 
upper lobe bronchus identif ied (FIG 8) .  

• E nc i rc le  the R U L  bronchus with a vessel loop and transect • 
with a l i near  stap ler. Ca re m ust be taken to app ly on ly  
m in ima l  retract ion on the spec imen to avo id  tea r ing of  
PA branches (FIG 9) .  • 

• Next, the poster ior seg ment of the PA is exposed .  The • 
surround ing  N 1 nodes can be removed and the poster ior 
a rtery can be enc i rc led with a vessel loop and taken with 
a vascu l a r  sta p ler  (FIG 1 0) .  

• Pr ior to stap l i ng  the fissu re, the a nter ior aspect of the PA 
is ca refu l ly inspected to ensure there a re no PA branches 

rema i n i n g .  I f  so, these are usua l l y  q u ite sma l l  and  can be 
eas i ly  torn and must be ca refu l ly l igated . 
The fissu re between the R U L  and  the r ight m idd le  lobe 
(RML) is now taken with a stap ler  (FIG 1 1 ) .  This  is usu a l ly 
taken from anter ior to posterior; however, it can a lso be 
taken from the back. 
As d iv is ion of the fissu re is completed, the main PA shou ld  
be seen and the stap ler  shou ld  be p laced just above i t  
after ensur ing that  a l l  sma l l  PA branches to the R U L  have 
been taken . The RML  PA bra nch ca n be eas i ly seen and 
shou ld  be preserved, and the R U L  must be l ifted to ensure 
the bronchus is inc l uded in the resected spec imen .  
To de l i neate the m inor  fissu re, the upper lobe is retracted 
super iorly and the m idd le  and lower lobe are pushed 
i nferior ly (FIG 1 2) .  

The m inor  fissu re is d ivided with  a l i near  sta p ler  (FIG 1 3) .  

The rema in i ng  LN d i ssect ion of stations 2 R  and 4R shou ld  
be performed (FIG 14) .  

FIG 7 • Identif icat ion of  R U L  bronch us, bronchus i ntermedi us, 
and PA. 

A 

B 

FIG 6 • A,B. Transect ion of anter ior-ap ica l  PA branch .  
FIG 8 • Remova l of h i l a r  and i nter lobar LN stat ions ( 1 0R  and 
1 1 R) .  
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FIG 1 0  • I dentif icat ion of poster ior seg ment of PA. 

FIG 1 2  • M i nor  fissu re exposed for tra nsect ion .  

FIG 9 • Transect ion of R U L  bronchus:  
(A) vesse l loop p laced, (B) vessel loop 
gu id ing  stap ler, (C) sta p ler  p laced, 
and (D) bronchus tra nsected. 

FIG 11 • Transect ion of major f issure. 

FIG 13 • Tra nsect ion of m inor  fissure. 
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FIG 1 4  • Remova l of su per ior  med iast i n a l  LN stat ions  
(2R a n d  4R) .  

RIGHT M I DDLE LOBE RESECTION 

• B l untly d i ssect and  identify the or ig i n  of the super ior pu l 
monary ve i n .  Conti nue  the d i ssect ion i nferior ly to  view 
the R M L  ve i n  branch .  It can be a separate branch that 
drains i nto the left atri um,  but most com mon ly, it jo ins  
the m a i n  tru n k  of the super ior  p u l monary ve i n .  

• The R M L  ve i n  is identif ied and  c leaned c i rcu mferentia l ly 
of h i l a r  t issue. The LNs l OR is removed . 

• A vessel loop is p laced a round the R M L  ve in ,  and then, 
us ing the vessel loop as a g u ide, a l i near  vascu l a r  sta p l i ng  
device is passed across the  ve i n  and f ired.  

• Next, the a nter ior fissu re between the R M L  and  r ig ht 
lower lobe (RLL) i s  sta p led .  

• Care is taken to ensure the PA branches to the RLL a re 
l eft i ntact and the R M L  bronchus is not in jured as the 
d i ssect ion conti nues a nter ior to it. This  wi l l  expose m u l
t ip le  LNs ( 1 1 R and 1 2R) that su rround the RML  bronchus .  

• E nc i rc le  the RML  bronchus with a vessel loop and transect 
with a l i near  sta p ler. 

RIGHT LOWER LOBE RESECTION 

• Divide the p leura enc los ing the RLL a nterior ly to the level 
of the RML ve i n  branch .  Conti nue  the d i ssect ion i n  the 
plane between the super ior  and infer ior pu l monary ve i n .  

• Identify the j u nction between R U L  bronchus and bron
chus  i ntermed ius  and resect the LN that is common ly  
found i n  th i s  locat ion .  

• E nc i rc le  the I PV with a vessel loop and ,  us ing the vessel 
loop as a g u ide, the l i near sta p l i n g  device is passed across 
the r ight I PV and f ired.  

• Conti nue  d i ssect ion on the i nfer ior s ide of the bronchus 
i ntermed ius  i nto the car ina removi ng the subcar ina l  LN 
station 7 .  

• 

• 

• 

• 
• 

• 

• 

• 

• 
• 

• 

Expose the h i l a r  tissue surround ing  the a rter ia l  branches 
to the m idd le  lobe and  the or ig in of the RML bronchus.  
Identify the anter ior PA branch to the RLL, and cont inue  
d i ssect ion a long  the top  of the PA poster ior ly unt i l  the  
super ior seg mental  a rtery to the RLL is recog n ized . 
D issect the h i l a r  t issue (LN stat ions 1 0, 1 1 , and  1 2R) from 
the i nter lobar port ion of the a rter ia l  branches and then 
l igate the one or  two RML PA branches. This  is accom
p l ished by fi rst remov ing the LNs off of and between the 
PA branches and then enc i rc l i ng  them with a vessel loop. 
The RML f issure is sta pled; take care to avoid the RML ve in  . 
After the R M L  is free of a l l  attachments, a l l  of the N2 and  
N l  LNs shou ld  then  be removed.  
Often, the LNs of stations 2R  and  4R have not been 
removed yet and  shou ld  be at th i s  point .  For comp let ion 
of LN d i ssect ion i n  the subcar ina l  (stat ion 7) and  r ight 
and a nterior  med iasti na l  t issue (stat ion 4R), the same 
exposu re and d i ssect ion can be performed as with the 
upper  lobe.  

Identify the super ior  seg ment of the lower lobe and 
deve lop the su badventit ia l  p lane of the r ight PA. 
At th is  poi nt, a l l  major vessel branches shou ld  be identi
fied (RML a rtery, poster ior  recu rri ng branch to the R U L, 
and the segmenta l vessels to the RLL) .  
Next, t h e  major fissu re i s  sta p led . 
D i ssect ion is contin ued a long the a rtery to c i rcumfer
enti a l ly free the branches of the r ight PA supp ly ing the 
lower lobe.  
Enc i rc le  the super ior  seg menta l a rtery with a vessel loop 
and tra nsect with a l i near  stap ler  i n  the same fash ion as 
the ve i n .  Ta ke ca re to not interfere with the takeoff of 
the poster ior recurr ing branch to the R U L, beca use it can 
or ig i nate from the super ior seg menta l a rtery. 
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• The bifu rcation of the R M L  bronchus and  bronchus i nter- • 
medius  is identif ied.  A vessel loop can be passed a round 
the bronchus i ntermed ius  to ass ist w ith  exposure .  

• Dissect the RLL bronchus c i rcu mferentia l ly and confirm • 
comp lete d i ssect ion by p lac ing a vesse l loop around it. 

• Ensure the RML  bronchus is seen and not k inked pr ior  to • 
sta p l i n g  the RLL bronchus.  

LEFT UPPER LOBECTOMY 

• Dissect ion is sta rted at the N2 mediasti na l  LNs.  If the l ung  
defl ates we l l ,  t he  nodes 9, 8 ,  and 7 can  be comp letely 
removed.  If the l ung  does not deflate suffic iently, it is 
best to sta rt at stat ion 7 and then move cepha lad toward 
the trachea and remove the LN 1 OL  p lus  5 and 6. 

• Remova l of the LNs fi rst exposes the anatomy and  affords 
v isua l  i nspect ion of the N2  nodes. 

• The d i ssect ion is conti nued between the h i l a r  structu res 
and  in between the aorta and  PA and poster ior to the 
phrenic nerve. 

• I dentify the or ig i n  of the super ior  p u l monary ve i n  and 
ensure there a re two pu lmonary ve ins  and  deve lop the  
space between the super ior  and the I PV. 

• Because the fissure may be com p lete or incomplete, we 
recommend f ind ing  the PA poster ior ly and  then d i ssect 
a long its surface to deve lop the fissu re poster ior ly. 

• I dentify the poster ior seg mental  PA branch and enc i rc le  
with a vessel loop.  Us ing the vesse l loop as a g u ide, the 
l i near  stap l i ng  device i s  used to d iv ide the vesse l .  

• Next, stap le  the poster ior fissure. Somet imes, the fissu re 
may need to be taken before the poster ior segmenta l PA 
can be d iv ided.  

LEFT LOWER LOBECTOMY 

• Divide the infer ior pu l monary l i gament u p  to the level 
of the I PV. Resect the LNs encou ntered i n  this a rea (LN 9 
fi rst and then the periesophagea l  LN 8). D issect the h i l a r  
t issue off t h e  esophagus  and  vagus  nerve (FIG 3), stay
ing  c lose to the per icard i u m  to approach the subcar ina l  
space. 

• Conti nue  the d i ssect ion toward the car ina and remove 
subcar ina l  LN station 7 (FIG 1 SA, B) .  

• Next, the trajectory is changed and the left l ower lobe is 
l ifted a nter ior ly and cepha lad  to expose the or ig i n  of the 
I PV (FIG 1 6) .  

• Dissect the I PV off the u nder ly ing bronchus and  free 
from h i l a r  tissue (FIG 1 7) .  

• Enc i rc le  the I PV with a vessel loop and us ing the vessel 
loop as a g u ide, the l i near  stap l i ng  device is passed across 
the vein and fi red (FIG 1 8A-D) .  Sometimes, it is best to 
take the vein later in the operation once the a rtery is 
d i ssected out and the fissure comp leted . Th is  may he lp  
prevent the l obe  from becoming  edematous. 

• 

• 

• 

• 

• 

• 

• 

• 

Transect the RLL bronchus with a l i near  stap ler. Ca re m ust 
be taken to app ly on ly  m i n i m a l  retract ion on the speci
men to avo id tear ing  of p u l monary structures. 
The d iv is ion of the rema in i ng  fissu re is comp leted with a 
l i near  stap ler. 
Res idua l  LN stat ions 7, 8R, 9R, and  4R are d issected for 
comp let ion of appropr iate h i l a r  nodal resect ion .  

Continue the dissection fol lowing the PA anteriorly unt i l  a l l  
the branches are l igated and f ina l ly the l ingu lar  artery is sta
p led in the same fash ion as the posterior segmenta l branch . 
Subseq uently, the a nter ior fissu re is enc i rc led by p lac ing  
a vessel loop from the d ivided l i ngu lar  a rtery stu m p  to 
the space between the two p u l monary ve ins  and  then 
transected with  a l i near  sta p ler. 
The super ior pu l monary ve in  is d i ssected off the bronchus 
and ca refu l ly enc i rc led.  Ensure the most super ior aspect 
of the ve i n  is d issected off of the ma in  PA so when the sta
p ler  i s  passed a round the ve in ,  the a rtery is c lear ly seen .  
Us ing the vessel loop as a g u ide, the l i near  stap l i ng  
device i s  passed across the  ve i n  and  fi red . 
The on ly  vascu la r  structu res rema in i ng  are the a nterior 
and apical  branches of the PA to the left u pper lobe (LU L) .  
Therefore, remove the  N 1  LNs  off of  the LUL bronchus and 
encirc le it with a vessel loop .  Us ing the vessel loop as a 
gu ide, the l i near stap l ing  device is passed across the bron
chus and f i red.  Care must be taken to app ly only m in ima l  
retraction on the  specimen to  avoid tea r ing of  PA branches. 
Once the LUL bronchus is transected, the f ina l  rema in i ng  
branches of  the  PA a re eas i ly seen and stap led . 
The rema in i ng  LN stat ions are d issected . 

A 

• The trajectory is changed back to expose the poster ior 
aspect of the h i l u m  and the a rter ia l  structures (FIG 1 9) .  

FIG 1S • A. Expos ing mediast i num for  (B) remova l of  
subcar ina l  LNs stat ion 7 .  



• 

FIG 1 6  • I dentif ication of I PV. 

Identify the left PA poster ior ly and then work a long  it to 
identify the major branches (su per ior seg menta l branch bas
i l a r  PA (FIG 20) .  

• The super ior  seg ment of the PA is exposed as we l l  as the 
rema i n i n g  l a rge basi l a r  PA. The surround ing  N1 nodes a re 
removed from the a rter ia l  branches a l l owing them to be 
c lear ly exposed (FIG 21 ) .  The bronch i a l  b ifurcat ion of the 
upper and lower lobe ca n be identif ied be low the PA i n  this 
l ocat ion .  

• The super ior  seg mental  PA is usu a l ly taken next us ing a vas
cu l a r  stap ler  (FIG 22) .  

• After the super ior  segmenta l  a rtery is stap led,  the rema in i ng  
l a rge basi l a r  PA  is  sta p led next. 

• Now the I PV can be taken or the left lower lobe bronchus 
can be stap led and  the ve i n  d ivided last. 

A 

B 
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FIG 1 7  • Pee l i ng  I PV off the bronchus and remova l of h i l a r  
t issue. 

• The LN d i ssect ion (stat ions 1 1  L and  1 2L) is cont in
ued a long the lower lobe bronchus  to free it c i r
cu mferentia l ly (FIG 23A-C) .  

• Enc i rc le  the left lower lobe bronchus with a vessel 
loop and tra nsect with a l i nea r  sta p ler. Care m ust 
be taken to app ly on ly m i n i m a l  retract ion on the 
specimen to avo id tea r ing of the l i n g u l a r  branch 
(FIG 24A-D) .  

• Next, the fissu re between the LU L and  the l eft 
l ower lobe is exposed and  taken with a l i near  sta
p ler  (FIG 25) .  

• The super ior  mediast i num is exposed and  the re
mova l of residua l  LN stations 5 and 6 is performed 
(FIG 26A,B) .  

F IG  1 8  • Tra nsect ion o f  left I PV: (A) vesse l l o o p  p laced, (B) vessel l o o p  gu id i ng  sta p ler, (C) stap le r  
p laced, and (D)  ve i n  transected.  



34 P a rt 1 OPERATIVE TECHNIQUES IN THORACIC AND ESOPHAGEAL SURGERY 

FIG 1 9  • Identifi cat ion of a nter ior segment of PA. 

FIG 20 • Identifi cat ion of major branches of left PA. 

A B 
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FIG 21 • Remova l of N 1  nodes (stat ion 1 1  L) from the or ig in  
of the l i ngu la r  a rtery. 

c 

F 

FIG 22 • A-C. Transect ion of super ior seg menta l PA. D-F. Tra nsect ion of infer ior PA. G-1 . Transect ion of lower 
lobe basi l a r  a rtery. 
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FIG 23 • Remova l of N1  nodes a long l ower lobe bronchus  (A) LN 1 OL, (B)  LN 1 1  L ,  and  (C) LN 1 2L. 

A 

B 

D 

FIG 25 • Transect ion of fissure. 

B 

FIG 24 • Transection of left lower 
lobe bronchus: (A) c i rcumferentia l  
d issection, (B) vessel loop gu id ing 
stapler, (C) stapler p laced, and 
(D) bronchus transected . 

FIG 26 • A. Thoracic grasper expos ing  super ior  mediast i num for (B) remova l of res idua l  
LN station (SL). 
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CLOSURE AND DRAI NAGE 

• 

• 

• 

The chest is f i l led with i rr igat ion f lu id  and the rema in i ng  
l ung  inf lated to  20 em H20 to  make certa i n  there i s  no  
leak at the bronch i a l  stu mp .  
If there i s  a leak, a 3 -0  Pro lene stitch on  a n  RB  need le  i s  
used to  oversew the bronch i a l  stu m p .  
Chest tube is emp loyed p e r  surgeon's standard routi ne . 

PEARLS AND PITFALLS 

• 

• 

• 
• 

R ib  approxi mation is ach ieved by d r i l l i n g  ho les through 
the r ib  and  pass ing  the suture materia l  throug h the 
ho les .  
The m uscle faci a l  edges a re approximated using a bsorb
ab le  runn ing  suture .  
Sk in  c losed with su bcuti cu la r  a bsorba b le  suture . 
The bronch i a l  marg in  is sent for frozen sect ion,  and the 
tumor is sent for genet ic  test ing and  tumor ma rkers. 

R ight upper  lobectomy • I nj u ring  the r ight main PA whi le gett ing ci rcumferent ia l  contro l of the r ight super ior pu lmonary vein 
• Fa i l u re to identify the poster ior ascend ing  branch to the poster ior seg ment of the R U L  

R ight m idd le  lobectomy • Fa i l u re to identify the RLL bronchus whi le obta i n i n g  control of the RML bronchus 
• I n jury of the poster ior seg mental  ve in whi le comp let ing the fissu re between the R U L and the R M L  

R ight lower lobectomy • I n jur ing  or k ink ing  the RML bronchus whi le stap l i ng  the RLL bronchus 

Left upper  lobectomy • I n jury to the anterior ap i ca l  tru n k  of the LU L, with resu ltant mass ive b leed ing  
• Fa i l u re to  recog n ize the l i n g u l a r  a rtery 

Left lower lobectomy • Fa i l u re to identify the super ior  segmenta l a rtery to the left l ower lobe 

POSTOPERATIVE CARE 
• Postoperative pain management 

Dispense pain medication per usual postoperative regimen. 
The patient is placed on aspiration precautions (no oral 
intake until fully awake and able to sit upright) .  
Inpatient hospital follow-up and discharge should be 
based on surgeon's experience and preference. 
Almost all patients should be extubated in the operating room. 
Extubated patients are transferred to the recovery room 
and to the appropriate hospital inpatient setting (bed with 
monitoring until discharge) .  
No postoperative antibiotics are used. 
Patients should be monitored with oximetry around-the
clock. 
Chest drain removal once output is less than 450 mL 
per day 
The patient is discharged from the hospital, if stable, most 
commonly on postoperative day 3 or 4. 

• Outpatient follow-up 
Follow-up visit 2 weeks postoperatively 
In cases of malignancy following pathology review, coun
sel the patient concerning the need for additional therapy 

or adjuvant chemotherapy as indicated. Adjuvant therapy, 
even radiotherapy, which is rarely indicated, as soon as 
3 to 6 weeks postoperative, depending on patient's perfor
mance status. 
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DEFINITION 
• Video-assisted thoracic surgery (VATS) lobectomy is defined 

as an anatomic lobectomy in which bronchial and vascular 
ligation is performed with lymph node sampling or dissection 
through several small incisions while avoiding spreading of the 
ribs. VATS is an appealing alternative to thoracotomy but must 
follow the same principles with vascular ligation, resection 
with negative margins, and appropriate lymph node dissection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A detailed history and physical must be performed prior to 

any treatment including past medical and surgical history, 
allergies, medications, social, and family history. 

• The patient's previous history of tobacco use as well as 
any chemical or asbestos exposures should be determined. 
Cessation of tobacco use preoperatively should be strongly 
encouraged for 4 weeks prior to any surgical intervention. 

• The history should include the patient's current functional 
status and exercise tolerance. 

• A complete physical examination should be performed with 
particular attention to auscultation of the heart and lungs 
and any evidence of cervical or supraclavicular lymphade
nopathy or peripheral edema. 

A 

c 

• Routine laboratory studies including a complete blood count 
and basic chemistry panel should be included as part of the 
preoperative evaluation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Patients typically present with abnormal chest radiograph 

( FIG 1 A) or chest computed tomography (CT) findings. 
If available, the findings should be compared to previous 
imaging to determine any interval changes. Lesions that are 
stable for more than 2 years are generally considered benign. 
Indeterminate lesions less than 1 em in size can be followed 
on serial imaging according to the recommendations of the 
Fleischner Society. 1 

• A chest CT ( FIG 1 8) should be obtained in all patients with 
a suspicious lung nodule to evaluate the size and charac
teristics of the nodule; proximity to the chest wall, vessels, 
airway, and mediastinum; additional pulmonary lesions; 
and hilar or mediastinal lymphadenopathy. The CT should 
include the upper abdomen to evaluate the liver and adrenal 
glands for metastatic disease. 

• A positron emission tomography (PET) scan ( FIG 1 C) pro
vides additional information regarding the metabolic activity 
of the pulmonary nodule and areas of uptake that are 
suspicious for regional nodal or distant metastatic disease 

FIG 1 • A. Chest x-ray shows a 
peripheral left upper lobe nodu le  
(arrowhead). B. Chest CT shows a 
peripheral left upper lobe nodule sus
picious for a lung carcinoma (arrow

head).  C. Left: This PET scan shows an  
intensely FDG-avid r ight u pper lobe 
mass (arrowhead). Right: There is 
a lso a moderately FDG-avid right h i l a r  
lymph node suspicious for reg iona l  
metastatic d isease (arrowhead). 
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and should be obtained in all patients suspected of having 
a non-small cell lung carcinoma? In patients with abnor
mal findings on fluorodeoxyglucose (FDG)-PET imaging, 
sampling of the abnormal lymph node should be performed 
prior to lung resection either by endobronchial ultrasound 
(EBUS) or mediastinoscopy. 

• For patients with non-small cell lung carcinoma who are 
surgical candidates, anatomic lobectomy and mediastinal 
lymph node dissection for complete oncologic resection and 
staging is recommended.3 

• Due to the low morbidity and mortality after wedge resec
tion, our preference for nodules that are highly suspicious 
for lung carcinoma based on PET or serial imaging is to per
form a VATS wedge resection for a tissue diagnosis. Needle 
biopsies are performed less often and are reserved for cases 
where the diagnosis is less clear or for central lesions that 
would require a lobectomy for diagnosis alone. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Preoperative risk assessment determines whether a patient 
will tolerate pulmonary resection based on pulmonary reserve 
(pulmonary function tests [PFTs] ) and other comorbidities.4 
Patients with significant cardiovascular risk factors or symp
toms should undergo preoperative cardiac evaluation. 

• Patients with a preoperative forced expiratory volume in 
1 second (FEV1 ) of more than 60% predicted and diffus
ing capacity of lung for carbon monoxide (DLCO) of more 
than 50% predicted are candidates for lobectomy. Patients 
not meeting these criteria should undergo further evaluation 
with a quantitative ventilation perfusion scan to determine 
their postoperative predicted pulmonary function with a 
minimum postoperative value of 40% predicted. 

• Cardiopulmonary exercise testing is occasionally helpful in 
patients whose symptoms do not correlate with the severity 
of their pulmonary function results. 

• For patients who will not tolerate an anatomic lobectomy, 
alternatives include a sublobar resection such as a segmen
tectomy or wedge resection, stereotactic body radiation 
therapy (SBRT),  radiofrequency ablation (RFA),  or defini
tive chemoradiation. These patients are best discussed in a 
multidisciplinary setting. 

• Relative contraindications for VATS lobectomy are listed in 
Table 1 .  

• In the preoperative area, the history and physical should be 
reviewed and consent should be obtained. The operative side 
should be appropriately marked. 

PLACEMENT OF INCISIONS 

Table 1 :  Relative Contraindications to 
Thoracoscopic Lobectomy 

Complete resection unab le  to be ach ieved with a lobectomy 
(Need for s leeve resect ion or  pneumonectomy) 
A central lesion mak ing it d ifficu l t  to stap le  the bronchus or  pu lmonary arter ia l  

branches 
Chest wa l l  or mediastina l  invasion (T3 or  T 4) 
Noda l  d isease adherent to the vessels 
Neoadj uvant chemoradiat ion 
Positive N3  d isease 
Patient unab le  to tolerate s ing le- lung venti lat ion 

• Once in the operating room, a flexible bronchoscopy should 
be performed to verify airway anatomy and rule out any 
endobronchial lesions. 

• Single-lung ventilation is achieved with a left-sided double 
lumen endotracheal tube, which is generally preferable to a 
bronchial blocker. 

Positioning 

• The patient should be placed in the lateral decubitus position, 
tilted slightly posteriorly. The bed is flexed taking care to drop 
the hips out of the way of the camera port ( FIG 2) .  The arms 
should be positioned in an arm holder in neutral position. The 
patient should then be secured and all pressure points padded. 

• Following positioning, the endotracheal tube position should 
be confirmed again by the anesthesiologist. 

FIG 2 • The patient i s  p laced in the latera l decubitus posit ion .  
It i s  i m portant to d rop the h i p  out of the way of the camera, 
which is p laced i n  the most infer ior port. 

• 

• Port p lacement is i m portant to obta i n  the idea l  a n g l es 
for sta p ler  p lacement and l ung  retract ion .  O u r  genera l  

Port 2 i s  p laced poster ior ly i n  t h e  a uscu ltatory tri ang le  i n  
t h e  6th i ntercosta l  space. P lac ing t h i s  i nc is ion one i nter
space lower is he lpfu l  for an upper  lobectomy in pass ing  
the sta p ler  when d iv id ing  the super ior  pu lmonary vei n .  
Port 3 is p laced i n  t h e  8th or 9th i ntercosta l space i n  the 
poster ior axi l l a ry l i ne, tak ing care to avoid in jur ing the 
d i aphragm .  

• 
port p lacement for a VATS lobectomy is shown (FIG 3) .  • 
Port 1 is p laced j ust below the inframammary crease 
i n  the 6th i ntercosta l space i n  the anter ior axi l l a ry 
l i ne .  A 5-mm, 30-degree ang led scope is p refera b le  to • 
decrease compression of the i ntercosta l nerve. The re
ma in i ng  ports can be p laced under  d i rect v isua l izat ion .  

An access incis ion (< 1 0  em)  is p laced in  the 4th intercosta l 
space in the midaxi l l a ry l ine (d i rectly above the superior 
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FIG 3 • Standard port p lacement for a VATS lobectomy. Port 1 i s  
p laced just be low the i nframammary crease i n  the 6th i ntercosta l 
space in the anter ior axi l l a ry l i ne .  Port 2 is p laced poster ior ly in the 
a uscu ltatory tr i ang le  i n  the 6th i ntercosta l space. Port 3 is p laced 
i n  the 8th or  9th i ntercosta l space in  the poster ior  axi l l a ry l i ne .  An 
access i nc is ion (< 1 0  em) is p l aced i n  the 4th i ntercosta l  space in 
the midaxi l l a ry l i ne .  The surgeon operates through  port 1 and the 
access i nc is ion whi le the assistant retracts the lung us ing Foerster 
c l amps in port 2. The camera is p laced in the most infer ior port 3 .  
(The arrow i nd icates t h e  front o f  t h e  patient.) 

pu lmonary vein  for an  upper lobectomy or one space lower 
for a midd le or lower lobectomy) for dissection and retrieva l 
of the specimen.  A Weit laner retractor is used to hold the • 
incis ion open to prevent suction from reexpanding the 
lung .  I n  the event of bleeding, a sponge stick can be qu ickly 
inserted through the access incision to hold pressure.  • 
The surgeon operates through port 1 and the access i nci-
s ion wh i l e  the assista nt posit ions the lung using Foerster 

c l amps i n  port 2 .  The camera is p laced i n  the most i nfe
rior port 3 .  
Thoracoscopic exploration s h o u l d  be performed look ing 
for any effus ion,  p leura l  l es ions, or  unexpected nodu les 
i n  the rema i nder of the l u n g .  
If t h e  l u ng is  n o t  adequately co l l a psed, suction s h o u l d  b e  
app l ied t o  the appropr iate l u men o f  the endotrachea l 
tube.  

LOCALIZATION OF THE LUNG NODULE may be he lpful  in identifying ground g lass nodu les (< 1 em), 
sma l l  nodu les (<5 mm), or nodu les deep to the pleural  sur
face intraoperatively (FIG 4B) .  • The nodu le  is loca l ized by corre lat ing the chest CT with 

the visua l i zed a natomy. The nodu le  i s  then pa l pated with • 
either the surgeon's fi nger or an instrument (FIG 4A) .  

Care shou ld  be taken not  to c rush  the nodu le, wh ich  
cou ld  make it hard to identify. I n  add it ion,  ru ptu r ing the  
mass risks p leura l  spread of d isease. 

• As screen ing chest CTs identify smal ler  nodules, preopera
tive local ization with methylene blue or coi l/wire p lace
ment by CT guidance or super d imensional bronchoscopy 

A 

B 
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A Foerster c l amp ca n be used to compress the l ung  be low 
the nodu le  to he lp  with passage of the sta p ler  if needed. 

FIG 4 • A. The nodule i s  located by visua l ization as we l l  as pa l pation with a f inger or i nstrument. B. Smal l  or  g round g lass 
nodu les  can be loca l ized preoperatively with dye i nject ion and wi re/co i l  p lacement. C. A wedge resect ion is performed and sent 
for frozen sect ion for a tissue d iag nosis .  
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• 

• 

A stap ler  (Ethicon, Inc, San Antonio, TX or Covid ien, I nc, 
Mansfield, MA; purple load Endo G IA 3.0- to 4.0-mm stapler 
height) is used to perform the wedge resection (FIG 4C) . 

The specimen is p l aced in a bag to prevent port site 
recu rrence. 

RIGHT UPPER LOBECTOMY 

• The major and minor fissures should be inspected, and the 
location of the tumor in the right u pper lobe should be con
firmed. The lung is retracted posteriorly to expose the h i l um .  

• The d i ssect ion is performed from a nter ior to poster ior  as 
opposed to the trad it iona l  fissu re d i ssect ion used i n  an 
open l obectomy. 

• The anter ior mediast ina l  p leura is opened sharp ly to 
avoid in jur ing  the phren ic  nerve us ing thoracoscopic 
Metzen baum scissors and  p ickups (FIG SA) .  

• The super ior  pu lmonary vein is d i ssected b l u ntly with 
a long coronary tip suct ion .  The d iv is ion between the 
upper lobe and m idd le  lobe venous branches must be 
identif ied (FIG 58) .  The m inor  f issure ca n be fo l l owed 
a nterior ly to ensure that the m idd le  lobe ve i n  is pre
served.  Attention m ust a lso be taken to avoid i nj u ry to 
the under ly ing r ight p u l m onary a rtery. 

• 

• 

• 

• 

• 

If the speci men is ben ign ,  cu ltures a re sent and the pro
ced u re is term inated. 
If cancer i s  confirmed, the access i nc is ion is made i n  the 
4th i ntercosta l  space and  a thoracoscopic  lobectomy is  
performed.  

The upper  lobe venous branches are isol ated and d i 
v ided us ing a vascu la r  be ige  load stap ler  (2.0- to 3 .0 -mm 
stap ler  he ig ht) through the poster ior i nc i s ion  (FIG 58) .  

If needed, the vessels can be enc i rc led with  a s i l k  t ie for 
tract ion or a curved-t ip  stap ler  can be used to assist i n  
passage o f  t h e  stap ler. 
Fo l lowing d ivision of the pu lmonary vein, the pu lmonary ar
tery is then exposed . The truncus anterior branch of the pu l 
monary artery is then carefu l ly isolated and d ivided us ing a 
beige load stapler through the posterior incision (FIG SC) . 

Once the truncus a nter ior has been d ivided, the r ight 
upper  lobe bronchus is exposed . The l u n g  is then re
tracted anter ior ly, and the p leura is opened poster ior ly. 
The branch po int between the upper  lobe bronchus and  
the bronchus i ntermed ius  is identif ied (FIG 50) .  Stations 
1 OR and 1 1  R lymph nodes a re often taken at th i s  t ime, 
which he lps  with the d i ssect ion .  

FIG 5 • A. The a nter ior mediasti na l  p leura is opened 
sharp ly, ta k ing ca re to preserve the phren ic  nerve 
(arrowhead). B. Left: The r ight upper  lobe branches 
of the super ior pu lmonary ve i n  a re d i ssected free. Ca re 
is taken to identify and preserve the r ig ht m idd le  lobe 
ve i n .  Attention must a lso be taken to avoid in jury to the 
under ly ing r ight pu l monary a rtery. Right: The upper  
lobe p u l monary ve i n  branches  a re d ivided with a be ige 
load sta p ler  passed from the poster ior port. (continued) 
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FIG 5 • (continued) C. The truncus a nter ior branches (top) of the 
p u l monary a rtery are d issected free and d ivided with a beige load 
sta p ler  (bottom). The p u l monary ve i n  stu m p  is i n  the foreg round 
(arrowhead). D. With  the l ung  retracted a nter iorly, the poster ior 
p leura is opened and the bifu rcation between the upper  lobe 
bronchus (arrow) and the bronchus intermed ius  (arrowhead) i s  
d issected free.  An 1 1  R lymph node is usu a l ly removed, and care 
is taken not to in jure the poster ior ascend i ng  pu lmonary a rter ia l  
branch ,  which i s  often just beh ind th is  lymph node (azygous 
ve in ,  asterisk). E. Top: The r ight upper  lobe bronchus is d issected 
free a nter iorly, and  any 1 1  R lymph nodes a re sent for patho logy. 
Bottom: The r ig ht upper lobe bronchus is c l amped with a purp le  
load stap ler  passed from the a nter ior port. The r ight m idd le  and  
lower lobes a re  br iefly i nflated to  confirm that  the bronchus 
i ntermed ius  i s  patent before fi r ing the stap ler. (continued) 
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FIG 5 • (continued) F. The poster ior  ascend ing  pu lmonary a rtery branch is d ivided with a beige load sta p ler  passed from the 
poster ior  port.  G. The fissu re is comp leted with a purp le load stap le r. Ca re i s  taken to preserve the middle lobe p u l monary ve i n  
and t h e  u nder ly ing p u l m onary a rtery. H. T h e  r ig ht u p p e r  l o b e  pu lmonary ve i n  (arrowhead), bronch i a l  (arrow), and  truncus 
a nter ior (asterisk) and poster ior  ascend ing  (double asterisk) p u l monary a rter ia l  stu m ps are checked for hemostas is .  I .  It i s  
im porta nt to exa m i n e  the midd le lobe vein (arrowhead) to confi rm that there is no midd le lobe tors ion .  

• The lung is then retracted posteriorly. The upper lobe bran- • 
chus is isolated and c lamped f lush with the bronchus i nter-
medius .  The lung is gently re inf lated with a hand breath • 
to ensure that the bronchus intermed ius is patent before 
d iv id ing the upper lobe bronchus us ing a purple load (s ize 
of stap le) stap ler  through the anterior i ncis ion (FIG SE) .  

• The poster ior  ascend ing  a rter ia l  branch to the r ight 
upper lobe (FIG SF) is  then d i ssected free and  d ivided 
using a beige load sta p ler  through  the poster ior inc i s ion .  

• A purple load stapler through the anterior incision is then • 
used to d ivide the m inor fissu re to complete the resection of 
the r ight upper lobe (FIG SG) .  Care should be taken to pre
serve the middle lobe vein and underlying pu lmonary artery. 

• Once the d i ssect ion has been comp leted, the speci men • 
shou ld  be removed us ing a protective retrieva l bag 
(Cook U ro log ica l ,  B loomi ngton, IN ;  LapSac). 

A mediasti na l  lymph node d i ssect ion i s  performed as 
descr ibed i n  the fo l l owing text. 
The hem ithorax is  then i r r igated with warm water, and  
the bronch i a l  stu m p  is  i n spected for evidence of  a n  
a i r  l e a k  with a Va lsa lva t o  2 5  em H 2 0 .  I f  there i s  evi
dence of a n  a i r  l eak, endoscop i c  o r  open sutu r ing  of the 
bronch i a l  stu m p  us ing  i nterru pted 4-0 Vicryl  may be re
q u i red .  The vascu l a r  stu m ps are checked for hemostas is  
(FIG SH) .  

Pr ior to c losure, chest tu bes a re p laced a nterior ly and  
poster ior ly throug h the a nter ior and i nferior i nc is ions .  
The lung is  reinf l ated under  d i rect vis ion to ensure that 
there i s  no  tors ion of the m idd le  lobe (FIG 51) .  
The  rema in i ng  port s ites a re c losed i n  l ayers u s i ng  a run 
n i ng  2 -0  Vicryl  fo r  the m uscle and su bcuta neous layers 
and 4-0 Monocryl to rea pproximate the sk in .  



B 

RIGHT M I DDLE LOBECTOMY 

• The m inor  and  major fissu res shou ld  be inspected and 
the tumor location i n  the r ight m idd le  lobe confi rmed.  

• The r ig ht m idd le  lobe is retracted poster iorly. The a nte-
rior mediasti na l  p leura is opened sharp ly to avoid inj u r- • 
i ng  the phren ic  nerve us ing thoracoscopic  Metzen baum 
scissors and p ickups .  

• The super ior  pu lmonary ve i n  branches to the m idd le  
and upper  lobes a re identifi ed .  The m i nor f issure can be  • 
fo l l owed a nterior ly to ensure that the upper  lobe ve ins  
a re preserved.  The midd le  lobe ve i n  (FIG 6A) i s  d i ssected 
free and d iv ided us ing a beige load stap ler  through the 
poster ior inc i s ion .  

• The r ight m idd le  lobe bronchus is exposed (FIG 6B), and • 
any l OR or 1 1  R lym ph nodes a re obta ined .  The m idd le  
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Right lower 
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lobe bronchus i s  then c lam ped f lush with the or ig in  of 
the lower lobe bronchus .  The l ung  is gently reinf lated 
with a hand breath to ensure that the right lower lobe 
i nfl ates before d iv id ing the middle lobe bronchus us ing 
a purp le  load sta p ler  through the poster ior  inc is ion .  
The r ig ht middle lobe a rtery (FIG 6C) is  then d iv ided 
us ing a beige load sta p ler  through  the poster ior  inc i s ion .  
A second midd le  lobe a rter ia l  branch may be present and 
is d iv ided in  a s im i lar  fash ion .  
The major  fissure between the m idd le  and  l ower lobes 
and the m inor  fissu re separat ing the m idd le  and upper  
lobes (FIG 60) a re then d ivided us ing a purp le  load sta
p le r  passed through  the a nter ior  inc i s ion .  Ca re is taken to 
preserve the upper lobe ve ins .  
The specimen is then removed us ing a retrieva l bag.  

R ight  middle 
lobe artery 

Right lower 
lobe bronchus 

FIG 6 • A. The right m idd le  lobe ve i n  is d i ssected free. Ca re is taken to identify and preserve the right upper  lobe vein 
branches before d iv id ing the m idd le  lobe ve i n  with a be ige load sta p ler  passed from the poster ior port. B. The r ight m idd le  
lobe bronchus is d i ssected free. Before d iv id ing the bronch us, a purp le  load  sta p ler  is passed f rom the poster ior  port and  
c lam ped.  The r ight lower lobe  is  br iefly i nfl ated to confirm that  the l ower lobe  bronchus is patent. C.  The r i ght  m idd le  lobe 
a rter ia l  branches a re d issected free and d ivided with a beige load stap ler  passed from the poster ior  port .  D. The minor fissu re 
is comp leted with a purp le  load stap ler. Ca re is taken to preserve the upper  lobe ve ins  (arrowhead). The m idd le  lobe ve i n  
(asterisk), bronch i a l  (arrow), and  m idd le  l o b e  p u l m onary a rter ia l  (double asterisk) stu mps a re checked f o r  hemostasis .  
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• A mediast i na l  lymph node d i ssect ion is performed as 
described i n  the fo l lowi ng text. 

• The hem ithorax is then irr igated with warm water, and • 
the bronch ia l  stum p  is inspected for evidence of an a i r  
l eak  with a Va lsa lva to  25 em H20 .  If there is evidence of 

RIGHT LOWER LOBECTOMY 

• The location of the tumor in the r ight lower lobe is • 
confi rmed.  

• The inferior pu lmonary l igament is taken down whi le re
tracting the lower lobe superiorly, exposing the inferior pu l 
monary vein (FIG 7A).  Leve l 9R lymph nodes are obta ined. 

• The anter ior and  poster ior mediast ina l  p leura l  reflec
tions a re then d iv ided sharp ly to avoid inj u r ing the 

A 

c 

FIG 7 • A. The inferior pu lmonary l igament has 
been d ivided, exposing the r ight inferior pu lmonary 
vein  (arrowhead). The 9R lymph nodes have been 
removed.  B. The inferior pu lmonary vein  is d ivided 
with a beige load stapler passed from the anterior 
port. C. After d issect ing the parenchyma from the 
r ight lower lobe bronchus and pu lmonary a rteria l  
branches, t h e  anterior aspect o f  t h e  fissure i s  
d ivided with a purp le load stap ler  passed from 
the anterior port. D. Top: The basi lar  pu lmonary 
a rter ia l  branches a re d issected free and (bottom) 
d ivided with a beige load stapler passed from the 
anterior port. (continued) 

B 
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an a i r  leak, endoscopic or open sutu r ing of the bronch ia l  
stum p  may be requ i red with i nterrupted 4-0 Vicryl  sutu res. 
Pr ior to c losu re, chest tu bes a re p laced a nterior ly and  
poster ior ly. The  l ung  is reinf lated under  d i rect v is ion to 
confirm that there i s  no  lobar  tors ion .  

ph ren ic  nerve us ing thoracoscopic Metzen baum scissors 
and picku ps. 
The inferior pu lmonary ve i n  i s  d i ssected free. With the 
lung retracted a nter iorly, leve l  7 lymph nodes may be ob
ta ined at th i s  t ime .  The lung is  then retracted poster iorly, 
and  the ve i n  is d ivided us ing a be ige load stap ler  from 
the a nter ior  inc i s ion (FIG 78) .  Ca re is taken to identify 
and preserve the m idd le  lobe ve i n .  
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FIG 7 • (continued) E. The super ior seg ment pu l monary a rtery (arrowhead) is  
d i ssected free and d ivided with a beige load sta p ler  passed from the a nter ior 
port (basi l a r  pu l monary a rtery stu m p, arrow). F. The r ight lower lobe bronchus 
(arrowhead) is  d i ssected free at the branch point with the r ight m idd le  lobe 
bronchus (arrow). The 1 1  R lymph nodes a re removed and sent to patho logy. 
Before d ivid ing  the bronch us, a purp le  load stap ler  passed from the a nter ior 
port is c l amped, and the r ight m idd le  lobe is briefly i nf lated to confirm that 
the m idd le  lobe bronchus is patent.  G. The poster ior f issure is comp leted with a 
purp le  load sta p ler  passed from the a nterior port (su per ior seg ment pu lmonary 
a rtery stum p, asterisk) . H. The p u l monary a rter ia l (asterisk), r ight lower lobe 
bronch i a l  (arrow), and inferior pu lmonary vei n  stu m ps (arrowhead) are checked 
for hemostasis. The r ight m idd le  lobe ve i n  (double asterisk) is  exa m ined to 
ensure that there is no  lobar torsion .  

• Work ing  outwa rd from the h i l um,  the parenchyma in the 
major fissu re is d i ssected off the lower lobe bronchus and 
the lower lobe pu l monary a rtery branches. • 

• The fissure is then d ivided keep ing  the purp le  load sta
p ler  above the bronchovascu l a r  structu res, pass ing  the 
sta p ler  from the anter ior port (FIG 7C) . 

• The bas i l a r  p u l m o n a ry a rte r i a l  b ranches (FIG 70) are  
then  d i ssected free a n d  d iv ided e i ther  together  o r  in -
d i v i d u a l ly with a be ige  load  sta p l e r  passed from the  • 
a nter ior  i n c i s i o n .  After d i v i d i n g  add i t iona l  f i ss u re i n  
a s i m i l a r  fash ion ,  t h e  super io r  seg ment  p u l m o n a ry 
a rte r i a l  b ranch  is d i ssected free a n d  d iv ided with a 

be ige  load  sta p l e r  passed from the  a nter ior  i n c i s i on  
(FIG 7E) .  

T h e  lower lobe bronchus is then iso lated and  c lam ped 
flush with the or ig in  of the m idd le  lobe bronchus. The 
lung is  gently reinf l ated with a hand breath to ensure 
that the m idd le  lobe bronchus is patent before d ivid ing  
the lower lobe  bronchus us ing the purp le  load stap ler  
through the a nter ior i nc is ion (FIG 7F) .  

T h e  poster ior aspect o f  t h e  major fissu re is comp leted 
with a purp le  load sta p ler  passed from the a nter ior in 
c i s ion  (FIG 7G) .  The speci men is  then removed us ing a 
retrieva l bag.  
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• A med iasti na l  lymph node d i ssect ion is performed as 
described i n  the fo l lowing  text. 

• The hem ithorax is then i rr igated with warm water, and 
the bronch i a l  stum p  is i n spected for  evidence of a n  a i r  • 
l eak with a Va lsa lva to 25 em H 2 0 .  If there is evidence of 
an a i r  leak, endoscop ic  or open sutu r ing of the bronch ia l  

ALTERNATIVE APPROACH-FISSURE 

DISSECTION 

• If there is a complete fissure, a fissu re d issection can be 
performed, s im i l a r  to the approach taken during an open 
lobectomy through a posterolatera l thoracotomy. The ad
vantage of this approach is that the a rter ia l  branches are d i 
v ided before the veins, decreas ing pu lmonary congest ion.  

• The fissu re is opened sharp ly us ing thoracoscopic Met
zenba u m  scissors and p ickups .  It is i m portant to d i ssect 

A 

• 

• 

B 

stu m p  may be requ i red us ing i nterrupted 4-0 Vicryl  
sutu res. The vascu l a r  stum ps a re checked for hemostasis 
(FIG 7H) .  

Pr io r  to c losu re, chest tu bes a re p laced a nterior ly and  
poster ior ly. 

down to the correct p lane  on the wa l l  of the p u l monary 
a rtery (FIG SA) .  

T h e  basi l a r  and  super ior  seg ment p u l monary a rter ia l  
branches  i n  the fissu re are then d i ssected free and  d i 
v ided us ing a be ige  load stap ler  through the a nter ior in 
c is ion (FIG 88) .  

T h e  i nfer ior pu lmonary v e i n  and lower l o b e  bronchus a re 
d iv ided as described ear l ie r. 

FIG 8 • A. With a comp lete fissu re, a n  a lternative approach is to open the fissu re sharp ly us ing a thoracoscop ic  p ickup and 
scissors. B. This  f ig u re shows a comp leted fissu re d i ssect ion on  the l eft showing m u lt ip le  pu lmonary a rter ia l  branches, i nc lud ing  
a poster ior seg menta l b ranch  (arrowhead) and two l i ngu la r  branches (asterisks) as wel l  as the super ior  seg mental  (arrow) and 
basi l a r  branches (double asterisk) to the l eft l ower lobe .  

LEFT UPPER LOBECTOMY 

• The major fissu re shou ld  be inspected and the tumor 
shou ld  be loca l ized i n  the left upper  lobe .  

• The left upper  lobe is retracted poster ior ly and the a nte
rior mediast ina l  p leura is opened sharp ly to avoid i nj u r
i ng  the phren ic  nerve us ing thoracoscopic Metzen baum 
scisso rs and p ickups .  

• The branches of the left super ior  pu l monary ve i n  a re 
d i ssected free (FIG 9A) and d ivided us ing a beige load 
stap ler  throug h the poster ior inc is ion.  There a re usu a l ly 
th ree branches, a l though there can be more.  

• The p leura super ior  to the h i l u m  is then opened sharp ly. 
Leve l s  5 and 6 lymph nodes are obta i ned .  The pu lmonary 
a rteria l  anatomy to the l eft upper  lobe is the most var i
able and there a re often m u lt ip le  sma l l  branches.  

• 

• 

• 

• 

• 

The a p ica l  and  anter ior p u l m onary a rter ia l  branches a re 
d issected free and d iv ided us ing a beige load stap ler  
through the a nter ior i nc is ion (FIG 98) .  

Working outwa rd f rom the h i l um,  the parenchyma i n  the 
major fissu re is d issected off the l i n g u l a r  p u l monary a rte
rial branches and the bronchus .  
The fissu re is then d ivided, keep ing  the purple load sta
p le r  a bove the bronchovascu l a r  structures pass ing  the 
stap ler  from the anter ior port. 
The l i n g u l a r  pu lmonary a rter ia l  branches a re then d is
sected free and d iv ided us ing a beige load sta p ler  
through the anter ior  i nc is ion (FIG 9C) . 

Retract ing the l u n g  super ior ly, the branch po int between 
the upper and lower lobe bronchi i s  identif ied (FIG 90) .  

Any 1 1  L lymph nodes  are removed. The bronchus  i s  then  
c l amped f lush with  the or ig in  of the lower lobe bronchus .  
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FIG 9 • A. Top: There a re m u lt ip le  left upper  lobe super ior p u l monary vein branches that a re (bottom) d ivided with a beige load 
stap le r  passed from the poster ior port. B. The a p ica l  pu lmonary a rter ia l  branch (arrowhead) is  d i ssected free and  d ivided with a 
beige load stap ler  passed from the a nter ior port ( left upper lobe bronch us, arrow). C. The parenchyma has  been d i ssected from 
the p u l monary a rtery and left upper lobe bronchus (arrowhead). The a nter ior f issure has been d iv ided with a sta p ler. This f ig u re 
shows the left l ower lobe bronchus (arrow) and the left lower lobe basi l a r  (triple asterisk) and super ior  seg mental  (double asterisk) 

pu lmonary a rter ia l  branches.  The l i n g u l a r  branches (asterisks) are d iv ided with a beige load sta p ler  passed from the a nter ior port. 
D. The left upper lobe bronchus (arrow) i s  d i ssected free at the branch po int with the lower lobe bronchus (arrowhead). The 1 1  L 
lymph nodes are removed and sent to patho logy. (continued) 
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FIG 9 • (continued) E. Before d ivid i ng  the left upper  lobe bronch us, a purp le  load sta p ler  passed from the poster ior  port 
is c l am ped, and the left l ower lobe is briefly inf lated to confi rm that the lower lobe bronchus is patent (arrowhead). F. The 
rema in i ng  pu lmonary a rter ia l  branches a re d ivided with a beige load stap ler. G. The poster ior f issure i s  comp leted with a purp le  
load sta p ler  passed from the anter ior port. H. The left upper  lobe pu lmonary a rter ia l  anatomy is the most va r iab le, and there 
a re frequently m u lt ip le  short branches.  The p u l monary a rter ia l  (arrowheads), super ior  p u l monary ve i n  (arrow), and l eft upper  
lobe bronch i a l  (asterisk) stu m ps a re checked for  hemostas is .  

The lung is gently reinf lated with a hand breath to en- • 
sure that the l eft lower lobe i nfl ates before d iv id ing the 
upper  lobe bronchus us ing a purple load sta p ler  passed • 
through  the poster ior i nc is ion (FIG 9E) .  

• The rema in i ng  upper  lobe pu l monary a rter ia l  branches 
are then d issected free and  d iv ided us ing a beige load 
sta p ler  through the anter ior inc i s ion (FIG 9F) .  

• The fissu re is then comp leted with the purp le  load sta-
p ler  through  the anter ior inc is ion (FIG 9G) .  The speci men • 
is removed us ing a retrieva l bag .  

ALTERNATIVE APPROACHES-FISSURE 

DISSECTION 

• If there is a com p lete fissu re, a f issure d i ssect ion can be 
performed.  The advantage of th i s  approach is that the 

• 

A mediasti na l  lym ph node d i ssect ion is performed as de
scr ibed i n  the fo l lowing  text. 
The hem ithorax is then irr igated with warm water, and 
the bronch ia l  stum p  is inspected for  evidence of an  a i r  leak 
with a Va lsa lva to 25 em H20. If there is evidence of an  a ir  
leak, endoscopic or open sutu r ing of the bronch ia l  stum p  
m a y  b e  requ i red us ing interrupted 4-0 Vicryl sutu res. 
The vascu lar  stumps are checked for hemostasis (FIG 9H) .  

Pr ior  to c losu re, chest tu bes a re p laced a nterior ly and  
poster ior ly. 

a rter ia l  branches a re taken before the vei ns, decreas ing 
p u l monary congestion .  
The  fissure is opened sharp ly u s i ng  thoracoscop ic  Met
zenbaum scissors and  p ickups (FIG SA) .  It is i m portant 
to d i ssect down to the correct p lane  on  the wa l l  of the 



p u l monary a rtery. The left m a i n  p u l monary a rtery can 
a lso be identif ied j ust poster ior to the fissu re and fol
l owed a nterior ly (FIG 1 0) .  

• The p u l monary a rter ia l  branches in the fissu re are then 
d i ssected free and d ivided i nd iv idu a l ly us ing a be ige load 
sta p ler  through the anter ior i nc is ion (FIG SB) .  

• The super ior  pu lmonary ve i n  branches and left upper  
lobe bronchus  are then d ivided as described ear l ier. 

FIG 1 0  • A. The left ma in  pu lmonary a rtery (arrow) can a l so be 
identif ied poster ior ly beh ind  the fissu re by open ing the poster ior 
mediast ina l  p leura and the poster ior aspect of the f issure.  The 
arrowhead shows the aort ic arch.  Two poster ior seg mental  a rteries 
a re being d i ssected free. B. The fi rst branch i s  d ivided with a cu rved 
t ip  stap ler, which can be usefu l  in pass ing  the sta p ler  when there is 
another structure d i rectly beh ind the a rtery; in th i s  case, another 
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p u l monary a rter ia l  branch .  B 

LEFT LOWER LOBECTOMY 

• A left l ower lobectomy is performed in a s i m i l a r  fash ion 
to a r ight lower l obectomy as described ear l ier. 

MEDIASTI NAL LYMPH NODE DISSECTION 

• Patients undergo ing  resect ion for non-sma l l  ce l l  l ung  
ca rci noma shou ld  have systematic med iasti na l  lymph 
node sa mp l i ng  or  d i ssect ion performed i ntraoperative ly.3 

• The d i ssect ion can be performed d u ring  the lobectomy • 
as the vesse ls  and  bronchus a re taken or fo l l owing l ung  
resect ion .  

• Paratrachea l lymph nodes ( leve ls 2R and 4R) are taken after • 
opening the p leura superior to the azygous vein between 
the trachea and the superior vena cava (FIG 1 1 A) .  Care is 
taken to preserve the phren ic  and vagus nerves. The nodal 
tissue between the superior vena cava and the trachea up  
to  the level of  the innominate artery is removed . 

• For the subcar ina l  node d i ssect ion ( level 7), the p leura 
is i nc ised poster ior ly between the i nfer ior pu lmonary 

vein and the bronchus i ntermed ius  on the r ight and  the 
ma i nstem bronchus on  the left (FIG 1 1 B) .  The noda l  
packet is d issected from the perica rd ium,  bronch us, and  
esophagus .  Ca re is taken to  protect the esophagus  and  
the vagus  nerve. 
The i nfe r ior p u l monary l i ga ment is d ivided, and level 9 
lymph nodes a re obta ined adjacent to the infer ior pu l 
monary ve i n  (FIG 1 1 C) .  

The pa ratrachea l  l ymph  n o d e s  are  n o t  e a s i l y  a ccess i 
b l e  on  the  l eft where ao rto p u l m o n a ry w indow ( leve l  
5) and paraaort ic  ( l eve l  6) lymph nodes are  obta ined  
after i n c i s i ng  the p l e u ra i n  between the  aorta a n d  
p u l m o n a ry a rte ry. Aga i n ,  ca re m ust be taken t o  pre
serve the  l eft phren i c  and recur rent l a ryngea l ne rves 
(FIG 1 1 0) .  
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FIG 1 1  • A. The paratracheal  (4R) lym ph nodes a re 
obta ined by open ing the mediast ina l  p leura sharp ly 
between the trachea (arrowhead) and the super ior vena 
cava (asterisk) just super ior to the azygous vei n  (double 

asterisk) . Care is taken to preserve the vagus nerve (arrow) 

and the phren ic  nerve, which is on the surface of the 
superior vena cava . B. The subcar ina l  ( level 7) lymph nodes 
a re obta i ned by open ing  the poster ior mediasti na l  p leura 
from the infer ior pu lmonary ve i n  (arrow) to the r ight 
ma instem bronchus (arrowhead). Lymph nodes a re removed 
between the esophagus (asterisk), the bronch us, and the 
u nder ly ing per icard i u m .  Care is taken to protect the vagus  
nerve wh ich  is on the surface of the esophagus.  C. Leve l 
9L lymph nodes (arrowhead) are obta ined after d iv id ing 
the i nferior pu l monary l i gament. D. Leve l 5 (asterisk) 

lym ph nodes a re obta i ned in the aortopu l monary window. 
Care is taken to preserve the left phren ic  (arrowhead) and 
recurrent l a ryngeal  nerves. The aort ic a rch (double asterisk) 

and super ior pu l monary vei n  (arrow) a re a lso shown . 
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Preoperative eva l uation • Patients with a h i lar  mass or those unable to tolerate s ingle-lung venti lation should undergo open 
lobectomy. 

• For ground g lass or sma l l  nodu les (<5 m m) requ i ri ng  a wedge resect ion,  l oca l ization with methylene 
b lue  i nject ion or coi l/wire p l acement shou ld  be considered . 

Position ing  • Patients shou ld  be f lexed and  posit ioned to  d rop the h i p  out  of  the way  of  the ca mera port. 
• S ing le- l ung  venti lat ion shou ld  be sta rted when prepping the patient to a l low time for the l ung  to 

co l l a pse especia l ly in patients with em physema .  

I nc is ions • I nc is ions should be p laced to a l low for opti m a l  v i sua l ization and ang les for sta p ler  p lacement for 
vascu la r  l igation .  

D issect ion • Carefu l identificat ion and exposu re of h i lar  structu res i s  i m perative pr ior  to d ivis ion .  
• Care m ust be taken to  preserve the r ig ht m idd le  lobe  ve i n  dur ing  a r ig ht upper  lobectomy. 
• The phrenic and recurrent la ryngea l nerves are protected during the mediast ina l  lymph node d issection. 
• The bronch i a l  stu m p  should be tested for a n  air leak fo l lowing  d iv is ion .  
• The h i lar  structu res shou ld  be exa m ined to ensure there is no tors ion of the rema in i ng  l u ng, part icu

l a r ly the r ight m idd le  lobe after a n  upper  lobectomy. 

C losure • P lac ing chest tu bes to water sea l may resu lt  in q u icker reso l ut ion of a i r  leaks as long as the l ung  is 
we l l  expanded on chest x-ray (CXR) . 

POSTOPERATIVE CARE 
• Following VATS lobectomy, a chest x-ray should be ob

tained. The chest tubes should be placed to water seal unless 
the lung is not fully inflated on suction. Chest tubes may be 
removed on postoperative day 2 or once any air leaks have 
resolved and drainage has decreased to less than 100 mL per 
shift. 

• Patients should be given an adequate pain control regimen 
and encouraged to ambulate and use the incentive spirometer. 

OUTCOMES 
• There are no large, randomized studies of VATS compared 

to open lobectomy. However, in the two largest series pub
lished to date, with more than 500 patients each, the conver
sion rate was 1 . 6 %  to 2.5 % ,  mortality 0 . 8 %  to 1 .2 %, and 
morbidity 15 .3 %5•6 The median length of stay was 3 days . 

• VATS lobectomy results in less pain/ improved pulmo
nary function in the postoperative period, and an increased 
chance of completing adjuvant chemotherapy. 8 

• VATS lobectomy, when performed by experienced thoracic 
surgeons, is a safe procedure with comparable or better re
sults than open lobectomy via thoracotomy. 

COMPLICATIONS 
• Prolonged air leak 
• Bleeding 
• Infection 
• Atrial fibrillation 
• Pneumonia 

• Phrenic or recurrent laryngeal nerve injury 
• Myocardial infarction 
• Bronchopleural fistula 
• Right middle lobe torsion is a rare complication following 

right upper lobectomy. The lung should be reinflated under 
direct vision to ensure that there is no lobar torsion. 
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DEFINITION 
• Robotic-assisted thoracoscopic lobectomy is defined as an 

anatomic lobectomy performed with the assistance of ro
botic technology in which bronchial and vascular ligation is 
performed with lymph node dissection or sampling through 
several small incisions while avoiding spreading of the ribs. 
The technique is a minimally invasive alternative to thoraco
scopic lobectomy and must be performed with the same on
cologic principles as an open lobectomy including vascular 
ligation, resection with negative margins, and appropriate 
lymph node dissection. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• A detailed history and physical must be performed includ

ing past medical and surgical history, allergies, medications, 
social, and family history. 

• A detailed social history is important to determine the 
patient's previous history of tobacco use as well as any chemi
cal or asbestos exposures. Smoking cessation for 4 weeks pre
operatively should be strongly encouraged prior to surgery. 

• The patient's current functional status and exercise tolerance 
must also be assessed to determine their fitness for surgery. 

• A complete physical examination should be performed with 
auscultation of the heart and lungs and evaluation for any 
cervical or supraclavicular lymphadenopathy or peripheral 
edema. Any abnormal findings on physical examination 
should be evaluated prior to surgery. 
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• Routine laboratory studies including a complete blood count 
and basic chemistry panel should be included as part of the 
preoperative evaluation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Patients generally present with abnormalities on chest ra

diograph ( FIG 1 A) or chest computed tomography (CT) 
( FIG 1 8) .  The lung nodule should be compared to previ
ous imaging when available. Nodules that have been stable 
for more than 2 years are generally benign. Indeterminate 
lesions less than 1 em in size should be followed with serial 
imaging according to the recommendations of the Fleischner 
Society. 1 

• A chest CT ( FIG 1 8) should be obtained in all patients 
with a suspicious lung nodule on chest x-ray (CXR)2•3 to 
evaluate the size and characteristics of the lesion; any po
tential involvement of the chest wall, vessels, airway, and 
mediastinum; additional pulmonary nodules; and hilar or 
mediastinal lymphadenopathy. The upper abdomen should 
be included to evaluate the liver and adrenal glands for any 
metastatic disease. 

• A positron emission tomography (PET) scan ( FIG 1 C ) is a 
functional study that evaluates the metabolic activity of the 
pulmonary lesion and areas of uptake that are suspicious 
for regional nodal or distant metastatic disease and should 
be obtained in patients suspected of having a non-small cell 
lung carcinoma.3 Sampling of any abnormal lymph nodes 

FIG 1 • A. Chest x-ray shows a per iphera l  r ight 
lower lobe nodu le  (arrowhead). B. Chest CT shows 
a spicu l ated r ight lower lobe nod u l e  suspic ious for 
a l ung  carc inoma (arrowhead). C. Left: PET scan 
shows an i ntensely f luorodeoxyg lucose (FDG)
avid r ight lower lobe nod u l e  (arrowhead) with 
a hypermetabo l i c  r ight h i l a r  lymph node (right; 
arrowhead) .  

-



should be performed prior to lung resection by endobron
chial ultrasound (EBUS) or mediastinoscopy. 

• Due to the low morbidity and mortality of a thoracoscopic 
wedge resection, for nodules that are highly suspicious for lung 
carcinoma on PET or serial imaging, our preference is to per
form a video-assisted thoracic surgery (VATS) wedge resection 
for a tissue diagnosis. CT or super dimensional needle biopsies 
are performed when the diagnosis is less clear or for central 
lesions that would require a lobectomy for diagnosis alone. 

• Once the cancer diagnosis is confirmed, an anatomic lobec
tomy and mediastinal lymph node dissection for complete 
oncologic resection and staging is performed in patients who 
are surgical candidates. 4 

• As screening chest CTs identify smaller lesions, preoperative 
localization with methylene blue or coil/wire placement by 
CT guidance or super dimensional bronchoscopy may be 
useful in identifying small ( < 5  mm) or ground glass nodules 
( < 1  em) and nodules that are deep to the pleural surface 
intraoperatively. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• All patients undergoing lung resection should undergo pre
operative pulmonary function testing (PFT) to determine if 
they have adequate pulmonary reserve.5 Preoperative cardiac 
evaluation should be performed in patients with significant 
cardiovascular risk factors or symptoms. 

• Patients with a preoperative forced expiratory volume in 1 
second (FEV1 ) of more than 60% predicted and diffusing 
capacity of lung for carbon monoxide (DLCO) of more than 
50% predicted are candidates for lobectomy. Patients not 
meeting these criteria should undergo further testing with 
a quantitative ventilation perfusion scan to determine the 
postoperative predicted pulmonary function with a mini
mum postoperative value of 40% predicted. 

• Cardiopulmonary exercise testing can be helpful in patients 
whose symptoms do not correlate with the severity of their 
pulmonary function results. 

• For patients who are not candidates for an anatomic lobec
tomy, alternatives include a sublobar resection such as a seg
mentectomy or wedge resection, stereotactic body radiation 
therapy (SBRT),  radiofrequency ablation (RFA),  or defini
tive chemoradiation. These patients should be discussed in a 
multidisciplinary setting. 

• In the preoperative area, the history and physical should be 
reviewed and consent should be obtained from the patient. 
The operative side should be marked. 

• Once in the operating room (OR),  a flexible bronchoscopy is 
performed to verify airway anatomy and the location of any 
endobronchial lesions. 

• A left-sided double lumen endotracheal tube is generally 
preferable to a bronchial blocker in achieving single-lung 
ventilation, especially on the right where the mainstem bron
chus is shorter. 

• It is important to recognize the lack of tactile feedback when 
using the robot. Practice in the robotic simulator prior to the 
case is useful. 

• The OR team must be familiar with emergency de-docking, 
and a sponge stick should be immediately available in case 
of bleeding. 
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• The dual console is useful when working with residents 
and allows both surgeons to switch instruments as needed. 
Pressing the camera pedal stops all the arms from moving, 
increasing safety. 

Positioning 

• The robot is draped sterilely ( FIG 2A) .  The surgeon operates 
with arms 1 and 2 while arm 3 is used for retraction. The 
joint of the camera arm should be placed opposite of arm 3 
to minimize bumping of the robotic arms. 

• The surgeon sits at the console { FIG 2B) ,  whereas an expe
rienced bedside assistant changes the robotic instruments, 
passes the staplers, and suctions when needed. 

• The patient should be placed in the lateral decubitus position, 
tilted slightly posteriorly ( FIG 3A) .  The robotic camera is 
much larger than the standard thoracoscopic camera, and 
the bed is flexed taking care to drop the hips out of the way 
of the camera port. The patient should be secured to the bed, 
and all pressure points are padded. The arms are positioned 
in the neutral position in an arm holder. 

• The position of the endotracheal tube should be confirmed 
again once positioning is complete. 

FIG 2 • A. The robot i s  d ra ped ster i l e ly. For a l eft-s ided resect ion,  
arm 3 is p laced as shown whi le arm 3 is moved to the opposite 
side for a r ight-s ided resect ion .  The surgeon operates with arms 1 
and  2 wh i l e  arm 3 is used for retract ion .  The jo int of the ca mera 
arm (arrowhead) shou ld  be p laced opposite of arm 3 to m i n i m ize 
bump ing  of the robotic arms. B. The surgeon sits at the conso le, 
whereas an exper ienced bedside assista nt changes the robotic 
i nstruments, passes the stap lers, and suct ions when needed. 
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FIG 3 • A. The patient is p laced in the latera l decubitus posit ion.  It is important to drop 
the h ip  out of the way of the robotic camera, which is l a rger than the thoracoscopic 
camera. The th i rd arm port is p laced at least 12 em from the level of the spine. 
B. Standard port p lacement for a r ight-sided robotic lobectomy. Port 1 (5th intercosta l 
space, anterior axi l l a ry l i ne), port 2 (7th intercosta l space, posterior axi l l a ry l i ne), and port 
3 (7th intercosta l space, auscu ltatory tr iang le) a re p laced as shown. The camera port is 
p laced in the 7th intercosta l space in the m idaxi l l a ry l i ne, so the camera wi l l  be d i rected 
in l i ne  with the major fissure (dotted line). A 1 2- to 1 5-mm accessory port is p laced in the 
7th intercostal space in  the anterior axi l l a ry l i ne.  For a r ight upper or midd le  lobectomy, 
p lac ing the accessory port more posteriorly in the 8th intercosta l space offers a better 
stap ler  ang le.  The robot is brought in at a 30-degree ang le  to the back (arrow) in l i ne  
with the major  fissure. To remove the specimen, a 1 0-cm access i ncis ion is made at either 
the assistant port or port 1 .  C. The robot is docked to the ports with either a b ipo lar  
Maryland or fenestrated grasper in  port 1 ,  a ProGrasp in  port 2, and a Caudier g rasper 
in  port 3 .  It is important to ca refu l ly place the assistant port so that the bedside assistant 
is ab le  to pass instruments without interference from the robotic arms. 

PLACEMENT OF I NCISIONS 

• Port p lacement is i mporta nt in obta i n i n g  the idea l  a n g l es 
for stap ler  p l acement and avo id ing  the robotic a rms in 
terfer ing with  each other  or the bedside assistant's port. 
Our genera l  port p lacement for a robotic l obectomy is  
shown (FIG 38) .  

• Port 1 is p laced in the 5th i ntercosta l space in the a nter ior 
axi l l a ry l i ne .  A 5-mm, 30-degree ang led standard thora
coscope is i n serted, so the rema in i ng  ports ca n be p laced 
under  d i rect v isua l izat ion .  

• Port 2 is p la ced i n  the 7th i ntercosta l space in the pos
terior axi l l a ry l i n e .  Port 3 i s  p l aced i n  the 7th i ntercosta l 
space in the a uscu ltatory tr i a n g l e  a n d  shou ld  be p l aced 
at l east 1 2  em from the sp ine .  The ca mera port i s  p l aced 
i n  the 7th i ntercosta l space i n  the m idaxi l l a ry l i ne,  so the 
camera wi l l  be d i rected i n  l i n e  with the major f issure. 

• A 1 2- to 1 5-mm assista nt port is p laced in the 7th i nter
costa l space in the anter ior axi l l a ry l i ne .  It is i mporta nt 
to ca refu l ly p lace the assista nt port so that the bedside 
ass istant i s  able to pass in struments without i nterfer
ence from the robotic a rms (FIG 3C) . For a r ight upper or  
m idd le  lobectomy, p lac ing  the assista nt port more poste
r ior ly in the 8th i ntercosta l  space offers a better stap ler  
ang le .  Ear ly  i n  the su rgeon's exper ience, the 1 5-mm port 
is usefu l ,  so sta ndard thoracoscop ic  instruments such as 
the Foerster c lamp and long coronary t ip  suction can 
be used . 

• 

• 

• 

• 

• 

• 

Carbon d ioxide (C02) insufflat ion to 5 m m H g  can be use
fu l  for a lower lobectomy to he lp  push the d i aphragm out 
of the way. It is i mportant to com m u n icate with the anes
thesiolog ist at the sta rt of i nsuffl ation to watch for hypo
tension and adjust the C02 insufflat ion as warranted . 
A 1 0-cm access inc i s ion ca n be made instead of the 
assistant port at the beg i n n i n g  of the case .  If C02 i nsuf
f lat ion is used, the access inc i s ion is made at either the 
assistant port or  port 1 at the end of the case to remove 
the specimen .  In the event of b leed ing,  a sponge stick 
can be q u ickly inserted through the access i nc is ion or  the 
1 5-mm port to hold pressure .  
The  robot is brought i n  at a 30-degree ang le  to the back 
i n  l ine with the major fissu re (FIG 38) .  

The  robot is docked to  the ports with either a b ipo l a r  
M a ry land or fenestrated g rasper i n  port 1 fo r  d i ssection .  
A ProGrasp i s  p laced i n  port 2 and is  used to  provide coun
ter tens ion as vessels and other  structu res are d issected 
free. A Ca ud ier  g rasper is p laced in port 3 and  is used to 
retract and posit ion the l u n g .  A 30-deg ree, 8 .5 -mm ca m
era (ang led down) is used to decrease compress ion of the 
i ntercosta l  nerve. 
Fo l l owing port p lacement, a thoracoscopic  exp loration i s  
performed to eva l uate for any effus ion, p leura l  les ions, 
or add it iona l  p u l monary nodu les.  
Adequate lung iso lat ion is i m portant, and if the lung is  
not adequately co l l a psed, suction  shou ld  be app l ied to 
the a ppropr iate l u men of the endotrachea l  tube.  



RIGHT UPPER LOBECTOMY 

• The l ocat ion of the nodu le  in the r ight upper  lobe shou ld  
be confi rmed.  The l ung  is retracted poster ior ly to expose 
the h i l u m .  

• The d issect ion is performed from anter ior to poster ior. 
The anter ior med iasti na l  p leura is opened sharp ly to 
avoid in jur ing  the phren i c  nerve us ing scissors or the 
bipolar Mary land g rasper (FIG 4A} .  

• The super io r  p u l m o n a ry ve i n  branches  a re d i ssected 
b l u nt ly  with the b i p o l a r  fenestrated g rasper. The 
d iv i s ion  between the  u p pe r  lobe a n d  m i d d l e  lobe 
venous  branches  m u st be i dent if ied (FIG 4B} .  The 
m i no r  f issu re can  be fo l l owed a nter ior ly  to ensu re that 
the  m i d d l e  lobe ve in  i s  p reserved .  Care m ust be taken 
to avoid i nj u ry to the  under l y i ng  r ight  p u l m o n a ry 
a rte ry. 

• The upper  lobe super ior  venous branches a re d ivided 
using a vascu la r  sta p ler  (Ethicon I n c, San Anton io, TX 
or Covid ien ,  Mansfie ld ,  MA; beige load Endo G IA, 2 .0-
to 3 .0-mm sta p ler  he ig ht) through  the assista nt port 
(FIG 4C) .  If needed, the vesse l s  ca n be enc i rc led with a 
s i l k  t ie  for tract ion or a curved-t ip  sta p ler  (Covid ien)  can 
be used to ass ist i n  passage of the sta p ler. 

• The truncus a nter ior branch of the pu lmonary a rtery is 
then d i ssected free and d iv ided using a beige load stap ler  
through  the assistant port (FIG 40) .  

• 

• 

• 

• 

• 
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W i t h  the  l u n g  retracted a nter ior ly, the poste r ior  p l e u ra 
is opened .  The b i furcat ion  between the upper  lobe 
bronchus  a n d  the bronchus  i ntermed iu s  i s  d i ssected 
free (FIG 4E) .  An 1 1  R l ymph node is  often removed, 
and ca re m u st be taken not to i n j u re the poster ior  
asce n d i n g  p u l mo n a ry a rtery branch ,  wh ich  i s  j ust be
h ind  th i s  l ymph node .  
The lung is  aga in  retracted poster ior ly, and  the r ight 
upper  lobe bronchus i s  d i ssected free (FIG 4F) .  Stations  
l OR and  1 1  R lymph nodes are obta ined for pathology. 
The r ight upper  lobe bronchus is then c l a m ped f lush 
with the bronchus i ntermed ius  with a purp le  load sta
p l e r  passed from the ass ista nt port (FIG 4G) .  The r ight 
midd le  and  lower lobes are part ia l ly i nf l ated to conf i rm 
that the bronchus i ntermed iu s  i s  patent before fi r i ng  
the sta p le r. 
The poster ior ascend ing  a rter ia l  branch (FIG 4H) is then 
d i ssected free and  d iv ided us ing a beige load stap ler  
through the assistant port.  
A p u r p l e  load sta p l e r  (3 .0- to 4 .0 -mm sta p l e r  h e i g ht) 
t h ro u g h  port 1 i s  then  used to d iv ide  the m i n o r  f is
s u re to co m p lete the  resect ion  of the  r ight u pper  lobe  
(F IG 41} . 

Once the d i ssect ion has been comp leted, the specimen 
shou ld  be removed us ing a protective retrieva l bag (Cook 
U ro log ica l ,  B loomi ngton, IN; LapSac). 

FIG 4 • A. The anterior mediasti na l  p leura is opened with either scissors or b ipo lar  Mary land g rasper. Care is taken to preserve 
the r ight phren ic  nerve (arrowhead). B. The r ight upper lobe branches (asterisks) of the super ior pu l monary vein a re d i ssected 
free. The most super ior branch (arrow) has a l ready been div ided. Care is taken to preserve the r ight m idd le  lobe vein (arrowhead). 
Attention must a lso be taken to avo id in jur ing the under ly ing r ight pu lmonary a rtery. C. The upper lobe branches are d ivided with 
a beige load stap ler  passed from the assistant port. D. The truncus anterior branch of the pu l monary a rtery is d issected free and 
d ivided with a be ige load stap ler. (continued) 
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FIG 4 • (continued) E. With the l ung  retracted a nter ior ly, the poster ior p leura is opened.  The bifurcation between the upper  
lobe bronchus  (arrowhead) and the bronchus  i ntermed ius  (arrow) i s  d i ssected free. An 1 1  R lym ph node is often removed, and 
ca re is taken not  to inj u re the poster ior ascend ing  p u l monary a rtery branch, which is just beh ind th is  lymph node (azygous ve in ,  
asterisk). F. The r ig ht upper lobe bronchus is d i ssected free a nter ior ly, and  1 1  R lymph nodes a re sent for  patho logy. G. The r ig ht 
upper lobe bronchus is c l am ped with a purp le  load stap ler  passed from the assista nt port. The right m idd le  and lower lobe 
a re parti a l ly inf l ated to confi rm that the bronchus intermed ius  is patent before f i r ing the sta p ler. H. The poster ior  ascend ing  
pu lmonary a rtery branch  (asterisk) i s  d i ssected free and  d ivided with  a be ige  load stap ler  passed f rom the assistant port. The  
r ight  upper lobe bronch i a l  stu m p  is shown (arrowhead). I .  The fissure i s  comp leted with  a purp le  load stap le r  through port 1 .  
Care is taken to preserve the m idd le  lobe p u l monary ve i n  and  the under ly ing pu lmonary a rtery. (continued) 
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Superior vena cava 

Truncus anterior stump 

Right upper 
lobe bronchial 

stump 

Right upper lobe 
pulmonary vein stump FIG 4 • (continued) J. The right upper lobe 

pu lmonary and bronch ia l  ve ins and truncus 
anterior and posterior ascend ing pu lmonary 
a rter ia l  stum ps are checked for hemostasis. 
It is important to examine the middle lobe 
vein to confi rm that there is no middle lobe 
tors ion.  

• 

• 

Posterior ascending 
pulmonary artery 

branch stump 

Right middle 
lobe vein 

A med iasti n a l  lymph node d i ssect ion is performed as • 
described in the fo l lowi ng text. 
The hem ithorax is then i rr igated with warm water, and 
the bronch i a l  stu m p  is inspected for  evidence of a n  
a i r  l e a k  with a Va lsa lva to 25  em H 2 0 .  If there is a n  a i r  • 
l eak, robotic or open sutu r ing of the bronch i a l  stu m p  
is  performed us ing i nterru pted 4-0 Vicryl  sutu res. The 
vascu la r  stu m ps are checked for hemostas is (FIG 4J) .  

RIGHT M I DDLE LOBECTOMY 

• The tumor location in the r ight m idd le  lobe is confi rmed.  
The r ight middle lobe is retracted poster ior ly. The 
a nter ior  mediast ina l  p leura is opened sharply to avoid • 
i n jur ing  the phren ic  nerve us ing scissors or the b ipo la r  
Mary land g rasper. 

• The r ight m idd le  lobe vein is identif ied.  Ca re is taken to 
preserve the r ight upper  lobe ve i n  branches (FIG SA) .  

The m inor  fissure can be fo l l owed a nterior ly to ensure 
that the upper lobe ve ins  a re preserved . The r ight m idd le  • 
lobe ve i n  is d i ssected with a b ipo la r  fenestrated g rasper 
and d iv ided with a beige load stap ler  passed from the 
assista nt port (FIG SB,C) . • 

• The ma jor  f issu re is opened  with a com b i nat ion  of • 
d i ssect ion  with the  b i p o l a r  M a ry l a n d  g rasper  a n d  
the  p u r p l e  l oad  sta p l e r  ta k i n g  c a r e  to p rotect the  u n - • 
d e r l y i n g  r i g ht lower l obe  branches  of the  p u l m o n a ry 
a rte ry. 

• The r ight  m i d d l e  lobe bronchus  is d i ssected free with 
the b ipo l a r  fenestrated g rasper at the branch po int  
with the r ight lower lobe bronchus (FIG SD,E) . Any 
1 0R or  1 1 R  lymph nodes a re obta i ned for patho logy. • 
The r ight m i d d l e  lobe bronchus is then c l a m ped with a 
purp le  load sta p le r  passed through  the ass ista nt port, 

Chest tubes a re p laced a nteriorly and posterior ly through 
the port 1 and ca mera port inc is ions .  The lung is reinflated 
under d i rect vis ion to ensure that there is no tors ion of 
the m idd le  lobe (FIG 4J) .  

The rema in i ng  port sites a re c losed i n  layers us ing run
n i ng  2-0 Vicry l  for the m uscle and su bcutaneous l ayers 
and 4-0 Monocryl to reapproximate the sk in .  

f lush with the or ig in  of the lower lobe bronchus .  The 
lung is  gent ly re i nfl ated to ensure that the r ight lower 
lobe bronchus i s  patent before d iv id ing  the m i d d l e  lobe 
bronchus .  
The r ight  m i d d l e  lobe  p u l m o n a ry a rte r i a l  b ranches 
a re d i ssected free with a b i p o l a r  fenestrated g rasper  
a n d  d iv ided with a be ige  load sta p l e r  passed from the  
ass istant port (F IG SF) .  A second  m i d d l e  lobe a rte
r i a l  branch may be present and is  d iv ided in a s i m i l a r  
fash i o n .  
T h e  major and m inor  fissu res (FIG SG) a re comp leted 
with a purp le  load stap ler  passed from port 1 .  Ca re is 
taken to preserve the upper  lobe ve ins .  
The speci men is then removed us ing a retrieva l bag.  
A mediast ina l  lymph node d i ssect ion i s  performed as 
descr ibed i n  the fo l lowing  text. 
The hem itho rax is then  i r r i gated with warm water, 
a n d  the  bronch i a l  stu m p  is i n spected for ev idence of 
a n  a i r  l eak  with a Va lsa lva to 25 em H 20 .  If there i s  
ev idence  of a n  a i r  l eak, robot i c  o r  open sutu r i ng  of  
the bronch i a l  stu m p  with i nterru pted 4-0  Vicry l  may be 
performed .  
P r io r  to  c losure, chest tu bes a re p laced a nterior ly and  
poster ior ly. The  l ung  is reinf lated under  d i rect vis ion to 
confirm that there i s  no lobar  tors ion .  
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G 

Right middle 
lobe bronchus 

Right middle lobe vein 

FIG S • A. The a nterior mediast ina l  p leura has been opened with 
the b ipo lar  Mary land g rasper taking care to preserve the phren ic  
nerve (arrow). The r ight midd le  lobe ve in  is identified (arrowhead). 

Care is taken to preserve the r ight upper lobe vein branches 
(asterisks). B. The fissure has been opened with b ipo lar  d issect ion 
and a purp le load stap ler  (arrow). The middle lobe vein is d issected 
with a b ipo lar  fenestrated g rasper. C. The midd le  lobe vei n  is 
d ivided with a beige load stap ler  passed from the assistant port. 
D. The right midd le  lobe bronchus (arrowhead) is  d i ssected free 
with the b ipo lar  fenestrated g rasper at the branch point with the 
r ight lower lobe bronchus (arrow). The r ight midd le  lobe pu lmonary 
a rter ia l  branches a re a lso shown (asterisk). E. After c lamping the 
r ight midd le  lobe bronchus with a stap ler  passed from the assistant 
port, the r ight lower lobe is briefly inflated to ensure that the 
lower lobe bronchus is patent. The right m idd le  lobe bronchus is 
then d ivided us ing a purple load stap ler  from the assistant port. 
F. A right m idd le  lobe pu lmonary arter ia l  branch is  d i ssected free 
with the b ipo lar  fenestrated g rasper and d ivided with a beige 
load stap ler  passed from the assistant port. G. The m i nor fissure is 
comp leted with a purple load stap ler. Care is taken to preserve the 
upper lobe ve ins .  The m idd le  lobe ve in,  bronch ia l ,  and midd le  lobe 
pu l monary arter ia l  stumps a re checked for hemostasis .  



RIGHT LOWER LOBECTOMY 

• The locat ion of the tumor i n  the r ig ht lower lobe is • 
confi rmed . 

• With the lower lobe retracted superiorly, the infer ior 
pu lmonary l igament is d ivided to expose the r ight i nfe-
r ior pu l monary ve in  (FIG 6A) .  The 9R lym ph nodes a re • 
removed . 

• The anter ior and poster ior mediasti na l  p leura l  a re 
opened sharp ly to avoid in jur ing  the phren ic  nerve us ing • 
scissors or the b ipo la r  Mary land g rasper. 

• The infer ior pu l monary ve i n  is then d i ssected b l u ntly with 
the b ipo la r  fenestrated g rasper. With the l ung  retracted 
a nterior ly, l evel 7 lymph nodes may be obta ined .  The 
l ung  is then retracted poster ior ly, and the infer ior pu l -
monary ve i n  i s  d ivided with  a be ige  load sta p ler  through • 
port 1 (FIG 6B) .  

• Performing a fissu re d i ssect ion is eas ier us ing the robotic 
b ipo la r  M a ry land g rasper compa red to thoracoscopy • 
(FIG 6C) . Once the p lane  over ly ing the p u l monary a rte-
r ia l  branches i s  identif ied, the parenchyma is d i ssected • 
from the a rter ia l  branches with the b ipo lar  fenestrated 
g rasper. 

• If the fissu re is incomplete, a standard thoracoscopic 
a nter ior to poster ior approach is performed.  Work ing 
outwa rd from the h i l um ,  the parenchyma i n  the major 
fissu re i s  d i ssected from the lower lobe bronchus and the 
bas i l a r  p u l monary a rtery branches.  • 

• The anter ior fissu re is comp leted with a purp le  load sta
p ler  passed from the assistant port, expos ing  the r ig ht 

B 
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l ower lobe bronchus and pu l monary a rter ia l  branches 
(FIG 6D) .  

The basi l a r  p u l monary a rter i a l  branches (FIG 6E) a re 
then d i ssected free a n d  d iv ided e ither together or  
i nd iv i d ua l ly w ith  a be ige load sta p le r  passed f rom the 
ass ista nt port .  
The super ior  seg ment p u l monary a rter ia l  branch i s  
d i ssected free and d iv ided with a beige load stap ler  
passed from the assista nt port. 
The right l ower lobe bronchus is d i ssected free at the 
j unction with the r ig ht m idd le  lobe bronchus (FIG 6F) .  

The r ight lower lobe bronchus is c lam ped with  a purp le  
load sta p ler  and the r ig ht m idd le  lobe br ief ly inf l ated to 
ensure patency of the r ight m idd le  lobe bronchus  before 
f i r ing the stap ler. 
The poster ior fissu re is comp leted with a purp le  load 
stap ler  (FIG 6G) .  The speci men is  then removed us ing a 
retrieva l bag.  
A mediast ina l  lymph node d i ssect ion i s  performed as 
descr ibed i n  the fo l lowing  text. 
The hem ithorax is then  i r r i gated with warm water, 
a n d  the  bronch i a l  stu m p  is i n spected for ev idence of 
a n  a i r  l e a k  with a Va lsa lva to 25 em H20.  If there i s  
ev idence of a n  a i r  l eak, robot i c  o r  open sutu r i n g  of 
the  bronch i a l  stu m p  with i nter rupted 4-0 V icry l  may 
be performed .  The vascu l a r  stu m ps a re checked for 
hem ostas i s .  
Pr ior to c losu re, chest tu bes a re p laced anter ior ly and  
poster ior ly. 

Right inferior 
pulmonary vein 

FIG 6 • A. The infer ior pu lmonary l igament is d ivided to expose the r ight i nfer ior pu lmonary ve i n  (arrowhead). The 9R lym ph 
nodes a re removed. B. The infer ior pu l monary ve i n  is d iv ided with a stap ler  passed from port 1 .  C. The r ight lower lobe fissure is 
opened with the b ipo lar  Mary land g rasper. (continued) 
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FIG 6 • (continued) D. Staying  in the p lane  over ly ing the p u l monary 
a rter ia l  branches, the anter ior fissu re has been comp leted with a purp le  
load stap ler  passed from the assistant port, exposing  the r ight lower  lobe 
bronchus  (arrowhead) and  pu lmonary a rter ia l  branches (asterisk) . E. A r ig ht 
lower lobe basi l a r  branch is d iv ided with a beige load stap ler  passed from 
the assistant port. F. The r ig ht lower lobe bronchus (arrowhead) is  d i ssected 
free at the j unct ion with the r ight m idd le  lobe bronchus (arrow). The r ig ht 
lower lobe bronchus i s  c l amped with a purp le  load sta p ler  and the r ig ht 
m idd le  lobe br iefly i nfl ated to ensure patency of the r ight m idd le  lobe 
bronchus before fi r ing the stap ler. The r ight lower lobe p u l monary a rter ia l  
(asterisk) and  infer ior pu lmonary ve i n  stu m ps are shown (double asterisk) . 

G. The poster ior fissu re is comp leted with a purp le  load sta p ler. 

LEFT UPPER LOBECTOMY 

• The major fissu re shou ld  be inspected, and the tumor 
shou ld  be loca l ized i n  the left upper  lobe .  

• The left upper  lobe is retracted poster ior ly, and  the 
a nter ior mediast ina l  p leura is opened sharp ly to avoid 
in jur ing  the phren i c  nerve using scissors or  the b ipo la r  
Mary land g rasper. 

• The left super ior  pu lmonary ve i n  branches are d issected 
free and  d ivided with a beige load sta p ler  passed from 
port 2 (FIG 7A) .  There are usu a l ly three branches, a l 
though  there can be more. 

• 

• 

• 

• 

The p leura super ior to the h i l u m  is then opened sharp ly. 
Leve ls  5 and 6 lymph nodes a re obta i ned for pathology. 
The left u pper lobe pu lmonary a rter ia l  anatomy is  
the most va r iab le, and there are often m u lt ip le, sma l l  
branches.  
The apica l  p u l monary a rter ia l  branch is d i ssected free 
and d ivided with a beige load stap ler  passed from the 
assistant port (FIG 78) .  

Performing a fissu re d i ssect ion is eas ie r  us ing the 
robotic b ipo lar  Mary land g rasper compared to thora
coscopy. Once the p lane over ly ing the p u l m onary a rte
rial branches is identif ied, the parenchyma is d issected 



from the a rter ia l  branches with the b ipo lar  fenestrated 
g rasper (FIG 7C) . 

• If the fissu re is incomplete, the d i ssect ion is conti nued 
anter ior to poster ior as is genera l ly used for a thoraco-
scop ic  lobectomy. 

• Work ing  outwa rd from the h i l um,  the parenchyma in the 
major fissu re i s  d i ssected off the l i n g u l a r  p u l monary a rte-
r ia l  branches and  the bronchus.  

• The fissu re is then d ivided, keep ing  the purp le  load 
sta p ler  a bove the bronchovascu la r  structu res pass ing  the 
sta p ler  from port 1 .  

• The l i n g u l a r  p u l monary a rter ia l  branches a re then d i s-
sected free and  d iv ided us ing a beige load stap ler  
through  the anter ior inc i s ion .  

• The j unct ion of the left upper  and lower lobe bronchi  
is d issected free whi le retract ing the upper  lobe super i -
or ly (FIG 7D,E) .  Level  1 1  L lymph nodes a re obta ined for 
pathology. The bronchus is then c l amped with a purp le  
load stap ler  passed from port 2 f lush with  the or ig in  of  
the lower  lobe bronchus .  The left lower  lobe is  br ief ly 

• 

• 

• 

• 

• 

C h a p t e r  7 LOBECTOMY: Robot ic  61 

i nf l ated to  confirm that  the lower lobe  bronchus i s  
patent before f i r i ng  the stap ler. 
The rema in i ng  pu lmonary a rter ia l  branches (FIG 7F) a re 
d ivided with a beige load stap ler  passed from the assis
tant port. 
The rema i n i n g  fissure is d ivided using a purp le  load 
stap ler  from port 1 .  The spec imen is removed us ing a 
retrieva l bag.  
A mediast ina l  lymph node d i ssect ion i s  performed as 
descr ibed i n  the fo l lowing  text. 
The hem ithorax is  then i rr igated with warm water, and  
the bronch i a l  stu m p  is i n spected for  evidence of  a n  a i r  
l e a k  with a Va lsa lva t o  25  em H 2 0 .  I f  there i s  evidence 
of a n  air leak, robotic or  open sutu r ing of the bronch ia l  
stu m p  with  i nterrupted 4-0 Vi cry I may be performed.  The  
vascu la r  stu m ps a re checked for  hemostasis (FIG 7G) .  The 
l ung  is reinf l ated under  d i rect v i s ion  to  ensure that  there 
i s  no lobar tors ion .  
P r ior  to c losure, chest tu bes a re p laced a nterior ly and  
poster ior ly. 

FIG 7 • A. After open ing  the a nter ior 
med iasti na l  p leura, the l eft super ior p u l monary 
ve i n  branches (asterisks) a re d i ssected free and 
d iv ided with  a be ige  load sta p ler  passed from 
port 2 .  B. The ap ica l  pu lmonary a rter ia l  branch 
i s  d i ssected free and  d ivided with a beige load 
sta p ler  passed from the assista nt port. The 
superior p u l monary ve i n  stum p  (arrowhead) 

and the left upper lobe bronchus (arrow) are 
shown. C. The fissu re has been opened with the 
bipolar Mary land g rasper. The apica l  (asterisk), 

l i n g u l a r  (double asterisk), super ior  segmenta l 
(triple asterisk), and basi l a r  (quadruple asterisk) 

p u l monary a rter ia l  branches and the left upper  
(arrowhead) and l ower lobe (arrow) bronchi  
are shown. (continued) 
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Apical pulmonary 
artery stump 

Left upper lobe bronchi 

Superior pulmonary 
vein stump 

D 

Left lower lobe bronchus 

FIG 7 • (continued) D. This i l l ustrat ion shows the j u nct ion of the l eft upper and lower lobe bronch i .  The 1 1  L lymph nodes a re 
removed and sent to patho logy. E. Before d ivid i ng  the l eft upper  lobe bronch us, the bronchus is c l amped with a purp le  load 
sta p ler  passed from port 2, and  the l eft l ower lobe is  br ief ly inf l ated to confirm that the lower lobe bronchus i s  patent. F. The 
rema in i ng  p u l monary a rter ia l  branches (asterisks) a re d ivided with a be ige load stap ler. G. The left upper lobe pu l monary 
a rter ia l  anatomy is the most var iab le, and  there are often m u lt ip le, short branches. The pu lmonary a rter ia l  (arrowheads), 

super ior  p u l monary ve i n  (arrow), and left upper  lobe bronch i a l  (asterisk) stum ps a re checked for hemostas is .  The super ior  
seg mental  (double asterisk) and  basi l a r  pu l monary a rter ia l  branches (triple asterisk) a re shown . 

LEFT LOWER LOBECTOMY 

• A left lower lobectomy is performed in a s im i l a r  fash ion 
to a r ight lower lobectomy as described ear l ier. 

MEDIASTI NAL LYMPH NODE DISSECTION 

• Patients undergo ing  resect ion for non-sm a l l  ce l l  l ung  
ca rci noma shou ld  have systematic mediasti na l  lym ph 
node sam p l i n g  or d i ssect ion performed i ntraoperatively • 

• The d i ssect ion can be performed dur ing  the lobectomy 
as the vessels and a i rway are d issected or fo l lowing  l ung  
resect ion .  

• The paratrachea l (2R and 4R) lymph nodes a re obta ined 
by open ing  the mediasti na l  p leura sharp ly between 
the trachea and  the super ior vena cava j ust super ior  to 
the azygous ve i n  (FIG SA) .  Care is taken to preserve the 
vagus and phren i c  nerves. Noda l  t i ssue is removed be
tween the super ior  vena cava and the trachea u p  to the 
leve l  of the i nnom inate a rtery. 
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FIG 8 • A. The pa ratrachea l  (4R) lymph nodes 
are obta ined by open ing  the mediasti na l  p leura 
sharp ly between the trachea (arrowhead) and 
the super ior  vena cava (asterisk) just super ior 
to the azygous vein (double asterisk). Care 
is taken to preserve the vagus nerve (triple 

asterisk) and the phrenic  nerve, which is on 
the surface of the super ior vena cava (arrow). 

B. The subcar ina l  (7) lymph nodes a re obta ined 
by retract ing the l ung  a nterior ly. The poster ior 
mediast ina l  p leura is opened and lymph nodes 
removed between the esophagus (asterisk), the 
r ight ma instem bronchus (arrowhead), and the 
under ly ing pericard i u m .  C. Leve l 5 lymph nodes 
are obta i ned i n  the aortopu l monary window. 
Care is taken to preserve the left phren ic  
(arrowhead) and recurrent l a ryngeal  nerves. 

B 

• The subcar ina l  ( level 7) lymph nodes a re obta i ned by • 
retracti ng the l ung  a nterior ly. The poster ior mediasti na l  
p leura is opened and  l ymph  nodes a re  removed between 

The paratrachea l lym ph nodes are not eas i ly access ib le  
on  the left where aortopu lmonary window ( level 5 )  
and paraaort ic ( level 6) lymph nodes  are obta i ned after 
inc i s ing the p leura in between the aorta and p u l monary 
a rtery (FIG 8C) . Ca re m ust be taken to preserve the left 
phren ic  and recurrent l a ryngea l nerves. 

the ma i nstem bronchus, the esophagus, and the underly-
i ng  per icard i u m  (FIG 8B) .  

• Leve l 9 lymph nodes are obta ined after d iv id ing the i nfe
r ior p u l monary l igament and  a re found  adjacent to the 
i nfer ior pu l monary ve i n .  

PEARLS AND PITFALLS 
Preoperative eva l uation • Patients with a h i l a r  mass or  those unable to tolerate s ing le - lung venti lat ion should undergo open 

lobectomy. 
• For ground g lass or sma l l  nodu les (<5 m m) req u i ri ng  a wedge resect ion,  loca l ization with methylene 

b lue i nject ion or coi l/wire p l acement shou ld  be considered . 

Position ing  • Patients shou ld  be flexed i n  the l atera l decubitus posit ion to  d rop  the h i p  out of  the way of the  
camera port. 

• S ing le- l ung  venti lat ion shou ld  be sta rted when prepping the patient to a l low time for the l ung  to 
co l l a pse especi a l ly in patients with em physema.  

• The robot shou ld  be brought i n  at 30 deg rees from the back i n  l i n e  with  the major fissu re to decrease 
the robotic a rms from i nterfer ing with each other. 

I nc is ions • The th i rd arm port should be p laced at l east 12 em from the sp ine.  
• P lac ing the ass ista nt port more poster ior ly provides a better stap ler  angle for r ight upper  and m idd le  

lobectom ies. 
• It is i m porta nt to p lace the assistant port so that the bedside assistant i s  ab le  to pass in struments 

without i nterference from the robotic arms.  
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D issect ion • The O R  team m ust be fa m i l i a r  with emergency de-dock ing,  and a sponge stick shou ld  be i m mediately 
ava i l ab le  i n  case of bleed ing .  

• The  dua l  conso le  i s  usefu l  when  work ing  with res idents and  a l l ows both surgeons to switch 
i nstru ments as needed. Press ing the camera peda l  stops a l l  arms from movi ng,  i n creas ing  safety. 

• Ca refu l identif icat ion and exposure of h i l a r  structures are essenti a l  pr ior  to d iv is ion .  
• The lobar  bronchus shou ld  be test c l amped pr ior to d iv is ion and the i ps i latera l lung gent ly inf lated to 

conf i rm that the rema in i ng  a i rway is patent. 
• The bronch ia l  stu m p  shou ld  be tested for a n  air leak fo l l owing d iv is ion .  
• The h i lar  structures shou ld  be exa m i ned to ensure there i s  no  tors ion of the rema in i ng  l u ng,  

part icu lar ly  the r ight m idd le  lobe after a n  upper  lobectomy. 

C losure • P lac ing chest tubes to water sea l may resu lt in qu icker reso l ut ion of a i r  leaks as long as the l ung  is 
we l l  expanded on CXR. 

POSTOPERATIVE CARE 
• A CXR should be obtained immediately following the 

procedure. 
• The chest tubes should be placed to water seal unless the lung 

is not fully inflated on suction. Chest tubes may be removed 
on postoperative day 2 or once any air leaks have resolved 
and drainage has decreased to less than 100  mL per shift. 

• Patients should be given an adequate pain control regimen 
and encouraged to ambulate and use the incentive spirometer. 

OUTCOMES 
• Robotic technology continues to evolve and provides the 

advantage of three-dimensional visualization and wristed 
instruments with seven degrees of freedom. However, it is 
also important to recognize the limitations of the technology 
with the lack of tactile feedback and the need for an experi
enced bedside assistant. 

• The surgeon must assess his or her comfort level and skill as 
he or she gains experience with the robotic simulator and per
forming simpler procedures such as robotic resection of a me
diastinal mass prior to attempting more advanced cases, such 
as a robotic lobectomy. In several series, the number of robotic 
lobectomies felt to be needed before the surgeon and nursing 
teams were considered proficient was at least 20 cases.6-8 

• When comparing long-term oncologic outcomes in 325 
patients undergoing robotic pulmonary resection, overall 
and stage-specific survival for early non-small cell lung can
cer is comparable for robotic and thoracoscopic lobectomy.9 

• Louie et al. 10 compared 53 robotic to 35 thoracoscopic 
pulmonary resections and found that the postoperative out
comes were similar with significantly shorter narcotic use 
and earlier return to normal activities. 

• Although randomized trials are not available, results after 
robotic lobectomy appear to be comparable to VATS lobec
tomy, although the costs are currently higher. In the largest 
series published to date with 100  to 325 patients each, the 
median operating time ranged from 90 to 220 minutes. The 
conversion rate was 0% to 1 3 % .  The median length of stay 
was 3 to 5 days with a morbidity rate of 2 1 %  to 27% and 
30-day mortality of 0% to 3 % .6,?,9,1 1 •12 

• Robotic lobectomy can be performed safely by experienced 
thoracic surgeons. However, larger series and more wide
spread use and experience will be required before definitive 
conclusions can be made regarding any benefits of robotic 
lobectomy in terms of length of stay or postoperative pain. 

COMPLICATIONS 
• Prolonged air leak 
• Bleeding 
• Infection 
• Atrial fibrillation 
• Pneumonia 
• Phrenic or recurrent laryngeal nerve injury 
• Myocardial infarction 
• Bronchopleural fistula 
• Right middle lobe torsion 
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Christopher R. Morse Cameron T. Stock 

DEFINITION 
• Pneumonectomy is the complete removal of a lung. A 

pneumonectomy is most often performed for bronchogenic 
carcinomas that are central and unable to be removed via 
a lesser ( lobectomy, segmentectomy) resection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history should be obtained on all patients pre

senting with a new lung mass. Patients may have symp
toms of dyspnea, cough, hemoptysis, or weight loss. Some 
patients, however, may present with a mass or hilar fullness 
discovered incidentally on routine chest x-ray. 

• The history should focus on signs and symptoms of local 
or distant metastases. Patients should be asked about recent 
onset of headaches or other neurologic symptoms, which 
should arouse suspicion for distant metastases. Patients 
should also be questioned about new chest wall or back pain, 
suggesting local tumor invasion or distant bony metastases. 

• It is essential to establish the patient's functional status 
prior to pneumonectomy. There are several scales that can 
be used to quantify a patient's performance status including 
the Zubrod and Karnofsky scales. Poor functional status is 
a contraindication to pneumonectomy. Age is not a contra
indication to pneumonectomy; however, older patients must 
be carefully selected as increasing age has been associated 
with increased postoperative complications. Patients should 
also be asked about significant cardiac history and other 
medical comorbidities. 

• A history of smoking or significant exposure to secondhand 
smoke should be noted in the patient's history or significant 
environmental exposures such as to silicon, asbestos, or 
radon. Active smokers are often not considered operative 
candidates. 

• On physical exam, auscultation of the lungs revealing dimin
ished breath sounds suggests a near obstructing lesion or a 
significant pleural effusion. Findings of Horner's syndrome 
suggest involvement of the sympathetic ganglion. Hoarse
ness can indicate invasion of the recurrent laryngeal nerve 
(RLN) .  Evaluation of the supraclavicular and cervical lymph 
nodes (LNs) should be performed with enlarged nodes sug
gesting metastatic disease. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Routine chest x-rays may reveal a hilar mass or hilar full

ness. Chest x-rays are limited, however, they may show 
lobar collapse, pleural effusions suspicious for a malignant 
effusion, or elevation of the diaphragm suggesting phrenic 
nerve involvement. 

• A computed tomography ( CT) scan of the chest should 
be obtained for all patients being evaluated for possible 

pneumonectomy ( FIG 1 ) .  If available, prior CT scans 
should be used for comparison. A CT scan of the chest 
can be used to assess staging of the primary lesion, degree 
of local chest wall, or mediastinal invasion. The presence 
of hilar or mediastinal lymphadenopathy should be noted. 
CT may understage mediastinal LN by missing LNs posi
tive for metastatic disease that are not enlarged or greater 
than 1 em. Therefore, a CT chest alone is not sufficient for 
preoperative staging. 

• Positron emission tomography (PET)/CT should be per
formed to confirm metabolic activity in the primary lesion, 
to assess for distant metastases, and to increase the ability to 
detect nodal involvement. PET/CT has a high false-positive 
rate; therefore, suspicious lesions on PET should be con
firmed with a tissue diagnosis. 

• Magnetic resonance imaging (MRI) of the brain is used to 
assess for distant metastases that are not able to be imaged 
on PET/CT and should be obtained for all patients with 
central lesions. 

• Pulmonary function tests (PFTs) are necessary to define the 
patient's ability to tolerate a pneumonectomy. In general, 
postoperative calculated forced expiratory volume (FEVt)  
of less than 40% predicted or a diffusing capacity of the 
lung for carbon monoxide (DLco) less than 40% predicted 
are significant predictors of morbidity and mortality follow
ing pneumonectomy and should be used to guide candidate 
selection. 

• In patients with marginal PFTs, a ventilation-perfusion 
(V/Q) scan should be obtained. Patients with large proxi
mal tumors compromising lung function may have compen
sated through shunting and therefore may better tolerate a 
pneumonectomy than would be predicted based on their 
preoperative PFTs. Other cardiopulmonary testing such 
as maximum oxygen consumption (Vo2max) can be used to 
evaluate patients who are marginal candidates for resection. 

FIG 1 • CT scan of chest demonstrat ing a r ight h i l a r  mass caus ing 
part ia l  lobar  co l l a pse of the r ight upper  lobe.  
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Patients with a Vo2max less than 1 5  mL!kg/min and a postop
erative predicted FEV1 and DLco less than 40% are at high 
risk for postoperative complications. 1 

• A cardiac workup including an electrocardiogram (EKG) 
and an echocardiogram and stress test in patients with 
significant risk factors for coronary artery disease should 
be performed. Patients with signs of right heart failure or 
pulmonary hypertension are at high risk for mortality 
postoperatively. 

• Routine lab work including liver function tests and alkaline 
phosphatase should be obtained. 

• A tissue diagnosis of the primary lesion is helpful in the 
preoperative planning and staging for a lung resection. 
Patients with small cell lung cancer lesions are not can
didates for pneumonectomy. Due to proximity to hilar 
structures, a CT-guided fine needle aspiration (FNA) may 
be technically challenging. When tumors are intraluminal 
and visible on flexible bronchoscopy, biopsies can easily 
be obtained. Other modalities such as endobronchial ul
trasound (EBUS ) FNA or navigational bronchoscopy can 
be used to biopsy a hilar mass if not visible on flexible 
bronchoscopy. 

• Mediastinoscopy and LN biopsy should be performed on 
all patients considered for pneumonectomy. Patients with 
enlarged mediastinal LN on CT or have increased meta
bolic activity on PET/CT have a high likelihood of having 
mediastinal LN metastases. Mediastinal LN involvement 
(N2 disease) may lead to neoadjuvant chemoradiotherapy. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Active smokers should be counseled to quit smoking weeks 
in advance, as smoking has been found to be an independent 
risk factor for adverse outcomes.2 

• A thoracic epidural catheter should be placed prior to sur
gery unless there is a contraindication. 

• Prior to surgery, all patients should undergo flexible bron
choscopy by the operating surgeon to assess resectability. 
On flexible bronchoscopy, the location of the tumor with 
respect to the trachea and main bronchus should be assessed 
( FIG 2 ) .  Copious respiratory secretions may warrant a course 
of antibiotics to treat pneumonia prior to pneumonectomy. 

• CT chest images should be reviewed, and final planning for 
the procedure should occur. 

• The patient should have an active type and screen and have 
blood available in the blood bank, and antibiotics should be 
administered prior to skin incision. 

• An arterial line should be placed prior to incision. 
• Communication between the surgeon and anesthesiolo

gist is critical. Excessive intravenous (IV) fluid administra
tion in the perioperative period (particularly intraoperative 
and postoperative) is associated with acute lung injury in 
patients undergoing pneumonectomy. 

• High tidal volumes during single-lung ventilation have been 
linked to increased rates of respiratory failure postopera
tively. Low tidal volume ventilation (5  to 6 mL/kg) to pre
vent barotrauma is preferred with peak inspiratory pressures 
not to exceed 35 em H20 and plateau pressures to remain 
below 25 em H20.3 

FIG 2 • Preoperative flexib le  bronchoscopy demonstrat ing a n  
adenocarc inoma i nvolvi ng  t h e  r ight u p p e r  l o b e  bronchus .  

Positioning 

• Patients are intubated with a double lumen tube and posi
tioned in the lateral decubitus position with the surgery side 
up. Rolled blankets or a " beanbag" are used to hold the 
patient upright. An arm board or ether screen can be used 
to support the arms. All pressure points should be well pad
ded with particular attention paid to the common peroneal 
nerve. An axillary roll may be used to support the axilla. The 
bed is flexed and the patient should be secured to the bed 
with heavy tape and a belt ( FIG 3 ) .  

FIG 3 • Patient posit ioned in  t h e  left l atera l decubitus posit ion 
for a r ight pneumonectomy. 



RIGHT PNEUMON ECTOMY 

Posterolateral Thoracotomy 

• A standard posterolatera l thoracotomy inc is ion is made 1 
to 2 em below the scapu l a .  The latiss imus  dorsi muscle is 
d iv ided.  The serratus is mob i l ized a long its poster ior bor
der and retracted a nteriorly. The 4th intercosta l space is 
entered on top of the 5th r ib .  If an i ntercosta l m uscle f lap  
w i l l  be used to cover the bronch ia l  stu m p, it shou ld be cre
ated du ring  the entry i nto the p leura l  space. The 5th r ib 
is sh ing led by div id ing  it at the border of the parasp inous 
m uscles and removing a smal l  segment .  A chest retractor 
is p laced in the r ib  space and the l ung  h i l u m  is exposed . 

Assessment of Resectability 

• The viscera l and  mediasti na l  p leura a re exa m i ned i n i 
t ia l ly for  s igns  of  p leura l  spread .  The r ight  lower lobe 
is g rasped and retracted cepha lad  and the infer ior pu l 
monary l i gament is d iv ided with cautery. Level 9 LNs a re 
excised dur ing  th is  step or a re swept i nto the speci men .  
Assessment of the l u n g  h i l um is  performed by identifyi ng 
the phren ic  nerve and d ivid i ng  the mediast ina l  p leura 
l atera l to the nerve (FIG 4) .  The l andma rks for d i ssect ion 
a re the i nfer ior border of the azygous ve in to the i nferior 
pu lmonary ve i n .  The lung is retracted cauda l ly and medi
a l ly, and  d i ssect ion of the med iasti na l  p leura is carr ied 
over the superior aspect of the h i l u m  and poster ior  to 
the bronchus. Ca re is taken to sepa rate the r ight ma in  
bronchus from the  esophagus .  Resect ion of  the  subcar i
na l  LN packet can be performed at th i s  t ime .  The tumor 
shou ld  be read i ly pa l pated at th i s  poi nt, and  the degree 
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FIG 4 • R ight pneumonectomy. Exposure of the r ig ht h i l a r  
structu res. I n it ia l  d i ssect ion o f  t h e  r ight h i l u m  proceeds with 
d iv is ion of the mediasti na l  p leura l atera l to the phren ic  nerve. 
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of vascu la r  invas ion as wel l  as i nvasion of surround ing  
structu res shou ld  be assessed. The  need  for pneumo
nectomy shou ld  be reassessed and  cons iderat ion shou ld  
be g iven to a lesser p u l monary resect ion if onco log i 
ca l ly feasi b le .  Tumor that extends onto the p u l monary 
a rtery or the pu l monary ve ins  and cannot be safe ly taken 
with a stap ler  may req u i re a n  i ntra per icard i a l  l igat ion 
of the vascu l a r  structure.  Th is  should be determined at 
this t ime .  

Division of Pulmonary Veins 

• There is no specific order to the d iv is ion of the l ung  h i l a r  
structu res, and d iv is ion o f  t h e  vascu la r  structu res m a y  pro
ceed accord ing  to which are most conven ient for d iv is ion .  
With the mediasti na l  p leura open and the i nferior pu l 
monary l iga ment d iv ided, the i nfer ior and super ior pu l 
monary veins a re read i ly visua l ized. The lung is retracted 
cepha lad  and latera l ly, expos ing the inferior p u l monary 
ve in .  Ca refu l b l unt d i ssect ion is used to d i ssect the infe
r ior ve i n  from the mediasti n u m .  Pr ior to d iv is ion of the 
ve ins, they should be reassessed for tumor i nvolvement. 
Divis ion of the ve i n  is most commonly accom p l ished us ing 
a vascu la r  stap ler. The super ior pu lmonary ve i n  is exposed 
by latera l retract ion of the l ung .  The super ior ve i n  l i es i n  
c lose proxim ity t o  t h e  pu l monary a rtery and t h i s  must b e  
accounted f o r  du r ing  d i ssect ion o f  t h e  poster ior aspect 
of the ve i n .  Once the ve i n  is com p letely d i ssected and 
ab le  to be enc i rc led, it is d ivided with  a vascu la r  stap ler  
(FIG 5) .  If e i ther  the super ior  or i nferior ve ins  a re invaded 
by the tumor, the per icard i u m  can be entered and an 
addit iona l  1 to 2 em of ve in  can be exposed . 
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FIG 5 • R ight pneumonectomy. Div is ion of the super ior  
p u l monary ve i n  i s  performed us ing a vascu l a r  sta p ler. The 
i nferior p u l monary ve i n  has a l ready been d iv ided.  
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Division of Pulmonary Artery 

• With the mediasti na l  p leura d iv ided and  the l ung  
retracted l atera l ly, the  pu lmonary a rtery is v is i b le  cepha
lad  and  poster ior to the super ior  p u l monary ve i n .  The 
a rtery should be assessed for tumor invas ion by pa l pa
t ion after it is ca refu l l y  d i ssected .  The p u l monary a rtery 
m ust be hand led ca refu l ly dur ing  d i ssect ion as it is re la 
tively th in  wa l l ed compared to the p u l monary ve ins  and 
can tea r eas i l y  resu lt ing i n  potent ia l ly catastroph i c  hem
orrhage.  Therefore, a l l  d i ssect ion shou ld  be b l u nt around 
the a rtery and ca utery shou ld  be used spar ing ly if at a l l .  
I n  patients w h o  a re border l i ne  ca nd idates for resect ion,  
that is, those who have e levated pu l monary a rter ia l  p res
su res, we prefer to d i ssect the pu lmonary a rtery fi rst and 
perform a test c l amp of the a rtery pr ior  to d iv is ion of  
any h i l a r  structure .  If the patient has s ign if icant nega
t ive hemodynam ic  changes with the test c l amp, the pro
cedu re is aborted. I n  our  i nstitut ion,  we typ ica l ly use a 
vascu l a r  sta p ler  to d iv ide the a rtery (FIG 6); however, 
some surgeons prefer to c l amp  the a rtery with a vascu
lar c l amp  and oversew the a rtery with a nonabsorba b le  
suture after it has been d iv ided.  As  with  the pu lmonary 
vei ns, if the tumor i nvades or is adherent to the a rtery 
and  it is unc lear  if a marg i n  can be obta ined on the ves
sel, the per icard i u m  can be entered away from the tumor 
to provide a n  extra 1 to 2 em of length to safe ly d iv ide 
the a rtery. 

Division of Bronchus 

• The lung  is retracted med i a l ly to revea l  the membranous 
trachea (FIG 7) .  From the r ight s ide, the car ina is v is ib le 
after excis ion of the subcar ina l  LNs. When prepar ing to 
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FIG 6 • Right pneumonectomy. The p u l monary a rtery is 
ca refu l ly d i ssected and enc i rc led with a t ie .  After pa lpat ing 
the a rtery for i nvolvement with tumor, it i s  d iv ided us ing a 
vascu la r  stap ler. 
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FIG 7 • R ight pneumonectomy. Div is ion of the r ight ma in  
bronchus .  The  l ung  is  retracted med i a l ly and  the mem branous  
trachea is exposed . A th ick t i s sue stap ler  is used to d iv ide the 
bronchus  as c lose to the car ina as poss ib le .  

d iv ide the bronchus, it must be remem bered to m i n i
m ize prox ima l  d issect ion on the trachea and to d ivide 
the bronchus as c lose to the ca r ina as poss ib le .  This serves 
to preserve the b lood supp ly to the bronch ia l  stum p  
a n d  prevents the poo l i ng  o f  secretions lead ing t o  stum p  
breakdown a n d  bronchopleura l  f istu la  formation .  I n  our  
institution, we typica l ly d ivide the bronchus us ing a thick 
t issue surgica l  stap ler. Alternate ly, the bronchus may be 
d ivided sha rply and the trachea c losed with a ser ies of 
i nterrupted 4-0 a bsorbab le sutu res (FIG 8) .  The r ight 

FIG 8 • R ight pneumonectomy. Suture c losure of the r ight 
bronchus .  The bronch ia l  stu m p  may be a lternatively c losed 
with a series of i nterru pted 4-0 a bsorba b le  sutures. 



bronch ia l  stum p  is at h igh  risk for stu m p  breakdown and 
fistu la  formation .  This is thought to be due to the lack 
of  soft tissue coverage on  the r ight  s ide as compared to 
the left. I n  our  institution, we cover a l l  bronch ia l  stumps 
with vascu la rized tissue. Due to its robust vascu lar  supp ly, 

LEFT PNEUMONECTOMY 

Exposure and Assessment of Resectability 

• The exposure and  d i ssect ion for a left pneumonectomy 
proceeds in  a s im i l a r  sequence as for a r ight pneu monec
tomy. The patient is p laced in the r ig ht latera l decubitus 
posit ion and a standard l eft thoracotomy is performed.  
Dur ing d i ssect ion,  cons iderat ion must be made for the 
cou rse of the left RLN .  O n  the l eft s ide, the RLN passes 
a round the a rch of the aorta from anter ior to poster ior 
(FIG 9) .  When mob i l i z i ng  the h i l u m  or removi ng the aor
topu lmonary window LNs, care m ust be made to avoid 
in jury to the nerve. Dur ing  the i n it ia l  assessment, i t  
shou ld  be noted if there i s  invas ion of the nerve by the 
tumor. The mediasti na l  p leura i s  d ivided l atera l to the 
phrenic nerve and the i nfer ior pu lmonary l igament is d i
v ided.  The h i l u m  is exposed and  the tumor should be as
sessed for resectab i l ity by pa l pat ing the h i l a r  structu res. 

Division of Pulmonary Veins 

• With the mediast ina l  p leura d ivided, the l ung  is retracted 
latera l ly. The pu lmonary veins are identified and, after 
ca refu l b lunt d issection, a re d ivided us ing a vascu lar  
stap ler. 

Division of Pulmonary Artery 

• The p u l monary a rtery is visua l i zed cepha lad  to the su pe
rior pu lmonary ve i n .  It is d ivided us ing a vascu l a r  stap ler  
after ca refu l b l u nt d i ssection .  

Division of  Bronchus 
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we prefer to use a n  intercosta l musc le f lap, a lthough oth
ers have described using pericard ia I fat, pa rieta l p leura, or 
pericard ium to cover the bronch ia l  stu mp.  The p leura l  cav
ity shou ld be f i l led with warm sa l i ne  and the stum p  tested 
for a leak under water at pressures of 20 to 25 em H20 .  

the presence of  the hea rt on  the left s ide .  However, the 
same pr inc ip les a re app l ied to d iv id ing the left bron
chus as to the r ight. Proxi m a l  d i ssect ion i s  m i n i m ized to 
preserve b lood f low to the bronch ia l  stump .  The bron
chus is d ivided as c lose as poss ib le  to the car ina us ing a 
th ick tissue stap ler. The stu m p  shou ld  be covered with 
we l l -vascu l a r ized tissue to fac i l itate hea l i n g .  The p leura l  
cavity shou ld  b e  f i l l e d  with warm sa l i ne  and  t h e  stu m p  
tested f o r  a l e a k  u n d e r  water a t  pressu res o f  20 t o  25  e m  
H20. 
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FIG 9 • Left pneumonectomy. D iv is ion of the med iasti na l  
• The l eft m a i n  bronchus is longer  than the r ig ht bronch us, p leura exposes the left h i l u m .  Care shou ld  be exercised to 

and exposu re of the car ina is often cha l l eng ing  due to avoid in jur ing  the left RLN dur ing  d i ssect ion of the h i l u m .  

PEARLS AND PITFALLS 
Patient select ion 

I ntraoperative 
management 

B ronch i a l  stu m p  
c losure 

• Pneumonectomy is associated with a h igh  rate of postoperative morb id ity. 
• Consideration shou ld  be g iven to a lesser p u l monary resect ion if oncolog ica l ly feasib le .  
• There is no one test to determine  if a patient i s  ab le  to to lerate a pneumonectomy but is a c l i n ica l  deci

s ion based on a patient's performa nce status and PFTs.  

• IV f lu id should be restr icted i ntraoperative ly. 
• Test c l amp  the p u l monary a rtery pr ior  to d iv i s ion .  
• Low t ida l  vo l u m e  vent i lat ion shou ld  be used when the pat ient i s  intubated. 
• Early extu bation shou ld  be the goal for a l l  patients. 

• B ronch i a l  stu m p  shou ld  be flush with the ca r ina .  
• Al l  bronch i a l  stu m ps shou ld  be rei nforced with  ped ic led  soft t issue coverage .  
• The bronchia l  stump shou ld  be tested under  water for  leaks after i t  is d ivided at a pressure of  20 to 25 em H20.  
• The r ight bronch i a l  stu m p  is  at increased r isk for breakdown compared to the l eft s ide .  
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Avoida nce of RLN 
damage 

• Dur ing  d i ssect ion of the left h i l u m  need to be a le rt to the presence of the RLN at the a rch of the aorta.  

Management of the 
postpneumonectomy 
space 

• If a chest tube is  i nserted into the postpneumonectomy space, it shou ld  be p laced on water sea l and 
removed with i n  the fi rst 48 hours .  

Postoperative 
management 

• Patients shou ld  be f lu id  restr icted for the fi rst 48 hours with IV f lu ids  titrated to ur ine  output. 
• Agg ressive p u l monary to i l et should be performed and a low threshold for bronchoscopy should be 

ma intai ned for c learance of resp i ratory secret ions .  

POSTOPERATIVE CARE 
• Patients should be extubated, if possible, in the operating 

room and transferred to an intensive care unit immediately 
postoperative. 

• If a chest tube is inserted into the pneumonectomy space, it 
should be placed on water seal and removed within 48 hours . 
Suction applied to a chest tube may induce a mediastinal 
shift into the postpneumonectomy space causing significant 
hemodynamic changes. 

• Daily chest x-rays should be obtained with attention paid 
to the level of pleural fluid on the pneumonectomy side and 
the position of the mediastinum. By 2 weeks, the postpneu
monectomy space should be 80% to 90% filled with pleural 
fluid and complete opacification should occur by 4 weeks 
postoperatively. 

• Patients should be fluid restricted over the first 24 to 
48 hours postoperative, and IV fluids should be judiciously 
adjusted to maintain adequate renal function as acute lung 
injury is associated with patients who receive more than 
3 L of crystalloid in the first 24 hours .4 Diuretics should be 
administered to patients demonstrating signs of fluid over
load or respiratory distress. 

• Pneumonectomy patients need aggressive pulmonary toilet 
and should ambulate within 48 hours of surgery. Physical 
therapy should be involved early in the postoperative course 
of debilitated patients. 

• A low threshold to perform bronchoscopy for pulmonary 
toilet should be maintained for those patients who are 
unable to generate a cough, clear their respiratory secre
tions, or have a change in respiratory status. 

OUTCOMES 
• In general, a pneumonectomy is well tolerated among care

fully selected patients . However, pneumonectomy is a pro
cedure associated with significant postoperative morbidity 
and mortality. Rates of major postoperative adverse events 
vary depending on the series but ranges from 30% to 5 9 % .5 
Pneumonectomy is generally associated with a mortality of 
4% to 8 % .  

• Right-sided pneumonectomies are associated with higher 
rates of postoperative morbidity and mortality. This is 
thought to be due to an increased incidence of bronchopleu
ral fistulas in this patient population.6 

• Increasing age has a negative effect on outcome, with 
patients older than 65 years having a significantly higher risk 
of having an adverse event than younger patients. 

COMPLICATIONS 
• Respiratory failure 
• Pulmonary edema/acute respiratory distress syndrome (ARDS) 
• Pneumonia 
• Atelectasis 
• Chylothorax 
• Postpneumonectomy syndrome 
• Bronchopleural fistula 
• Empyema 
• Arrhythmias: most commonly supraventricular arrhythmias 
• Myocardial infarction 
• Wound infection 
• Deep vein thrombosis/pulmonary embolism 
• Vocal cord paralysis 
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Chapter 9 Thymectomy 
·----------------------------------------------------- .... 

Jason Leonard Muesse Shanda Haley Blackmon 

DEFINITION 
• Thymectomy is defined as resection of the thymus gland. 
• The most common indications for thymectomy are myasthe

nia gravis and thymoma. Less common indications for thy
mectomy include thymic carcinoma, neuroendocrine tumors 
of the thymus, ectopic parathyroid glands, and thymic cysts. 

• Thymectomy has been most commonly performed through a 
median sternotomy, as described by Alfred Blalock. Alternate 
approaches include video-assisted thoracoscopic surgery 
(VATS) ,  robotic-assisted thoracoscopic surgery (RATS) ,  and 
transcervical a pproach. 1 

DIFFERENTIAL DIAGNOSIS 
• Differential diagnosis of anterior mediastinal mass includes 

thymoma, thymic carcinoma, lymphoma, and germ cell tumor. 
• Thymomas have cytologic features of malignancy in less 

than 1 0 %  of cases. However, thymomas lacking malig
nant features cytologically can express malignant behavior 
by recurring locally and metastasizing even after resection; 
thus, the term "benign" thymoma should not be used.2 

• The most widely accepted and clinically applicable staging 
system for thymoma is the Masaoka staging system, which 
is based on microscopic or macroscopic invasion into medi
astinal structures. 3 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• One-third of patients with thymoma are asymptomatic. 
• Among patients symptomatic from thymoma, about 40% 

present with local symptoms directly related to the mass 
itself, including chest pain, cough, and dyspnea, but can 
include superior vena cava syndrome.2 

• The parathymic syndrome most commonly associated with 
thymoma is myasthenia gravis, which occurs in approxi
mately 45 % of patients with thymoma (reported ranges from 
1 0 %  to 67% ) .  Other associated autoimmune conditions 
include pure red cell aplasia and hypogammaglobulinemia, 
which can occur in up to 5% of people with thymoma.2 

• Approximately 1 0 %  to 1 5 %  of patients with myasthenia 
gravis have a thymoma. 

• Fevers, night sweats, and other constitutional symptoms 
may indicate lymphoma rather than thymoma. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Computerized tomography is the most useful imaging modal

ity for thymoma. Thin-slice cuts will improve preoperative 
planning. 

• Thymomas can have variable uptake on positron emission 
tomography, so it is not routinely recommended. Magnetic 
resonance imaging can also provide helpful information 
about invasion into vessels or adjacent structures ( FIG 1 ) . 4  

• Masses larger than 5 em (not including thymus gland itself) 
in maximal diameter or those invading mediastinal struc
tures either warrant specialized surgical planning or possibly 
enrollment into a neoadjuvant treatment protocol. 5  

• Fine needle aspiration or core biopsy of the anterior medias
tinal mass is recommended preoperatively in most cases to 
rule out lymphoma or germ cell tumor. If the biopsy is con
stituent with thymoma, resection of the entire thymic gland 
is indicated.4 

• Myasthenia gravis can be diagnosed with serum testing 
for the acetylcholine receptor antibody or through clinical 
improvement in symptoms with administration of edropho
nium chloride. 

FIG 1 • Positron em 1ss 1on tomography (PET) sca n .  Standard 
u ptake va lue  (SUV) of 6 . 5  in b iopsy-proven thymoma measu r ing 
14 em x 8.3  em i n  38-year-o ld  ma le .  
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SURGICAL MANAGEMENT 
Preoperative Planning 

• Central venous access should be obtained prior to beginning 
procedure. 

• The decision to perform thymectomy for treatment of 
myasthenia gravis must involve the patient, the treating 
neurologist, the anesthesiologist, and the thoracic surgeon. 
Preoperative optimization of the patient's myasthenia gravis 
symptoms with pyridostigmine, steroids, and in some cases, 
plasmapheresis is critical. 

• A sternal saw should always be present in the operating suite 
and readily available in the event emergent conversion to 
sternotomy for bleeding is necessary. 

Positioning 

• For median sternotomy or transcervical approach, a single 
lumen endotracheal tube is adequate. 

• Special anesthetic requirements may be necessary for patients 
with myasthenia gravis, taking care to avoid anticholinergics. 
The anesthetic team should be notified preoperatively of the 
patient's medical condition and the severity of their symp
toms in appropriate time to make accommodations.6 

• All patients who will undergo single-lung ventilation (VATS 
or RATS) should have preoperative pulmonary function test
ing to ensure they will be able to tolerate single-lung venti
lation during resection. If the patient is deemed unable to 
tolerate single-lung ventilation, resection via sternotomy or 
transcervical approach is indicated. All patients with myas
thenia gravis need pulmonary function testing preoperatively. 

• For VATS or robotic-assisted thoracoscopic approach, we 
strongly prefer the use of double lumen endotracheal tube 
placement to single lumen endotracheal tube with bronchial 
blockers. If the patient needs to be repositioned intraopera
tively, we feel that the double lumen endotracheal tube is 
much less likely to be dislodged than a bronchial blocker 
and provides more reliable lung isolation. 

• We confirm the placement of the double lumen endotracheal 
tube with bronchoscopy before positioning the patient. 

• Each time the patient is repositioned, proper placement 
of the double lumen endotracheal tube is confirmed with 
bronchoscopy. 

THYMECTOMY BY STERNOTOMY 

Positioning 

• P lace patient in sup ine  posit ion .  
• We prefer arms tucked at the patient's s ide and use a n  

axi l l a ry ro l l  p laced l atera l ly u n d e r  t h e  scapu lae .  
• Use c l i ppers to remove ha i r  from sterna l notch to be low 

x ipho id process. Prep and d rape sk in in ster i le  fash ion 
from the sterna l  notch to be low x ipho id process. 

Boundaries of Dissection 

• The boundaries of d i ssect ion for rad ica l thymectomy a re 
the i nnomi nate ve ins  super iorly, the phren ic  nerves b i l at
era l l y, and  the d i aphragm i nfe r ior ly (FIG 2) .  

• Preservation of the phren ic  nerve is of the upmost i mpor
ta nce and it shou ld  never be sacrif iced un l ess the d iag no
s is of thymic ca rci noma is confirmed and tumor g rossly 
i nvades the nerve. Even i n  these cases, the surgeon m ust 
cons ider the i m p l ications of d i aphrag matic para lysis on 
a pat ient who may need adjuvant chemotherapy and 
rad iat ion .  Both  phren ic  nerves shou ld  never be d iv ided . '  

• With invasive thymoma, invo lved structu res shou ld  be 
resected en b loc with the thymic mass at the t ime of i n i 
t i a l  operation, a lways spar ing  at  least one phren ic  nerve.7 

• Mark a reas of d i ssect ion for invasive thymoma with sur
g ica l  c l i ps to he lp  d i rect futu re rad iat ion thera py.7 

Median Sternotomy Incision 

• 

• 

Part ia l  or " m i n i-sternotomy" ca n be used as long as en
ti rety of thymus t issue can accessed and  phren i c  nerves 
v isua l ized b i l atera l ly. Visua l i zat ion must not be sacrificed 
for cosmesis (FIG 3) . 7  
I n c ise sk in  f rom 1 . 5 em be low the sterna l  notch to level of  

• Use a sterna l  saw to sepa rate the stern u m  down the 
m i d l ine .  

• Mind  adhes ions that cou l d  be present from the underly
ing thymoma itse lf or  from previous sternotomy. 

Right Inferior Pole Dissection 

• 

• 
• 

• 

• 

• 

The order of d i ssect ion with rega rd to thymectomy by 
sternotomy is  su rgeon preference, with rega rd to sta rt
i ng  on the r ight or left or from the super ior  or i nfer ior. 
We choose to sta rt at the r ight infer ior po le for both 
open and m i n i m a l ly i nvasive approaches. 
The r ig ht phren ic  nerve is  identif ied . 
The r ight i nfer ior po le is identif ied and d i ssected from 
the pericard i a !  fat pad, d iv id ing attachments to non
thym ic t issue. 
Arter ia l  blood supply to the inferior pole is from the peri
ca rd iophren ic  branches. These sma l l  vesse ls a re wel l  su ited 
for l igation with a b ipo lar  energy source such as L igaSure 
(Covidien, Mansfie ld, Massachusets) or an u ltrason ic  ves
sel-sea l i ng  device such as the Harmonic  Ace (Ethicon Endo
Surgery, Blue Ash, Oh io). These devices are a lso usefu l for 
d iv id ing the mediast ina l  p leura and connecti ng tissue. 
The mediast ina l  p leura is i ncised 1 em med ia l  to the r ight 
phrenic nerve and d ivis ion is carried cran ia l ly a long the 
latera l aspect of the thymus toward the superior pole.  Be 
m indful of  latera l energy transfer from e lectrocautery or b i 
polar energy source that  cou ld  damage the phren ic  nerve. 
The major a rter ia l  b lood supp ly  to the thymus is latera l ,  
from branches of the i nterna l  mammary a rtery. These 
vessels can be t ied, c l i pped, or d iv ided with adva nced 
vesse l-sea l i n g  devices as mentioned ear l ier. 

Right Superior Pole Dissection 

4th or 5th i ntercosta l  space for part ia l  sternotomy or to • Conti nue  d i ssect ion of the mediast ina l  p leura cra n i a l ly 
x ipho id process for fu l l  ste rnotomy. toward the r ight super ior  po le .  
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�"------- Boundary of FIG 2 • Boundaries of d i ssect ion for 
rad ica l  thymectomy. I nnom i nate ve ins  
super iorly, phren i c  nerves latera l ly, and  
d i aphragm i nfer ior ly. Stern u m  is anter ior 
to the thym us and  the perica rd i u m  is 
poster ior  to the thym us. 

d issection 

• Gently use the d ivided thym ic t issue as a hand le  for • There a re usua l l y  one  or two ve in s  that d ra i n  the 
thymus .  These a re most often encou ntered at the l eft 
super ior  po le ,  e m ptying  from the thymus i nto the left 
i n n o m i nate ve i n .  U n contro l led d iv i s ion of these ve ins  
wi l l  resu l t  i n  s i gn if icant hemorrhage, with the su pe
rior end of the ve in  retract i ng  cra n i a l ly, often out of 
v iew. We use a surg i ca l  c l i p  or  tie p roxi m a l ly and  d i sta l ly 
when d iv id i ng  these ve ins .  Th i s  ve in  can a l so be torn 
i nadvertently with excess ive d ownward retract ion on  
the thymus .  

downward retract ion to expose the r ight super ior po le .  
• The arter ia l  b lood supply to the superior pole branches off 

the inferior thyroid artery. These vessels can be d ivided be-
tween ties or c l ips or us ing advanced vessel-sea l i ng  devices. 

• Divide the r ight thyrothymic l igament between c lamps or 
us ing an  advanced vesse l-sea l i ng  device. Once vesse ls or tis
sue attached to the superior pole are d ivided, they can re
tract cran ia l ly, making ga in ing control of b leed ing d ifficu lt. 

• Occas iona l ly, a ve in d ra i n i n g  i nto the r ight i nnom inate 
ve i n  may be encountered. D iv ide it if present. 

Left Inferior Pole Dissection 

• Redi rect attention to the r ight infer ior pole .  D iv ide the 
mediasti n a l  p leura from the r ig ht latera l po le to the left 
l atera l po le  j ust a bove the level of the d i aphragm,  ta k ing 
ca re to inc lude a l l  i nferior thymic  t i s sue with  the thym us. 

• Identify the left phren ic  nerve and avoid damage to it 
when d iv id ing latera l ly across the i nfer ior aspect of the 
thym ic t issue. 

• Dissect the left i nferior po le away from the perica rd ia I fat 
pad and d iv ide the left i nfer ior po le from its attachments. 

• I ncise the mediasti na l  p leura 1 em med i a l ly from the left 
phren ic  nerve and  cont inue  d iv is ion cra n i a l ly. 

• Div ide the l eft l atera l branches of the i nterna l  mammary 
a rtery. 

Left Superior Pole Dissection 

• Gently use d iv ided thym ic  t issue for downwa rd retract ion .  
• Proceed with d iv is ion of latera l attachments of thym ic  

t issue toward the l eft super ior  po le .  D iv ide rema in i ng  
attachments of  the  l eft super ior  po le, i n c l ud i ng  branches 
of the l eft i nferior thyro id  a rtery supp ly ing it. 

• S m a l l  lymphatic branches enter ing the thoracic duct may 
be encou ntered and should be c l i pped if i nadvertently 
d iv ided.  The appearance of chyle may s ign ify d iv is ion of 
lymphat ic  vesse ls .  

• Divide any attachments, if present between left super ior 
and r ight super ior  poles .  

• Divide the poster ior attachments of the thymus to the 
per icard i u m .  

Specimen Removal 

• Remove speci men .  
• If thymoma is present, avoid d isruption of the capsu le .  

Sternal Closure 

• Place mediasti na l  d ra i n .  If the p leura l  spaces have not 
been v io lated, chest tu bes a re not necessa ry. 

• C l ose ste r n u m  with ste r n a l  w i res .  Larger  pat ients may  
benef it  from conte m pora ry ste r n a l  c l o su re devi ces 
to p revent d e h i scen ce, such as  ste r n a l  p l a t i n g  o r  use 
of the  Synthes Z i p F i x  System (Synthes I n corporated, 
West Chester, Pennsy lva n i a ) .  C l ose ove r l y i ng  s k i n  
i n  p referred m a n n e r. W e  use s k i n  a d h es ive o v e r  a l l  
i n c i s i ons .  
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FIG 3 • A. Trad itiona l  med ian sternotomy. B. Part ia l  or  " m i n i "  sternotomy with inc i s ion extend ing  to the level 4 or 5 i ntercosta l  
space. 



A 

VIDEO-ASSISTED THORACOSCOPIC 

SURGERY THYMECTOMY 

Positioning 

• Because thymic t issue left beh ind at t ime of resect ion 
for thymoma or  myasthen ia  g ravis can be devastat ing,  
we advocate a b i latera l approach to thymectomy for 
VATS and  some selected robotic-assisted thymectomy to 
ensure that a l l  thym ic  t issue is v isua l ized and  removed.  
When work ing from one s ide a lone, we fee l  that the 
contra latera l phrenic nerve cannot a lways be adequately 
v isua l ized and is  therefore r isk of i nj u ry when try ing to 
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• The patient's anter ior super ior  i l i ac  sp ine  shou ld  be at a 
break in the bed, and  the bed shou ld  be broken at the 
h i ps to at l east 30 degrees. Th is  opens the i nterspaces of 
the r ibs to fac i l itate port insertion  and a l lows the lung to 
fa l l  away poster ior ly. 

• Place the r ight arm on a support brace over the left a rm .  
• Pad a l l  pressure points. 
• The mon itors are p laced on each s ide of the patient near 

the head.  The surgeon and assista nt stand on the poste
rior side of the patient. 

Port Insertion 

d iv ide the latera l -most attachments. I n  those cases, a • For VATS approach, 5-mm thoracoscop ic  i nstru ments can 
be used for throug hout the case but one port s ite w i l l  
need to  be en l a rged fo r  specimen remova l at the  end of 
the case (FIG 4A) .  

• 

• 

contra latera l VATS check is appropriate. 
For VATS or  robotic-assisted approach, the right side 
shou ld  be approached fi rst beca use of physica l con-
stra i nts from the heart on the l eft . • 
For VATS thymectomy, posit ion the patient in l eft latera l 
decubitus, on a beanbag and with an axi l l a ry ro l l  in p lace. 

Midclavicular l ine Midaxil lary l ine 

B 

If needed, a 1 2-mm working port can be added on either 
s ide to insert a r ing c lamp for retract ing  the thymus 
downwa rd. 

Midaxil lary l ine Midclavicular l ine 

2 

1 1  

FIG 4 • A. Port p lacement for r ight-s ided d i ssect ion dur ing  VATS thymectomy. B. Port p lacement for l eft-s ided d i ssect ion 
d u ring  VATS thymectomy. 
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• Always use protected ports d u r ing  thymectomy for thy- • 
moma, as seed ing  of the thoracic wa l l  from ma l i g nancy 

You w i l l  be a b l e  to acco m p l i sh m ost of the thymec
tomy from the r i ght s ide.  H owever, once it becomes 
d iffi cu l t  to see the l eftmost aspect of the thym us a n d  
y o u  ca n n ot safely d iv ide t issue without ensur ing  that 
l eft p h re n i c  nerve is  p rotected,  stop d i ssect ion  from the 
r i ght s ide .  

has been reported . 
• Before i nsert ing  the fi rst port, ask the anesthes io lo

g i st to stop venti lat ion to the lung on  the s ide that 
you wi l l  be worki ng  o n .  Conf irm adequate s ing le- l u n g  
vent i l at ion .  • Confirm hemostasis of previous ly d iv ided tissue. An ab

sorba b le hemostat ic agent such as Surg icel  (Eth icon, 
Br idgewater, New Jersey) can be used at the super ior  
po le for minor oozi ng .  

• If sta rt ing  on the r ight s ide, insert the fi rst port between 
at the 5th or 6th i ntercosta l  space a long the poster ior  
axi l l a ry l i ne .  I n sert the thoracoscope and inspect the tho-
rac ic  cavity for suspic ious les ions or  effus ions s i gna l i ng  • Place a sma l l -bore chest tube on the r ight under  d i 

rect visua l ization and ensure the r ig ht l ung  inf lates 
adequately as positive pressu re is adm in istered by the 
anesthesio log ist. 

ma l i gnant d isease. B iopsy any suspic ious les ions and send 
any suspic ious f l u id  to pathology (FIG 4A) .  

• U nder d i rect i ntrathoracic visua l ization from the fi rst 
thoracoscop ic  port, ta k ing ca re to avoid any ad hesions • Remove the other ports and confirm hemostas is from 

port sites. C lose i ntercosta l  m uscles i n  one layer with 
i nterrupted a bsorbab le  sutu res and c lose over ly ing sk in  
i n  preferred manner. 

• 

• 

• 

• 

• 

or adherent l ung  parenchyma, i n sert the second port at 
the 3 rd or 4th intercosta l space a long the m idaxi l l a ry or  
a nter ior axi l l a ry l i ne .  Th is  w i l l  serve as the camera port 
for most of the d i ssect ion (FIG 4A) .  

S i m i l a r ly, i nsert the th i rd thoracoscopic  port at the 5th  or  
6th  i ntercosta l i nterspace a long  the a nterior  axi l l a ry l i ne  
(FIG 4A) .  

Port locat ion can be varied accord ing  to surgeon prefer
ence, and  add itiona l  ports shou ld  be used if visua l i zat ion 
is not opti m a l .  
T h e  left-s ided ports w i l l  need t o  be p laced s l i ghtly more 
poster ior in comparison to the r ig ht-s ided ports to ac
count for the pericard i u m  and heart (FIG 48) .  

I nsuffl at ion with 8 to  10  m m H g  of  carbon d ioxide gas  
can fac i l itate d i ssect ion of  the thymus away from the  
sternum a nterior ly and  per icard i u m  poster ior ly, but  we 
do not rout ine ly  use i nsuff lat ion in the thoracic cavity for 
thymectomy. 
We p lace bup ivaca i ne  or exparel  ( l i posoma l  bup ivaca ine) 
i ntercosta l  nerve b locks to the port sites under  d i rect vi
sua l ization at the t ime of thoracoscopy, be ing espec ia l l y  
generous a round port site where the thoracostomy tube 
wi l l  exit. 

Division of Right Inferior Pole 

• I dentify the r ight phren ic  nerve. 
• Proceed with d iv is ion of r ight i nfer ior  po le  from the 

pericard i a !  fat pad us ing a n  adva nced vessel-sea l i ng  
device. 

• Us ing e lectrocautery at low sett ings  in cutt ing mode, the 
med iasti n a l  p leura ca n be scored 1 em med i a l ly from the 
r ight phren i c  nerve. Th is  can fac i l itate latera l d i ssect ion .  

Division of Right Superior Pole 

• Proceed cra n i a l ly to the r ight super ior po le  as described 

Repositioning 

• Reposit ion the patient in r ight latera l decubitus posit ion 
with the bed fl exed to 30 degrees at h i ps, us ing a bean-
bag and  axi l l a ry ro l l  as  mentioned previous ly. 

• For the l eft-s ided approach, the ports are rotated s l i ght 
poster ior to account for the heart and per icard i u m .  The 
surgeon and  assistant again stand on the patient's poste
rior s ide.  

• I n sert thoracoscop ic  ports on the left in the same manner  
as on  r ight. 

• I nspect the left thoracic cavity. 

Division of Left Inferior Pole 

• Identify the left phren ic  nerve. 
• Dissect and d iv ide left infer ior po le and  any rema i n i n g  

attachments med ia l ly. 
• Divide r ight super ior pole and r ight thyrothym ic l igament. 
• Score the mediasti na l  p leura 1 em med i a l ly to the left 

phren ic  nerve and  proceed cra n i a l ly with d i ssect ion and  
d iv is ion . 

Division of Left Superior Pole 

• Dissect and d iv ide the left super ior  po le and any rema in 
i ng  attachments med ia l ly. 

• Use a l a p a roscop i c  c l i p  a p p l i e r  to a p p ly c l i ps to the 
proxi m a l  a n d  d i sta l aspects of the ve i n  o r  ve in s  that 
d ra i n  from the  thymus i nto the l eft i n n o m i n ate ve i n .  
D iv ide  the  ve i n  between t h e  c l i ps u s i n g  a n  e nergy 
sou rce. 

previous ly using advanced vessel-sea l i ng  device to d iv ide Specimen Removal and Closure 
attachments. 

• Divide r ight super ior po le and r ight thyrothym ic l iga ment . 

Medial Dissection 

• From the r ight s ide, proceed with d i ssect ion toward the 
patient's left s ide, d iv id ing super ior  and  i nfer ior attach
ments of the thym us past m i d l ine .  

• 

• 

• 

Place the specimen in a speci men bag and  remove 
through a protected port. For l a rger  thymomas, a port 
site that w i l l  not be used as the chest tube site w i l l  need 
to be en l a rged for speci men remova l .  
P lace a sma l l -bore chest t u b e  on  left s i d e  and confirm 
i nf lat ion of left l u n g .  
C lose i ntercosta l  m uscles and  over ly ing sk in  . 



ROBOTIC-ASSISTED THYMECTOMY 

Positioning 

• Posit ion the patient in the sup ine  posit ion with a n  
axi l l a ry ro l l ,  or  bump and t o  the r ig ht s i d e  o f  t h e  bed. 

• Arm maybe p laced hang ing  with in  a padded towel off the 
r ight s ide of the bed. Tuck the arms at the patient's s ide. 

• Prep sk in from a bove sterna l  notch to below x iphoid 
process and to as fa r l atera l ly as poss ib le  on both s ides .  

• Patients with la rge, pend u lous breasts may requ i re 
retract ion of breast t issue med i a l ly us ing 4- in s i l k  ta pe. 
Expose the ent ire i nframammary crease b i l atera l ly. 

• The sp ine  of the robot w i l l  be on the patient's left and 
the ass ista nt on  the patient's r ig ht. 

• Place thoracoscopicNATS tower above the patient's left 
shou lder. 

Port Placement 

• 
• 

• 

• 

• 

Disconti nue  vent i l at ion to r ight l ung  . 
The fi rst i nc is ion wi l l  be for a 5-mm port, and th is  w i l l  be 
2 em latera l to the m idc lavicu l a r  l i ne  at the 6th i ntercos
tal space. Through  th is  port, insert a 5-mm thoracoscope. 
I nspect the thoracic cavity. The VATS thoracoscope wi l l  be 
used to confirm safe p lacement of subsequent ports. 
Place the next port 2 em latera l to the midc lavicu l a r  l i ne  
at the  2nd i ntercosta l  space. Th i s  w i l l  accommodate one  
of  the  work ing  a rms of  the  robot. At  th is  t ime, we  use 
8-mm meta l trocars des igned for the robot. 
Place the robotic ca mera port 4 em l atera l to the m id
c lavicu l a r  l ine at the 4th i ntercosta l  space. Th is  port 
shou ld  be 1 0  or 1 2  m m  and w i l l  accommodate the 1 0-mm 
robotic camera head .  
Exchange the 5-m m thoracoscope to one of  the other  
two port s ites, and  under  visua l ization, rep lace the 5-mm 
port at the 6th intercosta l space with a n  8-mm trocar 
designed for the robotic arm. This  troca r w i l l  accom mo
date the other work ing  arm of the robot. 

Docking the Robot 

• Dock the robot at the table,  with the robotic sp ine  on the 
patient's left and the robotic arms on  the patient's r ight.  

• Us ing  the 5-mm thoracoscope inserted through one of 
the 8-m m ports, i nsert the robotic ca mera i nto the 1 2-mm 
port s ite at the 4th i ntercosta l  space. The 30-degree 
robotic ca mera w i l l  sta rt i n  the " u p "  confi gu rat ion.  Th is  
wi l l  be p laced on arm n u m ber " 2 "  of the robot. 

• I nsert the work ing  a rms of the port i nto the chest under  
d i rect v i sua l izat ion .  We usua l l y  sta rt with  a robotic 

TRANSCERVICAL THYMECTOMY 

Positioning 

• Place the patient in the sup ine  posit ion, with the head 
maxi m a l ly hyperextended us ing a n  i nfl ata b le  bag and a 
ro l led sheet beh ind the patient's shou lders. I n a b i l ity to 
hyperextend the patient's neck must be considered pre
operatively. 

C h a p t e r  9 THYMECTOMY 77 

Cadiere d i ssector at the 2nd intercosta l port site, which 
wi l l  be robot arm n u m ber " 1 . " The Cadiere can be con
nected to b ipo lar  energy if needed. A robotic L igaSure 
arm is inserted at the 6th i ntercosta l  port site, at robotic 
arm n u m ber " 3 . "  This arm confi gu ration can be varied 
per surgeon preference. 

• An assista nt's port can be added wherever necessa ry for 
add itiona l  downwa rd retract ion .  The assista nt may i n sert 
a g rasper or a r ing  c l amp  i nto the thoracic cavity to assist 
as needed. 

Dissect the Right Inferior and Superior Poles 

• Dissect the r ight infer ior and  super ior  poles i n  the same 
man ner  as described dur ing  the VATS approach .  

• Divide latera l and  med ia l  attachments of the thym us. 
• When comp lete, p lace a r ight-s ided chest tube, confirm 

i nf lat ion of the lung, and remove the ports under d i rect 
visua l izat ion .  

• Close over ly ing i ntercosta l m uscles and sk in as des ired.  
• If the left phren ic  nerve can be visua l i zed from the r ig ht, 

or  if r ig ht phren ic  nerve can be v isua l ized from the left 
if sta rt ing  on the r ig ht, then the surgeon may be ab le  to 
comp lete the thymectomy from one side. If both phren ic  
nerves can not be adequately visua l i zed from the same 
s ide, then a b i l atera l approach is warranted. The contra
l atera l s ide can be approached with VATS or  RATS ap
proach . 

Reposition the Robot 

• Reposit ion the robotic sp ine to the patient's r ig ht s ide 
with the robotic arms on the patient's left s ide .  

• I n sert ports on left s ide in same manner  as i n serted on  
the r ight  us ing a thoracoscope connected to a VATS 
tower i n it ia l ly for assistance with port p lacement.  

• Avoid  damage to the heart when i nsert ing  the ports at 
the 4th and  6th i ntercosta l space. 

Dissect the Left Inferior and Left Superior Poles 

• 

• 

• 

• 

• 

• 

• 

• 

Dissect the left i nferior and left super ior  poles in the 
same manner  as described d u ring  the VATS a pproach . 
C l i p  the ve i n  or ve ins  d ra i n i n g  the thym us to the left 
i nnom i nate ve i n .  Th is  w i l l  requ i re the assistant to load a 
c l i p  app l i e r  onto one of the robotic arms.  
P lace the speci men i n  a speci men bag and remove from 
the 1 2-mm port s ite .  
P lace a r ight-s ided chest tu be, confi rm inf lat ion of the 
l u ng,  and  remove the ports under  d i rect visua l ization .  
C lose over ly ing i ntercosta l m uscles and  sk in as des ired.  

P lace the back of the head i n  a doughnut at the very 
edge of the operat ing  tab le .  
Tuck the a rms at the patient's s ide .  Avoid hav ing any 
cords or  sheets cover ing the attachment ra i l s  of the 
tab le, as  a retractor w i l l  be mou nted there later  i n  
t h e  case. 
Prep the sk in of the a nter ior  neck and chest to the sterna l  
notch in  preparation for sternotomy if needed. 
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• The anesthes io log ist w i l l  be posit ioned on the patient's • 
s ide, and  the tub ing  shou ld  be a l lowed to d rop down 

C lamps are app l ied to the over d ra pes on  each s ide of the 
tab le .  Place the s idebars of the Po lytract retractor (P i l l i ng  
Surg ica l  I nstruments, Te lef lex Med ica l ,  Research Tr iang le  
Pa rk, NC )  i nto the c l amps and p l a ce  the crossbar of  the  
retractor between the  c l amps .  

and  not be suspended with a "Chr istmas tree.  " 8  

Incision and Isolation 

• M a ke transverse inc i s ion j ust over the sterna l  notch, 
below the level where a n  i nc is ion would be made for a 
med iast inoscopy. 

• E levate super ior  and infer ior subp latysma l  f l aps. Ca rry 
the super ior  f lap  to the level of the thyro id carti l age, and 
the i nfer ior f lap  is carr ied to j ust be low the suprasterna l  
notch .  I n sert two handhe ld  self-reta i n i ng  retractors to  
separate the sk in f l aps. 

• Dissect down to and sepa rate the med ian  raphe between 
the sternohyoid and sternothyro id m uscles. 

• I ncise the l igamentous attachment with in  the sterna l notch 
and develop the substernal p lane using a f inger to dissect. 
The cervica l portion of the thymus appears sa lmon-pink and 
this color disti ngu ishes it from the surrounding cervica l  fat.8 

• The r ight lobe of the g l and  often comes up h igher than 
the l eft and  wi l l  be identif ied fi rst. The thymus is a nte-

• 

• 

• 

• 

• 

The position ing  of the tab le c l amps and crossbar must be 
adjusted so that patient's ent ire body ca n be l ifted and  
suspended off of  the tab le  u s i ng  the Cooper thymectomy 
retractor (FIG S8) .  

I nsert the b lade of the Cooper thymectomy retractor be
h i nd  the stern u m  and l ift towa rd the cei l i n g .  Con nect the 
Cooper thymectomy retractor to the crossba r (FIG 58) .  

I nsert a n  Army-Navy retractor on each  s ide of the wound 
and attach each  latera l ly to the s idebars us ing Pen rose 
dra ins  or  ster i l e  rubber bands .  
Def late the bea nbag behind the shou lder. Now, the 
patient's entire body weight is be ing suspended by 
thymectomy retractor. 
Drape the s i l k  l i gatu res affixed to the left super ior and  
r ight super ior  po le s  over the top  of  the crossbar, weighed 
by hemostats . 

r ior to the i nferior thyro id vei n .  Once the i nferior  thyro id Division of the Inferior Poles 
ve i n  is identif ied, sepa rate it poster ior ly. 

• 

Division of Superior Poles 

Sweep the r ight lobe away from r ig ht p leura l  reflect ion 
with a tonsi l sponge fi rst, then sweep the left lobe away 
from the left p leura l  reflect ion .  

• Sit at the head of the bed and  use a hea d l i g ht. The as- • 
s ista nt wi l l  be posit ioned on the opposite s ide of the 
a nesthes io log ist at the patient's head. 

The left lobe is more d ifficu lt  to d i ssect than the r ight 
beca use of extens ion of the thym us i nto the aortopu l mo
nary window. Avoid  tract ion i nj u ry to the phren ic  nerves, 
whose locat ion cannot be seen . 8  • P lace another self-reta i n i ng  retractor between the stra p 

m uscle.  • Proceed ca uda l ly with d issect ion on each s ide; d iv ide any 
per icard ia  I attachments sharp ly. • Dissect and  d iv ide attachments to the r ight super ior and 

• 

• 

l eft super ior  poles .  P lace a s i l k  tract ion suture around 
each po le to use as a hand le .  Do not cut these sutu res; 
l eave a hemostat c l amped to the i r  ends (FIG SA) .  

Dissect downward towa rd the i nnomi nate ve in ,  wh ich  
the thym us usua l ly l ies a nter ior to. S m a l l  venous  branches 
can be d iv ided between c l i ps or  with a n  advanced vessel-
sea l i ng  device. 
When the dominant ve in emptyi ng  i nto the i nnom inate 
ve i n  is identif ied, p lace l i gatu res proxi m a l ly and d i sta l l y  
and d iv ide it. 

• Use a pea n ut for d i ssect ion i n it i a l ly. Once the domi nant 
ve i n  is d ivided, further  d i ssect ion can be carr ied out with 
a tonsi l sponge.  

• Divide l atera l attachments to the r ight and left lobes of 
the thym us.  

Placement of Retractor 

• The Cooper thymectomy retractor (Pi l l i ng  Surgical I nstru
ments, Teleflex Med ical, Research Triang le  Park, North 
Carol ina) is designed for transcervical thymectomy. Alterna
tively, the Rultract retractor (Rultract I nc, Cleveland, Oh io), 
designed for taking down the internal  mammary a rteries, 
can be used if a b lade of appropriate size for the sternal  
notch is used . A Thompson retractor (Thompson Surgica l  
I nstruments, I nc, Traverse City, M ichigan) with an  appropri
ate ly sized blade can be used if both arms of the retractor 
a re jo ined together a rch ing over the patient (FIG 58) .  

Removal of Specimen and Closure 

• Sweep away the i nferior attachments and retract the 
thym us cra n i a l ly. After infer ior and  latera l t issues a re 
swept away and the thym us is freed, it is often attached 
to sma l l  ped ic le  at the superior aspect of the g l and  
poster ior ly. Th i s  i s  l i ke ly a previous ly u n identified ve i n  
d ra i n i n g  t h e  thymus i nto t h e  i nnom inate ve i n .  It shou ld  
be d iv ided between c l i ps .  

• 

• 

• 

Remove the speci men and confi rm hemostas is  i n  the 
mediasti n u m .  Top ica l  hemostatic agents can be used 
here for m inor  ooz ing .  
If any p leura l  v io lat ion occurred, insert a red  rubber 
catheter i nto the v io lated p leura l  p lace and  perform a 
Va lsa lva maneuver to evacuate the hem ithorax of a i r  j ust 
before the wound is c losed . 
C lose the p l atysma with absorba b le  suture and  close the 
sk in  with a bsorbab le  subcuticu l a r  suture .  

• Obta i n  a chest rad iograph postoperative ly. Pneumotho
races that a re not l a rge or symptomatic do not need to 
be add ressed beca use there is no ongo ing a i r  leak and  
thus wi l l  reso lve sponta neous ly.8 

Division of superior poles 
• Step-by-step description, with at l east one surg ica l  photo 

or  samp le  drawing for a rt ist to i l l ustrate surg ica l  tech
n ique .  Photos and i l l ustrat ions may be used s ide-by-s ide .  



Thymic veins 
(l igated) 

Inferior thyroid 
vein (l igated) 

Left lobe of 
thymus g land 

Right lobe of 
thymus g land 

Trachea 

Sternothyroid muscle 
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Cooper thymectomy retractor 

A Sternohyoid muscle B Thymus g land 

FIG 5 • A. Identify and l i gate r ight and left poles of thym us g l a nd, us ing them as a hand le  for super ior retract ion .  B. Cooper 
thymectomy retractor or  other f ixed blade retractor p laced su bsterna l ly and used to l ift the ent ire patient off of operat ing tab le .  

PEARLS AND PITFALLS 
Imag ing  and worku p 

Anesthesia 

Techn ique  

Pitfa l l s  

• Th in-s l i ce computed tomography (CT) of  chest w ith  i ntravenous ( IV) contrast is most often used . 
• I n  a l most a l l  cases, b iopsy of les ions i n  a nter ior mediast i num is wa rranted preoperatively. 

• Specia l  anesthetic req u i rements may be necessa ry for myasthen ia  g ravis patients, and  the 
a nesthesia team should be notified we l l  i n  advance to make accommodations, if needed. 

• P lasmapheresis may be ind icated preoperatively i n  patients with myasthen ia  g ravis .  
• Doub le  l umen  endotrachea l tubes a re strong ly recommended i n  patients undergo ing  VATS or  RATS 

thymectomy. 
• Centra l venous access shou ld  be esta b l ished preoperative ly. 

• The ips i l atera l phren ic  nerve must be visua l i zed and preserved before i n it iat ing resect ion of thymic 
t issue on  that s ide.  

• The phren ic  nerve m ust be identif ied and  preserved on  at least one s ide .  A phren ic  nerve should 
on ly  be sacrificed if g rossly i nvaded by tumor. 

• Troub lesome b leed i ng  ca n occu r if a thym ic ve i n  near the left super ior  or r ight super ior  po le  tears 
and retracts cepha lad .  

• Doub ly  l i gate thym ic ve ins .  
• B i po la r  devices such as L igaSure or H a rmon ic  sca lpe l  can be of assista nce with d i ssect ion around 

po les of thym us.  
• Protected ports and  EndoCatch bags should be used. 

• If performing robotic thymectomy and the contra l atera l ph ren ic  nerve cannot be v isua l ized from 
the same s ide the case was sta rted on,  the surgeon m ust operate on the contra l atera l s ide 
as wel l .  

• Comp lete resect ion of  a l l  thym ic t issue is necessa ry to obta i n  cure i n  myasthen ia  g ravis .  
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POSTOPERATIVE CARE 
• Obtain chest radiograph postoperatively. 
• Inpatient observation and patient-controlled anesthetics are 

recommended for patients undergoing thymectomy by ster
notomy, VATS, or robotic-assisted approaches. Patients un
dergoing transcervical thymectomy can often be discharged 
home on the day of operation. 

• For patients undergoing thymectomy by sternotomy, VATS, or 
robotic-assisted approaches, obtain a hemogram and electro
lyte panel including magnesium and phosphorus levels the first 
morning postoperatively. Correct any electrolyte imbalances. 

• Plasmapheresis or medical may be necessary initially post
operatively, with the guidance of the referring neurologist, 
when there is difficulty weaning from ventilation or if myas
thenic crisis occurs. 

OUTCOMES 
• Complete stable remission, pharmacologic rerruss10n, or im

provement of manifestation status of myasthenia gravis occurs in 
97.9% of patients undergoing thymectomy by sternotomy and 
95.8% in patients undergoing thymectomy by VATS approach.9 

• Complete remission of myasthenia gravis is between 1 5 %  
and 3 5 % ,  depending o n  literature reviewed. 

COMPLICATIONS 
• Bleeding from the innominate vein 
• Damage to the phrenic nerve, especially devastating in 

patients with myasthenia gravis 
• Pneumothorax with persistent air leak from damage to lung 

parenchyma 
• Chylothorax if thoracic duct or branch of thoracic duct is 

damaged during takedown of the poles of the thymus 

• Inability to wean from mechanical ventilation in patients 
with more extreme symptoms from myasthenia gravis 

• Failure of thymectomy to resolve symptoms of myasthenia 
gravis (percentage) 

• Local recurrence of thymoma if incomplete resection per
formed 

• Metastasis to surgical site 
• Death 
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Chapter 1 0  T horacoscopic Sympathectomy 
- --------------------------------------- 1----------------------------------------------------- .... 

Brett Broussard Douglas Minnich Benjamin Wei 

DEFINITION 
• Hyperhidrosis is a medical condition that involves the over

production of sweat/perspiration in the palms, axillae, face, 
or feet. 

• Diagnostic criteria include focal sweating of greater than 6 
months and two of the following characteristics: bilateral and 
symmetric nature, impairs daily activities, occurs weekly at a 
minimum, onset at younger than 25 years of age, significant 
family history, and no evidence of focal sweating during sleep. 

• Eccrine glands innervated by the sympathetic nervous system 
are responsible for hyperhidrosis. Acetylcholine is the primary 
neurotransmitter carried by cholinergic autonomic neurons. 

• Hyperhidrosis can be related to an abnormal central re
sponse to emotional stress but also occurs spontaneously 
and intermittently. Eccrine glands appear histologically and 
functionally normal under microscopic examination. 1 The 
pathophysiologic basis of hyperhidrosis remains unclear. 

DIFFERENTIAL DIAGNOSIS 
• Generalized, or secondary, hyperhidrosis can be caused by 

a wide variety of systemic and metabolic reasons. Excessive 
heat exposure and obesity are the most common causes of 
generalized hyperhidrosis. Other causes include endocrine 
disorders, neuroendocrine tumors, infection, malignancy, 
and toxins . Hodgkin's disease and tuberculosis are common 
causes of nocturnal hyperhidrosis. 

• Localized unilateral, or segmental, hyperhidrosis is rare and 
can be attributed to gustatory stimuli; eccrine nevus; eccrine 
angiomatous hamartoma; glomus tumor; polyneuropathy, or
ganomegaly, endocrinopathy, monoclonal gammopathy, and 
skin changes (POEMS) syndrome; and pachydermoperiostosis. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patients typically present with history of palmar and plantar 

sweating since childhood. The onset of sweating may be as
sociated with stress or occur during a time of calmness. The 
timing of palmar and plantar sweating is synchronous. 

• The presentation of sweating is intense in nature. Patients 
may complain of puddles of sweat around bare feet, satura
tion of paper while writing, or the need to change clothes 
multiple times a day.2 

• Hyperhidrosis may have a significant impact on the patient's 
self-image, occupation, and social interactions. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The diagnosis of primary hyperhidrosis is obtained through 

a thorough history and physical examination. 
• If secondary or unilateral hyperhidrosis is suspected, further 

evaluation is warranted including laboratory studies and 
imaging. 

SURGICAL MANAGEMENT 
• Various nonoperative treatments such as application of alu

minum chloride alcohol solutions (Drysol) ,  iontophoresis 
(placing of hands and feet in water through which electric 
current flows) ,  botulinum toxin injections, and oral anticho
linergics such as glycopyrrolate and oxybutynin are usually 
tried prior to consideration of sympathectomy. 

• The Society of Thoracic Surgeons (STS) expert consensus 
committee has adopted a nomenclature when describing 
sympathectomy. For example, R3 refers to a sympathectomy 
above the 3rd rib space. 1 

• In preparation for sympathectomy, it is important to con
sider the anatomic presentation of the patient's symptoms 
for operative planning. 

• Palmar hyperhidrosis: Disruption of the sympathetic chain 
above both the 3rd and 4th ribs (R3 and R4) results in the 
driest hands but carries an increased risk of compensatory 
hyperhidrosis (CH).  R4 disruption alone decreases the risk 
for CH but may lead to suboptimal dryness of the hands. 
The consensus committee therefore recommends R3 disrup
tion alone for palmar hyperhidrosis. 

• Palmar and plantar hyperhidrosis is best treated with R4 
and R5 sympathectomy. R4 disruption alone may decrease 
the probability of CH, but dividing both R4 and R5 results 
in an excellent reduction in sweating symptoms. 

• Axillary hyperhidrosis ( including palmar-axillary and pal
mar-axillary-plantar) is best treated with R4 and R5 sympa
thetic chain disruption. Simultaneous R3 and R4 disruption 
was found to increase the incidence and severity of CH. 

• Craniofacial hyperhidrosis needs to be distinguished from 
blushing. These patients benefit from R3 chain disruption 
alone. Studies have shown that R2 chain disruption is as
sociated with an increased incidence of Horner's syndrome 
and CH. 1 

• There are different methods in which the sympathetic chain 
can be disrupted. Options include the following: 

Sympathectomy: removal of sympathetic ganglion by 
transection of chain above and below ganglion 
Sympathicotomy: simple transection of sympathetic chain 
Clipping: clip placed at indicated level of sympathetic 
chain 
Blocking: Clips are placed above and below ganglion.2 

• There is no clear advantage to any particular method used to 
disrupt the chain. 

• Proponents of clip application believe that sympathectomy 
can be reversed in the case of intolerable hyperhidrosis by 
removal of the clip; however, one study has shown that only 
about 50% of patients experience a significant decrease in 
CH after clip removal. 3 Experimental studies suggest that 
the damage inflicted on the nerve with clip application leads 
to degeneration of the nerve within 10 days of clip applica
tion.4 It is more important that the correct level is identified 
and that enough of a gap is created when the nerve bundle is 
transected to prevent regrowth of the nerve. 1 
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Preoperative Planning Positioning 

• Patients can be intubated with either a double lumen or 
single lumen endotracheal tube. We prefer a double lumen 
endotracheal tube, which allows for single-lung ventilation. 

• The patient is placed in a supine positiOn on the operat
ing room table with both arms abducted and placed at a 
90-degree angle or greater if tolerated ( FIG 1 ) .  

The arms should be  padded for the full length of the arm 
board and safely secured with a strap proximal and distal 
to the elbow. 

• If a single lumen endotracheal tube is used, carbon 
dioxide (C02 ) insufflation or intermittent apnea is neces
sary to displace the lung and gain access to the sympa
thetic chain. • The table is then maneuvered into a semi-Fowler's position. 

• The chest is then prepped from the base of the neck to the 
upper abdomen and includes bilateral axillae in the field. 

THORACOSCOPIC SYMPATHECTOMY 

Incision and Trocar Placement (Two-Incision 
Technique) 

• A 5-mm 1nc 1 s 1on is made j ust latera l to the pectora
l is major m uscle i n  the a nter ior axi l l a ry l i ne  i n  the 3 rd 
i ntercosta l r ib  space (FIG 2) .  

• The su bcuta neous tissue is then spread b l u ntly with a 
hemostat. 

• S ing le - lung  vent i l at ion is then performed in the contra
l atera l l ung .  

• 

• 

• 

A 5-mm troca r is then p l aced through the i n c i s ion  with 
speci a l  care to stay j u st super ior  to the 3 rd r ib.  I nsuf
f lat ion of C02 i nto the chest may h e l p  with defl at ion 
of the lung a n d  v isu a l izat ion of the u pper sym pathetic 
c h a i n .  
A second 5 - m m  i nc is ion is m a d e  approximately 5 em 
l atera l to fi rst inc is ion .  
The subcutaneous t issues a re again b l untly spread and a 
second 5-mm troca r is p laced.  

FIG 1 • The pat ient is pos it ioned in  a semi-Fowler's 
posit ion, e levated to 30 to 45 deg rees. Arms are 
abducted to 90 deg rees or  g reater to ensure both 
axi l l ae  are exposed . 

/ 

Incision in 3rd I 
ICS lateral to 

pectoral is muscles 

FIG 2 • An i nc is ion is made latera l to the pectora l i s  major in 
the a nter ior axi l l a ry l i ne .  A second i nc is ion is made i n  the same 
i nterspace i n  the m idaxi l l a ry l i ne .  



Rib Identification 

• A 30-deg ree 5-mm scope is then p laced in the latera l tro
car site. 

• The r ibs a re then correctly identif ied.  The 2nd r ib  is typi 
ca l ly the most prox ima l  r ib  visua l i zed i n  the chest. The 
2nd r ib  ca n a lso be identified by a descend ing  a rter ia l  
branch from the subc lav ian a rtery that typ ica l ly crosses 
the rib 1 em l atera l to the sym pathetic cha in .  

Sympathetic Chain Disruption 

• The sym pathetic cha in  is then identif ied near  the r ib  
heads at the desi red i nterspace(s) (e .g . ,  above the 3 rd r ib  
for a so-ca l l ed R3 sym pathectomy) (FIG 3) .  

• Using a hook cautery, the parieta l p leura is then cauterized 
on the med ia l  and latera l s ide of the sympathetic cha in .  

• The hook is then b l u ntly p laced around the sym pathetic 
cha in  and transected by e lectrocautery. The d istance 
between the transected ends of the nerve shou ld  be one 

SINGLE-I NCISION THORACOSCOPIC 

SYMPATHECTOMY 

Incision and Instrument Placement 

• A 1 -cm i nc is ion is made in the anter ior axi l l a ry l i ne  i n  
the 3 rd i ntercosta l space just l atera l t o  t h e  pectora l is 
major. The su bcuta neous tissue is b l u ntly spread with a 
hemostat. 

• 

• 

• 

A 5-mm troca r is inserted.  The operative s ite is visua l i zed 
either by s ing le- l ung  vent i l at ion or by C02 i nsuffl at ion .  
A thoracoscope is i nserted and  the desi red level of sym
pathetic cha in is identified .  
The trocar is  withd rawn and the hook cautery is p laced 
adjacent to the thoracoscope i nto the thoracic cavity. 
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FIG 3 • The sym pathetic cha in  i s  
identif ied l atera l to the vertebra l  
co l u m n .  The desi red i ntercosta l 
space for sym pathectomy is  
ident if ied .  The par ieta l  p leura 
is opened med ia l  and  latera l to 
the cha in  and the hook ca utery 
is passed beh ind the cha in .  The 
nerve is then cauter ized and 
tra nsected.  

r ib  space. Speci a l  ca re i s  made to avo id adjacent b lood 
vesse ls .  

Hemostasis and Pneumothorax Evacuation 

• Once the appropriate cha in  leve ls  have been transected, 
the chest shou ld  be thorough ly inspected to ensure 
hemostasis .  Th is  inc l udes port sites. 

• The l ung  is then reinf l ated under  d i rect v isua l ization to 
ensure proper expans ion .  

• 

• 

• 

• 

• 

• 

A 1 6-Fr  chest tube is then p l aced through  a trocar wh i l e  
positive pressure vent i l at ion is performed.  Assum ing  that 
the surgeon is confident that the l ung  was not i nj u red 
dur ing  the procedu re, the chest tube is p laced on  suction  
and the troca r and  chest tube are removed together d u r
i ng  positive pressure venti lat ion .  
The i nc is ion i s  then c losed with a cont inuous  3-0 Vicry l  
runn ing suture and  b io log ic  g l ue .  
The proced ure is repeated on the contra latera l s ide.  

The same steps as out l i ned a bove for sym pathectomy via 
two i nc is ions a re fo l l owed . 
Alternatively, an operating thoracoscope (FIG 4) can be used 
to perform sing le-incison thoracoscopic sympathectomy. 
If s ign if icant adhes ions are encou ntered, convers ion to 
a two-port techn ique  w i l l  a l low g reater maneuvera b i l ity 
of the hook ca utery for pneumolysis. 

FIG 4 • Operative thoracoscope. 
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PEARLS AND PITFALLS 
H i story of breast 
augmentation 

• Specia l  consideration m ust be made d u ri ng  the p lacement of trocars to avoid damage to imp l ants. 

Nerve of Kuntz • A nerve that can jo in  the 2nd i ntercosta l nerve to the 1 st i ntercosta l nerve and has been associated 
with persistent hyperh idrosis after sym pathectomy. 5 F i bers that trave l s l i ght ly l atera l to the m a i n  
sym pathetic nerve below the 2nd r ib  s h o u l d  n o t  be tech n i ca l ly referred to as t h e  nerve of Ku ntz; 
however, they shou ld  be d iv ided if encountered at the level of the sym pathectomy. 

POSTOPERATIVE CARE 
• In the postoperative care unit, a chest radiograph is performed 

to ensure proper lung inflation and no residual pneumothorax. 
A small pneumothorax may be observed with chest radiograph 
repeated a few hours later. A large pneumothorax may be bet
ter treated with aspiration or small-bore catheter placement. 

• Narcotic oral pain medication is typically sufficient for pain 
control. 

• If adequate pain control is achieved and chest radiograph 
is satisfactory, the patient may be discharged home from 
the postoperative care unit. Alternatively, patients may feel 
more comfortable with a single-night stay in the hospital. 

OUTCOMES 
• Evaluating outcomes after thoracoscopic sympathectomy 

has been difficult due to variable reporting methods and in
consistent reporting of success rates. 

• Immediate success rates following thoracoscopic sympathec
tomy have been reported at 90% to 100% in the literature. 

• Multiple randomized clinical trials comparing R3 disruption ver
sus R2 to R4 or R4 alone show that R3 disruption gives a supe
rior result with less severe CH for palmar hyperhidrosis alone.6-8 

• For axillary hyperhidrosis, randomized clinical trials show 
R4 chain disruption and R3 to R4 disruption to have a 
100% immediate success rate but R4 disruption to have a 
superior CH rate, 42% versus 1 0 0 % .9•10 

COMPLICATIONS 
• Complications after thoracoscopic sympathectomy can be 

divided into immediate and chronic . 
• Immediate complications include the following: 

Postoperative pain can include incisional pain related to 
port placement and pleuritic retrosternal pain. This can 
typically be controlled with oral narcotic pain medications. 
Bleeding is a rare complication and can be the result of 
intra- or extrathoracic sources. The risk for bleeding can 
be greatly reduced by careful port placement to avoid 
intercostal vessels and a voiding crossing vessels near the 
sympathetic chain during transection of the nerve. 
Horner's syndrome can occur due to improper identifica
tion of the 2nd rib or proximal transmission of heat from 
cautery causing injury to the stellate ganglion. Risk of injury 
is greatly reduced for sympathectomy below the 2nd rib. 
Pneumothorax can be avoided by close attention to avoid 
parenchymal injury during port placement and proper tech
nique when reinflating the lung and evacuating the chest. 

• Chronic complications include the following: 
CH is cited as occurring from 3% to 75% in the literature 
and is classified as mild, moderate, and severe. Mild CH is 
triggered by ambient heat, psychological stress, and exercise 

where sweat is tolerable and does not flow. Moderate CH is 
described as sweat that accumulates into droplets but does 
not require a change of clothes. Severe CH includes sweat 
that flows profusely and requires multiple changes of clothes 
in 1 day. It is physically and emotionally debilitating. CH has 
a higher incidence with interruption of the T2 ganglion.1 
Bradycardia can result from transection of sympathetic fibers 
that innervate the heart. Careful consideration of the desir
ability of the procedure should be made for those patients 
who have a resting heart rate of less than 55 beats per minute. 
Recurrent hyperhidrosis can mainly be attributed to in
adequate surgery. This may be due to anatomic variants, 
including increased adipose tissue around sympathetic 
chain, increased vascularity, or possible reinnervation. 
The results of reoperative sympathectomy are comparable 
to initial sympathectomy in terms of symptom control; 
however, reoperative sympathectomy is associated with 
increased likelihood of requiring postoperative pleural 
drainage, longer hospital stay, greater difficulty of opera
tion (e.g. ,  adhesions) ,  and a higher risk of CH.1 1  
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James Wiseman Shanda Haley Blackmon 

DEFINITION 
• Mediastinoscopy is the evaluation of the anterior mediasti

num through endoscopic means. 
• Video mediastinoscopy is the current technique discussed in 

this chapter. 
• It remains the gold standard for mediastinal exploration 

in lung cancer staging and can be applied to the sampling 
of any tissue of the anterior mediastinum for diagnostic 
purposes. 

• Through traditional video mediastinoscopy, levels 2, 4, 7, 
and 10 lymph nodes can be reached (FIG 1 ) .  Through an 
extended cervical mediastinoscopy (ECM),  the paraaortic 
and aortopulmonary lymph nodes can be reached. 

• Additionally, but less frequently, mediastinoscopy can be 
used in the setting of mediastinal disease for therapeutic 
purposes. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Patients being considered for mediastinoscopy frequently 

present following identification of either mediastinal or pul
monary pathology on plain film radiography. A minimum 
of two views is required to differentiate between abnor
malities of the anterior, middle, and posterior mediastinum, 

FIG 1 • Mediast ina l  lymph node a natomy, as seen from the 
perspective of the surgeon.  

including either a posteroanterior view or an anteroposte
rior projection and a lateral projection. Lymphadenopathy is 
rarely visible on plain films, typically necessitating the use of 
alternative imaging modalities in assessing for lymph node 
enlargement. 

• Computed tomography (CT) of the chest is a critical tool in 
the early evaluation of patients with known or suspected lung 
cancer or other diseases involving mediastinal structures. 
The primary use of CT is the radiographic visualization of 
abnormalities of the mediastinum (i .e . ,  neoplasm, abscess, 
lymphadenopathy) .  In the setting of lung cancer, CT is most 
useful in identification of mediastinal adenopathy. Lymph 
nodes are considered to be positive if they demonstrate a 
short-axis diameter larger than 1 em. Using this threshold, 
however, the negative predictive value (NPV) of CT scan 
ranges from 77% to 90%,  with a positive predictive value 
(PPV) of 4 1 %  to 74% . 1-3 Despite these limitations, the use 
of CT has allowed some centers to implement a selective 
approach to mediastinoscopy. 

• Considerable attention has been given to the use of positron 
emission tomography (PET) in the evaluation of primary 
mediastinal pathology and, in particular, assessment of the 
mediastinum for lymphadenopathy in the evaluation of the 
lung cancer patient. Several studies have reported NPV in 
excess of 95% with the use of PET to evaluate for metastatic 
disease to mediastinal lymph nodes.4-6 False-positive find
ings are frequent with PET, however, and the identification 
of PET-avid nodes demands confirmation. 

SURGICAL MANAGEMENT 
• The most common indication for mediastinoscopy is for 

staging in the setting of lung cancer. Some institutions 
employ mediastinoscopy routinely in the evaluation of these 
patients . Others advocate for a selective approach, informed 
by the findings of other imaging modalities. In this setting, 
centrally located tumors, known as adenocarcinoma, nodes 
larger than 1 em on CT scan, and PET-avid nodes should 
prompt the use of invasive means of obtaining tissue for 
diagnosis. 

• Mediastinoscopy is also a valuable diagnostic tool in the 
evaluation of nonneoplastic causes of mediastinal lymphade
nopathy as well as other masses found in the mediastinum 
for which identification cannot be accomplished through 
noninvasive means. 

• Absolute contraindications to mediastinoscopy include 
innominate artery aneurysms and the presence of a 
tracheostomy. 7 

• The presence of a thyroid goiter, depending on size, may 
present technical difficulties for the surgeon, and very 
large goiters may preclude performance of the procedure 
altogether. 

• Repeat mediastinoscopy, although challenging, is usually 
possible and safe. 

85 
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Preoperative Planning Positioning 

• A complete history and physical, focusing specifically on previous 
mediastinal operations, should be obtained. Although prior me
diastinal surgery (coronary artery bypass graft [CABG] surgery, 
esophagectomy, etc. )  does not preclude mediastinoscopy, it is 
essential to be aware of such history during the planning phase. 

• All patients with planned mediastinoscopy should have 
coagulation studies done preoperatively. In general, a target 
international normalized ratio (INR) of 1 .2 should be 
achieved to minimize risk of intraoperative and postopera
tive bleeding. Antiplatelet therapy should be stopped prior 
to an elective procedure such as mediastinoscopy. 

• Following induction of general anesthesia, the patient 
is placed supine with the head close to the top edge of 
the operating table. The procedure can be facilitated 
through extension of the neck by placement of a rolled 
towel or beanbag device horizontally from shoulder to 
shoulder. Some patients may not tolerate complete neck 
extension due to prior cervical spine surgery or degenera
tive disease. 

• The entire neck and chest should be sterilely prepped and 
draped in the event that an emergent sternotomy is required 
to address intraoperative complications. 

I NCISION 

• The typ ica l l ocation of the inc is ion is centered a long  
the m i d l i ne, a pproxi mately 1 em super ior  to the sterna l  
notch .  We favor a hor izontal  i nc i s ion ,  with  a length of  
approximately 1 . 5 to 2 . 5  em (FIG 2) .  

• The inc i s ion is carr ied through the p latysma and su bcu
ta neous tissue u nti l the vert ica l ly or iented sternohyoid 
m uscles a re identified .  The avascu l a r  p lane separati ng 
these m uscles can then be opened, revea l i ng  the under
ly ing sternothyro id m uscles. 

• The surgeon w i l l  occas ion a l ly encou nter engorged an
ter ior  jugu lar  ve ins  or  the i r  tri buta ries at th is  leve l  of  
the d i ssect ion .  These represent a s ign if icant b leed ing  
r i sk  and can be l i gated if hemorrhage is  encountered or  

FIG 2 • Mediast inoscopy is conducted via a hor izontal  
inc i s ion one f ingerbreadth a bove the sterna l  notch .  

• 

• 

• 

a ntic i pated . C l i ps shou ld  be avoided as they a re prone to 
d is lodgement with advancement of the mediastinoscope. 
The neck m uscles a re s im i l ar ly spread vertica l ly at the 
m i d l i ne, at which po int the pretrachea l  fascia and a nte
rior wa l l  of the trachea can be identif ied.  
A we l l -p laced i nc is ion w i l l  usua l l y  access the pretrachea l  
fasc ia  i nfer ior to the thyro id g land (FIG 3) .  However, the 
thyro id g land may occas iona l ly req u i re gent le cepha lad 
retract ion for adequate exposu re of the trachea. The use 
of a trachea l  hook can often be used to ga in exposure i n  
t h i s  a rea without i nterfer ing with the operative f ie ld .  
The pretrachea l  fascia is then i ncised and the pretrachea l  
space b l u ntly deve loped d ig ita l ly. A usefu l  cue ind icat ing  
comp lete deve lopment of the p lane  is the pa l pation of  
the i nnom i nate a rtery a nterior ly at the fi ngert ip  fo l l ow
ing  th is  maneuver. 

FIG 3 • Mediast ina l  a natomy. 



INTRODUCTION OF THE MEDIASTINOSCOPE 

• The med iast inoscope is then p laced i nto the created 
tunne l  and advanced. F u l l  advancement to the level of 
the car ina can be accomp l ished us ing b l u nt d i ssect ion 
with a suct ion catheter. 

SAMPLI NG OF TISSUE 

• In the sett ing of a med iasti na l  mass where on ly tissue 
d iag nosis is req u i red, b l u nt b iopsy forceps are adequate 
to obta i n  t issue. Hemostas is can be esta b l ished fo l l ow
ing  b iopsy us ing pressure by pack ing the mediast i num 
with gauze, ca refu l  app l icat ion of  low-energy ca utery 
connected to a suct ion device, or  the use of commerc ia l  
hemostatic factors such as Surg ice l® or  Arista®. 

• Lymph  nodes can be identif ied by the i r  co lor and con
s istency. Any nodes ta rgeted for remova l should be d i s
sected away from surround ing  tissues. D issect ion shou ld  
be done pr imar i ly  b l untly, us ing the suct ion catheter, 
Kittner d issector, or b l u nt b iopsy forceps. 

WITHDRAWAL OF THE MEDIASTINOSCOPE 

• 

• 

• 

• 

• 

The mediast inoscope is withd rawn s lowly to assess he
mostas is .  M i nor  b leed ing  ca n be contro l led by pack ing 
the tunnel  with ga uze.  B ioabsorba b le  hemostati c  agents 
can a l so be i ntroduced i nto the space and left in p l ace. 
Occas iona l ly, b leed ing  vessels may requ i re c l i p  app l ica
t ion at the end of the case for adequate hemostas is .  
It is advisa b le to use e lectroca utery spar ing ly, but it can 
be safe ly used at low energy. Cautery should be avoided 
at al l  t imes i n  the a rea of stat ion 4 on the left s ide of the 
surg ica l  f ie ld ,  as  th is  poses unnecessa ry r isk of i nj u ry to 
the recurrent l a ryngea l  nerve. 
Violation of the p leura l  space ca n be identif ied by f i l l 
i ng  the tunne l  w i th  sa l i ne .  Loss of  the sa l i n e  suggests d i s
ruption of the p leura .  Bubb l i ng  of the f lu id  may im p ly  
p leura l  or  pu lmonary in jury, occas ion a l ly req u i r i ng  the 
p l acement of a chest tube.  
Standard mediasti noscop ic  tech n iq ues are l i m ited i n  
t h e i r  a b i l ity t o  access m a n y  n o d a l  stat ions.  ECM w a s  i n i 
t ia l ly described by  Specht and co l leag ues9 i n  1 967 and 
was  su bseq uently popu la rized for  access ing nodes  of  
the aortopu lmonary (AP, stations 5 and 6) and subaort ic  
lymph nodes (FIGS 4 and  S) .  
The  same i nc is ion as fo r  sta ndard mediast inoscopy is  used 
for ECM.  Us ing  d ig ita l d i ssect ion,  the p lane  between the 
l eft ca rotid a rtery and i nnom inate a rtery is developed.  
Th is  a l l ows passage of the mediast inoscope over the aor
t ic  a rch, with access then ga ined to the subaort ic noda l  
bas ins .  If the scope is  then rotated s l i ghtly i n  a med ia l  
fash ion,  paraaort ic l ymph  nodes ca n be accessed.  

• 

• 
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Once mob i l ized, ta rget nodes shou ld  be eas i ly remova b le  
with  gent le  tract ion and twist ing  wh i le  g rasp ing the tis
sue with b iopsy forceps. D ifficu lty i n  removi ng  a node 
may suggest the need for further d i ssection .  
For com p l eteness of  l ung  cancer stag i ng,  every effort 
shou ld  be made to obta i n  nodes from levels 2 and  4 b i 
l atera l l y  and leve l  7 .  Leve l 2 nodes wi l l  be encou ntered 
a l most i m mediately upon enter ing the pretrachea l space 
super ior to the i nnom inate a rtery, with level 4 nodes 
found  more cauda l ly. Leve l 7 nodes are found i nfe r ior to 
the ca r ina .  If g ross ly posit ive tissue i s  seen at h igher  sta
t ions, further sa mp l i ng  i s  u n necessa ry " 

FIG 4 • Tech n ique  of pass ing the mediast inoscope ob l iq ue ly 
over the aort ic a rch i n  the performance of ECM.  
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CLOSURE 

FIG 5 • Additiona l  lymph node bas ins  access ib le through ECM.  

• Su bcuticu l a r  c losure of the sk in us ing 4-0 Monocryl 
sutu res i n  a n  i nterrupted fash ion i s  genera l ly preferred .  

• The sternohyoid m uscles a re reapproximated in the m id
l ine using a bsorba b le sutu res. 

PEARLS AND PITFALLS 
Anatomy 

Node sa mp l i ng  

Node  presentation 

• Always identify the i nnomi nate a rtery and azygous ve i n  pr ior  to noda l  sa m p l i n g .  
• Beware o f  cross ing  branch o f  t h e  bronch i a l  a rtery at level 7, as t h i s  represents a s ign if icant b leed i ng  r isk .  

• The a p pearance of venous structu res approxi mates that of a nthracotic lym ph nodes. Ca re should be 
taken to appropr iately and defi n itively identify structu res before attem pts are made to remove them.  

• Always labe l  the stat ion from which a node was  sam p led i m med iately upon retrieva l .  
• If tuberculos is  is suspected, touch preparation o f  t h e  speci men is req u i red .  
• If lymphoma is suspected, the speci men m ust be i m mediately treated with  RPMI - 1 640 media  and 

subm itted for  f low cytometry. 
• If a staged operation is p l anned, sa m p led lymph nodes can be subm itted for permanent ana lysis .  It 

is advisab le, however, to submit a samp le  for frozen ana lysis to confi rm the presence of noda l  t issue. 
When resect ion and stag ing  a re p l anned for the same day, a l l  mediasti na l  samp les should be subm itted 
for frozen eva luat ion .  

• If a mediasti na l  mass i s  encou ntered, at least one b iopsy shou ld be subm itted for frozen ana lysis to 
conf i rm the presence of adequate t i ssue for d i agnosis .  

• Our practice i s  for the surgeon to de l iver a l l  specimens to the pathology l ab  for the pu rposes of 
provid i ng  h i story and c la rify ing or ientat ion .  

POSTOPERATIVE CARE OUTCOMES 
• A postoperative chest rad iography shou ld  be obta ined to 

ensure that no pneumothorax is present. 
• Mediastinoscopy, un less done as a precursor to immediate lo

bectomy, can be safely done on an outpatient basis. Patients 
may be discharged once standard d ischarge criteria a re satisfied. 

• Mediastinoscopy has a reported sensitivity of 87% to 95% 
and a specificity of  100% (Table 1 ) .  

• Although mediastinoscopy remains the gold standard for 
mediastinal staging in the setting of newly diagnosed lung 
cancer, endobronchial ultrasound (EBUS) or endoscopic 



Table 1: Benchmark Figures for Mediastinoscopy 

Sensitivity 
Specificity 
Negative predictive va lue 

87%-95% 
1 00% 
96%-99% 

From Anraku M, Miyata R, Compeau C, et a/. Video-assisted mediastinoscopy 
compared with conventional mediastinoscopy: are we doing better? 
Ann Thorac Surg .  201 0;89(5): 1 577- 1 58 1, with permission. 

ultrasound (EUS) via an esophageal approach with fine 
needle aspiration is gaining in popularity. 

• In certain populations (multiple comorbidities, previous 
mediastinal operations),  ultrasound-guided approaches to 
mediastinal sampling are preferred. 

COMPLICATIONS 
• Complication rates associated with mediastinoscopy are as 

high as 3 % .9 These include pneumothorax (0 .5 % ) , bleed
ing requiring reoperation (0 . 1  % ) ,  and recurrent laryngeal 
nerve paralysis (0 .4 % ) . 10 Video mediastinoscopy appears 
to be safer than the traditional approach of merely using a 
tunneled visualization device. 

• Major hemorrhage from injury to vascular structures should 
occur in less than 0. 1 %  of procedures. This can result from 
damage to the aortic arch or its branches, superior vena 
cava, azygous vein, or pulmonary artery. Less commonly, 
hemorrhage is caused by injury to the innominate or jugular 
veins. In the event of a major bleeding event, clear communi
cation with the anesthesiologist is critical to ensuring timely 
response to changing physiologic demands and preventing 
adverse outcomes.  

• Hemorrhage from the innominate artery can be temporarily 
halted by insertion of a digit into the cervical incision and 
gently pressing the vessel against the posterior aspect of the 
sternum ( FIG 6) .  

• I f  maj or bleeding cannot b e  controlled through the ex
isting cervical incision, sternotomy is often the quickest 
and most effective approach for gaining exposure to vul
nerable vascular structures. The mediastinum should be 
packed with gauze and resuscitation initiated, although 
preparations are made for conversion. If the bleeding can 
easily be controlled with pressure, anesthesia should be 
given time to prepare for the sternotomy prior to begin
ning the repair. 

• Tracheal or bronchial injuries are infrequent and can 
usually be managed with packing if small. Larger injuries 
may require primary closure after appropriate surgical 
exposure. 

• Esophageal perforation can occur, usually in the subcari
nal area. If recognized immediately, this can be repaired 
primarily. A right thoracotomy provides the best exposure 
and allows for the surgeon to buttress the repair with an 
intercostal muscle flap when appropriate. Adequate treat
ment may require esophagectomy with diversion and staged 
reconstruction if diagnosis of a perforation is delayed by 
more than 48 to 72 hours. 
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Innominate artery 

FIG 6 • Schematic d rawing demonstrat ing emergent maneuver 
for hemorrhage contro l .  A f inger is inserted throug h the i nc is ion 
and advanced to the level  of the i nnominate a rtery. The a rtery 
i s  then compressed to the underside of the stern u m  wh i l e  the 
patient i s  be ing prepped for sternotomy. Pack ing  i s  eventua l ly  
p laced to control hemorrhage when poss ib le .  
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Chapter 1 2  Cricopharyngeal Diverticulum: 
Open Repair 

·----------------------------------------------------- .... 
I 

William R. Carroll Kirk P. Withrow 

DEFINITION 
• Diverticula of the hypopharynx have been recognized for 

over 200 years. Zenker's diverticulum is by far the most com
mon, with an annual incidence rate of 2/100,000 individuals. 1 
The disorder is acquired rather than congenital and typically 
occurs in older adults. Men are more commonly affected than 
women. There are two types of pharyngoesophageal diver
ticula. Traction diverticula, resulting from a pulling force on 
the outside of the alimentary tract, are more commonly seen 
in the mid- to distal esophagus and often result from inflam
matory or neoplastic processes adjacent to the muscularis. 
Pulsion diverticula, such as Zenker's, result from an internal 
pushing force causing the mucosa and submucosa to herniate 
through the muscular wall. Zenker's diverticula occur where 
increased intraluminal pressure causes herniation through 
a deficiency in the muscular layer at Killian's dehiscence. 
Killian's dehiscence is located at the junction of the inferior 
constrictor and the cricopharyngeus muscles (FIGS 1 and 2) .  

• The history of  Zenker's diverticulum is rich. The anatomy 
of the pharyngoesophageal junction was first detailed by 
Antonio Valsalva in 1 704. The diverticulum was first de
scribed by Abraham Ludlow2 (mentor of Edward Jenner 
of smallpox fame) in 1 764. Sir Charles Bell (Bell's palsy, 
Bell's nerve) described the pathophysiology of uncoordinated 
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FIG 1 • Anatomy of the junct ion of the hypopharynx and 
esophagus .  K i l l i an 's deh iscence is  located between the i nfer ior  
pharyngea l  constr ictor and the cr icopharyngeus m uscles. 
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hypopharyngeal contraction against a closed cricopharyn
geus muscle. The disorder is named for Friedrich von Zenker, 
a German physician and pathologist, who catalogued 
27 cases in 1 8 77.3•4 

DIFFERENTIAL DIAGNOSIS 
• Zenker's diverticulum typically presents with dysphagia, 

regurgitation of undigested food, and occasionally, aspira
tion pneumonia. Causes for cervical dysphagia in adults 
may be grouped into three categories: internal, external, and 
motility. Internal disorders include inflammation and edema, 
stenosis, and neoplasm. External disorders produce extrinsic 
compression of the pharyngoesophageal segment and may 
include thyroid disease, adenopathy, abscess, and congenital 
cysts . Motility disorders include achalasia, stroke, esopha
geal spasm, myasthenia, and bulbar palsy. 

PATIENT lllSTORY AND PHYSICAL FINDINGS 
• Cervical dysphagia is the most common presenting symptom 

of Zenker's diverticulum. Symptoms may be quite subtle and 
include chronic cough and unexplained weight loss. As the pa
tient swallows, food and liquids preferentially enter the wide 
mouth of the diverticular pouch rather than passing through 
the inappropriately closed upper esophageal sphincter. As 
food and liquid accumulate, the patient develops a sense of 
neck fullness and may hear gurgling sounds in the lower neck. 
A pathognomonic type of regurgitation is common in which 
the patient regurgitates food minutes or even hours after eat
ing that is completely undigested and not mixed with gastric 
contents. The pouch may fill and empty spontaneously dur
ing deglutition. When the pouch empties, the contents may 
spill into the airway, causing aspiration with coughing or 
pneumonia. The aspiration may be subtle and lead to recur
rent respiratory infections and eventually chronic respiratory 
insufficiency. Death due to untreated Zenker's diverticulum 
typically results from pulmonary complications. 

• Physical findings of Zenker's diverticulum include neck full
ness or a mass in the tracheoesophageal groove that may 
gurgle or decompress with palpation (Boyce's sign) .  Audible 
gurgling may be detected over the same region with swal
lowing. Inspection of the hypopharynx may reveal pooling 
of secretions. 1 The pouch is typically not visible unless the 
patient undergoes esophagoscopy. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Barium swallow is usually needed to definitively diagnose 

Zenker's diverticulum. The study characteristically reveals 
a diverticular sac originating just superior to the prominent 
and poorly relaxing cricopharyngeus muscle. Radiologists 
describe this prominent muscle as a cricopharyngeal " bar. " 

• Computed tomography (CT) or magnetic resonance (MR) 
imaging of the neck is unnecessary if barium swallow 

-
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confirms a Zenker's diverticulum. These studies would typi
cally reveal a fluid-filled, cyst-like density adjacent to the 
level of the cricopharyngeus muscle . 

• Chest imaging may reveal evidence of chronic aspiration 
pneumonitis .  

SURGICAL MANAGEMENT 
• Surgery is the mainstay of treatment for Zenker's diver

ticulum. Initially, surgeons sought to control the lesions by 
creating a controlled pharyngocutaneous fistula. In 1 8 84, 
Niehans performed the first resection of a Zenker's diverticu
lum in Bern, Switzerland, but the patient died within 2 weeks 
of hemorrhage.4 Wheeler5 in Ireland completed the first suc
cessful resection in 1 8 86 .  Until the mid-1 900s, most opera
tions were performed in two stages. In 1 945, Harrington6 
at the Mayo Clinic reported a series of 107  cases repaired 
by a single-stage procedure that soon became the standard 
of care. 

• Medical therapy with Botox injection of the cricopharyngeus 
muscle may provide temporary improvement of symptoms. 

• The open approach inc l udes two com ponents: a cr icopha
ryngea l  myotomy and management of the d iverticu l a r  sac .  
The myotomy is performed as described in  the fo l lowing 

ENDOSCOPY AND D I LATOR PLACEMENT 

• Endoscopic  eva l uation of the d iverticu l um precedes the 
open approach if feas ib le .  The d iverticu l u m  is visua l i zed 

FIG 2 • As i ntra l u m ina l  pressure i ncreases due to 
spasticity of the cr icopharyngeus m uscle, the pu ls ion 
d iverticu l um forms. 

• Contemporary surgeons typically choose between an open 
and an endoscopic approach. When feasible, most prefer an 
endoscopic approach initially, citing faster recovery, lower 
complications, and success rates that are comparable, if not 
superior, to the open approach. 

• The most common indication for the open approach is poor en
doscopic exposure due to trismus, macroglossia, or spine disor
ders including osteophytes, kyphosis, or ankylosing spondylitis. 
Another indication for an open approach is failure of a prior 
endoscopic approach. Ironically, the most fragile patients are 
occasionally betrer candidates for an open approach. When the 
pulmonary status is particularly poor, the authors and others 
have used an open approach with local anesthesia successfully? 

• Whether open or endoscopic, a complete cricopharyngeal 
myotomy is the most important component of the operation. 

• A diagnosis of Zenker's diverticulum does not always man
date intervention. These lesions are commonly found during 
routine esophagoscopy for other indications. The lesions 
may be observed if the patient is asymptomatic (no dys
phagia, weight loss, chronic aspiration) and the lesion is 
relatively small (<2 em) on barium swallow. 

d iscuss ion .  The sac may either be resected or mobi l ized 
and suspended. The authors prefer resection, but the sus
pension option wi l l  be br iefly i l l ustrated as wel l .  

and  t h e  pouch is  packed l i g htly with str ip  gauze t o  a l l ow 
eas ier identif ication transcervica l l y. A Ma loney d i l ator 
(36 to 40 Fr) is p laced i nto the cervica l esophagus  to s im
p l ify the myotomy. 



92 P a rt 1 OPERATIVE TECHNIQUES IN  THORACIC AND ESOPHAGEAL SURGERY 

POSITIONING 

• The patient is p laced in a sup ine  posit ion with the neck 
extended and head turned towa rd the nonoperative 
side. A shou lder  ro l l  may be he lpfu l  with a low- ly ing 
l a rynx or short neck. 

SKIN I NCISION 

• A transverse i nc is ion is made in a natura l  sk in  crease at 
approximately the l evel of the cr icoid carti l age (FIG 3) .  

FIG 3 • Surg ica l  approach i s  typica l l y  v ia a transverse i nc is ion 
i n  the l eft neck at the leve l  of the cr icoid carti lage .  

APPROACH 

• Subp latysma l  f laps a re deve loped.  The i nvest ing fascia i s  
opened a long the anter ior border of the sternoc le ido
masto id m uscle and  the m uscle is rotated poster ior ly. The 
p l ane  of approach l ies between the carotid sheath and 
the centra l compartment fasc ia .  The centra l compart
ment conta ins  the strap m uscles, thyro id  g l a nd, l a rynx, 
trachea, and pharyngoesophagea l  seg ment. The p lane  
is relatively avascu l a r  but is crossed at th i s  level of the  
neck  by branches of the thyro id ve i n  and the omohyoid 
m uscle.  

• The o mohyo id  m usc le  can  usua l ly be m o b i l ized su pe
r ior ly o r  i nfer ior ly  without d i v i d i n g  but causes l itt l e  
morb id ity if d iv ided .  The carot id a rtery i s  typ ica l ly lo 
cated m o re med ia l  a n d  deep to the j u g u l a r  ve i n .  The 
vagus  nerve trave l s  with i n  the  sheath but i s  often 
l ocated poste r io r  to the  ca rot id  a rtery and may not 
be seen .  

• The recurrent l a ryngea l nerve, however, w i l l  com m o n ly 
be at r i sk .  The nerve l i es i n  the tracheoesophagea l  
g roove with i n  the centra l compartment at th i s  l eve l  of  
the neck .  To  avo id  damag ing  the nerve, the su rgeon 
can e ither  d i rect ly  ident ify the nerve o r  a p p roach the 
retro p h a ryngea l  space from a pos it ion we l l  l atera l to 
the  centra l compartment .  The a uthors prefer not un
cover i ng  the nerve but d i ssect i ng  adjacent to the a nte
rior edge of the carotid a rtery as the retropha ryngea l  

space i s  a pproached (FIG 4) .  Once th i s  space i s  reached, 
d i ssect ion  can  safely p roceed m ed i a l ly w h i l e  p l a c i ng  
the nerve at very l itt l e  r i s k .  The a uthors do not  typ i 
ca l ly e m p loy l a ryngea l ne rve m o n itor i n g  d u r i n g  th i s  
procedure .  
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Cricopharyngeus 
muscle 

\..,-"1�--t''-=--- lnferior 
constrictor 
muscle 

Diverticulum 

FIG 4 • The d iverticu l u m  presents through  K i l l i a n 's deh iscence, 
with the i nfer ior constrictor m uscle cepha lad  and the m uscle 
ca uda l .  
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MOBILIZING THE DIVERTICULAR SAC 

• The most cha l l eng ing  portion of the procedure may be 
identifyi ng  and safe ly mob i l i z i ng  the d iverticu l a r  sac. 
K i l l i a n 's deh iscence is located near the inferior border of 
the cr icoid carti lage .  

• The mouth of the sac exits the hypopharynx poster ior ly. 
Depend ing  on the s ize of the sac and the degree of 
associated fi brosis, the rema i nder of the sac is typica l ly 
posit ioned to the left of m i d l i ne .  

CRICOPHARYNGEAL MYOTOMY 

• A myotomy is performed pr ior  to tra nsect ing the d iver
t icu l u m .  The back wa l l  of the pharyngoesophagea l  seg
ment is identif ied, and the myotomy is positioned 1 to 
2 em to the l eft of the poster ior  m id l i ne  (FIG 5) .  

• A hemostat is used to defi ne  the m uscle and  sepa rate it 
from the u nder ly ing m ucosa . The musc le  is then d ivided 
sharply over the hemostat. 

• A typica l  myotomy wi l l  be longer  than 2 em in length and 
shou ld  extend downwa rd onto the cervica l esophagea l  
seg ment. 

• The d i lator p l aced in the esophagus  w i l l  s i m p l ify th i s  
step .  The co lo r  of the d i l ator shou ld  be v i s ib le  through  
the esophagea l  wa l l  as  the u nder ly ing m u cosa i s  
a pproached .  

DIVISION OF THE DIVERTICULUM SAC 

AND MUCOSAL REPAIR 

• Once fu l ly mob i l ized, the sac can be resected or s imp ly 
suspended.  If suspension is preferred, the sac shou ld  be 
tacked u pward so that the mouth of the d iverticu l u m  is 
dependent (FIG 6) .  

• The d ista l end of the sac is tacked to centra l compart
ment fascia with a bsorba b le  suture. 

• The a uthors prefer to resect the d iverticu l u m  at th i s  
poi nt. The d i lator with i n  the esophagus  he lps d isti ngu i sh 
the neck of the d iverticu l um from the norma l  pharyn
gea l  segment. Be  aware that resect ion of normal pharynx 

FIG 6 • The neck of the d iverticu l u m  is transected at the 
j u nct ion with the pharyngea l wa l l ,  tak ing ca re not to resect 
norma l  pharyngea l  l u men .  

• 

• 

The wa l l  of the d iverti cu la r  sac shou ld  be ca refu l l y  
sepa rated from the adjacent f ibrofatty tissue. If there has  
been  acute inf lam mation or  previous surgery, th i s  d i ssec
tion may be ted ious .  
G a uze packing prev ious ly  p l a ced with i n  the sac may 
h e l p  d e l i neate the  wa l l  of the  sac from su rrou n d i n g  
i n fl a m m ato ry t i ssue .  T h e  ent i re s a c  s h o u l d  be mo
b i l ized u p  to the  j u nct io n  with the  back wa l l  of the  
hypop h a rynx.  

FIG 5 • A comp lete cr icopharyngea l  myotomy is performed 
to re l i eve increased intra l u m i na l  pressure causing outflow 
obstruct ion .  A, cr icopharyngeus m uscle; 8, i nferior constrictor 
m uscle; C, d ivert icu l um;  D, omohyoid m uscle 
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and esophagus  is su rpr is i ng ly easy to do if the d iverticu l a r  
open ing  i s  wide-mouthed. 

• Stay sutu res a re p laced 1 80 deg rees apart at the mouth of 
the d ivert icu l u m  to he lp  identify the l i ne  of c losure .  

• The sac is then  transected with sc issors or a sta p l i n g  
device .  

• If cut sharp ly, a two- layer, imbricat ing c losure is performed 
to m i n i m ize the cha nce of leak (FIG 7) .  

• Suction-ass isted dra ins  a re p laced after thorough  i rr igat ion,  
and the wound is  c l osed i n  two l ayers. 

PEARLS AND PITFALLS 

FIG 7 • Closure of the pharyngotomy. 

I nd ications • Sym ptoms may be subt le .  Most patients have dysphag ia .  
• Pu lmonary com p l icat ions of Zenker's d iverticu l u m  a re common .  

Worku p • Bar ium swa l l ow is necessa ry and suffic ient for d iag nosis .  

Procedure • Beg i n  with esophagoscopy. Cons ider gauze pack ing in d iverticu l u m  and d i lator in esophagus  to 
he lp  de l i neate d ivert icu l u m  from norma l  m ucosa . 

• Approach retropharyngea l space from a l atera l posit ion to m i n i m ize r isk to the recurrent 
l a ryngea l  nerve. 

• A comp lete cr icopharyngea l myotomy is  essent ia l .  
• T h e  s a c  m a y  be resected or  suspended.  

POSTOPERATIVE CARE 
• If the diverticulum has been resected, patients are kept NPO 

for 3 days and an enteral feeding tube is used for nutrition. 
The authors typically repeat a modified barium swallow on 
day 3 to detect a potential leak and to determine adequacy 
of myotomy and efficacy of the swallow. If appropriate, 
patients are allowed to swallow full liquids and are dis
charged from the hospital. The diet is advanced to soft foods 
as tolerated. 

OUTCOMES 
• A review of the literature finding 1 ,696 cases of Zenker's di

verticulum repaired by an external approach revealed 95% 
improvement in  initial symptoms. 8 Another report compared 
patients treated by external approach (n = 1 0 1 )  with patients 
treated by an endoscopic approach (n = 86 )  and concluded 
that significantly more patients have symptomatic relief 

after external (open) approaches.9 Open and endoscopic ap
proaches for treatment of Zenker's diverticulum have not 
been compared in prospective clinical trials. Most surgeons 
today prefer the less invasive endoscopic approach when 
feasible. 1 Following an external approach to Zenker's diver
ticulum, the surgeon can anticipate that approximately 90% 
of patients will have improved symptoms and radiologic 
findings. 

COMPLICATIONS 
• As noted, many patients with Zenker's diverticulum are 

older and chronically debilitated. The surgeon should care
fully weigh operative risk and frankly inform the patient and 
family accordingly. 

• Complications from open repair of Zenker's diverticulum re
sult from damage to adjacent structures during the approach 
and from infectious complications related to salivary fistula 
and chronic aspiration. In a literature review, Engel and 
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Panje10 reported these complication rates from an external 
approach to Zenker's diverticulum: fistula (6 .3 % ), recurrent 
laryngeal nerve injury ( 3 . 6 % ) ,  mediastinitis ( 3 . 1  % ) ,  pneu
momediastinum ( 0 . 8 % ) ,  and death ( 2 % ) .  Gutschow et al. 9 
reported fistula in 8 . 6% and mediastinitis in 3 .6% (0% in 
patients with external approach).  Chang et al .8  reported 
overall complication rates of 1 1 . 8 %  for external approaches 
and 5 .5% for combined endoscopic approaches. 
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Chapter 1 3  Cricopharyngeal Diverticulum: 
Endoscopic Repair 
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DEFINITION 
• Diverticula of the hypopharynx have been recognized for 

over 200 years. Zenker's diverticulum (ZD) is by far the most 
common with an annual incidence rate of 2/1 00,000 individ
uals. 1 Specifically, ZD is an outpouching of hypopharyngeal 
mucosa that occurs at the junction of the inferior constric
tor and cricopharyngeus (CP) muscle through a weak area 
known as Killian's dehiscence (FIG 1 ) .  As it is essentially just 
a mucosal sac, it is technically considered a "false" diverticu
lum. This is an acquired disorder that most commonly pres
ents between the sixth and eighth decade of life and affects 
more men than women. In rare cases, there is a family his
tory of ZD and evidence of genetic predisposition toward its 
development. 2 Although the exact etiology of ZD remains de
batable, most agree that it represents a pulsion diverticulum 
occurring due to a rise in intraluminal pressure relative to the 
resistance of the esophageal wall. Although manometry data 
from available studies provide conflicting information about 
CP muscle activity in ZD patients, clinical observation as well 
as less favorable swallowing outcomes in patients who did 
not have a CP myotomy as part of their treatment strongly 
implicate abnormal CP function in the formation of ZD. 

• Historically, ZD was first recognized by Abraham Ludlow 
in 1 796 and was named after Friedrich Albert Zenker who 
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FIG 1 • Anatomy of the j unct ion of the hypopharynx and 
esophagus .  K i l l i an 's deh iscence is  located between the infer ior 
pharyngea l  constr ictor and the CP m uscle.  
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reported a series of ZD patients in 1 8 77. The first success
ful open repair of a ZD was reported by Wheeler in 1 8 82.3 
In 1 9 1 7, Mosher first introduced the concept of endoscopic 
treatment of ZD that has now seen tremendous advances with 
respect to both instrumentation and technique.4 The most 
common method used for treatment of ZD, the endoscopic 
staple-assist approach, was first reported by Collard in 1 993.5 

DIFFERENTIAL DIAGNOSIS 
• Achalasia 
• Esophageal cancer 
• Esophageal dysmotility 
• Esophageal spasm 
• Esophageal stricture 
• Gastroesophageal reflux disease (GERD ) 
• Thyroid goiter 
• Myasthenia gravis 
• Bulbar palsy 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Cervical dysphagia is the most common presenting symp

tom of ZD. Other symptoms may be quite subtle and in
clude chronic cough, unexplained weight loss, and halitosis. 
As the patient swallows, the bolus preferentially enters the 
relatively wider mouth of the diverticular pouch rather than 
passing through the inappropriately closed upper esopha
geal sphincter into the esophagus. This in turn may lead to a 
sense of neck fullness and may be associated with a gurgling 
sound in the lower neck referred to as cervical borborygmi. 
Regurgitation of completely undigested food ingested min
utes to hours previously is considered near pathognomonic 
for ZD. The pouch may fill and empty spontaneously during 
deglutition leading to coughing, choking, and possibly aspi
ration. Many patients report significant negative psychologi
cal and social impact due to a fear of suffering from choking 
and regurgitation during a meal. 

• Most commonly, ZD patients present with a normal physi
cal exam. When an abnormality is present, it is generally a 
neck mass in the tracheoesophageal groove that may gurgle 
or decompress with palpation (Boyce's sign ) .  Audible gur
gling may be detected over the same region with swallowing. 
Inspection of the hypopharynx may reveal pooling of secre
tions. Visualization of the pouch is generally only possible 
via esophagoscopy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Barium swallow is the primary study used in the diagnosis 

of ZD. A characteristic sac is noted just posterior to the 
esophagus ( FIG 2 ) .  It arises j ust superior to a prominent 

-
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Middle constrictor muscle 

Inferior constrictor muscle 

FIG 2 • Zenker's d ivertic u l u m .  The increase i n  i ntra l u m i n a l  
pressure d u r i n g  deg l ut it ion i n  face o f  rel ative cr icopharyngea l 
hyperton ia  leads to the formation of a mucosa l outpouch ing  just 
super ior to CP m uscle (pu l s ion d ivert icu l u m) .  

CP muscle often termed a CP " bar. "  With this study, the 
surgeon can accurately size the sac and determine its lo
cation. Some authors recommend obtaining manometry 
testing on all ZD patients; however, that is not the prac
tice of the authors. Computed tomography (CT) and mag
netic resonance imaging (MRI) are not generally needed in 
these patients . 

SURGICAL MANAGEMENT 
Preoperative Decision Making 

• The first decision a ZD surgeon has to make is whether 
to offer the patient surgery at all. If a patient is minimally 
symptomatic and of advanced age, then continued obser
vation may be the best course of action. Medical therapy 
with botulinum toxin aimed at treating CP muscle acha
lasia is another option, although the benefit of this in ZD 
is much more limited than that seen in CP dysfunction 
without diverticulum. On the other hand, if surgery is to 
be offered to the patient, the surgeon should be capable 
of performing both open and endoscopic approaches and 
should clearly delineate the pros and cons of each. With 
an open approach, there is a cervical scar, longer surgical 
time, longer recovery, and longer delay to eating but poten
tially higher rates of symptom improvement and a lower 

rate of recurrent symptoms. With an endoscopic approach, 
there is no cervical scar, there is shorter surgical time, and 
most patients can resume eating the same day. Unfortu
nately, it is associated with a rate of recurrence as high 
as 1 0 %  in some reports. 6 The increased rate of recurrence 
is understandable as the act of dividing the common wall 
between the diverticular sac and the esophagus, and thus 
the CP muscle contained therein, does not always result in 
a complete CP myotomy. It is the belief of the authors that 
the rate of recurrence after an endoscopic repair may, at 
least in part, be directly related to the amount of CP muscle 
left intact. 

• The primary anatomic considerations for an endoscopic 
repair include ( 1 )  factors related to exposure and (2 )  size 
of the diverticulum. Bloom et aJ.l reported unsuccessful ex
posure in 3 0 %  in a series of 30 patients in 2010 .  Shorter 
neck, shorter hyomental distance, and increased body mass 
index (BMI) showed significant correlation with failed ex
posure, whereas the presence of maxillary teeth trended to
ward significance.  Further diminished cervical mobility and 
trismus may also hinder successful endoscopic exposure. 
With respect to the size, it is generally felt that very small 
( < 2  em) and very large ( > 4  em) diverticulum may be best 
treated via an open approach. In the case of a small diver
ticulum, this is due to difficulty in engaging and grasping 
the common wall between the ZD and esophagus. Vari
ous modifications to the endoscopic technique address this 
and include using carbon dioxide (C02 ) laser or Harmonic 
scalpel, modifying the tip of the stapler to allow the blade 
and sta pies to be deployed closer to the tip of the device, 
and using traction sutures to pull the diverticulum into the 
j aws of the stapler. 8  The concern with a very large diver
ticulum is that the large, redundant, hypotonic sac may 
lead to persistent symptoms of dysphagia, although this is 
only anecdotal at present. Visosky et al. 9 reported a series 
61 ZD patients who underwent endoscopic treatment and 
noted the main risk factors for recurrence were size larger 
than 3 em and the associated amount of redundant mucosa 
noted after repair. 

Operative Management-Endoscopic Approach 

• The successful treatment of ZD via an endoscopic approach, 
much like the open counterpart, includes two components: 
a cricopharyngeal myotomy and management of the diver
ticular sac. In contrast to an open repair in which a myotomy 
is performed followed by management of the diverticulum 
itself, these occur simultaneously when performing an en
doscopic repair. Essentially, the "common wall" or septum 
between the diverticulum and esophagus is divided, leading 
to the creation of a "common cavity. " Structurally, the com
mon wall is composed of the CP muscle with the herniated 
mucosa draped over it. In this sense, the two primary goals 
of ZD surgery can be achieved via an endoscopic approach, 
but they cannot be separated from one another. 
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• 

• 
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Patients a re p laced under general  anesthesia and have oral 
endotracheal i ntubation .  Preoperative antib iotics a re g iven 
to cover oral flora. If teeth a re present, they a re protected 
with a rubber dental guard; if edentulous, a moist gauze is 
used to protect the a lveo lus .  The eyes are protected with 
Tegaderm to ma inta in  closu re and gauze secured over top. 
A shoulder rol l  is used as needed to optim ize posit ion.  
A biva lve d iverticu loscope is then used to expose the ZD . 
E ither the adj ustab le  Weerda d iverticu loscope (Ka rl Storz, 
Tutt l i ngen,  Germany) or the s l i ghtly longer, fixed b lade 
van Overbeek (Medin ,  G ron i ngen, Ho l la nd) is genera l ly 
used . It is advanced into the postcr icoid space and further 
i nto the hypopharynx with care not to cause m ucosa l in
j u ry by forci ng  the scope. The poster ior b lade is  d i rected 
i nto the ZD and the a nterior b lade i nto the esophagus .  
If us ing the Weerda, adjustments a re made to maxim ize 
visua l ization and the d ivert icu loscope is attached to a la
ryngea l  suspension arm. At this point, the common wa l l  
or  septum shou ld  b e  centered i n  t h e  operative f ie ld be
tween the two b lades of the scope and prob ing  of both 
the ZD and esophagus  can be read i ly performed (FIG 3) .  

Any food debris with i n  the ZD is c leared with suction .  The 
use of a 0- or  30-degree rigid Hopk ins  rod telescope fac i l i 
tates exce l lent visua l i zation of the surg i ca l  f ie ld .  The au
thors prefer us ing a 30-degree telescope as the beve led 
lens affords varyi ng views s imp ly by rotation of the scope. 
It i s  at th i s  stage  i n  the endoscopic  treatment of ZD that 
many var iat ions and options exist. As stated, the most fre
q uently performed procedure i s  a stap le-ass isted repa i r. 
Th is  decreases the concern some surgeons have a bout 
the r isk of mediast i n itis i n  the sett ing of a sutu reless re
pair as  severa l sta p le  l i nes a re dep loyed a long each side 
of the inc i s ion .  Typica l ly, the 35-mm E n  do GIA (U.S. Su rg i -

FIG 3 • Endoscop ic  v iew of exposed ZD .  

FIG 4 • A.B. Endo G IA  sta p ler. The a rea ind icated at the t ip  
of the stap ler  anv i l  represents the port ion that  is removed 
when a mod ified stap ler  is used. 

ca l Corp, Norwa l k, CT) is used in  th is  techn ique  (FIG 4) .  

If th i s  i s  not  long enough,  the surgeon may e lect to use 
m u lt ip le  35-mm stap le  loads, a 45-mm sta p le  load, or  oc
casiona l ly, the comb i nation of endoscop ic  stap ler  and  
Ha rmon ic  sca lpe l .  I n  a n  effort to  m i n i m ize the amount 
of residua l  septum and thus the amount of res idua l  CP 
m uscle rema in i ng  after endoscop ic  sta p le-ass isted repa i r, 
mod ification of the instrument was i ntroduced . By short
en ing  the anv i l ,  the i nc i s ing b lade and the stap le  l i nes a re 
a l l owed to extend c loser to the base of the septu m, thus 
leavi ng a lower residua l  septum and presumab ly m i n i
m iz ing  the r isk of pers istent or recurrent sym ptoms. On 
the contra ry, th i s  mod ification does  potent ia l ly i ncrease 
the r isk of perforation as the inc i s ing b lade is  more read
i ly ab le  to pass beyond the confines of the d iverticu l u m .  
T h e  a uthors rout ine ly  used a mod ified form o f  t h e  Endo 
G IA stap ler  with  exce l l ent resu lts and no i ncrease i n  com
p l icat ions .  Regard less of whether the sta p ler  is modi
fied, the stap le  cartr idge blade is  p laced in  the esophagus  
and the anv i l  b lade is  p l aced i n  the d ivert icu l u m  (FIG 5) .  

Once the b lades a re i n  posit ion, they a re approximated, 
thus g rasp ing the septu m .  Aga in ,  the use of a telescop ic  
lens a l lows rap id  confi rmation of accu rate p lacement of  

FIG S • Latera l v iew showi ng the correct p lacement of the 
endoscop ic  stap ler. 



C h a p t e r  1 3  CRI COPHARYNGEAL DIVERTICULUM:  Endoscopic Repair  99 

A 

B 

c 

FIG 6 • Endoscopic stap ler-assisted repa i r  of ZD. A. Endoscopic 
exposure with Weerda d ivert icu loscope. Note esophagus at 
the top of the photo and the ZD at the bottom of photo. 
B. Placement of the En  do G IA stap ler  with the stap le  cartridge 
b lade in  the esophagus and the anvi l  b lade in  the d iverticu lum.  
C.  Appearance after d ivis ion of the common wa l l  by  deployment 
of the Endo G IA stap le  ca rtr idge. 

the sta p ler. Activat ion of the sta p ler  leads to s imu ltane
ous i nc is ion of the septum and stap l i ng  of both s ides. Re
mova l of the sta p ler  a l lows assessment of the adequacy 
of the repa i r  (FIG 6) .  If des ired, a nasa l feed ing  tube ca n 
be p laced under  d i rect v isua l ization at th is  t ime .  

• Add it iona l  methods for the endoscop ic  treatment of ZD 
inc lude Ha rmon ic  sca l pe l  and  C02 laser. The a uthors use 
the H a rmon ic  sca lpe l  for endoscopic  treatment of sma l ler  
ZD as th i s  instru ment i s  more rea d i ly ab le  to g rasp the sep
tum (FIG 7) .  Wh ited et a l . 1 0  reported a n  increased comp l i 
cation rate when  compar ing Ha rmon ic  to  sta p le-assisted 
repa i r  (25 %  vs. 4.88%) .  On the contra ry, Sharp et a l . 1 1  
reported a h igher com p l icat ion rate i n  sta p le-assisted 
repa i r  as com pa red to Ha rmon ic  sca lpe l  ( 1 7 .9% vs. 5 % ), 
a l though th is  was not s ign if icant. It shou ld  be noted that 
both stud ies reported that a l l  com p l ications occurred in 

PEARLS AND PITFALLS 

patients with ZD l a rger than 2 em.  I n  the study by Sharp 
et a l . , 1 1  the Harmonic  sca l pe l  was preferenti a l ly used 
in  cases with sma l l e r  d iverticu l u m  size, a fact that may 
account for the lower com p l ication rate i n  that group .  
Further, the a uthors use the C02 laser  pr imar i ly for 
perform ing  CP myotomy to treat cases such as CP dys
funct ion without ZD formation .  This  is pr imar i ly  due  to 
reports of med iast in it is as we l l  as an i ncreased inc idence 
of su bcutaneous emphysema with C02 laser d iv is ion of 
the common septum, 1 2• 1 3 i nd icat ing a poss ib le  i ncreased 
r isk of transmura l  i n jury of the pharynx. It i s  the op in ion  
of the a uthors that  th i s  is most l i ke ly due  to co l l atera l 
therm a l  damage as wel l  as the necessity of inc i s ing the 
mucosa and under ly ing m uscle without g rasp ing the 
septu m, a n  aspect of both stap ler- and Ha rmon ic-assisted 
repa i r, which serves i n  part to l i m it the inc is ion to tissue 
present with in  the l umen .  

A 

B 

c 

FIG 7 • Endoscop ic  H a rmon ic-assisted repa i r  of ZD .  A. Endos
copic exposure with Weerda d iverticu loscope. Note esophagus  
at the top of the photo and the ZD at the bottom of photo. 
B. Placement of the H a rmon ic  sca lpe l  on  the common wa l l  
between the esophagus  a n d  the Z D .  C .  Appearance after 
d iv is ion of the common wa l l  with Ha rmon ic  sca l pe l .  

• Diagnosis i s  genera l ly suspected v i a  h i story and confirmed by  bar i u m  esophagra m .  

• Patients shou ld  be counseled rega rd i ng  a l l  treatment options i nc l ud ing  observation,  o p e n  repa i r, and  endoscopic  repa i r. 
A surgeon who treats ZD shou ld  be comforta b le  with both endoscopic  and open treatment as perform ing  the same proced ure 
for every patient is not l i ke ly to provide the best care. 

• Regard less of approach, a comp lete CP myotomy is  essentia l and  fa i l u re to comp letely d iv ide the m uscle l i ke ly resu lts i n  an 
i ncreased rate of recurrent ZD. 
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POSTOPERATIVE CARE 
• Following endoscopic ZD repair, patients are kept NPO 

until the absence of a pharyngeal leak is confirmed with a 
water-soluble contrast ( i .e . ,  Gastrografin) esophagram. The 
authors most often perform this on the morning of the first 
postoperative day but can be performed as early as 6 to 8 
hours after surgery. If no leak is detected and a nasal feed
ing tube was placed, it is removed at this time and the diet 
is advanced. The patient is typically discharged at this time 
on a restricted liquid diet for the first 3 postoperative days 
and advanced to a soft diet as tolerated until follow-up ap
pointment 2 weeks after discharge. If doing well, they can 
advance the diet to normal as tolerated at this time. On the 
contrary, if a leak is identified, the patient is kept NPO and 
maintained on enteral nutrition via a nasogastric feeding 
tube. If no nasal feeding tube was placed at the time of sur
gery, this is best accomplished under fluoroscopy to ensure 
the tube is not placed in a false passage. Alternatively, pro
vided the leak was noted to be small, the patient can be kept 
NPO and maintained on intravenous (IV) fluids for a few 
days until a repeat esophagram shows resolution of the leak. 

OUTCOMES 
• Name et aJ.l4 reported a 30-year experience comparing 

297 patients treated via an open approach (n = 1 1 6 )  and an 
endoscopic staple-assisted approach (n = 1 8 1 ) .  Successful 
resolution of symptoms was reported in 92% and 94% in the 
endoscopic group and the open group, respectively. Of note, 
follow-up in the endoscopic group was 2 years compared to 
4 years for the open group. Chang et al.6 reported on 159 pa
tients treated with endoscopic staple-assisted repair noting 
excellent results but a 12% recurrence rate. Other studies cite 
recurrence rates as high as 1 9 %  to 32%. 15•16 Another report 
compared patients treated by external approach (n = 1 0 1 )  
with patients treated b y  a n  endoscopic approach (n = 8 6 )  
and concluded that significantly more patients have symptom
atic relief after open repairP Although open and endoscopic 
approaches for treatment of ZD have not been compared in 
prospective clinical trials, most surgeons today prefer the less 
invasive endoscopic approach when feasible. Despite some 
variability in the data, treatment of ZD is via either approach. 

COMPLICATIONS 
• As with any transoral procedure, there is a risk of dental injury 

during the procedure. This risk can be minimized by use of a 
dental guard and exercising caution during the exposure. Major 
complications from endoscopic repair of ZD are predominately 
related to pharyngeal leak and associated infectious sequelae. 
Although recurrent laryngeal nerve injury has been reported 
from endoscopic repair of ZD/8 the fact that tlte approach 
is intraluminal makes this complication exceedingly rare. 
Gutschow et alY reported an increased rate of fistula in open 
repair compared to endoscopic repair (8 .6% vs. 0%) .  Interest
ingly, five of the six cases of salivary fistula occurred after open 
repair that was performed without CP myotomy, further under
scoring the importance of complete myotomy in the treatment 
of ZD. Three cases of mediastinitis occurred in this series, all 
in patients treated with C02 laser-assisted endoscopic repair. 17 

Several otlter studies comparing endoscopic staple-assisted and 
laser-assisted repair noted an increased rate of subcutaneous 
emphysema in those treated with the C02 laser. 12•13•19 Chang 
et al. 6 reported a 2.0% rate of significant complications without 
any mortality. Wasserzug et al.20 reported two complications in 
his series of 60 patients treated witlt endoscopic staple-assisted 
repair. Esophageal perforation occurred in one case while se
vere esophageal edema occurred in another; both resolved with 
only conservative management.20 Overall, the complication 
rate for endoscopic approach to repair of ZD is comparable if 
not favorable when compared to an open approach. 
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DEFINITION 
• Epiphrenic diverticula are those that occur in the distal 

10 em (lower third) of the esophagus. They constitute ap
proximately 20% of all esophageal diverticula. The under
lying pathophysiologic mechanism is a result of increased 
intraluminal pressure, presumably secondary to an esopha
geal motility disorder. Most commonly, epiphrenic diver
ticula occur in the setting of achalasia or diffuse esophageal 
spasm. A high-pressure environment in the esophageal 
lumen is potentially created by some form of distal func
tional or mechanical obstruction, such as a nonrelaxing, 
hypertensive lower esophageal sphincter (LES ) ;  repetitive 
normal to high amplitude simultaneous contractions; or a 
distal peptic stricture. A prior fundoplication for the treat
ment of reflux may also lead to epiphrenic diverticula in 
the setting of an esophageal motility disorder. Any of these 
processes may lead to herniation of the mucosa and submu
cosa through an area of weakness in the muscle layers of the 
esophagus. Epiphrenic diverticula are thus false, or pulsion, 
diverticula.  

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis of epiphrenic diverticula includes 

hiatal hernia, esophageal webs and strictures, esophageal 
duplication cyst, and esophageal carcinoma. Equally rel
evant is the differential diagnosis of the underlying cause of 
the epiphrenic diverticulum, which includes achalasia, dif
fuse esophageal spasm, nonspecific motility disorder, hyper
tensive LES, end-stage gastroesophageal (GE) reflux disease 
with a " burnt out" esophagus, peptic stricture, or failed pre
vious fundoplication. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Epiphrenic diverticula are estimated to be symptomatic in 

only 1 5 %  to 20% of cases. Typical symptoms include dys
phagia and regurgitation. Reflux and chest pain may also 
commonly occur. Pulmonary symptoms may include chronic 
cough, productive or purulent sputum, or chronic dyspnea. 
Malodorous breath may also be present. 

• On history, it is important to elicit whether the patient 
experiences symptoms of GE reflux disease, regurgitation, 
chest pain, or dysphagia. Additional medical history such 
as recurrent pneumonia, lung abscesses, or repeated aspira
tion episodes is pertinent. A history of weight loss is not 
uncommon. 

• Prior procedures such as esophageal dilations or botulinum 
toxin injection are also pertinent. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Epiphrenic diverticula are associated with an underlying 

esophageal motility disorder in most cases. It is impera
tive to not only assess the size and location of the diver
ticulum but also to characterize the motor function of the 
esophagus. 

• A barium esophagram is the initial test performed to define 
the anatomy of the diverticulum and esophagus. Size, loca
tion, and right or left sidedness can be determined from 
the esophagram. This provides a "road map " for opera
tive planning, as diverticula more than 7 to 10 em above 
the diaphragm are not easily accessible through the trans
hiatal route and may be better approached from the chest. 
Barium esophagrams may also offer information about 
motility. 

• High-resolution manometry, the current gold standard, is 
necessary to evaluate for an underlying esophageal motil
ity disorder. In the setting of achalasia, manometry dem
onstrates aperistalsis with a nonrelaxing LES. Other 
manometric patterns seen in the setting of epiphrenic diver
ticula include diffuse esophageal spasm ( 8 0 %  or more si
multaneous contractions of normal amplitude) ,  nonspecific 
motility disorder, nutcracker esophagus, or hypertensive 
LES. Failure to identify and treat the underlying motility 
disorder during diverticulum resection has been associated 
with high rates of recurrence and leak along the suture line 
in the range of 1 0 %  to 20%. 1 Specifically, failure to per
form an adequate myotomy in such patients has yielded 
leak rates exceeding 25% when diverticulectomy alone is 
performed. 

• Preoperative upper endoscopy is necessary to examine the 
esophagus and stomach for the presence of Barrett's, esopha
gitis, and to exclude malignancy.2 In addition, the presence 
of a pop upon passage of the scope across the LES may fur
ther confirm the diagnosis of achalasia. Lastly, it is impor
tant to remove debris from the diverticulum on the day of 
surgery. 

SURGICAL MANAGEMENT 
• The need for surgical resection of epiphrenic diverticula 

largely depends on the patient's symptoms. Small, asymp
tomatic diverticula ( less than 3 em) often do not require in
tervention. Symptomatic patients with small diverticula may 
benefit from myotomy (with concomitant partial fundopli
cation) to correct the underlying motility disorder. Larger 
diverticula require diverticulectomy in addition to myotomy 
(with concomitant partial fundoplication) .  
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Preoperative Planning 

• A review of the barium esophagram is helpful to confirm 
the size and location of the diverticulum relative to the dia
phragm and GE junction. It also defines the esophageal anat
omy in terms of degree of esophageal dilation and presence 
of megaesophagus or sigmoid appearance in the setting of 
achalasia. 

• Prophylactic antibiotics should be administered prior to skin 
incision, with consideration given to covering for oral flora, 
anaerobes, and yeast. 

• Standard procedures such as sequential compression devices 
and Foley catheter are employed. 

Positioning 

• The patient's diet should be restricted to clear liquids for 
2 days prior to surgery to minimize the accumulation of 
food debris in the diverticulum prior to operation. 

• Positioning of the patient varies with surgical approach. 

• The anesthesiologist must be informed that rapid sequence 
induction is needed to minimize risk of aspiration. 

• After induction of anesthesia, upper endoscopy should be 
performed to delineate esophageal anatomy, rule out malig
nancy, and remove debris from the pouch. Esophagogastro
duodenoscopy (EGD) should also evaluate for the presence 
of a "pop,"  which is consistent with achalasia. 

VIDEO-ASSISTED THORACIC SURGERY 

• E ither a r ight or left VATS may be used for a m i n i m a l ly 

i nvasive thoracic approach to the d ivert icu l u m .  The 

locat ion of the d ivert icu l u m  typica l l y  d i ctates the side 

of the approach.  C lass ica l ly, d ista l d ivert icu l a  have been 

approached from the left s ide, whereas more proxi ma l  

d iverticu la  a re more read i ly approached from the  r ig ht. 

However, in the authors' exper ience, a r ig ht-s ided VATS 

approach works equa l ly we l l  for the c lassic, d ista l ly l o

cated r ight- or left-s ided ep iphren i c  d ivert icu l a .  

Video-Assisted Thoracic Surgery Port Placement 

• We commonly employ a five-port approach to VATS re
sect ion of ep iphren ic  d ivert icu l a .  The port p lacements a re 

identica l to the ports we emp loy for m i n i m a l ly i nvasive 

esophagectomy. Specifica l ly, the surgeon works from the 
poster ior ports, which inc lude an  i nfrascapu l a r  t ip  5-mm 

port and a 1 0-mm port i n  the 9th i nterspace a long a l i ne  

para l l e l  to  the  i nfrascapu l a r  t ip  port. The  rema in i ng  th ree 

ports a re assistant ports and inc lude a 1 0-m m  camera port 

in the 9th i nterspace a long the poster ior axi l l a ry l i ne, 

When approaching epiphrenic diverticula from the ab
domen, the patient is positioned supine. If a thoracic 
approach is chosen, the patient is placed in either a right or 
left lateral decubitus position. The authors prefer a right
sided video-assisted thoracic surgery (VATS) approach, 
and therefore use the left lateral decubitus position. If a 
thoracic approach is used, single-lung ventilation is needed 
with use of a double lumen endotracheal tube or bronchial 
blocker. 

a 5-mm port for endoscop ic  suct ion in the 7th i nterspace 

in the m idaxi l l a ry to poster ior axi l l a ry l i ne, and a l ung  re
tract ion 1 0-mm port in the 5th i nterspace i n  the poster ior 

axi l l a ry l i ne .  See FIG 1 for idea l  p lacement of ports.3 

Entering the Chest and Mobilizing the Esophagus 

• U pon enter ing the chest, the i nfer ior pu lmonary l iga

ment i s  d iv ided and the lung is retracted su per ior ly and  
anter ior ly. 

• A d iaphragm stitch is p laced through the centra l tendon 

of the d iaphragm with a 48- in  0-Surg idac Endo Stitch .  It is  

brought out the r ight f lank at the level  of the i nfer ior d ia

phragm insert ion using an  endoscopic  Endo C lose device. 
Tension is app l ied to the retract ion stitch to retract the 

d iaphragm cauda l ly, expos ing the d i sta l esophagus and 

esophagea l  h iatus. 
• Us ing sharp d i ssect ion with a heat sou rce such as an  

u ltrason ic  sca l pe l ,  the mediast ina l  p leura over ly ing the  

esophagus is  opened.  As  much  of the  p leura as poss ib le  
i s  kept i ntact so that  it may be reapproximated over the  

repa i r  at the end of the proced u re.  As  such ,  the p leura 
is gently d i ssected away from the esophagus .  Open ing  

5-mm port 10-mmports 

5-mm port 
FIG 1 • Right VATS thoracoscop ic  port p lacement. 
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of the med iasti na l  p leura f rom the d i aph ragm u p  to the  

azygous ve i n  is  benefic ia l ,  as it w i l l  be necessa ry for  the  

performa nce of a long myotomy. The azygous ve i n  can  
be d iv ided as needed with  an  endoscopic  sta p ler. 

• Once the p leura has been opened adequately, esopha
gea l  mob i l i zat ion i s  carr ied out. If an  i ps i latera l approach 

is taken to the d iverticu l um (r ight VATS for a r ig ht-s ided 

d ivert icu l um), m i n i m a l  mob i l izat ion i s  needed. However, 

if the d iverticu l u m  protrudes on the contra l atera l aspect 

of the esophag us, the esophagus must be mob i l ized so 

that it may be rotated to provide adequate exposure for 
d i ssect ion of the d iverticu l u m  and its neck. 

• A Pen rose d ra i n  may be used to enc i rc le  the esophagus 

and a id  i n  esophagea l mob i l ization .  
• Both vagus  nerves shou ld  be identif ied and preserved 

whenever poss ib le .  
• It is necessa ry to expose the ent i re d iverticu l um and its 

neck. The d iverticu l um may be grasped with an endoscopic 

Diverticulum 

Babcock g rasper (Snowden-type endoscopic forceps). A Bougie Esophagus 
Alternatively, a long stitch may be p laced i n  the apex of the 

d iverticu l um to aid with retraction dur ing d issect ion. Subse
quently, the d iverticu lum is c i rcumferentia l ly d i ssected free 

from its surrounding attachments. It is not uncommon for 

there to be s ign ificant inf lammatory type adhesions from 

the d iverticu lum to surrounding structu res. It is essent ia l  to 

d issect the surrounding esophageal muscle fi bers down to 

the neck of the d iverticu l um .  This maneuver is critica l i n  

order to  ensure complete resection of  the  d iverticu l um at 

the time of stap l ing .  A common technica l  error is fa i l ure 

to expose the true neck of the d iverticu lum,  which sub

sequently resu lts in improper position ing of the stap l ing 

device and therefore leaves a residua l  d iverticu lum.  

Diverticulectomy 

• Once the neck of the d iverticu lum is clearly visua l ized, either 

the endoscope or a 48- to 54-Fr bougie should be i nserted 
i nto the esophagus beyond the GE junct ion. This prevents 

narrowing of the esophageal lumen during stap l ing of the 

d iverticu lum .  If d ifficu lty is encountered pass ing the bou

g ie, i ntraoperative upper endoscopy should be performed 

and a wire passed dista l ly through the true l umen of the 

esophagus into the stomach. The bougie may then be 

passed over the wire to m in im ize risk of perforation. 
• With m i n i m a l  tens ion on the d iverticu lum,  the stap l i ng  

device is  posit ioned a long the  base (neck), para l le l  to the 

long itud i n a l  axis of the esophagus (FIG 2). 
• The d iverticu l u m  is then transected with a ret icu lat ing 

endoscopic  sta p ler. The authors prefer to use a vascu l a r  

l oad  fo r  transect ion of  the  m ucosa and submucosa that 
comprises the d ivert icu l u m .  

Esophagomyotomy 

• It is p referab le to perform the myotomy at least 90 de

grees away from the d ivert icu l a r  stap le  l i ne if poss ib le .  

The long itud i na l  esophagea l muscle f ibers are inc ised 

i n it ia l ly with either an  u ltrason ic  sca lpe l  or hook cau

tery a long the d i rect ion of the f ibers. Alternative ly, the 
myotomy may a lso be sta rted with a b l unt tech n ique  by 

B 

FIG 2 • A. C i rcumferent ia l  d i ssect ion of the d iverticu l um ,  
boug ie  i n  the  esophag us, and endoscop ic  stap ler  exc is ing the 
d ivert icu l u m .  B. Exc is ion of the d ivert icu l u m  with the stap ler  
p laced at the neck  of d ivert icu l u m .  

pu l l i ng  apart t h e  long itud i na l  muscle f ibers. Once the 

under ly ing c i rcu l a r  muscle fi bers a re exposed, they are 
sharply d iv ided.  It is  cr it ica l to l ift the c i rcu l a r  m uscle 

f ibers away from the under ly ing mucosa to avo id perfo
rat ion of the mucosa l ayer (FIG 3) .  

Mucosa Muscle fibers 

FIG 3 • Esophagea l  myotomy with gastric card ia  extens ion .  
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• Attempt to preserve the ma in  vaga l  trun ks wh i l e  per- • 
form ing the myotomy. 

The need for a n  ant i refl ux proced ure shou ld  a l so be ad

d ressed at th i s  po i nt, depend ing  on the patient's pre

operative ref lux sym ptoms and moti l ity stud ies. 1•4 If the 

patient carr ies a d i agnosis of acha l as ia ,  an  ant i  ref lux op

erat ion shou ld be cons idered. There are severa l options 
at th i s  po int. If performing the case from a left VATS, 

one may attem pt a Be l sey Mark IV fundop l icat ion .  Th is  

can be q u ite cha l l eng ing  and tech n ica l ly demand ing  
f rom a VATS approach (trad it i ona l ly performed via left 

thoracotomy) . A second option is to comb ine  VATS with 

l aparoscopy and perform a standard l aparoscop ic  Dor or 
Tou pet (part ia l) fundop l icat ion .  Pa rt i a l  fundop l i cat ions 

a re favored i n  the sett ing of esophagea l  mot i l ity d i sor

ders, as a comp lete (N issen) fundop l i cat ion may lead to 

obstruct ion of the dysmoti le  esophagus and recu rrent 

d ivert icu l a .  Lastly, one could forego the ant i reflux pro

ced u re and treat any ref lux sym ptoms with proton pump 

i nh i b itors (PPI) ,  opti ng to perform a fundop l ication se

l ectively at a l ater t ime depend ing  on patient sym ptoms 
and response to medical therapy. 

• The tota l length of the myotomy shou ld  extend severa l 

cent imeters (3 to 5 em) above the proxi ma l  extent of the 

d ivert icu l u m .  D i sta l ly, the myotomy should extend to or  
across the G E  junct ion,  depend ing  on the preoperative 

manometry resu lts and the u nder ly ing patho log ic  d i

agnosis .  For exa m p le, an LES that has a norma l  rest ing 
pressure and norma l  relaxat ion may not req u i re myot

omy across the GE j u nct ion,  preserv ing its natura l ant i  re

f lux funct ion .  If the patient has acha las ia ,  the myotomy 

should idea l ly extend to 3 em below the G E  j u nct ion,  car

rying  the myotomy onto the s l i ng  m uscle f ibers of the 

gastr ic card i a .  
• The m uscle l ayer is d issected latera l l y  off the u nder ly ing 

mucosa for a short d ista nce i n  the subm ucosa l p lane to 
prevent potent ia l  hea l i ng of the myotomy s ite (musc le 

reconstitut ion) .  
• 

• 

The i nteg r ity of the myotomy and d ivert icu lectomy sites 
are submerged under  sa l i n e  and upper  endoscopy with 

i nsuffl at ion of air is  done to check for leaks.  Intraopera

tive mucosa l perforat ions a re repa i red with i nterrupted 
a bsorba b le  suture. The muscle layers are then reapproxi

mated over the d ivert icu l ectomy stap le  l i ne  with i nter

ru pted 2-0 Surg idac Endo Stitch .  

The mediast i na l  p leura may a lso be loosely reapproxi

mated over the esophagus with i nterrupted 2-0 Surg idac 

En  do Stitch for add it iona l  protect ion of the stap le  l i ne .  

OPEN THORACIC APPROACH 

• The operative steps for an open transthoracic ep iphren ic  

d iverticu l um resect ion a re s im i lar  to those described ear

l i e r  for the m i n i ma l ly i nvasive approach . A 7th i nterspace 
thoracotomy is used. An open left thoracic a pproach is 

LAPAROSCOPIC TRANSHIATAL 

APPROACH 

Port Placement 

• The patient is i n it ia l ly posit ioned sup i ne, with a rms out 

and a footboa rd i n  p lace (to a l low for reverse Trendelen

burg position i ng,  which improves h iata l exposu re) . The 
surgeon operates from the r ight s ide of the tab le .  

• The abdomen is then mapped. A l i ne  is d rawn from the 

xiphoid to the umb i l icus and d ivided i nto th i rds. Five ab
domina l  ports a re used (FIG 4) .  The i n it ia l  port is p laced 

via an  open (Hassan) techn ique i n  the right paramed ian 
area at the junct ion of the upper and midd le  th i rds of the 

previous markings. Pneumoperitoneum is set to 15  mmHg .  

The  left paramed ian  port serves as the  camera port. The 
assistant then retracts the hepatic flexure to expose the 

latera l abdom ina l  wa l l  just below the 1 2th r ib .  A 5-mm 

port is  p laced here and the l iver retractor brought i n  and 
p laced under the left lobe of the l iver, retract ing it su pe

rior ly to expose the esophageal  h iatus. F ina l ly, b i latera l 

Closure 

• Once hemostas is  is ach ieved, a p leura l  d ra i n  (chest tu be, 

B l a ke dra in ,  or  p igta i l  catheter) is  p laced . 
• A Jackson-Pratt (J P) d ra i n  is a l so p laced a long the poste-

r ior med iasti n u m  near  the d ivert icu l a  stap le  l i n e  to con

trol any leak that can potent ia l ly occur postoperatively. 
• I ntercosta l bup ivaca ine  is i njected for ana lges ia .  

idea l  when a fundopl icat ion is to be performed from the 

chest (Belsey Mark IV). Use of a thoracoabdom ina l  (TA) 
stap ler  or resect ion and hand-sewn c losu re of the mucosa 

are common ly used techn iques for resection of the d iver

ticu l um when an open approach is used. 

S mm �• r. 

1 0 mm1" 
FIG 4 • Laparoscopic port p lacement for abdom ina l  approach. 
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m idclavicu l a r  subcosta l ports a re p laced. A l l  ports should 

be a handbreadth apart to avoid unwanted contact be

tween the surgeon's and assistant's instruments. Sk in 

inc is ions must be made as sma l l  as poss ib le  to he lp  ports 

rema in  in p lace and m in im ize accumu lation of subcutane
ous emphysema.  See FIG 4 for ideal p lacement of ports.2•5 

Mobilizing the Esophagus 

• The gastrohepatic l i gament is opened with an u ltrason ic  

sca lpe l  or other  energy device to expose the r ight crus. 
• The phrenoesophagea l membrane is d ivided c i rcumfer

enti a l ly around the esophagea l  h i atus to ga in  access to 
the mediasti num and i ntrathorac ic esophagus .  The per i

tonea l  l i n i ng  a long the left and r ight crura should be 

preserved . Mediast ina l  mob i l ization  of the esophag us, 
G E  junct ion,  and any associated h iata l hern ia  is then per

formed. The anter ior  and poster ior vaga l  nerves shou ld  

be identif ied and preserved d u ring  th is  d i ssect ion .  
• The short gastr ic vessels and gastrosp len ic  attachments 

are d iv ided so that the upper th i rd of the fundus a long 
the g reater curvature is comp letely mob i le  for  creat ion 

of the fundop l ication .  

Diverticulectomy 

• As described ear l ier, it is necessa ry to expose the ent i re 

d iverticu l u m  and its neck. The d ivert icu l u m  is c i rcumfer

enti a l ly d i ssected free from its surround ing  attachments. 

Aga in ,  it is  essent ia l  to d i ssect off the surround ing  esoph
agea l m uscle f ibers down to the neck of the d iverticu

l u m .  This  maneuver is  cr it ica l i n  order to ensure com p lete 
resect ion of the d iverticu l u m  at the t ime of stap l i ng .  

• 

• 

Once the neck of the d iverticu l u m  is c lear ly v isua l i zed, 

either the endoscope or a 48- to 54-Fr boug ie  shou ld  
be i nserted i nto the esophagus beyond the G E  j u nct ion 
as descr ibed previous ly. Th is  prevents na rrowing of the 

esophagea l  l u men dur ing  stap l i ng  of the d ivert icu l u m .  

With m i n i m a l  tens ion on t h e  d ivert icu lum,  t h e  stap l i ng  

device i s  posit ioned a long the  base (neck) para l le l  to  the 

long itud i n a l  axis of the esophagus .  
• Transect the d ivert icu l u m  with a ret icu lat ing endoscopic  

sta p ler  at i ts  neck. 

Esophagomyotomy 

• It is p referab le  to perform the esophagomyotomy 1 80 de

grees from the stap le  l i ne .  However, if this is  not poss ib le, 

then it is preferab le to perform the myotomy at least 
90 degrees away from the d ivert icu lectomy site. 

• The authors prefer to sta rt the myotomy by separat ing 

the long itud i na l  muscle fi bers with a b l unt tech n ique  
us ing Snowden forceps. It is  i m portant to p u l l  w i th  equa l  

tens ion a long each  s ide dur ing  th i s  maneuver. Once 

• 

• 

• 

• 

the myotomy is sta rted, we often switch to sharp d ivi

s ion of the rema in i ng  long itud i na l  and c i rcu la r  f ibers 

us ing the u ltrason i c  sca lpe l  or hook e lectrocautery. The 
proxima l  extent of the myotomy shou ld  extend severa l 

cent imeters above the proxima l  extent of the d ivert icu
l u m .  If  the patient has achalas ia ,  the d ista l extent of the 

myotomy shou ld  be 3 em d i sta l  to the GE j u nct ion so as 

to inc lude the s l ing f ibers of the proxi ma l  most aspect of 
the gastr ic card ia .  

Once aga in ,  the m uscle l ayer  i s  d issected off the under ly

ing mucosa l atera l l y  on each side for a short d istance i n  
t h e  subm ucosa l p l a n e  t o  prevent potent ia l  hea l i n g  o f  the 

myotomy s ite (musc le reconstitut ion) .  

Mucosa l i nteg r ity can be exa m i ned by submerg ing  the 

esophagus i n  sa l i ne  and  i nsuffl at ing with the endoscope 

to look for an  air leak. Sma l l  leaks can be c losed with a 

s imp le  stitch .  

A long the d ivert icu l ectomy s ite, the muscle layers of the 

esophagus a re rea pproximated over the stap le  l i ne with 
2-0 Surg idac Endo Stitch .  

As ment ioned previous ly, at the end of the esophago

myotomy, an  ant i reflux procedure i s  often performed, 

which is  most com mon ly a part ia l  fu ndop l icat ion (Dor, 

Toupet, or Be lsey Mark IV) .  The authors prefer an ante

rior 1 80-deg ree fundop l icat ion (Dor) for most cases of 
acha las ia  and ep i phren ic  d ivert icu l a  (FIG 5) .  

Closure 

• A JP d ra i n  is p laced through the h iatus a long the d iver

t icu l u m  sta p le  l i n e  to control any potent ia l  leak that may 

occur postoperative ly. 

FIG 5 • Laparoscop ic  Dor anter ior fundop l ication .  
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PEARLS AND PITFALLS 
D ivert icu lectomy • Stap le  over a boug ie  or endoscope to prevent esophagea l  l u m i n a l  na rrowi ng .  

• I ncomplete d i ssect ion of  the d ivert icu l a r  neck  can lead to  stap l i ng  too h igh ,  leaving a res idua l  
d ivert icu l u m .  

Esophagomyotomy • Fa i l u re to perform an  adequate esophagomyotomy is associated with up  to a 20% rate of recur
rence and/or leak .  Be sure to extend the myotomy beyond the borders of the stap le  l i ne long itu
d i n a l ly and to add ress the or ig i na l  mot i l ity d isorder. 

• Reapproxi mate the esophagea l  wa l l  muscle loosely over the d ivert icu l u m  resect ion site. Th is  can 
help m i n i m ize the deve lopment of pseudod ivert icu l u m  at the s ite .  

• Attempt to preserve the mediast i na l  p leura that over l ies the esophagus .  It is  he lpfu l  to have th is  
l ayer to c lose at the end of the case. 

Fundop l icat ion • Cho ice of ant i refl ux proced ure should be based on patient's refl ux sym ptoms, anatomy, and  
esophagea l  mot i l ity. 

POSTOPERATIVE CARE 
• Postoperatively, patients are maintained NPO overnight. 

Standard use of deep venous thrombosis (DVT) and gastro
intestinal ( GI) prophylaxis is employed. 

• Due to the presence of a fresh myotomy, the authors typi
cally avoid usage of a nasogastric tube. Hang a sign over the 
patient's bed that states, "Do Not Place a Nasogastric Tube 
Under Any Circumstance. "  Blind passage of a nasogastric 
tube without endoscopic guidance could result in perfora
tion of the mucosa. 

• Barium esophagram is performed 24 to 48 hours after sur
gery to rule out leak or perforation. 

• After esophagram, patients can be started on a clear liquid 
diet (Nissen clear liquid diet ) .  

• The diet is then advanced to Nissen full liquids in the follow
ing days, followed by a soft diet. The diet may then be ad
vanced further when the patient is seen in the clinic 2 weeks 
later. 

OUTCOMES 
• Interpretation of the literature regarding surgical manage

ment of epiphrenic diverticula is difficult owing to the vari
ability in the following: 

Approach (thoracotomy, VATS, laparoscopic, or combi
nation of approaches) 
Direction from which the esophagus is approached (right 
transthoracic, left transthoracic, or transabdominal ) 
Procedures performed (diverticulectomy alone, myotomy 
alone, diverticulectomy + myotomy, diverticulectomy + 
myotomy + fundoplication) 
Choice of fundoplication (Dor, Toupet, Nissen, Belsey 
Mark IV) 
Only small case series being reported 

• Controversy exists regarding whether or not all epiphrenic 
diverticula should be treated surgically. Some surgeons have 
advocated for a more selective approach,6 whereas others 
have supported surgical treatment of all patients with epi
phrenic diverticula. 1 The current trend is to only operate 
on patients with severe symptoms (e.g. ,  dysphagia, regur
gitation, aspiration) owing to the low rate in progression 
of symptoms noted in asymptomatic/mildly symptomatic 
diverticula, which was noted to be 2 . 8 %  in a review by 
Zaninotto and colleagues.7 

• There are currently no reports in the literature directly com
paring open to minimally invasive approaches; however, 
recent reviews have concluded that better outcomes are ob
tained with a minimally invasive approach in regard to mor
bidity, mortality, and length of stay (greater than 1 week in 
open series and less than 1 week in most minimally invasive 
series ) . 8•9 

• Reported morbidity rates in open series range from 5 %  to 
3 8 % 1-3•10-13 with leaks rates ranging from 0 % 1•10 to as high 
as 2 1 % .2 Thirty-day mortality rates ranging from 0% to 
1 5 %  demonstrates that surgical treatment of epiphrenic di
verticula is not without risk. 

• Although minimally invasive approaches (VATS, laparo
scopic, or a combination of the two) appear to have simi
lar morbidity rates, ranging from 7% to 45 % in series with 
greater than 10 patients,4•5•14-1 8 mortality appears to be sig
nificantly lower with only one reported 30-day death5 and 
one additional in-hospital death.4 Leaks rates again are simi
lar in these series, ranging from 0% to 23 % .  

• There are currently two published small series19•20 reporting 
the results of VATS treatment of epiphrenic diverticula. Six 
of eight patients operated on were completed thoracoscopi
cally in the series reported by Perrachia/9 whereas one of 
five patients required laparoscopy to complete the procedure 
in van der Peet's series. 20 The few other series reporting use 
of a VATS approach include a mix of other approaches as 
we11,4•13 •15•21 •22 making it impossible to make comparisons 
between minimally invasive approaches (e.g. ,  laparoscopic 
vs. VATS) .  The authors favor a right VATS approach for di
verticula 7 em or more above the hiatus, diverticula with 
anticipated dense adhesions, and redo operations for treat
ment of recurrent diverticula previously treated with a trans
abdominal approach. 

• The literature reporting use of a laparoscopic approach is 
more robust,4•5•15•1 6• 18 •22•23 with some authors proposing that 
the laparoscopic approach be considered the standard initial 
approach for surgical treatment of epiphrenic diverticula.22 

• There also remains controversy about what procedures need 
be performed for adequate surgical treatment of epiphrenic 
diverticula. Those in favor of both diverticulectomy and 
myotomy note that recurrence and suture line leaks appear 
to be more common in patients who have not had a my
otomy. 2•3 There are also proponents who favor a more se
lective approach for myotomy, particularly in patients with 
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hypotonic esophageal body motor function and/or LES as 
well as normal esophageal motility. 1 1 •24 

• The length/extent of myotomy required also remains to be 
clarified. Some authors prefer not to carry the myotomy 
across the GE j unction in case where there is normal LES 
function. Although others favor a long myotomy that is 
carried across the GE junction and onto the gastric car
dia in all cases.25•26 The reason for this being that some 
esophageal motility disorders may occur intermittently and 
therefore may not be revealed on preoperative manometry 
testing.U The authors favor a long myotomy in all cases, 
except for those in which there is a distal mechanical ob
struction (peptic stricture, stenotic previous fundoplica
tion) with normal esophageal motility. In cases such as 
this, removal of the distal obstruction (dilation, revision to 
a partial fundoplication) and diverticulectomy may be all 
that is needed. 

• Inclusion of an antireflux procedure and which type of fun
doplication should be employed are additional areas of de
bate. Some believe that an antireflux procedure should be 
included in all cases in which the myotomy is carried across 
the LES and onto the stomach, as these patients are more 
prone to reflux given the loss of the barrier function of the 
LES. Most surgeons favor a partial fundoplication (Dor, 
Toupet, or Belsey Mark IV) due to the high prevalence of 
ineffective esophageal motility. It should be noted that per
forming a fundoplication via a VATS approach is technically 
challenging. The authors favor a laparoscopic Dor £undo
plication, either from an initial laparoscopic approach or in 
combination with a right VATS approach, for patients with 
significant GE reflux preoperatively, achalasia, hiatal hernia, 
or when significant dissection in the area of the GE junction 
performed. 

COMPLICATIONS 
• Leak 
• Perforation 
• Pleural effusion 
• Pneumothorax 
• Empyema 
• Bleeding 
• Recurrence 
• Death 
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Chapter 1 5  Long Myotomy for Diffuse 
Esophageal Spasm 

------------------------------------ +- ---------------------------------------------------- .. 
I 

t 
David D. Odell 

DEFINITION 
• Diffuse esophageal spasm (DES) is a nonspecific motility 

disorder of the esophagus characterized by intermittent and 
disorganized smooth muscle contractions, often resulting in 
debilitating dysphagia and/or severe substernal chest pam. 

DIFFERENTIAL DIAGNOSIS 
• DES is part of a spectrum of motility disorders affecting the 

esophagus. Consequently, a careful assessment of the clinical 
presentation and objective diagnostic testing is imperative 
in order to avoid misdiagnosis and inappropriate treatment. 
Several conditions may mimic the symptomatic presentation 
of DES. 

Achalasia: Characterized by incomplete relaxation of the 
lower esophageal sphincter coupled with aperistalsis of 
the esophageal body. Focal distal (Heller) myotomy ex
tending onto the gastric cardia is the treatment of choice 
for this condition. 
Nutcracker esophagus: Primary motility disorder of the 
esophagus characterized by high-amplitude, peristaltic 
contractions of the distal esophagus. Patients present with 
pain but do not have dysphagia . Treatment is predomi
nantly medical with the use of calcium channel blockers. 
Connective tissue disorders : Connective tissue diseases 
such as scleroderma frequently impact esophageal motil
ity. Patients presenting with primary symptoms of dyspha
gia should be evaluated for other systemic manifestations 
of these conditions. 
Gastroesophageal reflux disease (GERD ) :  Patients with 
untreated or poorly treated long-standing reflux may 
develop esophageal dysmotility from chronic inflamma
tion caused by the refluxate. In these patients, control of 
the reflux (medically or surgically) will typically resolve 
the motility issues. 
Pseudoachalasia: Mechanical obstruction of the esopha
gus from tumor, hiatal hernia, prior antireflux surgery, or 
foreign body may cause symptoms of dysphagia, esopha
geal dilation, and dysmotility. Correction of the under
lying pathology is the appropriate treatment in these 
patients and esophageal motility often returns to normal 
once this is accomplished. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A careful history focused on symptoms of dysphagia is 

helpful in evaluating patients for DES. Patients should 
be asked to characterize the frequency (every meal, daily, 
weekly, etc . )  and severity ( solids, liquids, salivary secretions, 
etc . )  of their dysphagia. 

• Patients should be asked about pain. The quality and dura
tion of symptoms are important details to elicit as well as the 
relationship of symptoms to swallowing. 
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• Typical and atypical reflux symptoms should be directly 
questioned. 

Typical: heartburn, history of stricture/dysphagia, water 
brash, globus sensation 
Atypical: cough, hoarseness of voice, aspiration, recurrent 
pulmonary infection 

• Cardiac history (prior myocardial infarction, history of 
exertional chest pain, review of any prior cardiac procedures 
or evaluations [i .e . ,  catheterizations or stress testing] ) 

• Connective tissue disease history: Evaluation of cutaneous 
lesions, healing difficulty, and concomitant visual problems 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Barium swallow-will show a classic corkscrew appearance 

of the esophagus characteristic of the disease and corre
sponding to the simultaneous contractions. 

• Esophageal manometry-primary tool for establishing the 
diagnosis. The disease is typically characterized by simul
taneous contractions (30 to 1 00 mmHg) with intermittent 
normal peristalsis. DES is typically defined as the presence 
of symptoms in concert with simultaneous contractions after 
greater than 1 0 %  to 30% of wet swallows. Amplitude of 
these simultaneous contractions should exceed 30 mmHg to 
support the diagnosis. The diagnosis of DES is more certain 
with a higher percentage of simultaneous contractions. 

• Esophagogastroduodenoscopy (EGD)-required to assess 
the anatomy prior to intervention and to rule out alterna
tive pathology. EGD will allow causes of pseudoachalasia 
(tumor, stricture, obstruction/compression) to be fully 
assessed with biopsies taken as necessary. This also allows 
the surgeon the ability to assess for the presence of reflux
related changes, such as Barrett's esophagus, which may 
require further surveillance. In advanced stages of DES, the 
endoscopic appearance of the esophagus may be somewhat 
corrugated as hypertonic muscular bands tend to form in 
fixed positions . 

• Endoscopic ultrasound (EUS)-a useful adjunctive test in 
surgical planning, as the extent of the spasmodic muscu
lar segment may sometimes be identified by the presence of 
thickening of the muscular layer on EUS. 

• pH studies-may confirm the presence of acid reflux and 
may help guide the decision to include a fundoplication at 
the time of surgical correction. 

SURGICAL MANAGEMENT 
• The bulk of surgical treatment is discussed in the "Techniques" 

section. Here, consider indications and other more general 
concerns. 

Preoperative Planning 

• Patients should be thoroughly counseled regarding the risks 
of the operation including esophageal perforation, persistent 

-
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dysphagia, and exacerbation of reflux symptoms. Alternative 
treatment options including pharmacotherapy with calcium 
channel blockers should be discussed. 

• A liquid diet should be administered for 2 days prior to 
surgery ( longer if significant delay in esophageal clearance is 
expected) .  

Patient Positioning 

• The patient is turned to the left lateral decubitus position. 
A beanbag is placed underneath the patient to afford addi
tional support and to fix the patient in position. An axillary 

THORACOSCOPIC APPROACH 

Port Placement 

• A tota l of five thoracoscopic ports are used (FIG 1). 
A 1 0-mm camera port is p laced in the 8th or 9th i ntercosta l 

space, just anterior to the midaxi l l a ry l ine .  The working port 

is a 1 0-mm port placed in the 8th or 9th intercosta l space, 
posterior to the posterior axi l l a ry l i ne. Another 1 0-mm 

port is p laced i n  the anterior axi l l a ry l i ne  at the 4th i nter
costal space, through which a fan-shaped retractor aids in  

retracting the lung to expose the esophagus. A 5-mm port 

is p laced just i nferior to the t ip of the scapu la  for the sur

geon's left hand.  A f ina l  5-mm port is placed at the 6th rib, 

at the anterior axi l l a ry l ine for suction by the assistant. 

Diaphragm Retraction 

• 

roll is positioned at the base of the axilla to minimize nerve 
compression. Position of the double lumen endotracheal 
tube, placed prior to turning the patient lateral, is recon
firmed using a pediatric endoscope. The operating surgeon 
stands on the right side of the table (facing the patient's 
back) while the assistant stands on the left side of the table. 

Airway Management 

• The patient is intubated with a double lumen endotracheal 
tube. This allows for lung isolation on the operative side to 
provide adequate exposure. 

diaphragm 

Adeq uate retract ion of the d i aphragm i s  essenti a l  to 

ach ieve visua l ization  of the lower thoracic esophagus 

and to a id  i n  the d i ssect ion .  A retract ing suture i s  used 
to fac i l itate this retract ion (FIG 2). We p lace a 48- in ,  

0-Surg idac suture through the centra l tendon of the 

d i aphragm us ing the Endo Stitch device. The suture is  
brought out through the latera l chest wa l l  at the level  

of the i nsert ion of the d i aphragm through a sma l l  sta b 

i nc is ion,  retract ing the d i aph ragm i nfer ior ly in order to 

expose the d i sta l  esophagus .  

FIG 2 • D iaphragm retract ion suture .  P lacement of a suture 
in the centra l tendon of the d i aph ragm fac i l itates retract ion 
and improves v isua l izat ion of the esophagus .  

Pleural Dissection and Esophageal Mobilization 

• The i nfer ior  pu lmonary l i gament is d iv ided to the level 
of the i nfer ior  p u l monary ve i n  to a l low for maxi ma l  an

ter ior l ung  retract ion (FIG 3A). 

1 0  mm 5 mm 
o � x o;""'""m ""'h 

esmm 1 0 mm 

FIG 1 • Port p lacement:  posit ion ing of the thoracoscopic  
ports used for esophagea l  myotomy. 

• The d i ssect ion is carr ied onto the avascu l a r  p leura l  

p l ane  a long the surface of the per icard i um,  overly i ng 

the esophagus (FIG 38) .  The p leura is  i nc ised to expose 
the esophagus .  This d issect ion is carr ied super ior ly to the 

leve l  of the subcar i na l  space.  As the goa l  is  to adequately 

mob i l ize the esophag us, the nodes may be left i n  s itu 

rather  than mob i l i z ing them with the esophag us, as 

wou ld  be done i n  a cancer operat ion .  

Airway Dissection 

• Care m ust be taken to identify the mem branous wa l l  
o f  the r ight ma instem bronchus (FIG 3C}, as it is eas i ly  

in jured d u r ing  th is  phase of the d i ssect ion .  Remov ing 

any suct ion from the r ight l ung  d u ring  th i s  d i ssect ion wi l l  
p revent the mem branous wa l l  f rom co l la ps ing and  can 

a id i n  v isua l i zation .  

Superior Dissection 

• The l ung  is next retracted anter ior ly and the p leura 
i ncised a long the anter ior border of the esophagus to the 
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A 
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B 

Azygos vein 

D 

FIG 3 • P leura l  d i ssect ion .  A. Mob i l izat ion of the i nfer ior  pu lmonary l i gament. B. Beg i n n i n g  of the d issect ion a long the 
per icard i u m .  C. P leura i s  i n c ised over ly ing the esophagus  and  a Pen rose d ra i n  used to enc i rc le the esophagus  for retraction .  
The a nter ior boundary of  d i ssect ion a long the bronchus i ntermed i us .  D. D iv is ion of  the azygous ve i n  us ing an  endoscop ic  
stap ler. (continued) 
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Esophagus 
• Above the l evel  of the azygous  ve i n ,  d issect ion  is kept 

c lose to the esophagus  to avo id  i n j u ry to the recur

rent l a ryngea l nerves (FIG 3E) . The extent of super ior  
d i ssect ion  and  m o b i l i zat ion depends  on the l ocat ion  

of the spasmod ic  port ion  of the esophag us .  Ca refu l 
review of the preoperative ba r i um swa l low exa m i na

t ion and manometry stud ies i s  necessa ry to m a ke th i s  

determ i nat ion .  

Esophagomyotomy 

• The myotomy is beg u n  6 to 7 em above the d i aphragm.  

• 

The long itud i na l  m uscle l ayer of the esophagus is v isua l 
i zed  and inc i sed us ing e i ther  hook e lectroca utery or  an  

energy d i ssect ion device (FIG 4) .  The  myotomy is carr ied 

through the under ly ing c i rcu l a r  m uscle l ayer to expose 
the esophagea l  m ucosa . The cut ends of the m uscle layer 

shou ld  be gently sepa rated from one another to prevent 

ear ly rea pprox imat ion as the myotomy hea ls .  Ca refu l ex

a m i nat ion of the m ucosa shou ld  be performed to ensure 

it is i ntact. 

FIG 3 • (continued) E. Dissect ion above the azygous d i rectly 
on the esophagus to avo id  recu rrent nerve in jury. 

The myotomy may be carr ied onto the stomach if the 

preoperative manometry i nd icates dysfunct ion of the 

lower esophagea l sph incter as a contr ibut ing factor in 

the patho logy. The esophagogastr ic j unct ion and be

g i n n ing  of the gastr ic card ia may be e levated i nto the 

thorax by app ly ing tract ion to the m uscu l a r  wa l l  of the 
esophagus .  The esophagogastr ic j unct ion is ma rked by 

the phrenoesophagea l  l i ga ment through which the left l evel of the azygous ve i n .  The azygous may be d iv ided if 
the spasmodic seg ment of esophagus extends above this gastric ve i n  trave ls and  is a reasonab le  l and mark for the 
l evel (FIG 30) .  The vagus nerve should be identif ied and d i ssect ion .  Extra care should be taken i n  the d i ssect ion at 
preserved to reta i n  norma l  gastric emptying  and pylor ic  th i s  leve l ,  as the mucosa becomes apprec iab ly th inner at 
funct ion .  the esophagogastr ic j u nction (EGJ) .  

A B 

FIG 4 • A,B. Esophagomyotomy is performed us ing an energy device. 
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Evaluation for Leak Closure 

• A carefu l  endoscopy is performed to exam ine  the mucosa • 
for any evidence of in jury i ncu rred d u r ing  the creation  of 

A s i ng l e  chest tube is left in p l ace at the com p l et ion 
of the operation  and  the l ung  is  aerated under  d i rect 

v i s ion to ensure com p lete pa renchyma l  reexpa ns ion .  

Sk in  i nc i s ions  a re then c losed i n  l ayers w ith  absorbab le  
sutu re. 

the myotomy. Water or  sa l i ne  may be i nsti l led i nto the 

chest to su bmerge the myotom ized esophagus i n  order 
to e l uc idate sma l l  mucosa l tears or  fu l l -th ickness in jury 

identif ied with a i r  i nsuff lat ion v ia the endoscope. 

LEFT THORACOTOMY APPROACH 

Thoracotomy Incision 

• A left posterolatera l thoracotomy i nc is ion is made 

through the 6th or 7th i ntercosta l space (FIG S) .  A 1 -cm 

sect ion of the 7th r ib  is  resected poster ior ly to fac i l itate 

wide exposure of the left hemothorax. A nasogastr ic 
tube i s  l eft i n  posit ion to fac i l itate easy identificat ion 

of the esophagus .  The i nfer ior pu l monary l igament is 

d iv ided so that the lung can be retracted super ior ly away 

from the h i atus (FIG 6) .  

Pleural Incision and Esophageal Exposure 

• The med iasti n a l  p l eu ra is i nc ised over ly ing the esopha-

• The myotomy length is determined by the extent of 
abnorma l  esophagus as assessed on the preoperative 

imag ing  eva l uat ion as we l l  as  the i ntraoperative endos

copy (FIG 9). In many cases, the spast ic  segment does not 
i nvolve the lower esophagea l  sph i ncter (LES) and th i s  

structure ca n be spared, preserv ing the native ant i refl ux 

mechan i sm .  For those patients in whom the myotomy is 

carr ied across the LES, an  ant i refl ux procedure may be 

performed either from the left chest via thoracotomy or 

by reposit ion ing  for a transabdom ina l  approach.  Once 

the myotomy has been performed, attention is g iven to 

c losure of the cru ra so as to prevent hern iat ion .  
• An a i r  leak test can be performed as described in the 

v ideo-ass i sted thoracic su rgery (VATS) approach.  

gus  j ust above the l evel  of the h i atus (FIG 7) .  D i ssect ion Chest Closure 
is carr ied c i rcumferent ia l ly and  a Pen rose d ra i n  is looped 
around the esophagus  to fac i l itate retract ion without 

tra u m a  d u r i ng  the cou rse of the d i ssection .  A comp lete 

mob i l izat ion of the esophagus  may not be needed if 
a fundop l icat ion i s  not req u i red, a lthough this step 

wi l l  be necessa ry if a concomitant ant i refl ux p roced u re 

(such as a N i ssen or Be l sey Mark  IV fundop l icat ion) i s  
p l an ned .  

Esophageal�yotomy 

• Us ing a Metzenbaum scissors or a n  energy device, the 
long itud ina l  l ayer of muscle is  inc i sed to expose the 

c i rcu l a r  m uscle f ibers (FIG 8) .  These c i rcu l a r  f ibers are 

then inc ised and the cut edges retracted latera l l y  to 
rea pprox imation with hea l i n g .  

• Sta ndard pr inc ip l es of thoracotomy closure are app l ied 

to th is  case. A s i ng le  chest tube is left i n  p lace i n  the pleu

ra l space to assist with lung expa ns ion .  

Inferior 
pulmonary 
l igament -------:: 

Aorta 

FIG S • Thoracotomy performed through the 7th i ntercosta l FIG 6 • Div is ion of the i nfer ior  pu lmonary l i gament and 
space. poster ior  retract ion of the l ung .  
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Divided inferior 
pulmonary 
l igament-------,; 

Aortic arch 

FIG 7 • Open ing  of the p leura over ly ing the esophagus .  The 
esophagus  can be enc i rc led with a Pen rose d ra i n  to fac i l itate 
retract ion .  

FIG 8 • The myotomy i s  beg u n  with a Metzenbaum scissors 
or an energy device. 

FIG 9 • Extent of the myotomy shou ld  be determi ned by a 
comb inat ion of i ntraoperative endoscopy and ana lysis of the 
preoperative manometry stud ies. 

1 1 3  
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PEARLS AND PITFALLS 
Refl ux • An anti  refl ux proced u re shou ld  be performed i n  add it ion to the myotomy if ref lux i s  docu mented 

on preoperative pH stud ies. 
• Many surgeons advocate an  ant i  ref lux proced u re when the myotomy is carried across the EGJ,  

a lthough th i s  is  not u n iformly ag reed upon.  
• A Be lsey fundop l i cat ion may be performed from the left chest i n  the left thoracotomy approach.  

Otherwise, a lapa roscopy may be performed fo l lowing  the thoracic port ion of the operation to 
create the fundopl ication .  The authors prefer a l aparoscop ic  Dor anter ior fundop l ication  in th i s  
setti ng .  

Chylothorax • A ca refu l thoracic duct l igat ion shou ld  be cons idered if there is  concern for trauma  to the d uct. 

Extent of myotomy • Myotomy shou ld  be taken above the level of the aortic a rch and idea l ly, to the thoracic i n l et, as 
smooth muscle f ibers may comprise as much as one-th i rd of the upper  thorac ic esophagea l muscle.  

Esophagea l  leak • I ntraoperative air test can be performed.  U nexp l a i ned postoperative tachyca rd ia ,  fever, or chest 
pa in  shou ld  prompt an u rgent water-so lub le  contrast esophagra m .  

POSTOPERATIVE CARE 
• Postoperative hospital stay is usually limited to 1 to 2 days. 
• Barium or Gastrografin swallow may be performed prior to 

initiation of oral intake to ensure that no mucosal injury or 
perforation is present as well as to confirm free passage of 
contrast through the distal esophagus and into the stomach. 
This may also be useful to establish a postoperative base
line for reference, should delayed issues with reflux or dys
phagia arise. 

• A liquid diet may be initiated on the first postoperative day 
following confirmation of esophageal integrity with esopha
gram. A liquid diet is initially begun, with the patient being 
advanced to a mechanical soft diet over the course of the 
first week. 

OUTCOMES 
• Include functional and prosthetic survivorship data, as 

applicable. 

COMPLICATIONS 
• Reflux: Reflux symptoms are common following myotomy 

and are noted in up to 50% of patients if an antireflux oper
ation is not performed at the time of myotomy. The decision 
to perform an antireflux operation at the time of the index 
operation must be individualized to the patient. The extent 
of demonstrable preoperative acid reflux as well as the 

degree of esophageal dysmotility must be carefully weighed. 
Mild to moderate postoperative symptoms may be well con
trolled with the addition of a proton pump inhibitor to the 
patient's medications. Lifestyle modifications including the 
avoidance of late evening meals and head of bed elevation 
while sleeping can also be quite effective in symptom man
agement. In rare cases, a laparoscopic antireflux operation 
may be necessary at a later date for patients whose symp
toms fail to respond to medical management. 

• Dysphagia: Persistent dysphagia following surgical inter
vention is frequently related to an incomplete myotomy. 
Additionally, the possibility of an inaccurate diagnosis must 
also be considered if symptoms persist following myotomy. 
Edema at the myotomy site, scar formation, and an overly 
tight antireflux repair should also be considered and may 
respond to endoscopic dilation. 

• Perforation/leak: Unrecognized mucosal injury will often 
present within 24 to 72 hours with peritonitis, dyspnea 
and pleuritic pain from pleural effusion, fever, leukocyto
sis, or overt sepsis. A high index of suspicion is necessary 
for early diagnosis and aggressive surgical intervention is 
warranted to facilitate adequate drainage and, when pos
sible, repair of the injury. A feeding jejunostomy should be 
considered if a prolonged healing time is anticipated. The 
specific approach is dictated by the location of injury and 
presentation of the patient. However, a careful endoscopic 
examination should always play a role in the evaluation of 
a postmyotomy leak. 
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DEFINITION 
• Esophageal achalasia is a primary motility disorder char

acterized by lack of esophageal peristalsis and failure of 
the lower esophageal sphincter (LES) to relax properly in 
response to swallowing. 

DIFFERENTIAL DIAGNOSIS 
• Benign strictures secondary to gastroesophageal reflux dis

ease ( GERD) and esophageal neoplasms may mimic the 
clinical presentation of achalasia. 

• An infiltrating tumor of the gastroesophageal junction can 
mimic not only the clinical and radiologic findings of achala
sia but also the manometric profile. This condition, defined 
as " secondary achalasia" or "pseudoachalasia, "  should be 
suspected and ruled out in patients older than 60 years of 
age, with recent onset of dysphagia ( less than 6 months ) ,  and 
with excessive weight loss. 1 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Dysphagia is the main complaint, being reported by about 

95% of patients . It is often for both solids and liquids . Most 
patients are able to maintain a stable weight due to changes 
made in their diet. 

• About 60% of patients experience regurgitation of undi
gested food. It occurs more frequently in the supine position 
and may lead to aspiration that in turn can cause respiratory 
symptoms, such as cough, hoarseness, wheezing, and epi
sodes of pneumonia.2 

• Heartburn is present in about 40% of patients: It is due 
to stasis and fermentation of undigested food in the distal 
esophagus rather than due to gastroesophageal reflux ( GER) . 

• Esophageal distention can cause chest pain in up to 40% of 
patients, and it is usually experienced at the time of a meal. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A thorough evaluation to establish the diagnosis should be 

performed in all patients with symptoms suggestive for acha
lasia. 3 It consists of the following studies: 

Upper endoscopy is usually the first test that is performed 
to rule out the presence of a mechanical obstruction sec
ondary to a peptic stricture or cancer. 
Barium swallow shows a narrowing at the level of the 
gastroesophageal junction (the so-called bird's beak ) ,  
slow esophageal emptying with an  air-fluid level, and 
either absence of or tertiary contractions of the esopha
geal wall (FIG 1 ) .  It also defines the diameter and the axis 

FIG 1 • Bar ium swa l low: d i l atation ofthe esophageal body, reta ined 
bar ium, and d ista l esophageal na rrowing (bi rd's beak). 

of the esophagus (dilated and sigmoid in long-standing 
achalasia) and associated pathologic findings, includ
ing an epiphrenic diverticulum. The gastric air bubble is 
usually absent. 
Esophageal manometry is the gold standard for the 
diagnosis of achalasia. Lack of peristalsis and absent or 
incomplete LES relaxation in response to swallowing are 
the key criteria for the diagnosis. The LES is hypertensive 
in only about 50% of patients.3 Recently, a new classifica
tion of esophageal achalasia has been proposed based on 
high-resolution manometry (HRM}:  type I, classic, with 
minimal esophageal pressurization; type II, achalasia with 
panesophageal pressurization; and type III, achalasia 
with spasm ( FIG 2) .4 

FIG 2 • H igh-reso l ut ion esophagea l  manometry: type II acha las ia  
accord ing  to the Chicago c lassifi cation .  
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Ambulatory pH monitoring is important in untreated 
patients when the diagnosis is uncertain in order to dis
tinguish between GERD and achalasia. Postoperatively, 
ambulatory pH monitoring can be performed to rule out 
GER that is present in about 30% to 40% of cases after 
Heller myotomy and is often asymptomatic.5 

• The surgeon stands between the patient's legs. The first and 
second assistants stand on the right and left side of the oper
ating table ( FIG 3 ) .  

SURGICAL MANAGEMENT 
Preoperative Planning 

• A careful systematic evaluation and the tests described before 
should be performed in every patient before treatment. 

Positioning 

• After induction of general endotracheal anesthesia, the pa
tient is positioned supine in low lithotomy position with the 
lower extremities extended on stirrups, with knees flexed 20 
to 30  degrees or straight if using a split-leg table. 

• To avoid sliding as a consequence of the steep reverse 
Trendelenburg position used during the procedure, a bean
bag is inflated to create a " saddle" under the perineum. 

• Because increased abdominal pressure from pneumoperito
neum and the steep reverse Trendelenburg position decrease 
venous return, pneumatic compression stockings are always 
used as prophylaxis against deep venous thrombosis. 

• An orogastric tube is placed to keep the stomach decom
pressed during the procedure and it is removed before start
ing the myotomy. 

• A Foley catheter is inserted at the beginning of the operation 
and removed at the end. 

PLACEMENT OF PORTS 

• Five 1 0-mm trocars are used for the proced ure (FIG 4) .  
• The fi rst inc i s ion is made in the m id l i ne  1 4  em d is

tal to the x ipho id  process and  a Veress need le  is 

i ntrod uced i nto the peritonea l  cavity. The per ito
nea l  cavity i s  insufflated to a pressure of 1 5  m m H g .  

Subseq uently, u n d e r  d i rect v is ion,  a n  optica l port 

FIG 3 • Posit ion of the patient and  surg ica l  team in the operat ing 
room.  

with a 0-degree scope (port 1 )  i s  p laced.  Once th i s  
port is  p laced, the 0-deg ree scope is rep laced with a 

30-deg ree scope and the other  troca rs a re inserted 
under  l aparoscop ic  v is ion .  

• Port 2 is p laced in the left m idclavicu l a r  l i n e  at the 

same l evel of port 1 .  It is  used by the assistant for 
tract ion on the gastroesophagea l  j u nct ion and as an  

i nstrument to take down the  short gastr ic vessels .  

FIG 4 • Placement of the ports. 
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• Port 3 is p laced in the r ight m idc lavicu l a r  l i n e  at the 

same level of the other two ports. A retractor is used 
through th i s  port to l ift the left latera l seg ment of 

the l iver to expose the gastroesophagea l  j u nct ion .  

The retractor is  he ld  i n  p lace by a self-reta i n i ng  
system fixed to  the  operat ing ta b le .  

• Ports 4 and 5 are p l aced under  the r ight and left 

costa l  marg ins  so that the i r  axes and the camera 
form an ang le  of about 1 20 degrees. These ports a re 

used by the operat ing surgeon .  
• The i nstrumentation necessa ry for the l aparoscopic  

myotomy is reported i n  Tab le  1 .  

DISSECTION • 

• The gastrohepatic l i gament is d iv ided, beg i nn i ng  the • 
d i ssect ion above the caudate lobe of the l iver, where 

the l i gament is th i nner, and  conti n u i ng towa rd the d ia 

phragm unt i l  the r ight p i l l a r  of the crus  is  identif ied and 

separated f rom the esophagus by  b l unt d i ssect ion .  
• Subseq uently, the peritoneum and the phrenoesopha

gea l  membrane over ly ing the esophagus a re d iv ided and 

the anter ior vagus  nerve i s  identif ied (FIG SA) .  

Table 1 :  Instrumentation for Laparoscopic 
Hel ler Myotomy and Partial Fundoplication 

F ive 1 0-mm ports 
0- and 30-degree scope 
G raspers and needle ho lder 
Babcock c lamp 
L-shaped hook cautery with suction-i rr igation capacity 
Scissors 
Lapa roscopic cl ip app l ie r  
E lectrotherma l  b ipo lar  vesse l-sea l i ng  system 
Liver retractor 
Sutur ing device 
2-0 s i l k  sutures 

The left p i l l a r  of the crus i s  then separated from the 

esophagus (FIG 58) .  

B l u nt d i ssect ion is fi n a l ly performed i n  the poster ior 

med iasti num,  latera l ly and anter ior ly to the esophagus  

i n  order  to have about 4 to 5 em of esophagus without 

any tens ion be low the d i aph ragm .  Poster ior d i ssect ion 

is necessa ry on ly if a part ia l  poster ior fundop l icat ion 

is p lanned .  

FIG 5 • A. Div i s ion  of  the peritoneum and the phrenoesophagea l membrane over ly ing the esophagus  with  anter ior vagus  
nerve identif icat ion .  B. Separation of the left p i l l a r  of the crus  f rom the esophagus .  

DIVISION OF THE SHORT 

GASTRIC VESSELS 

• The short gastr ic vessels a re taken down a l l  the way to 

the l eft p i l l a r  of the crus, sta rting  from a po int m idway 

a long the g reater cu rvatu re of the stomach (FIG 6) . 6  

1 1 7  
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MYOTOMY 

• The fat pad shou ld  be removed to expose the gastro

esophagea l j unct ion after identif icat ion of the anter ior 

• Once the mucosa is exposed, the myotomy is extended 

prox ima l ly for about 6 em above the gastroesophagea l  

j u nct ion and d i sta l ly for 2 . 5  to 3 em onto the gastr ic wa l l  
(FIG 7) .7 

vagus  nerve. • The edges of the m uscles a re then separated with a d is

sector in order to have 30% to 40 % of the mucosa not 

covered by m uscles. 

• Tract ion is then app l ied with a Ba bcock c l amp, g rasp ing 

be low the gastroesophagea l  j unct ion and p u l l i n g  down-

ward and to the left i n  order to expose the r ight s ide of • I ntraoperative endoscopy is rarely necessa ry, part icu l a r ly 

when enough exper ience is present and a long myotomy 

onto the gastr ic wa l l  i s  performed.  

the esophagus .  
• A myotomy is performed on the r ight s ide of the esopha

gus  i n  the 1 1  o 'c lock posit ion us ing a hook cautery. The 

proper subm ucosa l p l ane  i s  found us ing the cautery, 

a bout 3 em above the gastroesophagea l  j unct ion .  

PARTIAL FUNDOPLICATION 

• The m a i n  goa l  of the surg ica l  treatment is re l i ef of dys

phag ia  wh i l e  prevent ing G E R .8 
• A laparoscop ic  He l l e r  myotomy (LH M) a lone is associ

ated with postoperative G E R  i n  about 50% to 60% of 
patients.• 

• Better functiona l  resu lts a re ach ieved with a part ia l  fun

dop l icat ion added to the myotomy compared to a tota l 
fundop l icat ion that is associated with h igher  rates of 

postoperative dysphag i a . 1 0  
• Regarding the type of part ia l  fundopl ication, no s ign ificant 

d ifferences are evident i n  terms of control of GER after the 

part ia l  anterior and part ia l  poster ior fundopl ication . 5  
• We prefer the part ia l  a nter ior fundopl ication  because 

it is s imp le r  to perform, as poster ior d i ssect ion is not 

necessa ry, and because it covers the exposed esophagea l 

mucosa. 

Partial Anterior Fundoplication (Dor) 

FIG 7 • Esophageal  myotomy. 

• Two rows of sutu res (2-0 s i l k) are used. The fi rst row i s  
on the left s ide of the esophagus and has th ree stitches. 

The top st itch i ncorporates the fundus of the stomach, 

the muscu lar  l ayer of the left s ide of the esophagus, and 
the left p i l l a r  of the crus (FIG 8) .  

• The Dar fundopl icat ion is a 1 80-deg ree anter ior fundo- FIG 8 • Dar fundopl icat ion :  top stitch of the l eft row of 
p l icat ion .  sutures. 
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F IG  9 • Dor fundop l ication :  second and  th i rd stitches of  the  
left row of  sutu res. 

FIG 11 • Com pleted Dor fundop l ication .  

• The second and th i rd stitches i ncorporate the gastric • 
fundus and the m uscu la r  layer of the left s ide of the 

esophagus  (FIG 9). 

The second row of sutu res on the r ight s ide of the esoph

agus  consists of th ree stitches between the fundus and  

the r i ght  p i l l a r  of  the crus (FIG 1 0) .  
• The fundus is then fo lded over the exposed mucosa so • 

that the g reater curvatu re of the stomach is next to the 

r ight p i l l a r  of the crus. 

F i na l ly, two add it iona l  stitches a re p l aced between the 

fundus and the r im of the esophagea l  h iatus to e l i m i nate 

any tens ion from the fundop l icat ion (FIG 1 1 ) .  

Partial Posterior Fundoplication 

• Some authors argue that the poster ior part ia l  fundop l i 

cat ion shou ld  be used as it m ight be more effect ive i n  

prevent ing G E R  and  beca use i t  keeps t h e  d i sta l  edges of 

the myotomy separated." 
• The poster ior fundop l i cat ion req u i res the creat ion of a 

poster ior window between the l eft p i l l a r  of the crus, the 

stomach,  and the esophagus  fo l l owed by the passage of 

the gastr ic fundus under the esophagus .  
• The h i atus is l oosely c losed poster ior to the esophagus .  
• Subseq uently, each s ide of the wra p is attached to the 

esophagea l wa l l  l atera l to the myotomy with th ree 

st itches. The resu lt ing wra p measu res a bout 220 to 

FIG 10 • Dor fundop l ication :  r ight row of sutu res. 240 degrees. 

PEARLS AND PITFALLS 
I nd ications • A carefu l  eva l uat ion i nc lud ing  manometry, 24-hour  pH  mon itor ing,  upper endoscopy, and 

barium swa l low m ust be done. 

1 1 9  

Placement of ports • Extreme ca re m ust be taken when posit ion ing  port 1 ,  because the site of i nsert ion is just above 
the aorta .  

D i ssect ion 

• We recommend us ing an  opt ica l troca r with a 0-deg ree scope to obta i n  access. 
• If port 3 is  too low, the l eft l atera l seg ment of the l iver wi l l  not be properly retracted and  

exposure of the esophagogastr ic j u nct ion may be i nadeq uate. 
• If port 2 is  too low, the esophagogastr ic j u nct ion or the upper short gastr ic vesse ls  may be d if

f icu lt  to access. 
• If ports 4 and 5 a re too low, the d i ssect ion at the beg i n n ing  of the proced ure and the sutur ing 

at the end w i l l  be cha l l eng ing .  
• If port 3 is  too med ia l ,  the l iver retractor may  i nterfere w i th  the i nstrument used through port 4 .  

• An accessory left hepatic a rtery or ig i nat ing from the left gastr ic a rtery is  frequently present i n  
t h e  gastrohepatic l i ga ment. If t h i s  vessel l i m its t h e  exposu re, it m a y  b e  safe ly d iv ided.  

• The e lectrocautery shou ld  be used with extreme caution .  Because of the l atera l spread of the 
monopolar  cu rrent, vagus  nerves may be damaged even without d i rect contact. A b ipo la r  
i nstru ment represents a safer a lternative. 
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Short gastr ic vesse ls  d iv is ion • B leed ing ,  e ither from the short gastr ic vessels or from the sp leen,  and  damage to the gastr ic 
wa l l  a re poss ib le  comp l icat ions .  

• Excessive tract ion and d iv is ion of a vessel not comp letely coag u l ated a re the main ca uses of 
bleed ing .  

• A burn caused d u ring  d i ssect ion of  the  short gastric vessels or  tract ion app l i ed with the  g rasp
ers or  the Babcock c l amp are the most common mechan isms of damage to the gastr ic wa l l .  

Myotomy • In patients who have had previous treatment with botu l i n u m  tox in  i nject ion,  the myotomy is 
tech n ica l ly more cha l l eng ing  due to the fi brosis that a lters the normal anatom i c  p l anes and 
may i ncrease the r isk of perforat ion . 1 2 

• If a m ucosa l  perforat ion occurs, it can be repai red with 5-0 absorbab le  materia l .  
• I n  case o f  bleed ing  from t h e  cut muscu lar  f ibers, gentle compress ion with a sponge is recom

mended rather than the e lectrocautery, which can cause therma l  damage to the esophageal  wa l l .  

Part ia l  anter ior fundop l icat ion • To reduce the r isk of postoperative dysphag ia  due to the fundop l icat ion 
• The short gastr ic vessels should be d iv ided.  
• The wrap shou ld  be performed us ing the fundus rather than the body of the stomach . 

POSTOPERATIVE CARE 
• Patients spend an average of 1 to 2 days in the hospital and 

return to work in 2 to 3 weeks. 
• Patients are fed the morning of the first postoperative day 

with clear liquids and then a soft diet. 
• They are instructed to avoid meat, bread, and carbonated 

beverages for the following 2 weeks. 
• Most patients resume their regular activity within 2 to 3 weeks. 

OUTCOMES 
• Long-term follow-up shows that symptoms are improved in 

90% to 95% of patients at 5 years and in 80% to 90% at 
10 years. 

• Most LHM failures present within the first 2 to 3 years of 
follow-up and may reflect fibrosis of the distal edge of the 
myotomy that can be successfully treated in most cases with 
pneumatic dilatation. 

• Postoperative GER occurs in about 30% to 40% of patients, 
and it is usually controlled by acid-reducing medications. 

COMPLICATIONS 
• Esophageal leak may occur during the first 24 to 36 hours 

postoperatively, and it is usually the result of a thermal 
injury of the esophageal mucosa. 

Typical signs and symptoms include pain, fever, and dys
pnea. A chest x-ray may show a pleural effusion. 
An esophagogram confirms the location and the extension 
of the leak. 
Treatment options vary based on the time of diagnosis 
and on the location and extension of the leak. In case of 
early diagnosis, small leaks can be repaired directly. If the 
damage is too extensive or the inflammatory reaction in 
case of late diagnosis does not allow a direct repair, an 
esophagectomy may be indicated. In selected cases, wide 
drainage and placement of a feeding jejunostomy tube 
with or without the use of an esophageal stent may allow 
the leak to heal without esophagectomy. 

• Pneumothorax occurs in case of intraoperative violation of 
the parietal pleura. Usually, it resolves spontaneously and 
does not require tube thoracostomy as the C02 is rapidly 
absorbed. 

• Persistent dysphagia is usually due to technical errors, such as 
a too short of a myotomy or a too constricting fundoplication. 

• Recurrent dysphagia after a symptom-free period may be 
caused by scar tissue in the distal edge of the myotomy, post
operative GER, technical errors cited earlier, or esophageal 
cancer. In either case, a thorough evaluation is mandatory to 
rule out malignancies and make a correct diagnosis. Subse
quent treatment is tailored to the results of this workup and 
includes pneumatic dilatation and/or a reoperation. 
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DEFINITION 
• A Morgagni congenital diaphragmatic hernia (CDH) refers 

to a defect in the anteromedial diaphragm through the 
foramen of Morgagni. The most common contents of the 
hernia include omentum and transverse colon but can also 
include stomach, liver, spleen, and other segments of bowel. 
Morgagni hernias more commonly include a hernia sac. 

• They account for approximately 3% of surgically repaired 
diaphragmatic hernias. They are more frequently seen in 
females and the majority of them are right-sided. Bilateral 
Morgagni hernias can be seen but are not common. 

• Unlike Bochdalek CDHs, Morgagni hernias are generally not 
associated with pulmonary hypoplasia. They are typically 
smaller and more frequently an isolated congenital anomaly. 

DIFFERENTIAL DIAGNOSIS 
• Morgagni CDH can be mistaken for a number of other tho

racic anomalies, both congenital and acquired. In infancy, 
these can include congenital cystic lung disease, esophageal 
hiatal hernia, and mediastinal mass. 

• Later in life, Morgagni hernia can be confused with a medi
astinal mass, pericardia! fat pad, atelectasis, pneumonia, or 
a pleural abscess. 

• The various imaging and diagnostic studies used to distin
guish among these are mentioned in a subsequent section. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The diagnosis of a Morgagni diaphragmatic hernia can 

sometimes be a long and winding road. Neonates do not fre
quently arrive with the diagnosis already made by prenatal 
imaging, as is often the case with Bochdalek CD H. The signs 
and symptoms of Morgagni hernias are also usually nonspe
cific. Likewise, routine radiologic imaging can also overlook 
the more subtle defects. Because of this, Morgagni hernias 
are sometimes not diagnosed until later in life .  

• The most common presentation in neonates and infants is an 
increased work of breathing or respiratory distress. Many, 
however, are relatively asymptomatic. Children may present 
with a history of recurrent chest infections. Teenagers and 
adults can present with any variety of symptoms including 
dyspnea, chest pain, abdominal pain, nausea and vomiting, 
and constipation or they may be completely asymptomatic. 
Predisposing conditions, such as chronic cough, trauma, 
pregnancy, and obesity, can contribute to the likelihood of 
symptomatic presentation. 

• The physical examination is most commonly normal. How
ever, distant heart tones and unequal breath sounds may be 
present. In cases of strangulation or volvulus, the patient 
may demonstrate significant abdominal tenderness and signs 

of shock. A detailed physical examination is always indi
cated in newborns to assess for congenital abnormalities. 

• Although most commonly isolated, Morgagni hernias can be 
associated with congenital heart disease, malrotation, and 
Down's syndrome. 1 The workup should include an echocar
diogram when the diagnosis is made in infancy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Morgagni hernias are not frequently detected on prenatal 

imaging. 
• A posteroanterior (PA) and lateral chest radiograph is the initial 

diagnostic study of choice. This can have different appearances 
depending on the contents within the hernia. It may show air
filled loops of bowel projecting over the anterior mediastinum 
( FIG 1A,B) or a well-defined opacity in the right cardiophrenic 
angle ( FIG 2) .  The latter, however, is not very specific. 

• The diagnosis can be more readily made on computed 
tomography or magnetic resonance imaging (MRI) ( FIG 3 ) .  

A 

FIG 1 • PA (A) and latera l (B) chest x-ray demonstrat ing a i r
f i l led loops of bowel in the anter ior med iasti num consistent with 
a Morgag n i  d i aph rag matic hern ia .  
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• •  
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FIG 2 • PA chest x-ray demonstrates a Morgag n i  hern ia  
i nd icated by the opacity (arrow) at the r ight card iophren ic  ang le .  
Th is  hern ia  most com mon ly conta ins  omentu m .  

\. t•e� � 
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FIG 3 • Computed tomography of the chest in a patient with a 
Morgagn i  hern i a .  Note the contrast-opacif ied i ntest ina l  contents 
with in  the anter ior med iasti num,  sh ift ing  the heart poster ior ly 
and to the r ig ht. 

• Ultrasound, barium enema, and upper gastrointestinal (GI)  
series also can be a useful part of the diagnostic workup. 

• Diagnostic thoracoscopy or laparoscopy is recommended if the 
diagnosis remains unclear after appropriate imaging studies. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• In infants, who can present with respiratory distress, lung 
protective strategies are initiated. When a ventilator is 
required, spontaneous respiration and permissive hypercap
nia are used. Surgery is then performed on an elective basis, 
once medically stable, prior to discharge. 

• In general, elective repair of Morgagni hernias is recom
mended to prevent future complications such as incarcera
tion, strangulation, or volvulus. 

• Morgagni diaphragmatic hernias can be successfully repaired 
through either transabdominal or transthoracic approach 
using open or minimally invasive techniques. We tend to 
favor the transabdominal approach when feasible because 
it allows for better visualization of the central diaphragm 
and for detection of bilateral hernias that may not be clearly 
seen on preoperative imaging. Laparoscopy is generally well 
tolerated in infants, even those with congenital heart disease.2 

• For the patients with Morgagni hernias that present with 
acute incarceration, strangulation, or volvulus, immediate 
surgical management is indicated. Appropriate resuscitative 
measures should be initiated prior to surgery. 

• Prior to taking the patient to the operating room, all diag
nostic studies should be thoroughly reviewed and the patient 
appropriately marked on the affected side. 

• Ensure that the airway is secure and the endotracheal tube is 
in a stable position. Pre- and postductal oxygen saturation 
monitoring is maintained in neonates to assess for signs of 
right-to-left shunting. 

OPEN MORGAGNI HERNIA REPAIR 

Positioning 

• The patient is p laced in the sup ine  posit ion on the oper
ati ng room tab le (FIG 4) .  

• Ster i le  p last ic  d ra pes a re used as a barr ier over the patient 

outs ide of the operative f ie ld .  A wa rming b l anket i s  a l so 

used to ma inta i n  tem perature stab i l ity. 

Incision 

• A tra nsverse, su bcosta l i nc is ion is made one to two f inger
breadths below the costa l marg i n .  An i nc is ion made too 

close to the costa l  marg i n  can make for a more d iffi cu lt 

repa i r  and su bsequent fasc ia l  c losure.  An upper  m id l i ne  
i nc is ion may  a lso be used . 

• The abdom ina l  wa l l  muscle and fasc ia a re d iv ided and 

the peritoneum entered . 

Exposure of the Defect and Hernia Reduction 

• The fa lc iform l i gament of the l iver is taken down off the 

abdom i n a l  wa l l  and  the left latera l segment mob i l ized if 

needed. 

Anesthesiologist 

Operating 
surgeon 

Assistant 
surgeon 

FIG 4 • The patient i s  posit ioned in a standard fash ion in the 
operati ng room . 



C h a p t e r  1 7  REPAIR OF CONGEN ITAL DE FECTS: Morgagni Diaphragmatic Hernia 

Lateral edge of hernia 

-�����-- Morgagni 

Transverse colon 

hernia 
defect 

FIG 5 • The Morgagn i  hern ia  defect is  exposed and  the 
hernia contents (transverse colon,  omentum) a re identif ied 
and manua l l y  reduced . 

• 

• 

• 

The l iver is ca refu l l y  retracted away from the d i aph ragm 

to  expose the poster ior and l atera l boundary of  the d ia 
phrag matic hern ia  defect (FIG 5) .  

The  abdom ina l  contents with i n  the hern i a  a re ca refu l l y  
red uced and  retu rned to  the abdomen .  

A hern ia  sac, when present, is  excised with  e lectroca utery . 

Repair of the Diaphragm 

• 

• 

• 

An assessment is made to determ ine  the amount of 

nat ive d i aph ragm .  There is typ ica l ly no anter ior r im of 

d i aph ragm and the defect is cont iguous with the ante
rior abdom ina l  wa l l  (FIG 6) .  

I f  the  Morgag n i  he rn i a  i s  sma l l  enough  for p r i m a ry 

c l os u re without  s i g n i f i cant  tens ion ,  t h i s  is p referred . 

The defect is repa i red with i nterru pted, s i m p l e  su 

tu res us ing  n o n a bsorba b le ,  b ra ided  suture m ate

r i a l  (F IG 7) .  P l edgeted m attress sutu res may a l so be 
used . H oweve r, the  d i a p h ra g m at i c  m usc le  i s  often at

ten uated,  p a rt i cu l a r ly  fo r those we l l  i nto a d u l thood . 
The refore, a n  over l ay  patch to re i nfo rce the  repa i r  
m a y  b e  benef i c i a l .  

For those defects that a re too l a rge  t o  c lose p r imar i ly, 

a p rosthetic patch is used.  Nonb io log i c  mater ia ls, such 

as  po lytetrafl uoroethy lene (PTFE)/expanded polytetra

f luoroethy lene (ePTFE), o r  b io log i c  mater ia l s a re effec
t ive.  The patch i s  ca refu l l y  fash ioned so as to m a i nta i n  

t h e  shape o f  t h e  d i a p h ra g m  and  t o  have 2 t o  3 em of 

over l ap .  The poster ior  wa l l  of the d i aph ragm i s  sewn 
fi rst to the patch with i nterrupted sutu res us ing  a 

bra ided nonabsorba b le  mater i a l .  The sutu res a re l eft 

u nt ied i n it i a l ly. Once the poster ior  wa l l  sutures are a l l  
i n  p l ace, t h e  patch i s  then parach uted down a n d  the 

sutu res a re i n d iv id u a l ly t ied secure .  Then,  before c losu re 

of the anter ior  d i aph ragmat ic defect i s  i n it iated, care is 
taken to ensure hemostas i s  on  the thorac ic s ide of the 

patch .  

No anterior r im of  diaphragm 

Lateral edge of hernia 

I 
Anterior wall skin 

FIG 6 • The Morgagn i  hern ia  contents have been red uced, 
p rovid i n g  fu l l  exposure of the defect. Note that there i s  
essent i a l l y  no anter ior  r im  of d i a phragm present (arrow), 

and  hern ia  defect is contig uous with the a nter ior  abdom i n a l  
wa l l .  

• The anter ior port ion  of the patch is then secu red to the 

a nter ior abdom ina l  wa l l  and poster ior rectus sheath with 
i nterru pted suture to comp lete the repa i r. 

Closure 

• Once hemostas is  and satisfactory repa i r  is assu red, the 

abdom ina l  wa l l  muscu lature and  sk in  a re then c losed in 

layers .  A d ra i n  is  not needed. 

Posterior rim of 
diaphragm sutured to 

anterior abdominal wall 

Anterior wall skin 
I 

FIG 7 • The poster ior r im of d i aph ragm is sutu red to the 
anter ior  abdom ina l  wa l l  with i nterru pted nonabsorbab le  
suture for  a relatively tens ion-free pr imary repa i r. 

1 23 
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MINIMALLY INVASIVE MORGAGNI 

HERNIA REPAIR 

• Both thoracoscop ic  and lapa roscop ic  approaches have 

been used for Morgag n i  hern ia  repa i r. They each have 

their benefits and d rawbacks, and the tech n ica l aspects 
of the two approaches are not d issi m i la r. 

• We tend to favor the l apa roscop i c  a pproach i n  that 

it provides exce l lent v isu a l i zat ion of both hem id ia 

ph ragms .  Th i s  m i n i m izes the r i sk  of underest imat ing  

o r  m iss i ng  a more centra l or  b i l atera l Morgagn i  hern ia  

defect. 

Positioning 

• The patient is posit ioned i n  a s im i l a r  manner  as a patient 

undergoing a l aparoscop ic  fundopl icat ion so that the 
surgeon may sta nd at h i s  or  her  feet.  Infants and you ng 

ch i l d ren a re supine and frog- legged at the end of the 
operat ing room tab le (FIG 8) .  Older ch i ld ren and  adu lts 
a re p laced in dorsa l  l ithotomy with the i r  l ower extrem i 

t ie s  i n  st i rrups .  The  operat ing surgeon sta nds between 

• 
• 

the patient's legs .  

Ca re is  taken to properly pad a l l  pressure po ints . 

The mon itors a re posit ioned over the patient's head . 

Anesthesiologist 

Operating surgeon 

FIG 8 • The ch i l d  is  posit ioned at the end of the operat ing 
room ta b le  i n  a "frog- leg " posit ion .  The operati ng surgeon 
sta nds at the patient's feet with the mon itors p l aced over the 
patient's head. 

Working port -----':) 

5-mm camera port 
in the umbi l icus 
(45-degree 
laparoscope) 

FIG 9 • A 5-mm port is p laced through the u m b i l icus .  Two 
add it iona l  work ing ports a re typica l ly a l l  that is needed and 
a re posit ioned to appropr iately tr iangu l ate the hern ia  defect. 

Laparoscopic Morgagni Hernia Repair 

Trocar placement 
• A 5-m m troca r is p laced in the u m b i l icus .  
• Pneumoperitoneum is i n it i a l l y  set between 8 and 

1 5  m m H g  depend ing  on the patient's age and s ize .  
• A 5-mm, 30-degree scope is used for v isua l i zation .  
• Two add it iona l  troca rs are p laced under  d i rect lapa ro

scop ic  v is ion,  in the r ight and left upper  quadra nts. These 

wi l l  be the pr imary work ing  ports (FIG 9). 
• An additiona l  troca r occas iona l l y  is needed for retract ion .  
• A s ing le- inc is ion endosurg ica l  approach is a lso feas ib le .  

Reduction of the Morgagni hernia 
• The hern ia  contents, typ ica l ly the omentum and abdomi

na l  v iscera, a re ca refu l l y  red uced with atrau matic g rasp

ers (FIG 1 0) .  Cotton-t i pped Endo Kittners a re used to 
he lp  red uce the l iver or  sp leen when present with i n  the 

hern ia .  
• 

• 

To fu l ly expose the native d i aph ragm,  the fa lc iform 
l igament may be taken down from the abdom i n a l  wa l l  

(FIG 1 1 ) .  This  w i l l  often lead t h e  surgeon d i rect ly to 
the latera l extent of the Morgagn i  hern ia  and  a l low for 
adequate over lap  with patch p lacement. 

The hernia sac, if one is present, is  ca refu l l y  excised c i r

cu mferentia l ly off the d i aph rag matic defect us ing hook 

ca utery or  other endoscopic  sea l i ng  device. However, 

th i s  may a lso be l eft i ntact when d i ssect ion i nto the 

med iasti n u m  proves too arduous to avoid the r isk of 

pneumothorax and pneumopericard i u m 3 The perito

neum i s  then taken off the edge of the hern ia  defect 

with cautery. 
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Laparoscopic atraumatic 
bowel grasper removing 

contents from hernia 

Peritoneal surface of 

FIG 10 • The Morgagn i  hern ia  i s  identif ied and the hern ia  
contents a re red uced back i nto the abdomen with atrau matic 
g raspers .  

Repair of the Morgagni hernia 
• The hern ia  defect is measu red and an assessment is 

made as to whether the repa i r  i s  feas ib le  v ia  a relatively 
tens ion-free pr imary repa i r  or that it wi l l  req u i re a patch 

repa i r. 

Morgagni 
hernia 

FIG 11 • The fa lc iform l i gament abuts the poster ior r im 
of the Morgagn i  hern ia  defect. It is  taken down with  hook 
cautery or a b ipo la r  endosurg ica l  device. This  provides fu l l  
exposure o f  t h e  defect a n d  frees u p  tens ion on t h e  hern ia  
repa i r. 

Posterior rim of diaphragm Morgagni hernia defect 

FIG 1 2  • A suture is i ntrod uced through the anter ior 
abdom ina l  wa l l  and endoscop ica l ly passed through the 
poster ior  marg i n  of the d i aphragmatic hernia defect. The 
suture is  then passed back out through the anter ior abdom i n a l  
wa l l  and  t h e  knots m a y  b e  t ied i n  t h e  su bcuta neous t issue. 

• 

• 

For a pr imary repa i r, the d i aph ragm is reapproxi mated 
us ing i nterru pted nonabsorba b le  sutures. The c losure is 

beg u n  at the most poster ior aspect of the hern ia  and car

r ied up to the a nter ior abdom ina l  wa l l .  

T h e  c lo su re o f  t h e  defect a l o n g  t h e  a nter ior  port ion  

of the  he rn i a  defect can  be c h a l l e n g i n g  but  i s  feas i b l e  

with i ntraco rporea l sutu r i ng  tec h n i q ues .  H owever, we 

favor a percuta neous  tec h n i q u e  u s i ng  an endoscop i c  
s u tu re  passer. Sma l l  sta b i n c i s i on s  a re made  i n  the  
a bdo m i n a l  wa l l  over the  centra l m a rg i n  of the  he r

n i a  defect. The suture is percuta neous ly  i ntroduced 

i nto the  abdomen  with a n  exte r n a l  need l e  d r iver 
th rough  the  a nter ior  abdo m i n a l  wa l l  sta b i nc i s i on .  

The suture need le  i s  then  g rasped w i th  the  l a pa ro
scop i c  need l e  d r iver and passed th rough  the  poste r io r  

r i m  of d i a p h ra g m  i ntended to be rea p p rox im ated . 
The endoscop i c  sutu re passer is then i ntroduced i nto 
the  abdomen  th rough  the  same exte r n a l  sta b i nc i s i on  

but  now d i rected th rough  the  a nter ior  a bd o m i n a l  

wa l l  fasc ia  a bout  1 em away from w h i c h  t h e  sutu re 
was f i rst passe d .  The sutu re i s  retr ieved a n d  the knots 

can be t ied  extracorporea l l y  with i n  the su bcuta neous  

p l a n e  (FIGS 1 2  a n d  1 3A,B) .  
• A p rosthet ic patch may be needed to ach ieve a re la 

t ive ly  tens ion-free c losure .  S i m i l a r  to open repa i r, a 

b io log i c  or nonb io log i c  p rosthet ic patch is se l ected 

and  fash ioned to prov ide 2 to 3 em of over l ap .  The 

patch i s  ro l l ed  t ight ly and  passed through a troca r, or  
d i rect ly  through one  of the troca r s i te  i nc i s ions .  It i s  

then u n ro l led ,  or iented, and  secured to the d i a p h ra g m  

us ing  i nterru pted nona bsorba b le  sutu re o r  a n  endo
scop i c  tack i n g  dev ice .  Ca re i s  taken to avo id  i n ju r i ng  

the per ica rd i u m  at the centra l aspect of the hern ia  de 

fect. A long the a nter ior  port ion ,  the patch i s  fixed to  
the poster ior  rectus fasc ia,  j u st be low the costa l m a r

g i n  (FIG 14) .  Th i s  is acco m p l i shed us i ng  i ntracorporea l  

1 2 5 
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A 

FIG 1 3  • A. Percuta neous sutu res have been passed through 
the poster ior r im of d i aphragm and brought back out through 
the anter ior abdom i n a l  wa l l .  B. The knots have been t ied 
extracorporea l ly i n  the subcuta neous tissue, c los ing the defect. 

PEARLS AND PITFALLS 

sutu r i ng  tech n i q ues or a n  endoscop i c  tack ing  device o r  

may be secu red exte rna l l y  us ing  a sutu re passer tech

n i que  as described ea r l i e r. 

Closure 
• No dra ins  a re needed. 
• The pneumoperitoneum is released and the l iver is  

a l l owed to abut the hernia repa i r. 
• The ports a re removed i n  a stepwise fash ion .  
• The i nc is ions a re rea pproximated with absorba b le  suture 

and skin g l ue is  app l ied as a d ress ing .  

Sutures fixing patch to  
posterior ni,.nh'r"n"'-

Sutures fixing patch to ::!!/'anterior abdominal wall 

,. ' 

Morgagni hernia 
closed with patch 

FIG 14 • A prosthetic or b io log ic  patch is secu red to the 
d i aphragm and  anter ior abdom i n a l  wa l l  with 2 to 3 em of 
over lap .  

Preoperative p l ann i ng • A missed b i latera l hernia or more extensive centra l hernia can be avoided with a transabdomina l  approach. 

I nc is ion • A transverse subcosta l i nc i s ion shou ld  be wel l  away from the costa l marg i n  so that there is  adequate 
space to c lose the a nter ior port ion of the d i aphragmatic defect. 

Hern ia  red uct ion • The hern ia  sac may be left a lone to avo id r isk of d isrupt ing the p leura or per icard i u m .  

Hern ia  repa i r  • Mu lt ip le stitches may be placed through a s ing le abdomina l  wa l l  stab i ncis ion by dissecting a bit 
subcutaneously. 

• M a i nta i n  a low threshold for us ing a prosthetic patch to ach ieve a tens ion-free repa i r. 

Laparoscopy • Externa l  manua l  compress ion of the lower chest and upper  abdom i n a l  wa l l  can he lp  with suture 
p l acement anter ior ly. 

POSTOPERATIVE CARE 
• The majority of patients will be successfully extubated at the 

completion of the repair. 
• They are admitted postoperatively for observation and, 

barring other issues, are ready for discharge in 24 to 
48 hours. 

• Follow-up PA and lateral chest radiographs are taken at 1, 6,  
12, and 24 months postoperatively to assess for recurrence. 

OUTCOMES 
• Survival is quite good in all age groups and will primarily 

depend on other comorbidities. 
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• Small series in children have demonstrated no difference be
tween laparoscopic and open repair with regard to recurrence 
rate or intraoperative complications.4 However, a recent 
series demonstrated a fairly high recurrence rate---42%
following laparoscopic repair when a patch was not used.5 

• The complication rate in adults for laparoscopic repair, by 
comparison, is fairly low at 5 % .6 

COMPLICATIONS 
• Recurrent hernia 
• Patch infection 
• Fluid collection in foramen of Morgagni 
• Pneumothorax 
• Pericardia! effusion or pneumopericardium 
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DEFINITION 
• A Bochdalek congenital diaphragmatic hernia (CDH) refers 

to a defect in the posterolateral diaphragm. The abdominal 
viscera partially translocates through the defect in the 
thorax in the developing fetus. This affects the growth and 
maturation of both lungs . The size of the defect can range 
from fairly small to complete diaphragmatic agenesis. 
Affected infants are born with pulmonary hypoplasia, 
lung immaturity, and pulmonary hypertension, to varying 
degrees. Successful management of these issues is most 
critical to a favorable outcome. 

• The incidence of CDH is 1 in 2,000 to 1 in 5,000 births 
overall. Approximately 80% will occur on the left side; 
bilateral defects are rare. It continues to be one of the 
more challenging congenital anomalies in pediatric surgical 
patients. 

DIFFERENTIAL DIAGNOSIS 
• Prenatally and postnatally, Bochdalek CDH can be mistaken 

for a number of other congenital thoracic anomalies. These 
can include Morgagni CDH, diaphragmatic eventration, 
congenital cystic lung disease, esophageal hiatal hernia, and 
primary lung agenesis. 

• The various imaging and diagnostic studies used to distin
guish among these are discussed in a subsequent section. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Many, but certainly not all, CDH patients are born with the 

diagnosis already made on prenatal ultrasound. A team of 
neonatologists, high-risk obstetricians, and pediatric sur
geons are involved in their perinatal care to ensure a safe 
delivery and expeditious treatment. These patients are 
immediately resuscitated after delivery with endotracheal 
intubation and nasogastric decompression. Ventilation with 

Table 1 :  Associated Congenital Anomal ies 

Card iac 

VSD 
Aortic coarctation 
Heart hypoplasia 
Outflow tract abnorma l it ies 

M uscu loske leta l 
Tracheobronch ia l  
Gen itour ina ry 
Neura l  tube defects 
Ch romosomal  

VSD, ventricular septal defect. 
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Ambu bag and mask is avoided to minimize gastrointestinal 
( GI) distention, which can worsen the compression in the 
thoracic cavity. A strategy of spontaneous respiration and 
permissive hypercapnia is employed to minimize ventilator
induced lung injury. 

• For those without prenatal diagnosis, patients will present 
shortly after birth with typical signs of respiratory distress, 
including tachypnea, grunting, and cyanosis. They also will 
commonly have a scaphoid abdomen, barrel-shaped chest, 
and diminished or absent breath sounds on the affected side. 
The heart tones are also shifted toward the contralateral side. 

• Ten percent to 50% of CDH patients will have other con
genital anomalies, so a thorough physical examination and 
assessment is indicated. See Table 1 .  

• Also, a number o f  syndromes have been associated with 
CDH including Frey; Beckwith-Wiedemann; Goldenhar; 
Fryns; and trisomy 2 1 ,  1 8 ,  and 1 3 .  A genetics consult is war
ranted if any of these are suspected. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Prenatal workup includes ultrasound and/or fetal magnetic reso

nance imaging (MRI).  Evaluation of fetal karyotype via amnio
centesis or other methods can provide additional information 
that aids in properly informing and preparing the parents. 

• After birth, a chest radiograph is the primary diagnostic study 
of choice. For a left-sided CDH, this will classically show 
multiple gas-filled bowel loops within the left hemithorax and 
contralateral shift of the mediastinum ( FIG 1 ) .  The presence 

FIG 1 • Chest x-ray in neonate demonstrat ing a left CDH .  Note 
that the stomach and l iver a re both tra nsposed i nto the l eft chest 
and  the med iasti n u m  i s  sh ifted to the r ig ht. 

-
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FIG 2 • Chest x-ray demonstrat ing a r ight CDH .  The arrow 

denotes the e levated l iver at the site of the hern ia  defect. 

of the liver and/or stomach in the chest on plain film can help 
estimate the size of the hernia defect. A right-sided CDH may 
demonstrate only an elevated liver shadow if no other visceral 
contents have traversed the hernia defect ( FIG 2 ) .  

• Computed tomography, MRI, ultrasound, fluoroscopy, and 
upper GI series with small bowel follow-through may be 
used as well when the diagnosis is not certain. Diagnostic 
thoracoscopy or laparoscopy is recommended if the diagno
sis remains unclear after appropriate imaging studies. 

• An echocardiogram should be obtained as part of the 
workup for associated congenital anomalies . It can also be 
useful in quantifying the degree of pulmonary hypertension 
and then following its treatment. Additionally, intracranial 

OPEN LEFT CONGENITAL 

DIAPHRAGMATIC HERNIA REPAIR 

Positioning 

• In the operat ing room, the i nfant is p laced in the sup ine  

posit ion on a shortened bed (FIG 3) .  
• Ster i le  p last ic d ra pes are used as a barr ier over the i nfant 

outs ide of the operative field. A warm ing  b l anket is  a l so 

used to m a i nta i n  temperatu re stab i l ity. 
• For operative repa i rs in the N ICU,  the i nfant is brought to 

the end of h i s  or her bed at an ang le, with h i s  or her feet 

d i rected toward one corner (FIG 4) .  
• Both the abdomen and chest a re prepared as the operative 

f ie lds .  The umb i l ica l  catheters a re secured to the patient's 

lower quadrant, contra latera l to the operative s ide. 

FIG 3 • The i nfant is  posit ioned i n  the center of a shortened 
operati ng room tab le .  The operat ing surgeon sta nds on the 
s ide of the CDH with the surg ica l assistant on the opposite s ide .  

imaging with a head ultrasound is useful, particularly 
when perioperative extracorporeal membrane oxygenation 
(ECMO ) is considered as part of the infant's management. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• CDH is a physiologic emergency and not usually a surgical 
emergency. The careful management of the neonate's pulmo
nary hypoplasia, lung immaturity, and pulmonary hyperten
sion is most critical to his or her successful outcome. 

• The optimal timing for surgical repair is unclear, although 
most current strategies include a period of medical stabiliza
tion followed by delayed operative repair. 

• Both open and minimally invasive techniques can be used 
for repair. We favor a thoracoscopic repair for a small defect 
in the stable patient and an open repair in the less stable 
patient with a larger hernia defect. 

• Prior to taking the patient to the operating room, all diag
nostic studies should be thoroughly reviewed and the patient 
should be appropriately marked on the affected side. 

• Ensure that the airway is secure and the endotracheal tube 
in a stable position. Pre- and postductal oxygen saturation 
monitoring should be maintained. 

• Arterial access is ideal for perioperative and intraoperative 
blood gas monitoring. 

• The infant's own ventilator is preferred over the typical 
anesthesia circuit. 

• If the patient is on ECMO, appropriate perioperative 
bleeding protocols should be initiated. 

• For less stable infants, it may be more appropriate for the 
surgical repair to take place in their neonatal intensive care 
unit (NICU) bed space. 

Anesthesiologist 

Assistant 
surgeon 

Operating 
surgeon 
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Assistant 
surgeon 

Operating 
surgeon 
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ECMO 

Anesthesiologist 

FIG 4 • The i nfant is posit ioned in h i s  or her N ICU  bed at 
a 45-degree ang le  with h i s  or her  feet d i rected towa rd 
one corner. The operat ing surgeon then stands on the s ide 
of the CDH and the surg ica l  assistant on  the opposite s ide .  
The venti l ator and other  equ i pment are kept at the head of 
the bed .  

Incision 

• For a l eft CDH,  an i ps i l atera l subcosta l  i nc i s ion is made .  
Do not make the i nc is ion too c lose to the costa l marg i n  

as i t  m a y  l eave l itt le  room t o  work with on t h e  l atera l 
chest wa l l  and it may make c losure more d ifficu lt. The 

su bcosta l  i nc i s ion wi l l  need to be extended across m i d l i n e  

for l a rger d i aph rag matic h e r n i a  defects (FIG 5) .  
• The abdom i n a l  wa l l  m uscle and  fasc ia  a re d iv ided and  

the peritoneum entered . The  i nfa nt's abdom ina l  wa l l  

m a y  b e  gently stretched t o  h e l p  i ncrease doma in  for the 

hern ia  red uction .  

Hernia Reduction 

• 

• 

• 

F i rst, the l iver needs to be mob i l ized.  The tri angu l a r  

l i ga ment i s  taken down and the l eft l atera l seg ment 

comp letely freed up. The fa lciform l i gament can usu a l ly 

be left i ntact. 
The l iver is  ca refu l l y  retracted away from the d i aph rag

matic defect to expose the med i a l  boundary of the 

d i aph rag matic hernia defect (FIG 6) .  
The  reduct ion of  the hern i a  is  typica l ly done i n  a stepwise 

fash ion .  

FIG 5 • A su bcosta l  1 nc 1 s 1on  is  made one to two f inger
breadths below the costa l marg i n .  It may need to be extended 
across m i d l i n e  to provide adequate exposure for l a rger 
d i aphragmatic defects . 

• The anter ior aspect of the inc i s ion is retracted cra n i
a l ly. Next, the l iver is very ca refu l l y  reduced from the 

hernia ( if u p) and  retracted med i a l ly with mo i st lap 

pads and  soft ma l leab le  retractors. Then,  the sma l l  and 

l a rge bowe ls a re gent ly reduced from the hern i a .  Ca re 

i s  taken to keep the mesentery proper ly or iented and  
to avo id  trauma  to  the sp len i c  capsu le  when  red uc ing 

the co lon .  F i na l ly, the stomach and  sp leen a re reduced 

together. This i s  best done with the i ndex f inger. Spec i a l  

attent ion i s  pa id  to avo id  tract ion on the short gastr ic 

vesse ls .  Al l  the abdo m i n a l  v iscera can usual ly be packed 
with i n  the abdom i n a l  cavity us ing mo istened m i n i- l ap  

pads and  m a l leab le  retractors. Th i s  he lps w ith  tem pera

ture control and a l l ows some time for the abdom i n a l  

cavity to beg i n  to accommodate p r i o r  to fasc i a l  c losure.  

For pro longed proced u res, the t ig ht ly packed bowel 

may need to be i nterm ittently u n packed and i nspected 

for ischem ia .  
• If a hern ia  sac is present, th i s  is excised . 

Repair of the Diaphragm 

• An assessment is made to determine the amount of native 

d i a phragm .  The poster ior aspect of native d i aphragm 

may need to be mob i l ized and unfolded from the ret

roperitoneum to fu l ly use it in c losure. The anter ior 
d i aphragm is then traced med i a l ly and the left crus is  

identif ied.  
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Native diaphragm 
Liver Liver Native diaphragm 

Stomach Stomach 

Large intestine � Diaphragmatic 
A hernia B 

Diaphragmatic 
hern ia 

FIG 6 • A. The d i aph rag matic hernia defect is  exposed . B. The abdom i n a l  contents have been reduced from the d i aph rag matic 
hernia and the native d i aph ragm is assessed .  

• If the d i aph ragmat ic hern ia  is sma l l  enough for pr imary 

c losure without s ign if icant tens ion,  th i s  is p referred . The 

defect is  repa i red with i nterru pted s imp le  sutu res us ing 

nonabsorba b le  bra ided suture mater ia l .  For those defects 
that a re too l a rge to c lose pr imar i ly, a 1 -m m  Gore-Tex 

soft t issue patch is used. Th is  is  ca refu l ly fash ioned so • 
as to ma inta i n  the rou nded, dome shape of a norma l  
d i aphragm .  The poster ior wa l l  i s  sewn fi rst to the patch 

with i nterru pted sutu res us ing a bra ided nonabsorbab le  

materia l .  The sutu res a re l eft u nt ied i n it ia l ly (FIG 7) .  Once 

Liver 

Diaphragmatic 
hernia 

FIG 7 • The d i aphrag matic patch i s  fi rst sewn to the 
poster ior d i aphragmatic defect or  chest wa l l .  The sutu res a re 
i n it i a l l y  l eft u ntied to faci l itate adequate p l acement. Once 
the poster ior row is i n  p lace, the patch is parachuted down in 
p l ace and the sutu res a re t ied .  Pr ior to c los ing the anter ior r im 
of d i aph ragm,  the thorax i s  inspected for hemostas is .  

a l l  i n  p lace, the patch is then parachuted down, and  the 
sutu res are i nd iv id u a l ly t ied secured (FIG 8) .  Then, before 

c losure of the anter ior d i aphragmatic defect is  i n it iated, 

care is  taken to ensure hemostas is  on the thoracic s ide of 
the patch .  

For port ions of the d i aphragmatic defect with  no native 

d i aphragm present, the soft tissue patch i s  sewn d i rectly 
to r ib.  A th ick taper needle i s  brought i n  through the 

super ior  aspect of r ib  and out through the center of the 

r ib  to avoid the neu rovascu la r  bund le .  Once adequate 
hemostas is  is  ach ieved, the anter ior wa l l  of the d ia 

phrag m is c losed (FIG 9). A chest tube is not  p l aced un l ess 

the patient is  anticoagu lated on ECMO.  

Liver 

Native diaphragm 

Prosthetic 
patch 

FIG 8 • The d i aphragmat ic hern ia  repa i r  i s  comp leted with 
the patch sewn in p lace i n  a tens ion-free manner. 
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Monitor 

Operating 
surgeon 

Assistant 
surgeon 

FIG 9 • The i nfant i s  posit ioned in l atera l 
decu b itus posit ion with the affected s ide up .  
The  i nfa nt i s  p l aced at one end of  the operat ing 
table so that  the operati ng surgeon i s  ab le  to be 
posit ioned at the i nfa nt's head and the surg ica l  
assistant to h i s  or her s ide .  

• At th i s  t ime, the retractors a re released and  the bowe l is  

i nspected.  

An a p pendectomy i s  not rout ine ly  performed and 

shou ld be avoided when a p rosthet ic  patch i s  used . 
Lastly, the l eft latera l seg ment of l iver is p l aced back 

over the a nter ior  gastr ic  wa l l .  Closure 
• The abdom ina l  wa l l  m uscu lature and sk in  a re then c losed 

• Pos it ion the a bdom i n a l  viscera i n  a n atomic  pos it io n .  

T h e  s p l e e n  i s  p l aced i n  the  l eft upper  q u a d ra nt • 
a butt i ng  the  repa i red d i a p h ra g m .  The bowe l is pos i 
t ioned to keep the mesentery f lat and u ntwisted .  O n ly 

if there is l itt l e  cha nce for the pat ient to be a nt ico
a g u l ated, such as  for ECMO,  a re Ladd bands  d iv ided .  

i n  layers. 
For some patients, there wi l l  be loss of abdom ina l  

doma in  after hern ia  red uct ion and pr imary abdom ina l  

c losure may  not  be feas ib le .  If th i s  is  the  case, a s i l o  or 

patch may be eas i ly  used to avoid potent ia l  i ssues with 
postoperative abdom ina l  com partment syndrome.  

THORACOSCOPIC LEFT CONGENITAL 

DIAPHRAGMATIC HERNIA REPAIR 

Trocar Placement 

• A Veress need le  is fi rst i ntroduced fo l l owed by a 5-mm 

Positioning rad i a l ly expa nd ing  troca r p laced just ca uda l  to the ang le  
of  the scapu l a .  

• 

• 

• 

The i nfa nt is p laced in the l atera l decubitus posit ion  • 
with the affected s ide u p .  An axi l l a ry ro l l  is p l aced and  

care i s  taken to ensure a l l  pressure po i nts a re proper ly 

padded.  • 
The ips i l atera l arm is extended anter ior ly and super ior ly • 
to open the axi l l a .  

T h e  patient i s  or iented on t h e  operat ing room ta b le  so 

that the operat ing surgeon may sta nd at the patient's 

head .  The mon itor is accord i ng ly  posit ioned over the • 
i nfant's feet (FIG 9). 

Pneumothorax is i n it ia l ly set at 4 m m H g  and venti l ator 

changes a long with carbon d ioxide (C02) are c losely 

mon itored . M a instem i ntubation is typ ica l ly not needed. 
A 4-mm,  30-deg ree scope i s  used for v isu a l ization .  

Two add it iona l  4-m m  trocars a re p laced unde r  d i rect 

thoracoscop ic  v is ion,  anter ior and poster ior  to the fi rst 

troca r, and  one to two r ib  spaces cauda l ly. These wi l l  be 

the pr imary work ing ports (FIG 1 0) .  

An add it iona l  troca r m a y  b e  needed t o  retract t h e  l u n g  
o u t  o f  t h e  operative f ie ld .  
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Working ports Camera 

FIG 10 • The i n it i a l  5-mm port is  p laced at the ang le  of 
the sca pu la  fo l lowing  i ntrod uct ion of pneumothorax via the 
Veress need le .  Two addit iona l  4-m m  ports are i nserted to the 
r ight and left, one to two r ib  spaces i nfer ior ly. This  a l l ows 
the 4-m m  camera to be reposit ioned when necessa ry. An 
addit iona l  poster ior port may be added if needed.  

Reduction of the Diaphragmatic Hernia 

• 

• 

• 

The abdom ina l  viscera are ca refu l ly reduced with b l unt 

g raspers and  a cotton-t i pped Endo Kittner. The pneumo

thorax wi l l  a id  i n  th i s  process (FIGS 11 and 1 2) .  

I f  the sp leen i s  inc luded i n  the hern iated viscera, th i s  is  

reduced last, and it may prov ide an  i n it i a l  " p l u g "  to the 

defect. 

The hern ia  sac, if one is present, is  ca refu l l y  excised c i r
cu mferentia l ly off the d i aph rag matic defect us ing hook 

cautery. It may be otherwise left attached to any abdomi

na l  viscera .  

Repair of the Congenital Diaphragmatic Hernia 

• When a relatively tension-free pr imary repa i r  is feas ib le, 

the defect is reapproximated using braided nonabsorbable 

FIG 11 • The abdom i n a l  v iscera are ca refu l ly reduced 
through the d i aph ragmatic hern ia  defect with b l unt g raspers. 
The C02 pneumothorax ca n aid i n  th is  as we l l .  

F I G  1 2  • A cotton-t ipped E n d o  Kittner c a n  b e  part icu l a rly 
he lpfu l  with red uct ion of the sp leen .  

• 

sutu res p laced in an i nterrupted fash ion .  The hernia defect 

is best repa i red beg inn ing  from media l ,  where it is the most 
narrow, to latera l, where it is at its widest (FIGS 13 and 14) .  

The most l atera l aspects of the d i aphrag matic hern ia  

repa i r  typ ica l ly req u i re peri costa l stitches because the cos

tal i nsert ions of the d i aphragm a re too wide for pr imary 

reapprox imat ion .  These pericosta l stitches c lose the 

defect by secu r ing the native d i aphragm to the latera l 

chest wa l l .  A sma l l  stab i nc is ion is made d i rectly over the 
r ib  that the sutu re i s  to be secured arou nd .  The sutu re 

i s  i ntroduced i nto the chest i nfer ior to the rib under  

thoracoscop ic  v i s ion  us ing a sta ndard need le  d river. Once 

thoracoscop ica l ly sutu red to the d i aphragm, it is retrieved 

us ing an  endosnare and brought back out the super ior 

FIG 1 3  • The thoracoscop ic  hern ia  repa i r  i s  beg u n  i n  a med ia l  
to l atera l fash ion us ing i ntracorporea l sutu r ing techn iq ues. 
The d i aph ragm is rea pproximated using i nterrupted sutu res 
in a tens ion-free manner. 

1 33 
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FIG 14 • As the repa i r  approaches the l atera l chest 
wa l l ,  the defect becomes wider due to the fixed nature of 
the d i aph ragm on the chest wa l l .  Th is  wi l l  not pr i mar i ly 
reapproxi mate without s ign if icant tension .  

• 

s ide of the r ib  (FIG 1 S) .  The suture is then t ied extra

corporea l ly. The centra l port ion of the d i aphragmatic 

defect usual ly req u i res a pericosta l "U stitch"  that br ings 
the poster ior and latera l r im of the d i aphragm together, 

f ix ing them to the latera l chest wa l l  (FIG 1 6) .  This a l lows 

comp lete c losure of the hern ia  defect (FIG 1 7) .  

If a patch is needed, th i s  may  be  secured to  the  d iaphragm 

in  a fash ion s imi lar  to open repa i r  and to the chest wa l l  

Pericostal 
stitch 
around rib 

Rib along 
posterior 
lateral 
chest wall 

ernia 

Native 
diaphragm 

FIG 1 5  • Pericosta l stitches are p laced through sma l l  sta b 
i nc is ions in the patient's latera l chest wa l l .  These both secure 
the d i aphragm repa i r  to the rib and red uce the size of the 
rema i n i ng  hernia defect without s ign if icant tens ion .  

Pericostal "U stitch" 
around r ib 

Native 
diaphragm 

FIG 16 • A pericosta l  U stitch is  used to close the rema in ing  
d iaphragmatic hern i a  defect wh i le  secur ing it to  the  chest wa l l .  

us ing t h e  ear l ier  described pericosta l U-stitch techn ique .  

Addit ional ly, a synthetic patch may a lso be used as an  

on lay for  weaker areas of the d iaphragmatic repa i r. Us ing 
a th in  composite mesh may provide for eas ier i ntroduction 

and i ntracorporea l man ipu lation. 

Closure 

• The pneumothorax is re leased and the l ung  reexpanded.  

A chest tube may be p laced through the a nter ior troca r 

s ite if deemed necessa ry. 
• The i nc is ions are rea pproximated with absorba b le  suture 

and skin g l ue is  app l i ed as a d ress ing .  

FIG 1 7  • The comp leted CDH repa i r. 
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PEARLS AND PITFALLS 
I nc is ion • If per ioperative ECMO is l i kely, use e lectrocautery as m uch as safe ly poss ib le  du ring  repa i r  and avo id 

mob i l i zation of retroperitonea l  area .  

Hern ia  reduct ion • Be on the lookout for abnorm a l ly d ra i n i n g  hepatic ve i ns when mob i l i z ing and  red uc ing the l iver. 
• Avoid  trauma  to the short gastr ic vesse ls  and sp len ic  capsu le .  

Hern ia  repa i r  • The  patch may  need to  be  secured to  esophagus, pericard ium, or aortic adventitia if no med ia l  d iaphragm i s  
present. 

• I n corporate enough red unda ncy in the patch construct ion so as to a l low the repa i red d i aph ragm to have a 
norma l ,  rounded shape i n stead of a fl attened one .  

Thoracoscopy • Mark the r ib(s) for the pericosta l stitches prior to insufflat ing the thorax to prevent overflatten ing  the 
d i aphrag m .  

• Externa l  compress ion b y  t h e  assistant on t h e  l atera l chest wa l l  m a y  a id  i n  t h e  p l acement o f  t h e  more d ifficu lt 
l atera l sutures. 

C losure • If in quest ion,  use a s i l o  or patch to a i d  abdom ina l  wa l l  c losure .  

POSTOPERATIVE CARE 
• The principles of postoperative care are similar to the pre

operative care of CDHs and close monitoring of pulmonary 
hypertension is critical .  Close attention to fluid status is also 
required as the fluid demands in the immediate postoperative 
period will typically rise. The ventilator, once stabilized, is 
slowly and deliberately weaned as tolerated. 

OUTCOMES 
• The overall survival of infants with CDH varies between 

60% and 90%.  For the subset of infants that require ECMO, 
the survival remains at around 5 0 % . 1 

• The recurrence of CDH is bimodal, with early recurrences 
typically seen within 2 months of surgery and late recur
rences at approximately 2 years of age . Data from the CDH 
registry suggest that the early, in-hospital recurrence rate is 
significantly higher for thoracoscopic (7 .9 % )  versus open 
(2.7% ) repair.2 

• Multiple different patch materials have been used. These 
include nonabsorbable prosthetic, biologic, and muscle 
flaps. At this time, there is no clear advantage with regard 
to survival, recurrence, or bowel obstruction among any of 
these patch materials. 3-5 

• CDH patient survivors are at risk for chronic pulmonary, car
diovascular, neurodevelopmental, GI, and musculoskeletal 

problems and should be closely followed for these well into 
the school ages. 

COMPLICATIONS 
• Recurrence 
• Patch infection 
• Postoperative pulmonary hypertension 
• Abdominal compartment syndrome 
• Postoperative hemorrhage 
• Bowel obstruction 
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John G. Hun ter Mark J. Eichler 

DEFINITION 
• For millennia, the existence of hiatal hernias was well 

known. First described by Henry Bowditch in 1 853 ,  and 
later in 1 9 5 1  officially by Philip Allison, the paraesopha
geal hernia (PEH) presents a physiologic link to reflux 
esophagitis, ulceration, stricture, and other esophageal 
pathology. 1 '2 

• Of the four types of hiatal hernias known today, 95% of in
cidence resides with the type I or sliding hiatal hernia, which 
typically can be managed medically with gastric acid sup
pression. The remaining three types are lumped as "para
esophageal hernias . "  These include the true PEH (type II ) ,  
combined sliding and paraesophageal (type III ) ,  and ex
tragastric (type IV) (FIG 1 } .  With the advent of modern 
antireflux surgery, failed fundoplication overlaps with this 
classification ( FIG 2} .  Furthermore, disruption of the esopha
geal hiatus for other disease processes, such as esophagec
tomy, potentiates the PEH, especially type IV. 

• This chapter, in concert with other procedures such as £undo
plication and esophageal lengthening (Collis gastroplasty} ,  
will deal with the surgical management of PEH types II to IV, 
which anatomically may also encompass redo fundoplica
tion. Principles of repair include definition of anatomy and 
symptoms, safe reduction of abdominal organs back to the 
peritoneal cavity, excision of the hernia sac, closure of crura 
(with or without mesh repair ) ,  evaluation of intraabdominal 
esophageal length, and an antireflux procedure. 3•4 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Necessity for PEH repair lies with the patient symptomatol

ogy, medical status, and chance of obstruction or strangula
tion. PEHs can encompass symptoms of gastroesophageal 
reflux disease ( GERD) ,  which includes typical symptoms of 
heartburn, acid reflux, and dyspepsia. In contrast, atypical 
GERD symptoms manifest as laryngeal and pulmonary com
plaints of noncardiac chest pain, dyspnea, poor dentition, 
sinusitis, asthma, chronic cough, pneumonia, and halitosis. 
PEH-specific complications include gastric volvulus, incar
ceration, gastric outlet obstruction, and higher mortality 
when performed emergently. Early studies on mortality in 
the 1 960s demonstrated mortality rates over 50% for PEHs 
with associated gastric volvulus, although more recent anal
ysis suggests that number to be overestimated and is actually 
more likely to be under 20% for such patients in duress from 
PEH.5•6 For all PEH patients, overall mortality is under 1 %  
and can safely be performed with a laparoscopic approach 
even in the face of obstruction, gangrene, and so forth? 

• Indications for PEH repair therefore should be tailored to 
patients who are symptomatic and medically likely to sur
vive an operation. Ultimately, most patients who have a PEH 
will become symptomatic.3•5•6 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Preoperative diagnostic studies help dictate the range of elec

tive, urgent, and emergent nature of a symptomatic patient 
with a PEH. In those patients who are in extremis, the min
imum workup needed for urgent or emergent PEH repair 
is radiographic evidence of incarceration, perforation, ob
struction, or failed antireflux surgery. However, the majority 
of patients present in an elective manner, and we therefore 
advocate for a complete workup to assist preoperative plan
ning of the symptomatic patient with PEH by the addition 
of manometry, pH testing, and endoscopy to rule out pseu
doobstruction or esophageal motility disorders . 

• Chest x-ray: At presentation, whether to an emergency 
department or a primary care physician's office, the chest 
x-ray gives quick and cost-effective information to the sever
ity of the PEH. Mediastinal gas bubble can be seen on plain 
film radiography as well as the presence of pneumoperito
neum or pneumomediastinum. 

• Esophagram: The supine and upright plain film esophagram 
demonstrates static anatomy and can often locate the gas
troesophageal junction ( GEJ) in relation to the diaphragm 
as well as deduce the presence of reflux on delayed films. 
Mucosal abnormalities can be seen with this modality as 
well ( FIG 3A,B ) .  

• Computed tomography ( CT} :  Indications for obtaining CT 
scans include the emergent presentation, inconclusive but 
worrisome findings on two-dimensional radiography, and 
PEH type IV ( FIG 4} .  CT aids the preoperative planning by 
alerting the surgeon to the extent of skin preparation and 
positioning for operative repair but is not necessary. 

• Upper endoscopy: All preoperative patients should undergo 
upper endoscopy if possible. By visualization of the esopha
geal and gastric lumen, neoplasm, Barrett's esophagus, and 
esophagitis can be biopsied, and, in case esophagectomy is 
warranted, provide histologic diagnosis. Furthermore, ana
tomic landmarks can be seen such as the distance between 
the hiatus and the GEJ as well as the size of the hiatal hernia. 

• Manometry: Several studies of benign esophageal disorders 
confirm the use of preoperative manometry.3•8 Distal esoph
ageal pressures greater than 30 mmHg indicate favorable 
outcome of response to fundoplication, which, according 
to some surgeons, is a threshold for performing a complete 
versus partial wrap for the antireflux component of the PEH 
repair. Manometry also rules out primary esophageal dys
motility including achalasia, diffuse esophageal spasm, nut
cracker esophagus, hypertensive lower esophageal sphincter 
(LES ) ,  and ineffective esophageal motility. We do not advo
cate performing a complete fundoplication for patients with 
esophageal dysmotility or low distal esophageal pressures. 

• pH study: Although the previous modalities of the PEH 
workup provide a robust description of the PEH patient, 
pH studies provide data for the decision in failed antireflux 

-
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GEJ 

Long itudinal muscle 
C i rcular muscle 

G EJ 

Type I 

Gastroesophageal 
junct ion (GEJ) 

Type II 

GEJ 

Phrenoesophageal 
l igament 

FIG 1 • The fou r  types of h iata l hern ia :  type I (s l i d i ng) :  G EJ tra ns lates l i near ly a long esophagea l  axis cepha lad  i nto the mediast i num; 
type I I  (pa raesophagea l ) :  G EJ resides i ntraabdom ina l ly with (usua l ly) the gastr ic fundus or body trans lat ing cepha lad past the G EJ; type I l l  
(comb i ned) :  G EJ a n d  gastr ic seg ments both tra ns late above d i aphragm; type I V  (extragastric): sma l l  bowel ,  co lon,  sp leen,  a n d  even 
pancreas may tra ns l ate i nto the mediasti n u m  and chest. 

surgery to dissect and redo a previous fundoplication. In the 
setting of a negative pH study (by way of DeMeester score 
< 1 5 ) ,9 a "herniated" fundoplication may indeed be intact, 
thus saving the risk of tedious and unnecessary redo £undo
plication as a component of the PEH repair. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• All studies, including esophagram, esophagogastroduodenos
copy (EGD) ,  manometry, and pH testing should be readily 

available and reviewed prior to and at the time of surgery. 
The esophagram should be displayed on a spare or dedicated 
monitor in the operating theater and EGD images be loaded 
as well for intraoperative reference. 

• Attention to fine detail of the manometric report may avoid 
an unnecessary and detrimental 360-degree fundoplication, 
as a complete wrap may worsen symptoms in the light of the 
following findings8 : 

Severe esophageal dysmotility 
Very low residual postrelaxation LES pressures less than 
30 mmHg during wet swallow 
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A B 

c D 

Positioning 

• An operating table capable of steep reverse Trendelenburg po
sition is required. Arms are tucked at the patient's sides but can 
be out 90 degrees and secured. Footboards on a split-leg table 
are mandatory, and a preprocedural reverse Trendelenburg 
test is used for safety confirmation of positioning (FIG SA) .  

• Assume extensive mediastinal dissection will be warranted, 
and therefore, pleural compromise is a frequent occurrence. 
The sterile skin preparation must be wide enough on either 
flank in case tube thoracostomies are necessary from resul
tant pneumothorax. However, a red rubber catheter between 
10 and 14 Fr may be placed in a witnessed pleural defect 
intraabdominally, spanning the diaphragm to the hemitho
rax in question. This reduces the resultant pneumothorax 
and peak ventilatory pressures with the aid of lowering 

A B 

FIG 3 • A, B. Esophagra m .  A. Radiography demonstrat ing  a l a rge 
PEH with hern iat ion of near ly the ent i re gastr ic l u men i nto the 
poste r ior med iasti n u m  with mesoaxia l  volvu l us .  B. S l i pped N i ssen 
fundop l icat ion with an i ntact wrap proxim a l  to the d i aph ragm .  

F IG 2 • Anatomy of  fundopl icat ion fa i l u re, 
inc lud ing A) wrap deh iscence B) recurrent or 
persistent h iata l hern ia with wrap s l i ppage 
C) misp laced or s l i pped wrap, and D) herniat ion 
of ent ire wrap above the d iaphragm .  

insufflation pressures a s  well a s  anesthesia-assisted ventila
tory Valsalva. 

• After Veress needle insufflation in either the supraumbilical 
or the left upper quadrant, trocar placement ensues. Five 
trocars are used for the laparoscopic PEH repair ( FIG SB) .  

After the liver retractor and ports are placed, the patient is 
positioned into steep reverse Trendelenburg and the dissec
tion begins . 

Instrumentation 

• As aforementioned, there can be up to a 20% enterotomy rate 
during PEH repair, especially during redo operations. There
fore, extraordinary care is tantamount to establishing safe dis
section planes, especially near the esophagus. Ultrasonic shears 
are the mainstay of dissection (Harmonic Ace curved shears, 
Ethicon, Somerville, NJ) ,  whereas when operating extremely 
close to organs, we advocate switching to laparoscopic scis
sors as well as blunt dissection to avoid thermal injury. 

FIG 4 • CT of massive PEH type IV in which the ent i re tra nsverse 
colon has hern iated i nto the left hem ithorax. 
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5 mm 
l iver 
retractor 
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0 1 2 mm L 
5 mm R 0 
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1 1  mm 5 mm 
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FIG 5 • Pat ient posit io n i n g  (A) and  troca r p l acement (B) . After pneumoper itoneum i s  esta b l i shed,  l i nes are d rawn at the i nfer ior  
edge of the costa l m a rg i n  d i agona l l y  u p  to a n  i m a g i n a ry po int  above the x ipho id  as a zero po int fo r troca r p l acement.  F ive troca rs 
a re used for the l aparoscop i c  P EH  repa i r. ( 1 )  An 1 1 -m m  supra u m b i l i ca l  ca mera port, offset j ust to the l eft of the m i d l i n e  and  1 5  em 
i nfer ior ly. (2) A 1 2-mm left upper  quadrant port, measu red 1 2  em a long  the para l l e l  l i n e  to the l eft costa l marg i n, for the surgeon's 
r ight hand .  Th i s  port is p l aced 1 to 2 em i nfe r ior ly  to the 1 2-cm mark .  (3) A 5-m m r ight  u pper quadrant troca r, measured 7 to 1 0  em 
from the supraxi pho id  po int  and  1 to 2 em i nfer ior ly, for the surgeon's l eft hand.  Th i s  can be p l aced to the r i ght of the fa lc iform and 
then through  the fa lc ifo rm .  (4) An ass ista nt's 5 -mm left f lank troca r i s  p l aced a bout a p a l m 's width i nfe r ior ly  and  l atera l ly from the 
1 2-mm troca r. (5) F i na l ly, a 5 -mm port is  p l aced and  removed i n  the subxi pho id  reg ion  for the N athanson l iver retractor. S i m i l a r ly, a 
port can be p l aced at the r ight  f l a n k, sym metrica l l y  opposite from the ass ista nt's port for a l i near  l iver retractor, as supp l ies may va ry 
per operat ing  theater. 

REDUCTION OF THE HERNIA 

• To whatever extent poss i b l e, reduce the contents of 
the med iast i n u m  previous ly back i nto the abdo m i n a l  

cavity b y  u s e  o f  both the p r imary su rgeon's h a n d s  a s  

we l l  as  t h e  ass ista nt's with atra u m at ic  g raspers (FIG 6) .  

Note that  there may be va r ious  l ayers to the h iata l 

hern ia  sac (FIG 7) .  

F I G  6 • Red uct ion o f  major v iscera with b l unt retract ion 
back i nto the abdomen .  The dotted lines i nd icate the p lane  of 
d i ssect ion about the hern ia  sac. 
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Stomach 

Visceral peritoneum 

h----- Endothoracic 
fascia (fused) 

i---- Parietal pleura 

--- Lung 

FIG 7 • Layers of the PEH sac. Note the i nterface between the viscera l  peritoneum and endothoracic fasc ia  (somet imes fused 
to parieta l p leura) shou ld  be the p lane  to estab l ish d u ring  d i ssect ion .  

INITIAL HIATAL DISSECTION 

• It is usua l ly safe, once countertraction is we l l  establ ished 

and reduction of the entire PEH is atta i ned, to i n itiate 

d issection on the r ight crus d i rectly to the r ight of the 
esophagus, provid ing a starting point for anterior and pos

terior d i ssection. Anterior d issection occurs in a 1 80-degree 

A 

fash ion anteriorly and then to the left of the h iatus, just in a 

p lane immed iately deep to the peritoneum/hernia sac; any 
deeper and therma l  i nju ry or perforation might happen to 

the esophagus. If the hernia cannot be completely reduced 
i ntraabdomina l ly, then we advocate an  approach from the 

left crus, anteriorly 1 80 degrees to the right crus (FIG SA,B), 

FIG 8 • A.B. Dissect ion from left to r ight, anter iorly, sta rt ing on the left crus .  U ltrason ic  d i ssect ion takes p l ace d i rectly on the 
edge of the d i aph ragm at a l l  t imes. Cou ntertract ion must be kept to prevent retract ion of the hernia sac i nto the mediasti n u m .  



C h a p t e r  1 9  PARAESOPHAGEAL HERNIA REPAIR :  Laparoscopic Technique 1 41 

• 

reason ing that the posit ion of the unreduced PEH and true 

d issection plane on the left can be more read i ly ascerta ined. 
The resu ltant anterior d issection can be seen i n  FIG 9. 
Poster ior d i ssect ion ensues from the or ig i n a l  sta rt ing  

po int to  the r ight of  the esophagus to free the r ight  crus 
poster ior ly and deep, then as much as poss i b le,  to the 
l eft of the G EJ .  

SHORT GASTRIC VESSEL LIGATION 

• Before com plete 360-degree d i ssect ion can take p l ace, 
the short gastr ic vessels m ust be comp letely d i ssected, 

even if a previous  proced ure supposed ly took p lace, as 
some surgeons selectively or incompletely perform short 

gastr ic takedown (FIG 1 0A-C) .  Th is  shou ld  be performed 

A 

Esophagus 

Left crus 

Right crus 

Fat pad 

FIG 9 • Resu ltant anter ior 1 80-deg ree d i ssect ion .  

on the s low sett ing of the u ltrason i c  shea rs, as prema

ture l igat ion m ight a l low incompletely l i gated vesse ls  to 
retract i nto the gastrosp len i c  l igament u ncontro l l ab ly. 

Although endoscop ic  surg ica l  c l i ps may he lp, it is more 

efficac ious to regrasp the b leed ing  l i gament and vessels 

fo r u ltrason i c  l igation .  Occas iona l ly, depend ing  on the 

surgeon's sk i l l ,  an  open proced u re is necessitated .  

B 

Posterior 
stomach 

Left crus 

Spleen 
(apical t ip) 

FIG 1 0  • A-C. Short gastric vessel l igat ion.  A, B. I n it ia l  d i ssect ion beg ins  at a level para l le l  to the d ista l sp len ic  t ip .  C. Complet ion 
of the short gastric l igat ion .  Note the exposure of the poster ior stomach to com plete th is  step.  

POSTERIOR GASTRIC ATTACHMENTS 

• To comp lete the c i rcu l a r  d i ssect ion,  the surgeon's left 

hand and assistant sp lay the stomach to the antero
med i a l  d i rect ion and omentum to the l eft . This revea ls  

attachments poster ior ly from the sp len ic  vesse ls  to the 

l eft gastroep ip lo i c  vesse ls .  These can be taken a lso with 

u ltrason i c  d i ssect ion .  After reduct ion of the poster ior 

sac (FIG 1 1 ), th i s  comp letes the 360-degree mob i l iza

t ion (FIG 1 2) .  A Pen rose d ra i n  can enc i rc le  the G EJ for 
atrau matic retract ion .  

FIG 11  • Red uct ion of the poster ior sac. 
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Posterior 
stomach 

Left crus 

Spleen 
(ap ical t ip) 

HERNIA SAC EXCISION 

• If properly performed, the hern ia  sac can be removed 

en  bloc by evidence of the mediast i na l  component of 
the hern ia  sac be ing cont iguous with that of the ante

rior esophagus and  fat pad (FIG 1 3A,B), which may a lso 

need excis ion in order to properly perform the anti ref lux 
port ion of the operat ion .  

A 

B 

FIG 1 3  • A.B. Exc is ion of the hern ia  sac off the anter ior 
esophagus .  The sac i s  p laced under  countertract ion and 
biva lved just to the left of the vagus  nerve. 

FUNDOPLICATION TAKEDOWN 

• If there exists a previous  fundop l icat ion and  preopera

tive test ing demonstrates i ncom petence of the a nti re

flux proced u re, the wrap i s  mandated to be taken down 

and redone .  

• 

FIG 1 2  • Comp letion of 360-degree d i ssect ion .  

If the hern ia  sac  is  l a rge and  wi l l  obstruct mediast i na l  

d i ssect ion,  exc is ion of  the sac  is  warra nted . Sta rt on the  

left c ru s  with tract ion on the  he rn i a  sac  and u se  comb ina

t ions  of b l unt d i ssect ion when near the esophagea l  body 

and u ltrason ic  d i ssect ion to remove the hern ia  sac when 

at a safer d i stance. Man ipu lat ion of tissues too far away 

from the esophagus may comprom ise the p leura l  cavity 

and man ipu lat ion too c lose to the esophagus may incur  

therma l  i nj u ry, often u n recog n ized at t ime of operation .  
F IG 14 demonstrates a c lose, but  safe, d i stance of 

d i ssect ion to the esophagus .  

A 

Anterior vagus 
nerve Left crus 

B Endothoracic fascia/Pleura 

FIG 14 • A,B. Demonstrat ion of proper range of proxim ity 
to the esophagus dur ing  u ltrason i c  d i ssect ion .  A. View 
from left, near esophagus .  B. View from r ig ht, approach i ng  
endothoracic fasc ia and p leura .  

• Extreme care should be implemented as th is  is the step that 

carries the most risk of enterotomy either at the stomach 

or at the esophagus .  Once com pletely d issected, i nspec

tion and rei nspect ion of the taken down wrap should take 

p lace. Often, the gastric l umen may resemble  the sh iny 

p lanes between the fundus and esophageal  body. 



C h a p t e r  1 9  PARAESOPHAGEAL HERNIA REPAIR :  Laparoscopic Technique 

MEDIASTINAL DISSECTION 

• Adequate mediasti na l  d i ssect ion fo r esophagea l  length 

is encou ntered when the endothorac ic fascia/p leura is  

p l aced l ate ra l ly, and  the mediast i na l  esophagus  is  v isua l 
i zed  i n  a 360-degree fash ion  u p  to  the l evel of  the car ina 

or r ight atri um  (FIG 1 5) .  

ASSESSMENT OF INTRAABDOMINAL 

ESOPHAGEAL LENGTH 

• The left crus is now pu l led from left to r ight, and without 

any bougie or  orogastric tube in p lace, the i ntraabdom ina l  

CRURAL CLOSURE 

• Over a 42-Fr bougie, the h iatus is sutu red with the a p

propr iate n u m ber of coated, bra ided nonabsorba b le  

Right crus 

Aorta 

Left crus 

Esophagus,  
retracted 

FIG 1 5  • Adequate mediasti na l  d i ssect ion as evidenced by 
360-degree enc i rc lement of the esophagus up to the level of 
the car ina super ior ly, endothoracic fascia/p leura b i l atera l ly, 
and aorta poster ior ly. 

esophagea l  length can be assessed in a relaxed posit ion .  
If the length is shorter than 2 .5  to 3 em, perform a Co l l i s 

gastrop lasty (see Part 1 ,  Chapter 20). 

• The quantity of sutu res usua l l y  n u m bers two to fou r, 

unt i l  there is a gap  l eft between the esophagus and  

crura to  eas i l y  i nterpose l aparoscopic  g raspers between 

the c losure.  
suture (0 Ti-Cron, Cov id ien ,  Ma nsfie ld ,  MA). Spac ing of • If the esophagea l  h iatus is g igantic, then anter ior, in ad

d it ion to poster ior, crura l  c losure ca n be safely performed 
to prevent severe angu l at ion of the esophagus at the 

newly reconstructed h i atus. 

sutu res i s  approximately 1 em apart from each other  and 

is p laced 1 em back from the crural edges (FIG 1 6A,B) .  
• Pledgets a re used on the sutu res with the exception of 

the last sutu res needed to avoid p ledget i ng rowth i nto 

the esophagus .  

A B 

FIG 1 6  • A.B. Crura l  c losure with 0 Ti-Cron p ledgeted sutu res with 1 -cm spac ing,  both from each suture and  from the l eft and  
r ight crura l  edges. Depend ing  on prox im ity to  the esophag us, the last suture may be unp ledgeted to  avo id  eros ion .  

1 43 
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MESH PLACEMENT 

• If mesh is to be used, two ma in  strategies exist, and both 

may be affixed by Ti-Cron suture (see " Pearls and Pitfa l ls" ) :  

A 

• Keyho le  (th ree-s ided) mesh can be sutu red or g l ued 
to the d i aphragm (FIG 1 7A) .  

ANTIREFLUX PROCEDURE 

• The pr inc ip les of fundop l ication  a pp ly  here, whether a 
comp lete (N i ssen) (FIG 1 8A,B) or part i a l  (Tou pet) wrap is 

A 

B 

• Rectangu l a r  mesh is secu red a long the d i aphragm 
poster ior ly (FIG 1 78) .  

FIG 1 7  • A. Keyhole p lacement of mesh .  B. Rectangu la r  
p lacement of  mesh.  

i nd icated. Th is  comp letes the goa l  of reconstruct ing the 

angle of His and valvu la r  mechan i sm of the LES .  Refer to 

the correspond ing  chapters accord ing ly. 

B 

FIG 1 8  • A,B. N issen fundop l icat ion .  



LEAK TEST 

C h a p t e r  1 9  PARAESOPHAGEAL HERNIA REPAIR :  Laparoscopic Technique 

l ight. Any positive test is mandated to be investigated 
thoroughly with the tear or enterotomy repaired. 
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• Two leak tests can be performed.  • Bubb le  leak test (a lternative to methy lene b l ue) :  
• Methylene blue: With d i l ute methylene blue dripped 

l ibera l ly into a nasogastric tube with the tip above the 
GEJ, intracorporea l p lacement of two radiopaque white 

sponges can detect subtle leaks. I nspect the removed 

sponges against a white background and back-table 

With the p lacement of an  endoscope and Trende len
burg posit ion i ng, i rr igate ster i le  sa l i n e  i ntracorpore

a l ly and d i stend the stomach and lower esophagus  

with i nsuffl ation .  Any bubbles  emanat ing mandates 

i nvest igation .  

UPPER ENDOSCOPY 

• The last port ion of the proced u re enta i l s  d i rect v i sua l 

i zat ion  with  a n  upper  endoscope to see the pos it ion 

of the Z l i ne, G EJ ,  and i nteg r ity of the wrap .  With ret

rofl exion, the endoscope shou ld  move back and  forth 

freely without buck l i n g  of the mucosa of the newly 
reconstructed LES. 

PEARLS AND PITFALLS 
Enterotomy 

Deep hernia sac 
d i ssect ion 

Pneumothorax 

Inadequate 
ant i  ref lux 
proced u re 

Short gastr ic 
vessel l igat ion 

l ntraabdomina l  
esophagea l  
length 

Mesh use and 
materia l  

Mesh eros ion 

• It is  we l l  estab l ished that the PEH repa i r  carr ies  up  to a 20% r isk of enterotomy a long the esophagus  or  
stomach,  especia l ly i n  redo operat ions .  If an  enterotomy is noticed, for  examp le, dur ing  d i ssect ion of a s l i pped 
N i ssen fundopl icat ion,  a l i near  stap le  f ir ing i s  warranted across the enterotomy. 

• There is a f ine l i n e  between removi ng the hern ia  sac and perforat ing or caus ing therma l  i nj u ry to the 
esophagus and/or vaga l  nerves. With proper superfic i a l  d i ssect ion at the outset of h iata l d i ssect ion a l l ows the 
surgeon to stay above the esophagus and a l l ows the hern ia  sac to be excised en  b loc. 

• Prepare i nto the fie ld the b i latera l lower chest cavities that wou ld access each hem ithorax i n  case a percutaneous 
tube thoracostomy is needed. Our fi rst recommendation, however, if peak venti latory pressures are high from a 
pneumothorax, is to decompress the affected side with the p lacement of a red rubber catheter through a working 
1 2-mm port and lay it from the hemithorax in  question with the opposite end i ntraabdomina l ly. The lower chest 
wa l l  should be prepped into the field in case chest tube p lacement is needed. However, when a pneumothorax is 
identified, a 1 4  French red rubber catheter can be p laced through the hole with the t ip in the chest and the butt i n  
the  abdomen. At the  completion of  the  procedure the  butt is pu l led out  a trocar site and is p laced in  a tub  of  water 
(water sea l) whi le the anesthesiologist reinflates the lung with positive pressure venti lations. When the bubbl ing 
stops the tube is pu l led out the trocar site. A chest x ray in  the recovery room confi rms re-expansion of the lung .  

• If redo fundopl ication  is be ing performed, it is  i m perative to obta i n  preoperative manometry to test the 
i ntegrity of a " s l i pped" N i ssen versus a s imple hern iat ion .  If manometry i nd icates ref lux above the wrap,  the 
previous fundop l icat ion should be comp letely d i ssected and redone.  

• Do not assume dur ing a redo operation that the previous surgeon has performed adequate short gastr ic 
d i ssect ion .  Th is  tethers the fundop l i cat ion, therefore placing i m proper phys io log ic  vectors on  the wrap .  
D issect comp letely the short gastr ic vessels to avo id  tether i ng .  

• I nadequate med iasti na l  d i ssect ion resu lts i n  incomplete abdom i n a l  l ength  of the esophagus .  Comp lete and  
h i gh  360-degree mediast ina l  d i ssect ion a l l ows the t rue  determ inat ion if an  esophagea l  lengthen ing  proce
d u re (Co l l is) i s  req u i red when performing the anti refl ux port ion of the operation .  

• Severa l stud ies have i nvestigated the controversy to  use  or not to use  mesh, but  no standard ization i n  practice 
exists due to the many types of mesh mater ia l  ava i lable, shapes i nto which it is  fash ioned, and length of study 
i nvest igated . 1 0-13 The efficacy of mesh to rei nforce the c losed crura tapers over time, a lthough the degree 
of this degeneration is a moving ta rget i n  the l iterature. The materia l  choice is widely subject to debate 
with longer term stud ies showing no effect on recurrence with sma l l  i ntest ine submucosa (Surg is is, Cook 
Medica l ,  B loomington, I N), wh i l e  shorter term stud ies with human ace l l u l a r  dermal  matrix (AI IoDerm, LifeCe l l  
Corporation, Br idgewater, NJ) .  Stud ies ongoing cu rrently i nvolve b ioabsorbab le woven suture (B IO-A, W .  L. 
Gore & Associates, Inc, F lagstaff, AZ) and porci ne ace l l u l a r  dermal  matrix (AI IoDerm, LifeCe l l  Corporation, 
Br idgewater, NJ) .  We cu rrently espouse the use of a rectangu la r, l i ghtweight, polypropylene, synthetic mesh 
with fou r  fixat ion points a long the crura (Parietex, Covid ien,  Inc, Mansf ie ld,  MA). 

• To avoid mesh eros ion,  do not p lace a c i rcu l a r  p iece of mesh around the c losed crura.  Keyho le  or U-shaped 
mesh i s  acceptab le  with the open end fac ing anter ior ly. Also, a rectangu l a r  mesh can be used i n stead of the 
U shape with p lacement from left to r ight a long the c losed crura.  Ca re with suture fixat ion to not p lace the 
mesh i n  contact with the esophagus can a l l eviate mesh i ng rowth and perforation of that organ .  
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POSTOPERATIVE CARE 
• There are two main strata of postoperative care given to 

patients who undergo PEH repair: with significant adhe
siolysis and without significant adhesiolysis. 

• Without significant adhesiolysis: For those undergoing their 
first repair, the dissection can be as simple as an "easy" 
type I or sliding hiatal hernia.  Therefore, if adhesiolysis is 
simple and straightforward, we elect to give the patients sips 
of clear liquids immediately postoperatively and advance to 
full liquids by postoperative day (POD) 1, with discharge for 
4 weeks on a proton pump inhibitor. We do not advocate for 
same day discharge. Home medications should be in liquid 
or crushable form, and patients are prescribed antinausea, 
analgesia, and bowel regimen medications. Diet consists of 
full liquids for 2 weeks then soft mechanical for another 
2 weeks. 

• With significant adhesiolysis: Redo antireflux disease and 
technically challenging PEH repairs are usually the main
stay of such operations. The risk of perforation, missed or 
noticed at the time of surgery, is increased, and therefore, 
these patients follow a different postoperative pathway. 
They are kept nihil per os (NPO)  overnight and studied 
with a formal esophagram in fluoroscopy, regardless of 
the ultimate outcome of our intraoperative leak test. If the 
radiologic exam is negative on the morning of POD 1, the 
patient's diet is advanced per earlier mentioned protocol 
with discharge anticipated for POD 2 and the earlier men
tioned medication routine . Although it is acceptable to 
discharge a healthy, good candidate on POD 1, the major
ity of our patients leave on POD 2 and so forth, depending 
on medical comorbidities .  

OUTCOMES 
• Results depend on the nature of the disease process for which 

an operation is indicated and the number of components of 
the operation used. 

• PEH repair: Mori et al.6 refer to eight studies that had a 
mean or median follow-up of 6 to 40 months with a range 
of 2% to 43 % recurrence. Andujar et aJ . l4 describe laparo
scopic PEH repairs being associated with a low incidence 
of recurrence and reoperation in a series of 1 6 6  patients . 
Improvement was seen in heartburn, regurgitation, dyspha
gia, and chest pain with an overall 6% reoperation rate for 
symptomatic PEH ( 1 .2 % ) ,  reflux (2.4 % ) ,  and dysphagia 
(2 .4 % ) .  With the exception of fundoplication wrap failure 
in which all required reoperation, one-third of recurrences 
required surgery, whereas one-tenth of sliding hiatal her
nias required surgery; so overall, the reoperation rate is 
quite low. 

• Redo antireflux procedures : In a series of 124 patients, four 
major failure mechanisms were noticed by Ohnmacht et 
al. 15 : recurrent hiatal hernia (65 % ) ,  disrupted fundoplica
tion ( 32%) ,  perigastric fundoplication ( 14.5 % ), and tight 
fundoplication and hiatal closure ( 1 0 % ) .  

• Use o f  mesh: A sentinel series b y  Oelschlager et a!. o f  patients 
undergoing crural repair with small intestine submucosa 
(Surgisis, Cook Medical, Bloomington, IN) mesh initially 
showed promising data for decreased PEH recurrence rate at 
6 months ( 9% Surgisis, 24 % primary repair ) , 10 but the same 

group demonstrated that long-term follow-up at a median 
of 58 months showed no statistical difference (54% Surgisis, 
59% primary repair) . 1 1 Notwithstanding shape and material 
(bioprosthetic vs. synthetic) of mesh used, these studies may 
be updated in years to come with the use of bioabsorbable 
mesh, acellular dermal matrix, and various types of synthetic 
mesh. Ringley et alP reported the use of acellular dermal 
matrix (AlloDerm, LifeCell Corporation, Bridgewater, NJ) 
with an initial 6-month follow-up without recurrence versus 
primary closure involving 9% recurrence. We do not advo
cate, therefore, prohibiting the use of mesh in PEH repair at 
this time. 

• Choice of antireflux operation: A prospective, randomized 
trial by Koch et al. 16 of 50 patients in each arm of Nissen 
versus Toupet fundoplication demonstrated that Nissen 
procedures favored improvement in hoarseness and showed 
significant improvement in outcomes manometrically and 
via multichannel impedance imaging, whereas the Toupet 
fundoplication was favored by lower dysphagia, inability to 
belch, and bowel symptoms. Nonetheless, both procedures 
improved gastrointestinal quality of life indices, GERD 
symptoms, reconstructed LES pressures, cough and asthma 
symptoms. 

COMPLICATIONS 
• PEH recurrence 
• Mesh erosion 
• Dysphagia 
• Esophageal stricture 
• Gas bloat syndrome 
• Recurrent GERD 
• Slipped antireflux procedure 

REFERENCES 
1. Allison PR. Reflux esophagitis, sliding hiatal hernia, and the anatomy 

of repair. Surg Gynecol Obstet. 1951 ;92(4) :419-43 1 .  

2 .  Stylopoulos N ,  Rattner D .  The history o f  hiatal hernia surgery: from 

Bowditch to laparoscopy. Ann Surg. 2005;24 1 ( 1 ) : 1 85-193.  
3 .  Ahad S, Oelschlager BK.  Laparoscopic repair of paraesophageal 

hernias .  In: Soper NJ, Swanstrom LL, Eubanks WS, et al, eds. Mastery 

of Endoscopic and Laparoscopic Surgery. 3rd ed. Philadelphia, PA: 

Lippincott Williams & Wilkins; 2009 :122-129. 
4.  Nissen R. A simple operation for control of reflux esophagitis 

[in German] . Schweiz Med Wochenschr. 1956;86(suppl 20) :  

590-592. 

5 .  Minjarez RC, Jobe BA. Surgical therapy for gastroesophageal reflux 
disease. GI Motility Online. 2006. doi: 10 . 103 8/gimo56.  

6.  Mori T, Nagao G,  Sugiyama M. Paraesophageal hernia repair. 

Ann Thorac Cardiovasc Surg. 2012;18 (4 ) :297-305. 

7. Nguyen NT, Christie C, Masoomi H, et al. Utilization and outcomes 
of laparoscopic versus open paraesophageal hernia repair. Am Surg. 

20 1 1 ;77( 10 ) : 1353-1 357. 

8 .  Zaninotto G, Costantini M, Rizzetto C, et al. Four hundred laparo

scopic myotomies for esophageal achalasia: a single centre experience. 

Ann Surg. 2008;248 (6 ) :986-993. 

9.  DeMeester TR, Bonavina L, Albertucci M. Nissen fundoplication 
for gastroesophageal reflux disease. Evaluation of primary repair in 

100 consecutive patients. Ann Surg. 1 986;204 ( 1 ) :9-20.  

10 .  Oelschlager BK,  Pellegrini CA, Hunter JG,  et a l .  Biologic prosthesis 

to prevent recurrence after laparoscopic paraesophageal hernia repair: 
long-term follow-up from a multicenter, prospective, randomized trial. 

J Am Coli Surg. 2011 ;213 (4 ) :461-468 .  



C h a p t e r  1 9  PARAESOPHAGEAL HERNIA REPAIR :  Laparoscopic Technique 1 47 

1 1 .  Oelschlager BK, Pellegrini CA, Hunter J, et al. Biologic prosthesis reduces 
recurrence after laparoscopic paraesophageal hernia repair: a multicenter, 

prospective, randomized trial. Ann Surg. 2006;244(4):48 1-490. 
12. Ringley CD, Bochkarev V, Ahmed 51, et al. Laparoscopic hiatal 

hernia repair with human acellular dermal matrix patch: our initial 
experience. Am ] Surg. 2006; 192(6) :767-772. 

1 3 .  Soricelli E, Basso N, Genco A, et al. Long-term results of hiatal 

hernia mesh repair and antireflux laparoscopic surgery. Surg Endosc. 

2009;23 ( 1 1 ) :2499-2504. doi: 1 0 . 1 007/s00464-009-0425-3 . 

14.  Andujar JJ, Papasavas PK, Birdas T, et al. Laparoscopic repair of large 

paraesophageal hernia is associated with a low incidence of recurrence 
and reoperation. Surg Endosc. 2004;1 8 ( 3 ) :444-447. 

15 .  Ohnmacht GA, Deschamps C, Cassivi SD, et al. Failed antireflux 

surgery: results after reoperation. Ann Thorac Surg. 2006; 8 1 (6 ) :  

2050-2053; discussion 2053-2054. 
16. Koch 00, Kaindlstorfer A, Antoniou SA, et al. Laparoscopic Nissen 

versus Toupet fundoplication: objective and subjective results of a 

prospective randomized trial. Surg Endosc. 2012;26(2 ) :41 3-422. 



Chapter 2 0  Coli is Gastroplasty 
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John G. Hun ter Mark J. Eichler 

DEFINITION 
• Encountering a foreshortened esophagus during surgery at 

the hiatus, a lengthening procedure is necessary for adequate 
distal abdominal esophageal length for an antireflux pro
cedure. First described in Thorax by John Leigh Collis in 
1957 for patients with a short esophagus and hiatal her
nia, with or without reflux, a gastroplasty is performed via 
a thoracotomy on the left aspect of the herniated proximal 
stomach.1  This technique has subsequently evolved through 
thoracoscopic and laparoscopic means for hiatal hernia re
pairs as well as reflux disease in order to lengthen the ab
dominal portion of the esophagus for an adequate axial 
distance around which to perform gastric fundoplication. 
The Collis gastroplasty commonly involves a laparoscopic 
stapling technique about the gastroesophageal junction 
(GEJ) by removing a wedge of stomach at the angle of His, 
thereby lengthening the effective distal esophageal dimen
sion intraabdominally, about which a fundoplication can be 
wrapped.2 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Secondary to chronic acid inflammation and subsequent 

fibrotic remodeling of the distal esophagus, approximately 
1 0 %  to 25% of patients with reflux have a shortened 
esophagus. 3•4 The majority of these patients, however, 
do not need an esophageal lengthening procedure for a 
tension-free fundoplication if adequate mediastinal dis
section gains return of abdominal esophageal length.5 
Sufficient intraabdominal length can be evidenced by the 
GEJ lying intraabdominally with a distance between the 
diaphragmatic hiatus and the GEJ of at least 2 . 5  em. It is 
at this threshold of 2 .5  em (approximately the length of 
a fully opened atraumatic laparoscopic grasper) after ad
equate mediastinal and crural dissection should the deci
sion to perform a Collis gastroplasty take place,3 with an 
overall incidence of implementation of 3 %  to 4% of reflux 
operations. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The preoperative workup for reflux disease spans endoscopy 

(esophagogastroduodenoscopy [EGD] ) ,  esophagography 
(upper gastrointestinal contrast swallow or esophagram) ,  
manometry, and pH probe testing. However, there is no 
gold-standard radiologic imaging study for preoperative 
preparation in reflux disease, as the surgical decision mak
ing to perform a Collis gastroplasty is done ultimately intra
operatively. Yet, esophagography and endoscopy may be the 
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optimal studies to demonstrate a foreshortened esophagus 
by the following signs6: 

Hiatal hernia of 5 em or more 
Giant type III paraesophageal hernia (FIG 1 ) 

Esophagitis, Barrett's changes, and/or stricture 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Because the Collis gastroplasty is an adjunctive procedure 
during gastric fundoplication, the principles of a proper an
tireflux procedure (wrap) or gastropexy apply, including left 
and right crural exposure, adequate mediastinal dissection, 
atraumatic esophageal retraction, and division of the short 
gastric vessels. Please refer to Part 1, Chapters 19 and 22 for 
further details. 

• All studies, including esophagram, EGD, manometry, and pH 
testing should be readily available and reviewed prior to and 
at the time of surgery. The esophagram should be displayed 
on a spare or dedicated monitor in the operating theater and 
EGD images be loaded as well for intraoperative reference. 

• Attention to fine detail of the manometric report may avoid 
an unnecessary and detrimental 360-degree fundoplication, 
as a complete wrap may worsen symptoms in the light of the 
following findings7: 

Severe esophageal dysmotility 
Very low residual postrelaxation lower esophageal sphincter 
(LES) pressures less than 30 mmHg during wet swallow 

Positioning 

• Although there are many port placement techniques, the sta
pled Collis gastroplasty necessitates a left upper quadrant, 
endoscopic, angulating stapler by the surgeon's right hand 
through a 12-mm trocar. Steep reverse Trendelenburg is the 
position of choice ( FIG 2 ) .  

F I G  1 • Esophagram demonstrat ing tortuous esophagus  
with shorten i ng, d ista l na rrowing or  strictu res, and  a type I l l  
paraesophagea l  h iata l hern i a .  

-



FIG 2 • Patient posit ion ing  for foregut and anti  refl ux procedures 
and troca r p lacement. The left upper  quadrant 1 2-mm port is 
used for the angu lated sta p ler  i n  the surgeon's r ight hand .  

MEASUREMENT OF GASTROPLASTY 

• As mentioned in the " Positi on i ng"  sect ion,  th i s  is an  

adju nctive maneuver, and  th us, as previous ly described, 

adequate med iasti na l ,  h iata l ,  and per igastric d i ssect ion 

shou ld  have a l ready taken p lace. 
• Dissect the fat pad from the G EJ to expose the trajectories 

of stap ler  f i r ing (FIG 4) .  
• Remove any orogastr ic, nasogastr ic, or bougie fi rst to 

recreate the nascent rel axed anatomy of the G EJ .  From a 

poster ior gastr ic approach, p u l l  the left crus to the r ig ht, 

a pproxi mat ing it with the r ight crus. Th is  demonstrates 
the relaxed posit ion of the crura upon c losure of the 

h i atus. 

FIG 4 • G EJ fat pad d i ssect ion .  The fat pad is e l evated with 
an atra umatic g rasper by the fi rst assistant wh i le  the surgeon, 
with h i s  left hand,  defines the gastr ic wa l l ,  thus provid ing  
cou ntertract ion .  
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• Assume extensive mediastinal dissection will be warranted, 
and therefore, risk of pleural compromise ( FIG 3 ) .  The ster
ile skin preparation must be wide enough on either flank 
in case tube thoracostomies are necessary from resultant 
pneumothorax. However, a red rubber catheter between 
10 and 14 Fr may be placed in a witnessed pleural defect 
intraabdominally spanning the diaphragm to the hemithorax 
in question. This reduces the resultant pneumothorax and 
peak ventilatory pressures with the aid of lowering insuf
flation pressures as well as anesthesia-assisted ventilatory 
Valsalva. 

FIG 3 • Demonstrat ion of adequate d i ssect ion of the 
med iast i n u m  with c lear  v i s i b i l ity of the left and  r ight crura ,  
aorta poster ior ly, and  proxi m a l  l ength ach ieved of the d ista l 
esophagus .  
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• With an open, premeasured g rasper, the i ntraabdomina l  

length for  the gastrop lasty i s  then  est imated (FIG 5) .  A 
d ista nce from the anter ior h iatus to the G EJ of less than 

2 . 5  to 3 em warra nts the Col l i s  gastrop lasty. Measure 

from the relaxed h i atus 3 em d i sta l l y  a long a trajectory 
past the G EJ,  if a bougie were i nserted endo l u m i n a l ly, 

and 1 em l atera l ly. Here, mark with e lectrocautery the 

p lacement of the fi rst perpend icu l a r  stap le  f i r ing .  

FIG 5 • Measurement of  i ntraabdomina l  length of  esophagus. 
With a closed crura, the m in imum d istance between the G EJ and 
the d iaphragm should be at least 2 .5 em, or the approximate length 
of an  opened atraumatic grasper. 

INTRAABDOMINAL RETRACTION AND 

BOUGIE PLACEMENT 

• A 48-Fr d i l ator is p laced tra nsora l ly u p  to 55 em from the 

i ncisors (FIG 6) .  This serves as the stent about which the 
Co l l i s  gastrop lasty is  performed.  The surgeon's l eft hand 

retracts the card ia toward the patient's l eft shou lder  

wh i l e  the assista nt retracts the g reater cu rve l atera l ly to  
the left f lank .  

FIG 6 • Mark ing of Co l l i s  gastrop lasty. With a 48-Fr d i lator i n  
p l ace and  Pen rose d ra i n  released, measure 2 . 5  t o  3 em d ista l to 
the c losed d i aph ragm from the ang le  of H is and then due  left 
l atera l ly. 

FIRST STAPLE TRAJECTORY 

• The fi rst sta pled trajectory is usua l l y  performed with one 

or  two f i r ings  of a rotat ing  and a rticu lat ing endoscopic  
stap ler  with med i u m-sized loads (3 to 4 m m) us ing a 45-mm 

length Endo G IA purp le  load (Covid ien ,  M ansf ie ld ,  MA).  

With the endoscop ic  sta p ler  a rt icu l ated to the maxi m u m  

degree i n  t h e  surgeon's r ight h a n d ,  a 90-deg ree stap l i ng  

is performed up  to the body of  the d i lator on the l eft s ide 

of the pat ient just d ista l to the po int predetermined and 

marked with  e lectroca utery (FIG 7A-C) .  
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FIG 7 • A. F i rst stap le  trajectory. B. Maxima l  a rticu lat ion of the stap ler  to the surgeon's left, a im ing  toward the previously marked 
spot adjacent to the d i l ator. This may take one or two f ir ings to a pproximate the stap le  l i ne  so it abuts the i nserted d i l ator (C) . 

SECOND STAPLE TRAJECTORY 

• The second sta p led trajectory is para l l e l  to the d i l ator and 

cepha lad  (FIG SA,B) .  Aga in ,  one or two med iu m-sized 
sta p le  loads m ight be needed. Be ca refu l to not inc lude 

the Penrose d ra i n  i n  the stap le  l i ne; it may be p laced i nto 

A 

the mediast i num tempora r i ly d u ring  the second set of 

stap le  f i r ings .  The proper Co l l is gastrop lasty j uxta poses 

the resu ltant para l l e l  stap le  l i ne abutt ing  the esophagus  

(FIG SC) .  

B 

c 

FIG 8 • A. Second sta p le  trajectory. B. The vert ica l stap le  l i n e  is created by f i r ing the gastro intest ina l  anastomosis (G IA) stap ler  
para l l e l  and  f lush aga i nst the u pward d i l ator to create a t ight tube.  C. The resu ltant gastr ic sta p le  l i ne abuts the esophagus .  
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REMOVAL OF THE STOMACH WEDGE 

• Remove the wedge of stomach through any means, 

whether d i rect ly through the trocar, v ia  an endoscopic  

COMPLETION OF THE FUNDOPLICATION 

• Perform the i ntended comp lete or part i a l  wrap as de

scribed i n  other cha pters, a long with crural c losure.  
Whether a comp lete (N i ssen; 360 deg rees) or part i a l  

(Toupet; 270 deg rees) fundop l ication i s  performed 
(FIG 9), the sta p led wedge Co l l i s  gastrop lasty shou ld 

eventua l ly or ient the sta p le  l i ne poste r ior ly as assessed 

on EGD .  

F IG 9 • Com plet ion of the ant i  ref lux proced u re (fu ndop l ication) .  

bag, or  by removi ng the ent i re troca r. Th is  conc ludes the 

Co l l i s gastrop lasty port ion of the proced ure.  

PEARLS AND PITFALLS 
I nadequate fi rst sta p le  f i r ing 

Use of short stap le  loads for  
fi rst sta p le  f i r ing 

M ismeasure of 
i ntraabdom ina l length 

I nadeq uate mediast i na l  
d i ssect ion 

Pneumothorax 

Left l atera l wedge 

• It is  sometimes d isconcert ing to stap le  onto a n  endo l u m i n a l  fore ign  body (d i l ator), but it is  
v i rtua l ly i m poss ib le  to stap le  across a 48-Fr d i l ator. Fa i l u re to stap le  u p  to and  abutt ing the 
d i lator wi l l  resu lt  i n  a f loppy d i sta l esophagus  and decrease the efficacy of the fundop l ication .  

• The  reg ion of  the esophagea l  h iatus is  t ight quarters. The  a rticu lat ing sta p ler  of 45 m m  is 
preferred over a longer stap ler  because of the steep angu lat ion needed i n  these t ight spaces. 
M u lt ip le  f i r ings  may be needed. 

• Key to the measurement of true i ntraabdomina l length is the natura l  lay of the esophagus 
i n  the steep reverse Trende lenburg posit ion .  Do not i nsert a d i lator, nasogastr ic, or  orogastric 
tube d u ring  this step.  Remember to c lose the crura manua l ly and assess the lay of the 
esophagus before measu r ing th i s  length. 

• I nadeq uate mediast i na l  d i ssect ion results i n  incomplete abdom i n a l  length of the esophagus .  
Hence, the use of a Co l l i s gastrop lasty, and  therefore r isk of sta p le  l ine leak, ca n be avoided 
with i ntraoperative d i l i gence. 

• Prep i nto the f ie ld the b i latera l l ower chest cavit ies that would access each hem ithorax i n  case 
a percutaneous tube thoracostomy is needed. Our fi rst recommendation, however, if  peak 
vent i latory pressures a re h igh from a pneumothorax, i s  to decompress the affected s ide with 
the p lacement of a red rubber catheter through a working 1 2-mm port and  lay it from the 
hem ithorax i n  quest ion with the opposite end i ntraabdomina l ly. The anesthes io log ist can assist 
with manua l  bagg ing  Va lsa lva maneuvers. If th i s  step is refractory, p lace the t i p  of the red 
rubber catheter i ntrathoracica l ly  and p u l l  the end through a troca r port i nto a bowl of ster i l e  
sa l i ne, desufflate the abdomen,  and  aga in ,  ask the anesthes io log i st to assist w ith  Va lsa lva .  

• Upon fu l l  d i ssect ion,  the wedge removed should l i e  on  the l eft l atera l aspect a long the G EJ,  
that is, the angle of H is, i n  a p lane para l le l  to the operat ing table .  



POSTOPERATIVE CARE 
• Nasogastric tube decompression is not routine. Even if injury 

or perforation occurs to the stomach during dissection, as 
long as the tissue is repaired properly and a resultant nega
tive intraoperative leak test (methylene blue infusion through 
the intraoperative orogastric tube or EGD air insufflation 
in pooled intracorporeal saline in Trendelenburg position) 
occurs, nasogastric decompression is not a necessity. 

• With extensive mediastinal dissection and stapled gastro
plasty, the risk of (missed) perforation and leak should be as
sessed. Strict nil per os (NPO) status overnight, followed by 
a postoperative day (POD) 1 water-soluble contrast esopha
gram is performed to assess leak as well as functional clear
ance of contrast material. If negative, the patient is advanced 
to a clear liquid diet on POD 1 and discharged on either the 
eve of POD 1 or on POD 2 with a full liquid or pureed diet. 

• Acid suppression therapy is warranted as the gastroplasty 
involved gastric mucosa in the region of the newly recon
structed GEJ. 

OUTCOMES 
• The use of the Collis gastroplasty is usually relegated to 

the foreshortened esophagus during antireflux surgery, 
with etiology including large type III paraesophageal her
nias and acid-related strictures. This procedure has histor
ically evolved, especially with the advent of laparoscopy. 
The outcomes of the procedure are difficult to quantify in 
terms of efficacy because the procedure is often combined 
with fundoplication (partial and complete ) and/or hiatal 
hernia repair ( types I to IV) .  In general, in experienced 
hands, the rate of recurrence of hernia, postoperative leak 
rate, and stricture are low8•9 and can be quantified as low 
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as 0 %  in 4-year follow-up to low double-digit percentages 
in longer studies. 

COMPLICATIONS 
• Recurrent hiatal hernia 
• " Slipped" Nissen 
• Postoperative staple line leak 
• Leak from extensive mediastinal dissection 
• Esophageal stricture 
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Chapter 2 1  Transthoracic Hiatal Hernia 
Repair 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .... 

t Jules Lin Mark Orringer 

DEFINITION 
• The combined Collis-Nissen transthoracic hiatal hernia re

pair described in this chapter involves mobilization of the 
distal esophagus, herniated stomach and hernia sac, preser
vation of the vagus nerves, and a fundoplication through a 
left posterolateral thoracotomy with an esophageal length
ening procedure when necessary (to allow a 3- to 5-cm 
tension-free intraabdominal segment of distal "esophagus" ) .  

G EJ 

154 

Lower 
esophageal 

sphincter 

Type IV 

Longitudinal muscle 
Circular muscle 

GEJ 

• The two maj or categories of hiatal hernias include sliding 
(type I )  and paraesophageal (type II, pure paraesopha
geal hernia with the gastroesophageal j unction fixed at 
the hiatus; type III, combined hiatal hernia where the 
cardia is above the diaphragm and the fundus is herni
ated alongside the esophagus; and type IV, with hernia
tion of the stomach along with the colon, small bowel, or 
spleen) ( F IG 1 ) . 1-3 

Type I 

Gastroesophageal 
junction (GEJ) 

Type II 

G EJ 

Phrenoesophageal 
l igament 

FIG 1 • The various types of h iatal hernias 
are i l l ustrated: type I, s l id ing h iata l hernia; 
type I I ,  pure paraesophageal hernia with 
the gastroesophageal junction fixed at 
the h iatus; type I l l, combined h iatal hernia 
with the ca rd ia  above the d iaphragm and 
the fundus herniated a long the esophagus; 
and type IV, with herniation of the stomach 
along with the colon, sma l l  bowel, or spleen. 

-
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A detailed history and physical must be performed focus

ing on heartburn and reflux symptoms, response to medi
cal treatment as well as the characteristics and degree of 
dysphagia, regurgitation, pain, bloating, or anemia. In a 
series of 240 patients with a paraesophageal hernia, Patel 
et al.4 found that 6 8 %  of patients had reflux symptoms, 
67% abdominal or chest pain, 3 3 %  anemia, and 3 3 %  dys
phagia. The absence of severe reflux symptoms in most pa
tients with paraesophageal hiatal hernias does not diminish 
the seriousness of this problem with its unpredictable poten
tial for strangulation, perforation, bleeding, and aspiration 
pneumonia. More subtle symptoms may include early satiety 
and/or left shoulder and back pain with eating, loud borbo
rygmi often heard across the room by the patient's family, or 
acute shortness of breath with bending forward. 

• Any previous chest or abdominal operations or endoscopic 
dilations should be noted. 

• The history should include the patient's current functional 
status and exercise tolerance. 

• A complete physical examination should be performed with 
attention to auscultation of the heart and lungs and palpa
tion of the abdomen. 

• Routine laboratory studies, including a complete blood 
count and a basic chemistry panel, should be included as 
part of the preoperative evaluation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A chest x-ray (FIG 2 ) may show a mediastinal air fluid level, 

suggesting the presence of a paraesophageal hernia . 
• A barium swallow ( FIG 3 ) should be performed to delineate 

the esophageal and gastric anatomy and may show reflux, 

FIG 2 • Chest x-ray demonstrates an a i r  f l u id  level (arrowhead) 

consistent with a type I l l  h iata l hern i a .  

F IG 3 • Bar ium swa l low demonstrat ing a type I l l  pa raesophagea l  
hern i a .  

although this is not a reliable finding. Accompanying esoph
ageal dysmotility from the "accordioned" esophagus is com
mon. The esophagram can also be useful when obstruction 
from gastric volvulus is suspected ( FIG 4) .  

• An esophagoscopy ( FIG 5 ) should b e  performed t o  evalu
ate for evidence of esophagitis, Barrett's mucosa, esopha
geal carcinoma, or esophageal shortening. Suspicious areas 
should be biopsied. The gastric mucosa should also be ex
amined for Cameron erosions, especially when there is a 
history of anemia. Caution should be exercised to avoid ex
cessive air insufflation during flexible esophagogastroscopy 
in the patient with a paraesophageal hiatal hernia lest the 
intrathoracic stomach becomes overdistended, resulting in 
hemodynamic instability. 

• For patients complaining of persistent nausea, a gas
tric emptying study may be obtained to evaluate for 
gastroparesis. 

• When there is no hiatal hernia or a small sliding hiatal hernia, 
esophageal manometry and 24-hour pH probe monitoring 
with impedance are performed, with antireflux medica
tions discontinued for 72 hours, to document the presence 
of gastroesophageal reflux, association with the patient's 
symptoms, and to evaluate for esophageal dysmotility. 
However, in the presence of a paraesophageal hernia, we do 
not routinely perform these studies. Many of these patients 
will have some degree of dysmotility in the presence of a 
chronic hiatal hernia that frequently improves after hiatal 
hernia repair. The presence of a symptomatic hiatal hernia is 
a mechanical issue, and the indication for repair is the para
esophageal hernia itself regardless of the presence of acid 
reflux. 

• Patients suspected of having an incarcerated hiatal hernia 
( FIG 4) with severe epigastric pain and regurgitation should 
undergo an esophagram and nasogastric tube decompres
sion followed by an emergent hiatal hernia repair. 
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FIG 4 • A. Chest x-ray and (B) bari u m  esophagram showing an i nca rcerated type I l l  h iata l hern ia  with comp lete obstruct ion req u i ri ng  
emergent repa i r. 

SURGICAL MANAGEMENT 

Indications 

• Sliding hiatal hernias are repaired when there has been in
complete control of reflux symptoms despite medical ther
apy (Table 1 )  and after confirmation of abnormal acid reflux 
on 24-hour pH probe. Other indications include complica
tions of gastroesophageal reflux disease (GERD )-recurrent 
aspiration, the development of a reflux stricture, and recur
rent bleeding from esophagitis. 

• Paraesophageal hernias are more likely to present with ob
structive symptoms due to the chronic gastric volvulus and 
repair is generally recommended in the functional patient. 3 

• There has been controversy regarding the optimal surgi
cal approach (iaparoscopic vs. transthoracic) ,  the need for 
an antireflux procedure, and the assessment of esopha
geal shortening. 1 •5-19 The pneumoperitoneum used during 

laparoscopic repair displaces the diaphragm upward, mak
ing intraoperative assessment of esophageal shortening more 
challenging. In addition, performing a lengthening proce
dure laparoscopically is more difficult due to the angle of the 
approach. Taking adequate bites of the attenuated crura is 
also more difficult due to the tension induced by the pneu
moperitoneum, which could contribute to hernia recurrence 
after laparoscopic repair. A transthoracic approach with an 
esophageal lengthening procedure, similar to a relaxing inci
sion for an inguinal hernia repair, may be optimal even for a 
small sliding hiatal hernia in morbidly obese patients due to 
the increased risk of recurrence. In a series of 240 patients 
with paraesophageal hiatal hernias, documented acid reflux 
decreased from 8 8 %  preoperatively to 4% after a transtho
racic Collis-Nissen procedure, whereas Williamson et al.6 
reported an 1 8 %  incidence of postoperative reflux after a 
selective approach to adding an antireflux procedure. As a 

FIG S • Esophagoscopy with retrofl exed views showing (A) a h iata l hern ia ,  (B) erosive gastropathy, and (C) a n  i ntact N issen fundop l icat ion .  
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Table 1 :  Indications for Transthoracic Hiatal 
Hernia Repai r  

S l i d i ng  h iata l  hern ia 
Refl ux sym ptoms with incomp lete contro l  on medica l  therapy 
Compl icat ions of gastroesophagea l  refl ux 

Recurrent asp i ration 
Deve lopment of a refl ux strictu re 
Recurrent b leed ing from esophagit is 

Confirmation of acid refl ux on 24-hour pH  probe 

Paraesophagea l  hern ia 
Repa i r  shou ld  be considered in  a l l  physica l l y  f i t  patients due to r isk of 

strangu lat ion, perforat ion, or  bleed i ng .  

Esophagea l  lengthen ing  procedu re 
I ntraoperative assessment of esophageal shorten ing  after comp lete 

mob i l ization of the hern ia 
Obesity 
Refl ux esophag itis or stricture 

result, we advocate an antireflux procedure with all para
esophageal hiatal hernia repairs.4•6 

• With larger paraesophageal hernias, transthoracic Collis
Nissen repair remains the standard against which other ap
proaches must be compared.4 

Preoperative Planning 

• Preoperative risk assessment determines whether a patient 
will tolerate a thoracotomy based on exercise tolerance and 
pulmonary function testing (PFT) if there is a substantial 
smoking history or shortness of breath. Patients with car
diovascular risk factors or symptoms should undergo preop
erative cardiac evaluation. 

• Patients should be informed of changes in their diet after 
undergoing a fundoplication, including avoiding large pills 
and carbonated drinks and the possibility of gas bloat and 
dumping syndrome. 

• In the preoperative area, the history and physical should be 
reviewed and consent should be obtained. The operative site 
on the left chest should be appropriately marked. 

THORACOTOMY 

• A standard posterolatera l thoracotomy is genera l ly per

formed through the 6th i ntercostal space, a lthough the 7th 
i ntercosta l space can be used with smal ler  h iata l hernias.  

• The serratus anterior muscle can be spared, a lthough d ivid

ing the muscle can provide more anterior exposure when 
needed and resu lts i n  l itt le, if any, funct iona l  impa i rment. 

• After ca refu l ly count ing the r ibs to confi rm the i ntercos

tal space, the chest is  entered . If a parasp inous  catheter 

w i l l  be used for postoperative pain control, a poster ior 

p leura l  f lap can be ra ised at th i s  t ime to prevent tea r ing 

the p leura .  Chest retractors such as a F inoch ietto or R ien

hoff a re used to provide exposure .  

Exposure and Dissection of the Esophagus and 
Stomach 

• The dome of the d i aph ragm is retracted downward 

to improve exposu re us ing cloth-covered Harri ngton 

• 

• 

• 

• 

• For pain control, an epidural catheter can be placed in the 
preoperative area, or a paraspinous catheter can be inserted 
prior to thoracotomy closure. 

• Once in the operating room (OR),  a flexible esophagos
copy should be performed to evaluate the anatomy and any 
esophageal mucosal lesions. Overdistention of the stomach 
with air insufflation must be avoided. After the scope is re
moved, a 1 6-Fr nasogastric tube is placed to decompress the 
stomach. 

• Single-lung ventilation is achieved with either a left-sided 
double lumen endotracheal tube or a bronchial blocker. 

Positioning 

• The patient should be placed in the right lateral decubitus 
position ( FIG 6) .  The arms should be placed in an arm holder 
in neutral position. The bed is flexed and the patient should 
be secured with all pressure points padded. 

• Following positioning, the endotracheal tube position should 
be confirmed again by the anesthesiologist. 

FIG 6 • The patient is  p laced in the r ight latera l decubitus 
posit ion .  The chest is  entered through a standard posterol atera l 
6th or 7th i ntercosta l space thoracotomy. 

retractors. The i nfer ior pu l monary l i ga ment is d iv ided, 
and the mediasti na l  p leura i s  opened (FIG 7A) .  

The  esophagus is  identif ied by  pa l pat ing the previous ly 
p laced nasogastr ic tube and  d issected free from sur

round ing  tissues. Ca re is taken to identify and preserve 
the anter ior and  poster ior  vagus  nerves, wh ich, a long 

with the esophagus, are enc i rc led with a Pen rose d ra i n  

that is used t o  provide tens ion on t h e  esophagus a s  
needed (FIG 78) .  

The  hern i a  sac  is  d i ssected from the r i ght  p leura, tak ing  
care  not  to enter the r ight  chest. 

With u pward tract ion on the Pen rose dra in ,  the hern ia  

sac  over ly ing the card i a  is  i ncised . The peritonea l  cavity 

is entered anterolatera l to the card ia ,  and the phreno

esophagea l attachments and hernia sac surround ing  the 

ca rd i a  a re d iv ided (FIG SA,B) .  

T h e  ca rd i a  i s  retracted anter ior ly and t h e  peritoneum 

med i a l  to the card ia  i s  inc i sed, enter ing the lesser sac. 

The cepha lad port ion of the lesser cu rvature is  mob i l ized 
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B 

FIG 7 • A. After the i nfer ior pu lmonary l i ga ment is taken down with e lectrocautery, the mediast i na l  p leura is opened to the 
level of the i nter ior pu lmonary ve in exposing  the d i sta l  esophagus .  B. The esophagus (asterisk) i s  mob i l i zed, ta k ing ca re to 
preserve the anter ior and  poster ior vagus nerves, which are enc i rc led a long with the esophagus us ing a Penrose. 

by part ia l ly d iv id ing  the gastrohepatic l igament, which 

a l lows the fundus to be passed poste r ior to the upper  
stomach for the fundop l ication .  These attachments 

are d iv ided between c l amps us ing 2-0 s i l k  t ies and  may 

conta i n  the ascend ing  branch of the left gastr ic a rtery 
(FIG SC,D) .  A f inger is swept c i rcumferent ia l ly under

neath the d i aphragm,  confi rm ing mob i l izat ion of the 

card ia  away from the h i atus (FIG SE) .  
• Four to s ix short gastr ic vesse ls  a re then d iv ided between 

c l amps and l i gated with 2-0 s i lk  sutu res (FIG 9). Care 

m ust be taken to avo id  excess tens ion on the stomach to 

prevent sp len ic  in jury. The short gastr ic vesse ls  must be 

ca refu l ly t ied .  Once the vessels retract underneath the 
d i a phragm, b leed i ng  may be d ifficu lt  to recog n ize and 

cou ld requ i re a l apa rotomy for  contro l .  
• The hern ia  sac is resected with e lectroca utery, ta k ing 

care not to damage the b lood supp ly  to the proxi ma l  

l esser cu rvatu re of  the stomach .  The  gastroesophagea l 

fat pad is excised to expose the gastroesophagea l  j unc

tion, tak ing care to protect the anter ior and poster ior  
vagus  nerves (FIG 1 0) .  

Placement of  the Crural Sutures 

• The mob i l ized fundus  is then reduced through the 

h i atus .  
• An A l l i s  c l amp is p laced on the tend i nous port ion of the 

med i a l  crus. The esophagus is  retracted anter ior ly. Us ing 

a spoon retractor to protect the i ntraabdomina l  con

tents, i nterru pted no .  1 s i l k  sutu res are p l aced through 

the med i a l  c rus  of the d i aph ragm approximately 1 em 

apart sta rting  poster ior ly and proceed ing  toward the 

A 

esophagus (FIG 1 1 A) .  Sutu res must be passed through 
the strong tend i nous port ion of the crus ,  which is  ident i 

f ied by l ift i ng  the Al l i s  c lamp.  A l l  sutu res are p laced in  

the med i a l  crus ,  sna pped, and p laced i n  an  Al l i s  c lamp to 
keep them i n  order. 

Phrenoesophageal 
membrane overlying 
hiatal hernia 

FIG 8 • A. With upward tract ion on the Pen rose d ra i n  enc irc l ing 
the esophagus and cou ntertraction on the d iaphragm, the 
phrenoesophageal  l i gament is i ncised. (continued) 
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Herniated stomach 

B 

Posterior 
vagal trunk 

Liver 

c D 

FIG 8 • (continued) B. The peritonea l  cavity is entered and the l eft lobe of the l iver is v i s ib le .  The phrenoesophagea l 
attachments and peritoneum surround ing  the card ia a re d iv ided, expos ing the latera l crus (arrowhead) (stomach, asterisk; 

d i aphragm,  double asterisk). C. The gastroesophagea l  j u nct ion is then retracted anter ior ly and the med ia l  crus exposed by 
inc i s ing the peritoneum a long the posteromed i a l  aspect of the card ia .  D. The h igh  lesser curvatu re is mob i l ized by partia l ly 
d iv id ing  the gastrohepatic l i ga ment (dotted line), which a l l ows the fundus to be passed poster ior  to the upper  stomach for 
the fundop l ication .  These attachments a re ca refu l l y  l i gated and may conta i n  the ascend ing  branch of the l eft gastr ic a rtery. 
(continued) 
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FIG 8 • (continued) E. A f inger is swept c i rcu mferent ia l l y  
a long the unders ide of the h i atus to confi rm that  the card i a  
has been  comp letely mob i l ized.  

• The sutu res a re then each reloaded and passed through the 

best assessed i ntraoperative ly.8•9• 1 8  If the esophagogas

tr ic j unct ion and  d ista l 3 em of esophagus do not reduce 
beneath the d i aph ragmatic h i atus without tens ion,  an 

esophagea l  lengthen ing  Co l l i s gastrop lasty i s  performed 

as described i n  the fo l l owing text. 

Collis Gastroplasty and Nissen Fundoplication 

• A Ma loney esophagea l  boug ie  (54 Fr in women and  56 Fr  

i n  men) i s  then p laced by the fi rst assistant or anesthesi

o log i st (FIG 1 2A) .  It i s  essent ia l  at th i s  stage to commu
n i cate w i th  the person pass ing the boug ie  to ensure that 

the surgeon's hand is pa l pat ing and gu id i ng the bougie 
as it i s  be ing passed to prevent perforat ion .  The bougie is  

advanced unt i l  6 i n  rema ins  outs ide of the mouth as long 

as it is  advanc ing without res istance. 
• With u pward tract ion on the fund us, which is mob i l ized 

back through the h iatus and i nto the chest, the d i l ator 

i s  d isp laced aga i nst the lesser cu rvature of the stomach .  
An ang led ductus c l amp is used to he lp  app ly the 3 . 5-mm 

gastroi ntesti na l  anastomosis (G IA) surg ica l  sta p ler  to the 

stomach adjacent to the d i lator and para l l e l  to the lesser 
cu rvatu re, lengthen ing  the esophagea l  tube by approxi

mately 5 em (FIG 128) .  Care shou ld  be taken not to app ly 
the sta p ler  e ither too t ig htly aga inst the boug ie, na rrow

ing the gastrop lasty tube or, so loose ly, creat ing a pouch 
that empties poorly. 

latera l crus (FIG 1 1 8) .  Aga in, the i ntraabdomina l  contents • The stap le  suture l i n e  is re inforced with two runn ing  4-0 

polyd ioxanone (PDS) Lembert sutu res, each proceed ing  are protected with the  spoon retractor and the  spleen i s  

d isp laced away from the  latera l crus using a Harr ington re
tractor, pu l l i ng downward on the dome of the d iaphragm.  

The crural sutures are not t ied at this point and a re snapped 

and p laced in an  Al l i s  c lamp to keep them in order. 
• Esophagea l  shorten ing  is often present with l a rge h iata l • 

hern ias, i ncreas ing the r isk of a recurrent hern ia ,  and  is 

Short 
gastric 
vessels , __ __ 

from the a pex of the gastrop lasty i nc is ion to e ither the 
stomach or esophagus (FIG 1 2C) . Hemoc l i p  ma rkers a re 

p laced at the new esophagogastric j unction for loca l i za-

tion on imag ing .  

The  e longated gastr ic fundus  i s  passed poster ior ly to 

the left of the gastrop lasty tube and posit ioned for the 

FIG 9 • The gastr ic fundus is  retracted with a Babcock c lamp and four  to s ix short gastr ic vessels are l i gated and d iv ided 
(arrowhead), mob i l i z ing 10 to 1 5  em of the g reater curvature .  
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FIG 1 0  • The fat pad (arrowhead) m ust be d issected from the a nterol atera l aspect of the esophagogastr ic junct ion to a l low 
accu rate loca l i zat ion of the gastroesophagea l  j unct ion for the Col l i s  gastrop lasty and N i ssen fundopl ication (stomach,  asterisk; 

esophag us, arrow) . Ca re must be taken to identify and preserve the anter ior vaga l  nerve. 

A 

FIG 1 1  • A. An A l l i s  c l amp is p laced on the tend inous port ion of the med i a l  crus (arrowhead). The esophagus  is retracted 
a nter ior ly. Sutu res m ust be passed through the strong tend i nous port ion of the crus, which is  identif ied by l ift i ng  the A l l i s  
c l amp .  The  sutu res a re p laced through the med i a l  c ru s  sta rt ing  poster ior ly and proceed ing  towa rd the esophagus, spac ing the  
sutu res 1 em apart (stomach, asterisk; d iaphragm,  double asterisk). (continued) 
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B 

FIG 1 1  • (continued) B. The sutu res are then each re loaded and  passed through the l atera l crus (asterisk). The 
i ntraabdom ina l  contents a re protected with the spoon retractor and the spleen is d isp laced away from the latera l crus 
using a Ha rri ngton retractor, p u l l i ng downward on the dome of the d i aphragm (esophag us, arrowhead) .  

N issen fundop l icat ion .  A 2- to  3-cm long fundop l icat ion 

is constructed us ing i nterrupted 2-0 s i lk  sutu res p laced 
1 em apart, with each st itch pass ing from the gastr ic fun

dus  to the gastrop lasty tube and then to gastr ic fundus 

aga in (FIG 1 3A,B) .  

to  m i n i m ize the  r i s k  o f  a l e ak  from the  fundop l ication  

sutu res (FIG 13C) .  

Completion of  the Hiatal Hernia Repair 

• After tying  these fundop l ication sutu res, the s i l k  sutu re • The esophagea l d i l ator is removed and  a 1 6-Fr nasogas-
l i ne  is oversewn with a 4-0 PDS runn ing  Lembert suture tr ic tube is p l aced . 

Gastroplasty 
incision 

FIG 12 • If esophagea l  shorten ing  is present, a Co l l i s 
gastrop lasty is performed.  A. An esophagea l  bougie (54 
to 56 Fr) i s  p laced with the surgeon's hand pa lpati ng 
and  gu id i ng the boug ie  as it is  be ing passed to prevent 
perforat ion .  (continued) 
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Second suture 

FIG 1 2  • (continued) B. The esophagea l d i lator is d i sp laced aga inst the lesser cu rvature (arrowhead) of the stomach and  
an  ang led ductus c l amp i s  used to  he lp  app ly the 3 . 5-mm G IA sta p ler  to the stomach adjacent to the d i lator and para l l e l  to 
l esser curvatu re, lengthen ing  the esophagea l  tube by approximately 5 em. C. The stap le  l i ne  i s  oversewn with two ru nn i ng  4-0 
PDS Lembert sutu res, each proceed ing  from the a pex of the gastrop lasty i nc is ion to either the stomach (arrow) or esophagus  
(arrowhead). Hemoc l i p  ma rkers are p laced at the new esophagogastr ic j unct ion .  
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Dilator 

FIG 13 • A. The fundus (asterisk) i s  passed beh i nd  the gastrop lasty tube (arrowhead). B. A f loppy 2- to 3-cm N issen 
fundopl icat ion is performed with 2-0 s i l k  sutu res p laced 1 em apart. pass ing through the fundus (asterisk). gastrop lasty tube 
(arrowhead), and  the gastr ic fundus aga in  (double asterisk) . (continued) 
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F IG 1 3  • (continued) C. The  suture l i ne is  oversewn w i th  a 4-0 PDS  runn ing  Lembert suture (asterisk). 

The fundop l icat ion is red uced through the h iatus and 
is secured to the undersu rface of the d i aphragm with 

three i nterrupted 2-0 Prolene hor izontal  seromuscu l a r  
mattress " B e lsey" sutu res, wh i ch  a re  passed through 

the d i aph ragm around the c i rcu mference of the h iatus 

(FIG 14B,C) . Ca re m ust be taken dur ing  passage of the 
most anteromed ia l  suture to prevent inadvertent in jury 

to the heart and per icard ia  I tamponade.  

The poste r io r  crura l sutures a re t ied unt i l  the  d ia 
p h ra g m at ic  h i atus perm its the passage of a n  i ndex 

fi nger  a longs ide  the  d i sta l esophagus  (FIG 1 5A,B) .  

The Be l sey sutu res a re t h e n  t i e d ,  a n d  the  com p l eted 

fu ndop l icat ion  shou ld  rest below the d i a p h ragm with
out tens ion (FIG 1 5C) . 

He mocl i ps are used to mark the h iatus for loca l i zat ion on 

imag ing .  

Thoracotomy Closure 

• 

• 

• 

If a parasp inous  catheter w i l l  be used for pa in  contro l ,  a 

p leura l  f lap is ra ised poster ior ly. A parasp inous catheter 

is  p laced percutaneously under  the flap and secured to 
the sk in  with 2-0 nylon suture. The p leura l  f lap i s  reap

proximated to the chest wa l l  with 4-0 Vicryl, a l lowing 

loca l  anesthetic to be i nfused d i rectly to the affected in 
tercosta l nerves. 

A 28-Fr chest tube is  i nserted through a low i ntercosta l 

i nc is ion,  advanced to the apex, secu red to the sk in ,  and  

connected to  underwater sea l d ra i nage .  The  r ibs a re 
reapproxi mated with i nterru pted no.  2 Vicryl sutu res 

p laced around the 6th rib and through ho les d r i l led i n  

t h e  7th r i b  us ing a m icrodr i l l  t o  avo id  nerve entra pment 
aga i nst the lower r ib .  
The wound is then c losed i n  layers rea pproximat ing the 

serratus and l atiss i mus  muscles with runn ing  2-0 Vicryl, 

the subcuta neous tissues with 2-0 Vicryl, and the sk in  

with a ru nn i ng  4-0 Monocryl su bcuticu l a r  suture. 
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FIG 14 • A. The previous ly p laced s i l k  crura l  sutu res a re retracted upward and the fundop l icat ion (arrowhead) is reduced 
be low the d i aph ragm (latera l crus, arrow) . B,C. The fundop l ication i s  secu red to the undersu rface of the d i aph ragm (asterisk) 

with th ree i nterrupted 2-0 Prolene horizonta l serom uscu la r  mattress sutu res (arrowhead), which a re passed through the 
stomach (arrow) and then the d i aph ragm around the c i rcu mference of the h iatus. 
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c 

FIG 1 S • A. The crura l  sutu res (arrow) a re t ied unt i l  
the d i aphragmatic h i atus perm its the passage of an  
i ndex f inger (B) a longs ide the  d i sta l esophagus .  The 
Be lsey sutu res (arrowheads) are then t ied secu r ing the 
fundop l i cat ion to the undersurface of the d i aph ragm (A) . 
C. The comp leted fundop l icat ion is shown rest ing be low 
the d i aph ragm without tension .  
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PEARLS AND PITFALLS 
Preoperative 
eva l uat ion 

Posit ion ing  

I nc is ions 

• Discuss and  mod ify r isk factors for recu rrent hern ia  preoperatively, espec ia l ly weight loss with a goa l  body 
mass i ndex ( B M I) <32 .  

• A transthoracic approach with  an  esophagea l  lengthen ing  proced u re, s im i l a r  to a re lax ing i nc is ion for  an  
i ngu i na l  he rn i a  repa i r, may  be opti ma l  even fo r  sma l l  s l i d i ng  h iata l hern ias  i n  morb id ly  obese patients due  
to  the increased r i sk  of recurrence. 

• Due to the posit ion of the l iver, the h iatus cannot be adequately approached through the r ight chest. A l l  
transthoracic h iata l he rn i a  repa i rs shou ld  be approached through a l eft thoracotomy even when  the hern ia  
is  i n  the r ight chest. 

• For sma l ler  hern ias, the h iata l hern ia  repa i r  may be eas ier to perform through the 7th i ntercosta l space, 
but the lower the i nterspace i nc is ion,  the g reater the degree of postthoracotomy pa in  beca use more chest 
wa l l  sensory nerves a re d iv ided.  
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I ntraoperative • Us ing a stock inette, a c loth-covered Ha rr ington retractor is  used to retract the d i aph ragm downwa rd to 
improve exposure of the h i atus, and  a spoon retractor i s  usefu l  to protect the i ntraabdomina l  contents 
when p lac ing the cru ra l sutures. 

• The a nter ior attachments of the h i gh  lesser curvatu re may conta i n  the ascend ing  branch of the left gastr ic 
a rtery and should be l i gated and d iv ided.  

• A cou nteri nc is ion para l l e l  to and 1 to 2 em from the h i atus can be made i n  the d i aphragm if add it iona l  
exposure is  needed d u ring  a redo h iata l hern ia  repa i r. 

• It is essent ia l  to com mun i cate with the person pass ing the boug ie  to ensure that the surgeon's hand is 
pa l pati ng and  gu id i ng the bougie as it is  be ing passed to prevent perforat ion .  

• Ca re shou ld  be taken d u r ing  formation of the Co l l i s gastrop lasty not to app ly the stap ler  e ither too t ightly 
aga inst the boug ie, na rrowi ng the gastrop lasty tube or, so loosely, creat ing a pouch that empties poorly. 

• We do not recommend the rout ine use of mesh due to the r isk of esophagea l  eros ion .  A transthoracic 
approach a l lows adequate b ites to be taken of the cru ra, which a re then t ied without undue  tens ion .  

• Hemocl i p  markers a re p l aced at the new gastroesophagea l  junct ion and  the d i aph ragmat ic h iatus for  
loca l izat ion on imag ing .  The d ista nce between the two leve ls  of c l i ps represents the i ntraabdom i n a l  length 
of the d ista l " neoesophagus . "  

C losure • The r ibs a re reapproxi mated with i nterrupted no .  2 Vicryl  sutu res p laced a round the 6th r ib  and through  
ho les d r i l led i n  the 7th  r ib  us ing a m icrod r i l l  to avo id nerve entra pment aga inst the lower r ib .  

• A chest x-ray is obta ined i n  the OR  at the end of the case to confi rm reexpa ns ion of the l ungs and to  
eva luate for  a r ight  pneumothorax or  effus ion, which may requ i re chest tube p lacement if the r ight  p leura 
was entered . 

POSTOPERATIVE CARE 
• The nasogastric tube is placed to low continuous suction. 

On postoperative day 2, the nasogastric tube is placed to 
gravity and removed on postoperative day 3 if tolerated and 
the output remains less than 200 mL per shift. The patient is 
then started on clear liquids with no pills. On postoperative 
day 4, the diet is advanced to full liquids and then a soft diet. 

• The chest tube is placed to 20 em of water suction. Chest 
tubes may be removed on postoperative day 2 once the 
drainage has decreased to less than 60 mL per shift. 

• Patients should be given an adequate pain control regi
men and encouraged to ambulate and use the incentive 
spirometer. 

• On postoperative day 5, a barium swallow is obtained to 
assess that contrast flows freely through the esophagus and 
into the stomach and duodenum and that the fundoplica
tion is intact below the diaphragm. Patients are seen by a 
dietician for education on a post-Nissen fundoplication diet. 
They are discharged on a soft diet for 2 to 3 weeks and re
minded to avoid large pills and carbonated beverages. 

• Most patients are discharged home between postoperative 
days 5 and 7. At discharge, the importance of avoiding risk 
factors associated with hernia recurrence, including heavy 
lifting, constipation, or chronic coughing, is emphasized. 

• Mild dysphagia occurs in less than 1 0 %  of patients and usu
ally improves over 4 to 6 weeks as the postoperative edema 
subsides.2 

OUTCOMES 
• Transthoracic hiatal hernia repair remains the standard 

against which other approaches are compared. Patel et al.4 
described 240 patients undergoing repair of a paraesopha
geal hernia (92% type III and 8% type IV) with an antireflux 
procedure in all patients and a Collis gastroplasty in 96%.  
Five patients (2 .1  % )  required an  emergent repair. There 

were three perioperative deaths ( 1 .7%) ,  and the median 
length of stay was 7 days.4 Early complications included re
current hernia (four patients ) ,  leak (three patients ) ,  excessive 
narrowing of the hiatus (three patients ) ,  and bleeding (one 
patient) .  Eighty-six percent of patients were satisfied at last 
follow-up, with a mean follow-up of 42 months. An ana
tomic recurrence was found in 23 patients ( 1 0 % ) ,  with four 
requiring early repair and four requiring late reoperation. 

• Allen et al. 9 reported transthoracic hiatal hernia repairs in 
147 patients with 81 patients ( 6 8 . 1  %) undergoing a Collis
Nissen, 19 ( 1 6 .0% ) a Betsey-Mark IV, 17 a Nissen ( 14 .3 % ) ,  
and 2 a Harrington repair ( 1 .7%) .  There were n o  operative 
deaths, and complications occurred in 32 patients (26. 9 % ) .  
With a median follow-up o f  4 2  months, results were excel
lent in 69 patients ( 60 % ) ,  good in 38 patients (33 % ), fair 
in 6 patients (5 .2 % ) ,  and poor in 2 patients ( 1 .7%) .  Of five 
patients who underwent emergent repair, three had gastric 
necrosis and one died. 

• Maziak et aU described 94 patients with massive, incar
cerated paraesophageal hernias. Organoaxial volvulus was 
present in 50% of patients. A gastroplasty was performed 
in 75 patients ( 8 0 % )  because of a shortened esophagus. 
There were two operative deaths. The mean follow-up was 
94 months, with 72 patients ( 8 0 % )  free of symptoms and 
13 patients ( 1 3 % )  having inconsequential symptoms. Three 
patients (4%)  required medical therapy or esophageal dila
tions and two patients had recurrent hernias or severe reflux 
successfully treated with a reoperation. 

• Rogers et aJ.2° reported a series of 60 patients with a para
esophageal hernia. Thirteen patients underwent emergent 
repair. A transthoracic hiatal hernia repair was performed 
in all patients with an antireflux procedure added selectively. 
There was one death after an emergent repair and one re
currence ( 1 . 5 % ) .  Seven patients ( 1 2 % )  required a single 
esophageal dilation and two patients ( 3 % )  developed symp
tomatic reflux. 
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COMPLICATIONS 
• Bleeding 
• Splenectomy 
• Pericardia! tamponade 
• Right pneumothorax or pleural effusion 
• Damage to the vagus nerves resulting in gastric outlet ob-

struction or dumping syndrome 
• Gastric leak 
• Persistent dysphagia requiring dilations 
• Recurrent hernia 
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Chapter 2 2  Laparoscopic Nissen 
Fundopl ication 
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t 
Elizabeth A. Warner Brant K. Oelschlager 

DEFINITION 
• Gastroesophageal reflux disease ( GERD) ,  as defined by the 

Montreal Consensus Group in 2006, is caused by gastric 
reflux, causing troublesome symptoms and/or complica
tions to the patient that adversely affect their well-being.1 
Symptoms can include heartburn, acid brash, regurgitation, 
dysphagia, noncardiac chest pain, and pulmonary symptoms 
such as cough and hoarseness. Complications include esoph
agitis, Barrett's esophagus, esophageal stricture, and aspira
tion pneumonia. 

• GERD results from incompetency or dysfunction of the 
lower esophageal sphincter (LES ) .  Important factors for ad
equate LES function include esophageal contraction, gastric 
cardia sling fibers, diaphragmatic crus, and intraabdominal 
position of the LES complex. Hiatal hernias efface the natu
ral valve anatomy, allowing the GE junction to be displaced 
into the chest, exposing the LES to negative intrathoracic 
pressure and increased gastroesophageal reflux. A certain 
amount of gastroesophageal reflux is physiologic and not 
pathologic. However, once symptoms become troublesome 
to the patient, a diagnosis of GERD can be made. 

• GERD can also be due to inadequate esophageal motility 
resulting in poor clearance of physiologic reflux. Similarly, 
delayed gastric emptying can lead to GERD due to the in
creased volume and duration of gastric contents that can 
potentially reflux into the esophagus . 

• A fundoplication is the use of the gastric fundus to recreate 
the LES valve function. Various fundoplication configura
tions exist (e .g. ,  Nissen, Dor, Toupet} and differ by the num
ber of degrees that encircle the esophagus, the location of the 
wrap, and the approach used to create the fundoplication. 

DIFFERENTIAL DIAGNOSIS 
• Peptic ulcer disease 
• Esophageal motility disorder (e.g. ,  achalasia)  
• Malignancy (e .g . ,  esophageal or gastric ) 
• Anatomic abnormality (e.g. ,  hiatal hernia) 
• Eosinophilic esophagitis 
• Coronary artery disease 
• Biliary colic 
• Pancreatitis 
• Functional heartburn 
• Hypersensitive esophagus 
• Functional dyspepsia 
• Other functional bowel diseases ( i .e . ,  inflammatory bowel 

syndrome [IBS] ) 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The most common gastroesophageal reflux symptoms re

ported are heartburn, acid regurgitation, and dysphagia. 
There is a growing awareness of more atypical presentations, 
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most of which are related to laryngeal or pulmonary mani
festations such as cough, chest pain, hoarseness, wheezing, 
globus sensation, and aspiration? 

It is important to ask the patient to explain the sensations 
they are having when they use the term "heartburn. "  
Heartburn, a s  related t o  GERD, i s  a retrosternal burn
ing or caustic sensation. Some patients incorrectly use 
the term heartburn to describe epigastric pain (associated 
with peptic ulcer disease, gastritis, and functional dys
pepsia) ,  right upper quadrant pain ( from cholelithiasis or 
other hepatobiliary diseases) ,  or chest pain ( from coro
nary artery disease) .  It is helpful to ask patients to point 
on their body as to where they have discomfort when they 
note that they have heartburn. Classic heartburn does not 
radiate to the back nor is it usually described as a pressure 
sensation. 
Regurgitation symptoms can include gastric fluid regur
gitation, known as water brash, and/or partially digested 
food. Regurgitation of food particles can also be asso
ciated with esophageal clearance problems such as an 
esophageal diverticulum or achalasia. 
Dysphagia from a reflux-associated stricture is usually 
worse with solids than liquids. If both are equally bother
some a neuromuscular disorder must also be considered. 
Airw�y-related symptoms (e.g. ,  cough, wheezing, voice 
changes) can be present alone or in conjunction with 
esophageal symptoms. 

• Disease states that are sometimes related to GERD are idio
pathic pulmonary fibrosis, asthma, and recurrent pneumonia. 

• Patients presenting to a surgeon to discuss GERD treatment 
have often already trialed antacid medications. It is impor
tant to query the patient's response to these medications. If 
the patient does not have at least symptomatic improvement 
to antacid therapy, alternative diagnoses should be consid
ered. Heartburn will almost always improve with antacid 
therapy, at least partially, within days to a few weeks. Simi
larly, they will notice worsening of heartburn symptoms 
with cessation of antacid therapy. Airway symptoms may 
take longer (2 to 3 months) and may not respond at all (even 
when GERD is the etiology) .  

• Physical examination findings are often limited in  a patient 
with GERD. In all patients with gastroesophageal com
plaints, it is important to query about weight loss and he
matemesis and to examine for lymphadenopathy, as these 
could represent an underlying malignancy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Diagnostic testing to confirm objective evidence of abnormal 

gastroesophageal reflux is imperative before considering sur
gical management for GERD. A recent study revealed that 
42% of patients referred for antireflux surgery had a normal 
pH study when tested objectively.3 The following studies are 

-
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Abnormal  pH tracing 

FIG 1 • Samp le  of 24-hour  pH  trac ing demonstrat ing s ign if icant 
ac id refl ux with good sym ptom correlat ion .  

essential to  confirm the diagnosis of GERD, the underlying 
functionality of the LES and esophagus, and investigate any 
anatomic considerations necessary for successful operative 
outcomes: 

pH monitoring (FIG 1 ) assesses distal esophageal pH over 
a period of time (routinely 24 to 48 hours) and a compos
ite DeMeester score is calculated. An abnormal DeMeester 
score is greater than 14.7.4 Factors contributing to this score 
include percent total time pH less than 4, percent upright 
time pH less than 4, percent supine time pH less than 4, 
number of reflux episodes, number of reflux episodes more 
than 5 minutes, and longest reflux episode. 
Upper endoscopy evaluates for esophageal injury and 
Barrett's esophagus secondary to GERD while excluding 
malignant pathology with biopsies as necessary. Endos
copy allows the surgeon to evaluate for the presence of a 
hiatal hernia as well as to visually inspect the LES. 
Esophageal manometry ( FIG 2 ) assesses LES pressure and 
relaxation as well as esophageal motility. Patients with 
esophageal motility disorders can easily be mislabeled as 
having GERD based on symptoms. Understanding a pa
tient's esophageal motility is necessary to plan successful 
antireflux surgery. 
Esophagogram evaluates gastroesophageal anatomy and 
abnormalities such as hernia, stricture, diverticula, motility, 
or tumors. 

• Ancillary tests that may also be useful include laryngoscopy, 
gastric emptying scintigraphy, and impedance testing. 

FIG 2 • Normal  h i g h-reso l ut ion manometry. 

SURGICAL MANAGEMENT 
• There is rarely an absolute indication for antireflux surgery in 

a patient with GERD. Medical management, including acid 
suppression therapy and lifestyle modifications (e.g., dietary 
changes, weight loss ) ,  is usually sufficient to manage most pa
tients' GERD symptoms. Many factors must be considered 
in making the decision to proceed with antireflux surgery. 
These include symptom severity, symptom control with medi
cal therapy, complications of GERD (e.g., severe esophagitis, 
esophageal stricture, Barrett's esophagus, chronic respiratory 
complaints ) ,  and the generalized health of the patient. 

• Patients best suited for an antireflux procedure are those with 
documented and confirmed GERD for whom medical and 
lifestyle changes are not providing adequate quality-of-life 
improvement. When the quality-of-life impairment justifies 
accepting the risk of surgery, antireflux surgery is indicated. 

Preoperative Planning 

Positioning 
• Patient can be positioned in either modified lithotomy posi

tion or supine depending on surgeon preference. Lithotomy 
position requires more time and equipment and has more 
risks of nerve injury. However, lithotomy position provides 
superior ergonomics for the surgeon. Both arms should be 
tucked to not interfere with instrumentation and the patient 
should be adequately stabilized on the bed to safely accom
modate steep reverse Trendelenburg (which allows organs to 
naturally fall away from the hiatus and left upper quadrant ) .  

• Standard trocar placement includes three working trocars, a 
fourth trocar for the camera, and a fifth for liver retraction. 
FIG 3 illustrates standard trocar placement, surgeon, and 
assistant positioning. 

• Elevation of the left lateral lobe of the liver is necessary to 
visualize the esophageal hiatus. This is most commonly accom
plished with a retraction device of the surgeon's choice. 

FIG 3 • Typica l  port p lacement for l aparoscopic  foregut su rgery 
us ing a sp l it- leg approach.  
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A 

TAKE DOWN THE LEFT PHRENOGASTRIC 

LIGAMENT 

• After obta i n i ng  l aparoscop ic  access to the abdomen and 
p l acement of trocars and  the l iver retractor, the phreno

gastr ic l i gament is d iv ided, expos ing the left crus. This 

is  most eas i ly accomp l ished by tract ion on the gastro

esophagea l (GE) j u nct ion fat pad and the gastr ic fundus 

(FIG 4) .  Many surgeons sta rt on the r ight s ide by d iv id ing 

the gastrohepatic l iga ment and r ight phrenoesophagea l 
l i gament. We have found that it is safer to fi rst approach 

the h i atus from the l eft, which provides better v isua l iza

t ion,  but both approaches are accepta b le .  

FIG 4 • The d i ssect ion beg ins  on  the left s ide .  

LIGATE AND DIVIDE THE SHORT GASTRIC 

VESSELS 

• The short gastr ic vessels between the g reater cu rvatu re 

of the stomach and  the sp leen a re l i gated and d iv ided 

from the gastr ic m id body to the ang le  of His (FIG S) .  

B 

The most super ior  short gastric vessels can be d ifficu lt  
to expose. Care m ust be taken to avoid capsu le  tea rs to 

the sp leen dur ing th i s  maneuver. M ore poster ior short 

gastr ic vessels and  retroper itonea l adhes ions must a l so 
be released to fac i l itate fu l l  mob i l izat ion of the fundus 

(FIG 6) .  

F IG  S • A.  The  short gastr ic vesse ls  a re  p laced on tens ion to  a l l ow for  safe d iv is ion without in jury to the stomach .  B. The  short 
gastr ic vessels a re d iv ided close to the g reater cu rve of the stomach .  

FIG 6 • The most upper  short gastr ic vessel i s  poster ior  and 
shou ld  be d iv ided to free the fundus .  
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EXPOSE THE ENTIRE LEFT CRUS 

• The left phrenoesophagea l  membrane is opened a long 

i t s  length (FIG 7) .  

OPEN GASTROHEPATIC LIGAMENT 

• The r ight crus is exposed by open ing  the gastrohepatic 

l i gament wide ly, ta k ing care to avoid i nj u ry to nerve of 

Lata rjet (FIG 8) .  

ENTER THE RIGHT PHRENOESOPHAGEAL 

MEMBRANE 

• The r ight phrenoesophagea l mem brane is identif ied 

over ly ing the r ight crus and is d iv ided to expose the cru

ra l f ibers beneath . The r ight phrenoesophagea l  mem

brane is opened a long its length (FIG 9). 

FIG 9 • The peritonea l  attachments a long the r ight crus a re 
i ncised. 
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CONNECT LEFT AND RIGHT HIATAL 

DISSECTIONS 

• The left and  r ight d i ssect ions of the phrenoesophagea l 

mem brane are connected both anter ior ly and  poster ior ly 

with caut ion so as not to i nj u re the anter ior and poste

rior vagus  nerves. A Pen rose d ra i n  is  p laced a round the 
esophagus to a id  i n  gastroesophagea l  j unct ion retract ion 

and  esophagea l  exposure (FIG 1 0) .  

F IG  1 0  • At least 3 em of  esophagus a re  mob i l ized i nto the  
abdom ina l  cavity. 

ESOPHAGEAL MOBILIZATION 

• The a reo lar  con nective tissue surround ing  the esopha
gus  i s  exposed and d i ssected free by retract ing the GE 

j unct ion with the Pen rose d ra i n  to mob i l ize adequate 

POSTERIOR CRUS REAPPROXIMATION 

• The r ight and l eft crura are rea pprox imated poster ior ly 

with heavy permanent suture (FIG 1 1 ) so that the h i atus 
comforta bly accepts a 52-Fr i ntraesophagea l  boug ie .  

FIG 11 • A poster ior cruroplasty is  performed with 0-0 s i l k  
sutu res. 

POSTERIOR STOMACH WALL MARKING 

STITCH 

• Construct ion of the fundop l ication  itse lf is the s i ng le  crit

ica l step where errors a re made that affect the short- and 

long-term success of the operat ion .  To com bat th is, we 
p l ace a loose stitch on the poster ior gastr ic wa l l  to mark 

the proposed s i te  for  the fi rst stitch of the fundop l ica

tion. Idea l ly, this st itch i s  p laced 3 em d ista l to the G E  

j unct ion a n d  2 e m  from the g reater cu rvatu re (FIG 1 2) .  

F IG  1 2  • A mark ing  stitch is  p laced on the poster ior gastr ic 
wa l l  to ident ify the port ion of the fundus to be brought to the 
r ight of the esophagus .  

i ntraa bdom ina l  esophagea l  length (m i n i m u m  of 3 em) 

(FIG 1 0) .  The anter ior and poster ior vagus  nerves as wel l  
a s  the p leura are protected d u ring  th i s  d issect ion .  
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PASS THE FUNDUS POSTERIOR TO THE 

GASTROESOPHAGEAL JUNCTION 

• The G E  j u nct ion is then retracted with the Penrose d ra i n  

and t h e  poster ior gastr ic fundus is  g rasped from t h e  pa

t ient's r ight and brought poster ior to the GE j u nct ion 
(FIG 1 3) .  (Note: If the previous ly p l aced mark ing stitch 

was wel l  p laced, it w i l l  become vis i b le  as the fundus is  
passed from the patient's left to the r ight and w i l l  serve 

to mark the locat ion of the fi rst fundopl ication  stitch to 
be p laced.) 

IDENTIFY AND GRASP THE ANTERIOR 

STOMACH 

• An opti ma l  fundop l icat ion wi l l  be ach ieved by sym metric 

geometry. Th is  i s  accomp l ished by identify ing the p lace 
on the anter ior gastr ic wa l l  that is of s im i l a r  d i stance 

from the G E  j u nct ion and the g reater curvatu re as the 

previous ly p laced poster ior gastr ic wa l l  marking stitch 
(FIG 14) .  Once th i s  locat ion i s  identif ied, both the a nte

rior and  poster ior gastr ic wa l l s  a re approximated around 

the d ista l esophagus at the 10 o'c lock posit ion .  The wra p 

shou ld  be snug without excess ive redunda ncy but not 
too t ight e ither. 

FUNDOPLICAT ION CREATION 

• Once sym metric fundop l icat ion geometry is confi rmed, 

four  seromuscu l a r  permanent sutu res are p laced from 

anter ior fundus to poste r ior fundus to secu re the fundo
p l i cat ion over a tota l of 3 em.  Once the fi rst seromuscu l a r  

stitch is  p laced, the  Pen rose d ra i n  is  removed and a 52-Fr 

i ntraesophagea l  bougie is  g u ided i nto the stomach to 

aid i n  fundop l ication s i z ing .  To or ient the fundal fo lds 

appropr iately for the second,  th i rd, and  fourth fund us
to-fundus  stitches, g rasp the fi rst fund us-to-fundus stitch 
and retract it cepha lad  to the r ight crus (FIG 1 5) .  This w i l l  

resu lt  i n  a ppropr iate a l i g n ment of  the  funda l  suture l i ne 
at the 1 0  o'c lock to 1 1  o'c lock posit ions (FIG 1 6) .  

FIG 15  • The  fi rst stitch of  the fundop l i cat ion is p laced most 
cepha lad .  
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FUNDOPLICAT ION ANCHORING 

• The fundopl icat ion is then a nchored with sepa rate 

stitches to the r ight and  left crura as wel l  as  esophagus 
(fu ndus-esophagus-crus) to anchor the fundop l icat ion i n  

t h e  abdomen and  prevent hern iat ion .  Caution must be 

INTRAOPERATIVE ENDOSCOPY 

• I ntraoperative endoscopy is used to confirm a wel l 
posit ioned fundop l icat ion pr ior  to desuff lat ion of the 

abdomen and remova l of troca rs. 

FIG 16 • The completed fundop l ication with the suture l i ne  
at the  1 1  o'c lock posit ion .  

used so as not to tear  the esophagea l or  crura l  f ibers with 

these stitches. A f ina l  st itch from the poster ior fundus 
to the crura l  c losure can be p laced to prevent poster ior 

hern iat ion .  (The a nter ior space i s  protected by the left 

latera l lobe of the l i ver.) 

PEARLS AND PITFALLS 
I nd ications • Objective evidence of abnorma l  gastroesophagea l  refl ux by 24-hour  pH mon itor ing is essentia l  to 

cons ider ant i  refl ux su rgery beca use sym ptoms a lone ca n be m is lead ing .  
• Add it iona l  mandatory preoperative stud ies fo r  operative p l ann i ng :  esophagea l  manometry, upper  

endoscopy, and esophagog ra m .  

H iatus d i ssect ion • E ither a left-to-r ight or  a r ig ht-to-left h iata l d i ssect ion is accepta b le .  We prefer sta rt ing  the d is-
sect ion on the left as it m i n i m izes the r isk of i nadvertently tea r ing short gastr ic vessels and sp len ic  
in jury when work ing  from the r ig ht. 

• Mediasti na l  esophagea l mob i l izat ion is necessa ry to ga i n  adequate i ntraabdom ina l  esophagea l 
length for proper fundop l i cat ion creat ion .  

Fundop l ication  ca l i bration • A 52-Fr i ntraesophagea l  bougie is  necessa ry to ca l i b rate the fundopl icat ion s ize.  
• The fi rst fundopl ication stitch is easier without the bougie i n  p lace. After the fi rst stitch, advanc ing 

the bougie i nto the stomach must be done with caut ion as the bougie can perforate the G E  junction .  

Fundop l icat ion or ientat ion • An idea l  fundop l icat ion wi l l  lay so that the suture l i ne i s  at the 10 o'c lock to 1 1  o'clock posit ions on 
the esophagus.  

POSTOPERATIVE CARE 
• Postoperative dietary modifications: Clear liquids are started 

postoperatively and are advanced to full liquids the follow
ing day. The patient is typically discharged on the first post
operative day. Over 2 weeks, diet is advanced to a soft and 
then finally a regular diet as the patient's dysphagia resolves. 

• Other postoperative instructions: To decrease postoperative 
bloating, no straws are used and carbonated beverages are 
avoided. 

• Activity restrictions: No lifting greater than 10 to 15 lb or 
aggressive physical activity is strictly observed for 6 weeks to 
avoid stress to the diaphragmatic sutures. 
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OUTCOMES 
• Long-term outcomes (median 69-month follow-up) for laparo

scopic antireflux surgery reveal 90% of patients have resolved or 
improved heartburn and regurgitation. Seventy-five percent of 
patients have resolved or improved dysphagia. Sixty-nine percent 
of patients have resolved or improved cough and hoarseness. 

• Postoperative side effects include new-onset bloating ( 9 % ) ,  
diarrhea ( 1 1  % ) ,  and dysphagia (2 % ) .  

• Ninety percent o f  patients report that they were happy with 
their decision to undergo laparoscopic antireflux surgery.2 

COMPLICATIONS 
• Splenic or liver injury 
• Hollow viscus perforation 

• Dysphagia 
• Pneumothorax 
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DEFINITION 
• A hiatal hernia is an enlarged diaphragmatic hiatus, allowing 

for passage of the stomach or other organs into the chest. 
• Hiatal hernia is traditionally divided into several types; the 

principle difference is sliding versus paraesophageal. The 
sliding type is much more common. This is type I .  

• Paraesophageal is type II .  This involves herniation of the 
stomach above the gastroesophageal (GE) junction, which 
remains in the abdomen. 

• Type III is a combination of types I and II, with the GE junc
tion in the chest, but with stomach herniating above it. This 
is also referred to as a paraesophageal hernia (PEH) and is 
much more common than a type II. 

• A type IV PEH involves herniation of additional organs 
other than stomach such as the transverse colon. 

DIFFERENTIAL DIAGNOSIS 
• The type of hiatal hernia should be discerned as described 

under definition and differentiated from other nonhiatal dia
phragmatic hernias. 

• This is a diagnosis that is often made with imaging prior to 
surgical referral. If imaging has not yet been performed, there 
are other entities that could have similar clinical presentation. 

• These include gastroesophageal reflux disease (GERD),  gastri
tis, peptic ulcer disease, chronic mesenteric ischemia, angina, 
myocardial infarction, or aortic dissection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Like type I hernias, these patients may present with GERD 

symptoms (e.g. ,  heartburn, regurgitation, symptoms related 
to aspiration, etc . ) ;  however, at least half of patients will not 
complain of significant GERD. Patients will often present 
with a history of postprandial abdominal or chest pain, early 
satiety, dysphagia, and regurgitation. Symptoms are fre
quently related to the volume of food they have consumed. 
They may have associated weight loss. 

• PEHs can also present with respiratory symptoms such as 
dyspnea or cough. Anemia is a common presenting symptom 
of a large hiatal hernia and is often the only finding in a gas
trointestinal (GI)  workup. 

• Rarely, PEHs can present with acute obstruction. 
This is often caused by gastric volvulus. 
This will present with increased severity of symptoms; 
complete intolerance to oral intake; severe pain; and oc
casionally, even systemic inflammatory response or sepsis 
if the stomach becomes ischemic. 

• There are not generally physical findings specific to this 
condition. 

The patient can be examined for changes associated with 
GERD in the oropharynx. 

178 

Abdominal exam may reveal some epigastric tenderness. 
There may be signs of weight loss or overall frailty. 
There may be diminished breath sounds. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The workup for hiatal hernia is similar to the GERD workup. 
• An esophagram is often the most valuable study; this pro

vides images of the hernia in a dynamic fashion using fluo
roscopy ( FIG 1 ) .  This is the best study for getting an overall 
size and position of the stomach within the hernia. 

• Hernias are frequently diagnosed on computed tomography 
( CT) for abdominal pain, although this is not the initial test 
to obtain if you are most suspicious of hiatal hernia. It will, 
however, usually make the diagnosis and can rule in or out 
other things. 

• Upper endoscopy can be helpful for visualizing the size of 
the hernia and more for examining the mucosa for associ
ated conditions. 

Cameron's erosions are linear erosions that can be found 
in the stomach related to constriction by the diaphragm. 
Changes related to associated GERD can also be seen in 
the esophagus such as erosive esophagitis and Barrett's 
esophagus. 
Any neoplastic lesion should be ruled out prior to operative 
repair. 

FIG 1 • U p per G l study demonstrated l a rge h iata l hern ia  with 
stomach i n  the chest. 

-
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• Manometry is valuable in planning the antireflux procedure 
that will be performed in conjunction with repair of the her
nia. Normal motility will allow for creation of a full wrap, 
as opposed to partial. 

• pH testing is not generally required, unless the patient is pre
senting primarily with GERD symptoms. In this case, it may 
be useful as a baseline. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Indications for repair of hiatal hernias: 
Sliding hiatal hernias (type I )  should not be repaired unless 
the indication is associated GERD, in which case, they 
should be repaired at the time of planned fundoplication. 
PEHs (types II to IV) should generally be repaired if symp
tomatic. In younger ( < 60 years of age) and healthier pa
tients, repair of even relatively asymptomatic hernias is 
indicated given the risk of incarceration, although this risk 
is smaller than once thought. 
Mesh hiatal hernia repairs generally need to be considered 
only in patients with PEHs (larger hernias ) .  

• Many patients with hiatal hernias are elderly, and they may 
have serious comorbidities or frailty. In these patients, a 
thorough medical evaluation should be completed prior to 
any elective hernia repair. 

• Some of them may be too frail or high risk for a full hiatal 
hernia repair with fundoplication but are very symptomatic 
and need intervention. In these patients, it may be more pru
dent to plan for a shorter procedure without full dissection 
of the hernia sac; hernia reduction with gastrostomy tube 
gastropexy may be more appropriate in these patients . 

Positioning 

• As for other foregut procedures, patients should be in low li
thotomy with a beanbag support and both arms tucked (FIG 2 ) .  

• The patient will be in  steep reverse Trendelenburg for most 
of the case. 

• The surgeon can operate from the foot of the table, with the 
assistant on the patient's left. 

SETUP AND PORT PLACEMENT 

• After ster i l e  prep, the upper  abdomen is d raped.  Equ ip-

ment for l aparoscopy is passed off and secured. • 
• The peritonea l  cavity is accessed us ing a Veress needle, 

and pneumoperitoneum is obta ined .  
• An 1 1 -m m  cutt ing optica l troca r is inserted in the left 

subcosta l position .  
• Addit iona l  ports are p l aced under  d i rect v is ion as fo l l ows 

(FIG 3) :  
• Camera port ( 1 1 mm) in ep igastric posit ion;  a 5-mm 

port can a l so be p laced here depend ing  on surgeon 

preference for scope s ize.  

Monitor 

FIG 2 • Patient posit ion i ng  for h iata l hern ia  repa i r; l ow 
l ithotomy. The surgeon sta nds between the patient's legs with 
the assistant on the patient's l eft. 

• Ass istant (5 mm) port in left latera l posit ion  
• Su rgeon's left hand port (5 mm)  in r ight upper  

quadrant 

A Nathanson l iver retractor is then p l aced in the upper  

m i d l i ne for retract ion of the left lobe .  
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REDUCTION 

• The stomach and any other  hern ia  contents a re red uced 

i nto the abdom ina l  cavity as poss ib le; with a PEH, the 
stomach w i l l  a l most never fu l ly reduce and the surgeon 

should not attem pt to do so. J ust red uce the stomach 
that is free and  not attached with i n  the mediasti n u m .  

MOBI LIZATION 

• The short gastric vessels a re l i gated with an e lectrica l or  
u ltrason i c  sea l i n g  device i n  order  to mob i l ize the fun

dus  fu l ly. Beg i n  l igat ion near the i nfer ior border of the  

sp leen (see FIG 3) .  

D ISSECTION OF HIATUS AND HERNIA SAC 

• The phrenoesophagea l  mem brane and hern ia  sac a re d i 

v ided  at the m uscu la r  edge of  the crus. 
• Once the crus is v i sua l ized, the surgeon can be assu red 

that a l l  layers of the sac have been d iv ided.  In th i s  way, 

FIG 3 • Port p lacement for h iata l hern ia  repa i r. 

• Ca re must be taken to a l so d iv ide any attachments or 

vesse ls  between the fundus and  the retroperitoneum as 

adhes ions are common .  

• The attachment of the sac to the h i atus is d iv ided unt i l  it 

is freed c i rcumferent ia l ly. After th i s  is comp lete, the sac 
i s  released from the med iasti num,  with care to avo id the 

p leura (FIGS 4 and S) .  This is  fac i l itated with the use of 

gent le tract ion and the d iffus ion of carbon d ioxide (C02) 

from the pneumoperitoneum.  
the surgeon beg ins  to deve lop a p lane  outs ide of the  • The a ppropr iate p lane  shou ld  appear a reo l a r  and l a rge ly 
hern ia  sac and  not with i n  it .  avascu la r. 
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A B 

FIG 4 • L ine d rawi ng (A) and i ntraoperative photo (B) of mediast i na l  d i ssect ion .  The hern iated stomach is seen on the left s ide 
of the screen .  E lectrocautery is used to d iv ide the sac, revea l i ng an  a reo la r  p lane i n  the mediast i num outs ide the sac .  

ESOPHAGEAL MOBILIZATION 

• A Penrose d ra i n  is then p laced around the d ista l esopha
gus and used to p lace downward and a lternat ing l atera l 

tract ion on the esophagus  as it is c i rcu mferent ia l ly mobi 

l ized i n  the mediasti n u m .  
• Care is taken to l igate or cauterize sma l l  vessels in the 

mediasti n u m  as needed. 
• Mob i l i zat ion is conti nued unt i l  the G E  j unct ion l ies i n  

t h e  abdomen without tens ion,  preferably with 3 em of 

esophagus  in the abdomen.  

• 

• 

FIG 5 • A la rge h iata l hern ia  defect. D i ssect ion of the 
sac was begu n  from the patient's l eft s ide .  The sac is  st i l l  
connected t o  t h e  hern iated stomach i n  t h e  centra l anter ior 
med iasti num .  

I n  the  sett ing of  a l a rge h iata l or  PEH ,  the  esophagus is  a l 

ways relatively foreshortened.  If agg ressive mob i l izat ion 
of the mediast ina l  esophagus  is  performed, i n  our  expe

r ience, adequate esophagea l length can be obta ined .  If 

not, then an  esophagea l  lengthen ing  procedure w i l l  be 
needed (see Pa rt 1 ,  Chapter 20). 

A l i g hted boug ie  i s  then p l aced i nto the esophagus and  
stomach by  the anesthesia tea m .  Ca refu l  com m u n ication 

between the anesthes ia and surg ica l  teams is req u i red to 

avoid comp l ications d u ring  p lacement of the boug ie .  The 
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anesthetist shou ld  be ab le  to see one of the lapa roscopy 

mon itors. If there i s  any quest ion as to the locat ion of the 

esophagus  ear l ie r  i n  the proced u re, the l i ghted bougie • 
can be he lpfu l  in locat ing it. 

• The hern ia  sac is then amputated and removed.  The an- • 
ter ior vagus nerve shou ld  be identif ied and preserved 

here as long as adequate esophagea l  mob i l i zat ion has 

CRURAL CLOSURE 

• The crura a re rea pproxi mated us ing permanent suture 

(FIG 6) .  
• Most of the c losure shou ld  be poster ior, as the m uscle is  

more robust there. 
• Occasional ly, adequate closure cannot be achieved with 

only posterior sutur ing due to the size of the defect; i n  this 
case, a re laxing i ncis ion or anterior sutu res may be requ i red. 

• A re lax ing inc i s ion can be made on the r ight s ide of the 

r ight crus to release the r ight crus toward the left and 

a l low for h iata l c losure .  

FIG 6 • Primary repa i r  of the crura l  defect poster ior ly with 
i nterru pted sutu res. 

MESH PLACEMENT 

• A b io log ic  mesh is then cut to cover the defect, usua l ly i n  
a U or  C sha pe. 

• This  is i ntroduced through a n  1 1 -m m  port and p laced f lat 
aga i nst the h iatus. 

• Permanent sutu res a re then used to secu re the super ior  

aspects of the mesh to the crus on  e ither s ide (FIG 7) .  
• The mesh can be comp letely secu red with sutu re, or the 

rema in i ng  fixat ion can be performed with f ibr in g l ue .  
• If a re lax ing i nc is ion was necessa ry, it shou ld  a lso be cov

ered by the mesh.  

FIG 7 • View of mesh p lacement from the patient's left s ide .  
It i s  secured with suture su per ior ly and f ibr in  g l ue i nfer iorly. 
The mesh covers the poster ior defect. 

FUNDOPLICATION 

• Fu l l  fundop l icat ion shou ld  be performed as long as the 

patient's esophagea l mot i l ity a l l ows, to treat ref lux and 

to prevent rehern iat ion .  Fundop l icat ion tech n ique  is 

descr ibed i n  another chapter (FIG 8) .  

• 

been obta ined .  Th is  is done by on ly  removi ng the ante

rior sac to the left of the vagus  nerve. 

Adeq uate remova l of the hern ia  sac faci l itates the fundo

p l i cat ion l ater. 

If esophagea l mob i l izat ion has been i nadeq uate, the 
vagus  can be l i gated here, 1 or a Co l l i s or  wedge gastro

p lasty can be performed.2 

I ntraoperative endoscopy shou ld  be performed at the 

conc lus ion of the case to confi rm wrap posit ion ing  and 

locat ion of the G E  junct ion i n  the abdomen.  
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A B 

FIG 8 • L ine d rawing (A) and  i ntraoperative photo (B) of fu l l  fundop l icat ion .  

PEARLS AND PITFALLS 
I nd ications • O n ly symptomatic (G ERD associated) s l i d i ng  hern ias  shou ld  be repa i red .  

• Al l  PEHs  (types I I  to IV) can be cons idered for repa i r  g iven the r i sks  of volvu lus  and obstruct ion .  

Patient sel ect ion • I n  e lder ly or i nf irm patients, cons ider gastropexy as an  a lternative to PEH  repa i r. 
• In morb id ly  obese patients, cons ider l aparoscop ic  s leeve gastrectomy or gastr ic bypass as a n  

a lternative operat ion . 3  

D i ssect ion • Fu l l  d i ssect ion around the sac must be accomp l ished.  D iv ide the sac off of the crus  and  then 
ma inta i n  an  a reo lar  p lane i n  the mediasti n u m  

Esophagea l  mobi l i zat ion • Must be carr ied super ior ly i nto the mediast inum to ensure adequate i ntraabdom ina l  esophagea l  
length (3 em).  

Mesh p lacement • After pr imary repa i r  of a l a rge h iata l defect, mesh rei nforcement may be used. B io log ic  mesh 
has fewer potenti a l  comp l icat ions4 but may have a h igher  recurrence rate . 5  

POSTOPERATIVE CARE OUTCOMES 
• The patient generally has an overnight stay in the hospital. 
• Patients should be given an incentive spirometer, have chem

ical deep vein thrombosis (DVT) prophylaxis, and prompt 
Foley catheter removal. 

• Patients can be given clear liquids on the night of surgery 
and the diet can be advanced the following day. They should 
be discharged on a pureed diet and should progress to soft 
diet over the next month. Pills should be crushed or con
verted to elixirs for 1 month. 

• Patients should anticipate at least 2 more weeks of recovery 
at home, depending on their age and comorbidities. 

• Activity is largely unrestricted, but heavy lifting or 
other Valsalva maneuvers should be avoided to keep the 
intraabdominal pressure down and avoid early hernia 
recurrence .  

• A recent randomized controlled trial of  laparoscopic PEH 
repair with and without biologic mesh demonstrated a lower 
recurrence rate at 6 months with biologic mesh.5 

• This difference in outcomes did not persist when patients 
were reexamined with upper GI series at a median follow-up 
time of 5 years . 6 

• At that time, the recurrence rate was found to be the same 
between the two groups; there was a 50% radiographic 
recurrence rate . 

• Most of these recurrences were small and did not correlate with 
patient symptoms except a mildly increased rate of heartburn? 

• Despite the high rate of radiographic recurrence, all symp
toms were improved at long-term follow-up. 

• Only 3% of patients in this trial ultimately required reopera
tion for hernia recurrences . 
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COMPLICATIONS 
• As with any major abdominal surgery, complications can 

include bleeding, infection (either at the surgical site or else
where) ,  or thromboembolic events . 

• Complications that are particular to PEH repair can include 
postoperative respiratory compromise. 

Changing pulmonary physiology after reduction of the 
herniated stomach, general anesthesia, and postoperative 
abdominal pain can lead to increased dyspnea and oxygen 
requirement during the immediate postoperative period. 
This generally stabilizes enough for discharge within 1 to 
2 days or the patient can be discharged on a short course 
of home oxygen. 

• Pneumothorax can occur intraoperatively during mediastinal 
dissection. The pleura should be repaired to prevent further 
insufflation of the pleural cavity with C02. Once the pleura 
is closed and the abdomen is desufflated, the C02 is reab
sorbed quickly and decompression is not generally required. 

• Following fundoplication, there can be some dysphagia dur
ing the early postoperative period. This can generally be 
managed with dietary modification. Bloating can also be a 
complaint early on. 

• Hernia recurrence is a potential complication. Recurrence 
was covered in the " Outcomes" section. 
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C. Daniel Smith 

DEFINITION 
• A variety of fundoplication procedures are used today (Table 1 ) ,  

primarily to treat gastroesophageal reflux disease (GERD) .  
• The 360-degree fundoplication (Nissen fundoplication) i s  

the most popular of the various fundoplication techniques. 
• Although fundoplication, when done by an experienced sur

geon, results in control of GERD and significant improvement 
in quality of life in the majority of patients, this operation does 
fail, necessitating further surgery or a redo fundoplication. 1-3 

• Broadly speaking, there are three reasons that an operation 
will fail to control a patient's symptoms and/or GERD. 

Errors in workup or patient selection 
Errors in operative management 
Natural history of the particular antireflux operation or 
condition being treated 

DIFFERENTIAL DIAGNOSIS 
• Fundoplication failure is defined as either recurrence of the 

condition or symptoms that necessitated the fundoplica
tion (e.g. ,  recurrent GERD or recurrent hiatal hernia) or the 
development of new symptoms not present preoperatively 
(e.g. ,  dysphagia, nausea, or regurgitation) .  

• One typically sees failure of a fundoplication in a few distinct 
patterns.4-6 These are outlined in Table 2 and FIGS 1 and 2 . 

• When considering these reasons for failure, hiatal hernia is 
the most common cause (44% of cases) .  Wrap disruption or 
breakdown is the next leading cause, accounting for 1 6 %  
o f  failures. Slipped wraps account for 1 1 .7% o f  failure, and 
finally, wraps improperly positioned at the time of their ini
tial construction is found in 3 .9% of cases .7  

• Wrap or crural stenosis is a rare cause of failure and often 
times hard to determine as a primary etiology of failure . 

• If mesh was used at the initial operation, a distinctly differ
ent pattern of failure and management strategy is needed. 8 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Common symptoms of failure of fundoplication are outlined 

in Table 3 .  
• Recurrent GERD i s  the most common (59 % )  and dysphagia 

( 3 1  %) the next most common. Although these symptoms 
can occur with any or all of the patterns of failure, there 
are patterns of symptoms that correlate highly with a given 
mechanism of failure ( FIG 3) .  

Table 1 :  Fundopl ication Procedures 

360-degree fundopl ication (N issen fundopl ication) 
1 80·degree poster ior fundop l ication (Toupet fundopl ication) 
1 80·degree a nterior fundopl ication (Dor fundop l ication) 
Poster ior gastropexy (H i l l  procedu re) 
Transthoracic poster ior p l ication (Be lsey procedu re) 

Table 2:  Patterns of Fundopl i cation Fai l u re 

Wrap d isrupt ion or loosen ing  
Wrap m ig ration or  s l i p  
H iatal hern iat ion or reherniat ion 
Wrap or crura l stenosis 
Wrap too loose or  misp laced at the in i t ia l  operation 

• Gross anatomic abnormalities such as hiatal hernia or severe 
wrap/crural stenosis are more likely to present with symp
toms related to poor esophageal transit and emptying. These 
symptoms commonly include dysphagia, chest pain, and 
regurgitation. 

• The wrap that has loosened or come undone more com
monly presents with recurrent GERD symptoms, often iden
tical to those being experienced before the first antireflux 
procedure. Commonly, this includes typical symptoms such 
as heartburn, regurgitation, and chest pain but can also 
be more atypical symptoms such as cough, laryngitis, or 
asthma. Again, the relationship and similarity of symptoms 
to those before the initial operation is strongly predictive of 
wrap disruption or loosening. 

• A slipped wrap will often have a broad constellation of 
symptoms with more prevalence of nausea and epigastric 
pain than the other presentations. 

• A favorable response to antisecretories and postural regur
gitation predicts wrap loosening or incompetence, whereas 
poor tolerance of heavy dense foods or weight loss predicts 
hiatal herniation or esophageal outlet issues. Improvement 

A B 

c D 

FIG 1 • Common anatom ic patterns of anti  refl ux su rgery fa i l u re:  
(A) fundop l ication  d isrupt ion, (B) t ight fundop l icat ion or  crura l  
stenosis, (C) s l i pped fundop l icat ion,  and (D) h iata l hern iat ion .  

185 
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Correct 
---

Incorrect 
---

Table 3: Common Symptoms of Fundoplication 
Fai lure 

Heartburn 
Chest pa in  
Regurg itation 
Dysphag ia 
Nausea 
B loati ng  
Shortness of breath ( SOB)  
Aspiration 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Testing for suspected fundoplication failure falls into testing 

to secure a diagnosis or reason for failure and testing for 
operative planning. An algorithm for the workup of patients 
suspected to have failed a prior fundoplication is shown in 
FIG 4. 

Establishing the Diagnosis 

FIG 2 • I l l ustrat ion of i ncorrectly created fundopl ication compared 
to correct creat ion.  

• In pursuit of a diagnosis of failure, the workup should start 
with an anatomic assessment. This usually includes an upper 
endoscopy (esophagogastroduodenoscopy [EGD] )  and con
trast esophagram. 

with dilation supports esophageal outlet restriction. Failure 
of symptoms to respond to any intervention is more likely 
with wrap slippage. 

• A confusing presentation is the patient with early postpran
dial bloating or meal-induced diarrhea. With this symptom 
constellation, one should be suspicious of vagal nerve injury 
or inflammation (dysfunctional gastric emptying) .  This 
symptom complex in the absence of an obvious anatomic 
abnormality or a positive pH test should lead one to pursue 
further workup rather than a redo antireflux operation. 

Undone wrap 

Heartburn 
Chest pain 

Regurgitation 
Dysphagia 

Nausea 
Bloating 

SOB 
Aspiration 

A 

Slip/misplaced wrap 

• Often, a contrast esophagram is all that is needed to identify 
the pattern of failure . FIG S depicts the esophagram findings 
corresponding to the various patterns of failure . 

• Alternatively, an EGD may clearly show an anatomic 
abnormality. The common endoscopic findings of failure are 
outlined in Table 4. 

• In many cases, if the presenting symptoms correlate with 
findings on an esophagram or EGD, this is all that is needed 
to diagnose failure and the need for reoperation. 

• If recurrent GERD is the dominant presentation, then pH 
testing should be obtained. 

B 

Tight wrap/crura 

Heartburn 
Chest pain 

Regurgitation 
Dysphagia 

Nausea 
Bloating 

SOB 
Aspiration 

Hiatal hernia 

Heartburn Heartburn 
Chest pain Chest pain 

Regurgitation Regurgitation 
Dysphagia Dysphagia 

Nausea Nausea 
Bloating Bloating 

SOB SOB 
Aspiration C D Aspiration 

FIG 3 • A-D. Sym ptoms of a nti  refl ux surgery fa i l u re correlated with anatom i c  pattern of fa i l u re .  SOB,  shortness of breath .  
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FIG 4 • F lowcha rt of workup for poss ib le  ant i reflux surgery fa i l u re .  PEH, paraesophagea l  hern ia ;  EMS, esophagea l  mot i l ity study; 
GES, gastr ic emptying  study. 

Tight wrap/crura 

A B 

Sl ip/misplaced wrap Hiatal hernia 

c D 

FIG 5 • A-D. Contrast swa l low exa m p les for each common anatomic  pattern of fa i l u re .  

Table 4: Endoscopic Findi ngs of Fai l ed Fundopl ication 

Viewing Location 

Retroflex view of d ista l esophagus 

Forward v iew of d ista l esophagus 

Findings (Pattern of Fai lure) 

Gastric fo lds extend ing i nto wrap (s l ipped/m isp laced fundopl ication) 
Esophagogastric j unct ion does not hug scope ( loose or  undone fundop l ication) 
Gastric m ucosa extend ing above h iata l  i ndentation (h iata l  hern ia)  
Na rrowing that does not accept scope (tight wrap or crura l  stenosis) 
Esophagitis/esophageal  u lcers ( loose or  undone fundopl ication) 
Constrict ion on proxima l  stomach below constr ict ion of wrap (h iata l  hern ia)  
Constrict ion of wrap distal to esophagogastric j u nction (s l ipped or  m isplaced wrap) 
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Planning for Operative Management 

• With a diagnosis of fundoplication failure secured, further 
testing may be indicated to help plan the most effective 
reoperative strategy. 

• The most common conditions associated with failure that 
need to be investigated are esophageal motility problems and 
impairment in gastric emptying. All patients should undergo 
an esophageal motility study and a gastric emptying study 
before redo surgery. 

• Impairment in esophageal motility may indicate the need for 
a partial 270-degree fundoplication rather than a 360-degree 
fundoplication. Classically, a partial fundoplication should 
be considered if normal esophageal peristalsis is present in 
less than 70% of swallows or esophageal body pressure is 
less than 30 mmHg. 

• Delayed gastric emptying may require the addition of a gas
trostomy tube to provide gastric decompression in the early 
postoperative period, thereby preventing gastric distension
induced crural or wrap disruption. 

SURGICAL MANAGEMENT 
• Redo fundoplication can be both rewarding and challeng

ing. Although the right diagnosis and proper preparation 
are important, they are no substitute for experience with all 
manner of foregut surgery. Redo fundoplication should not 
be undertaken by a general surgeon who occasionally per
forms elective fundoplication. 

Preoperative Planning 

• For a skilled laparoscopic surgeon, almost all redos can be 
approached laparoscopically. Early conversion to an open 
approach is more likely in the following situations: 

Multiple prior foregut procedures, especially prior open 
repairs 
Hiatal hernia with a significant amount of the stomach 
incarcerated in the chest, especially if mesh was used 

GAINING ABDOMINAL ACCESS AND 

PORT PLACEMENT 

Prior operations that were complicated by postoperative 
leak, fistula, or early reoperation 

• In these situations where one may predict a higher likelihood 
of conversion, it is prudent to be prepared for not only an 
open approach but also a thoracoabdominal approach. 

• EGD should be available intraoperatively for all redos, and 
an EGD performed by the surgeon before scrubbing pro
vides valuable firsthand anatomic information that is useful 
intraoperatively. Leaving the scope in the stomach allows 
intraoperative identification of key anatomic structures 
such as the squamocolumnar junction or the location of the 
fundoplication. 

Positioning 

• A split-leg approach is used in nearly all cases ( FIG 6 ) .  If 
conversion to an open approach is anticipated, one arm 
should be tucked so that a table-mounted retraction system 
can be secured at the patient's shoulder, well away from the 
surgeons' standing position at the patient's side for open 
access. 

FIG 6 • Patient posit ion ing for reoperative anti ref lux operat ion .  

• If the pr ior  fundop l icat ion was performed lapa roscopi 

ca l ly, it is  reasonab le  to attem pt abdom ina l  access by 
pass ing a Veress needle through an  a rea i n  the upper  

a bdomen free of pr ior  i nc is ions .  The safest means of 

access is  a v i sua l ized access us ing an  open techn ique .  
• A five-troca r techn ique  as dep icted in FIG 7 is used . 

FIG 7 • I l l ustration or photo of trocar p lacement on abdomen. 



IDENTIFY AND EXPOSE HIATAL 

ANATOMY 

• The d i ssect ion commences by approach ing  the esopha
gea l  h i atus from the left. The g reater cu rve of the 

stomach is found and fo l l owed upwa rd toward the ang le  
of  H i s  wh i l e  u s i ng  a tissue-sea l i ng  device to  d iv ide any  

rema in i ng  short gastr ic vessels or  vascu l a rized sca r t issue 
(Tab le  5) . 

• Once the base of the left crus is found,  the l eft crus is  

c leared of adhes ions u p  to and a round the crura l  a rch as 

fa r as poss ib le  (FIG 8) .  Often, the left lobe of the l iver is  
fused to the fundus sta rt ing a long the crura l  a rch l i m it

i ng  how much crura l  a rch can be exposed at th i s  po int i n  

t h e  operat ion .  
• The mediasti n u m  is entered from the left as fa r poster ior 

as possib le .  Usua l ly, th i s  opens a p lane j ust a nter ior to 
the aorta and beh ind  the esophagus (FIG 9). This  p lane  

is often very f r iend ly  a l lowing the poster ior  med iasti n u m  

t o  b e  c leared proxim a l ly and  t o  t h e  r ight, over t h e  t o p  of 
the aorta toward the sp ine .  A %- in Pen rose d ra i n  cut 6- in 

long can be l eft i n  the poster ior med iasti num (FIG 1 0) to 

be found later when the mediast i num is entered from 
the right poster ior ly. 

• With at least Yz of the esophagea l h iatus exposed from 

the l eft, the more comp l i cated d i ssect ion of the right crus 

can be undertaken more safe ly with some awareness of 

the esophagea l  h iatus relationsh i p  to the sca r p late that 
tends to enve lop the r ight s ide of the h iatus. 

• Sta rt i ng  d i sta l a l ong  the l esser cu rve of the stomach 

and  we l l  be low the ad hes ions of the l eft lobe of the 

l iver to the a nter ior  su rface of the stomach wi l l  often 

revea l  a f r iend ly  d i ssect ion  p l ane  l ead ing  under the 

ca udate lobe of the l iver and  to the base of the r i ght 

crus (FIG 1 1 ) .  

Table 5: Sequence for Successful Hiatal 
Dissection 

• Start a long g reater cu rve of stomach .  
• Div ide any rema i n i ng  short gastr ic vesse ls ( idea l ly  none are 

encountered). 
• Expose left crus from base through arch .  
• E nter mediasti n um from left and poster ior to h i ata l  content. 
• Dissect further proxima l  i nto mediastin um  and from left to r ight a long 

p lane a nterior to  aorta unt i l  over  sp ine  
• Leave left s ide of h i atus and develop p lane between a nterior su rface of  

stomach and  undersurface of l iver to fi nd caudate lobe of l iver. 
• Fol lowi ng lower edge of caudate lobe of l iver, expose r ight crus from 

base to arch (ohen need to free wrap adhes ions to right crus). 
• E nter mediasti n um from right and complete retroesophagea l  window. 
• Enc i rc le esophagus with Penrose d ra i n  to man ipu l ate and control 

esophagus dur i ng  rest of mediastina l  d i ssection and esophageal 
mob i l ization .  

• A her  h i atus completely d i ssected and esophagus mob i l ized, take down 
pr ior wrap by re leas ing a nterior fusion/sutu res and d i ssect wrap from 
esophagus 

• I ntraoperative endoscopy to identify locat ion of squamoco l umna r  j u nc
t ion (adequate esophagea l  length) and wrap has been comp letely taken 
down (retroflexed view) 
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FIG 8 • Photo of left crus exposu re .  

FIG 9 • Poster ior  med iasti n u m  opened from left. 

FIG 10 • Pen rose d ra i n  left in mediast i num from left. 
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FIG 1 1  • Approach ing the base of r ight crus a long caudate 
lobe of l i ver. 

• Once the base of the r ight crus is exposed, the med iast i

num is entered from the r ight and  the Pen rose d ra i n  l eft 

i n  the mediasti num from the r ight is retrieved (FIG 1 2) .  

At  th i s  poi nt, t he  Pen rose d ra i n  can  be brought around 

the ent i re h iata l contents and used as a retractor to faci l i 
tate the  rema inder  of  the  h iata l d i ssect ion .  

• This  techn ique  of sta rt ing on the left and  us ing the crura 

as the edges of d i ssect ion assu res safe isolation of h iata l 
content thereby m i n i m iz ing  the r isk of esophagogastr ic 

perforat ion or  vaga l  nerve i nj u ry (FIG 1 3) .  
• At th i s  po int, a n  EGD is usefu l  to confi rm a natomy, 

assess fo r any unsuspected perforat ion,  and he lp  loca l 

ize the fundop l icat ion i n  preparation for  undo ing  the 
fundop l ication .  

UNDO PREVIOUS FUNDOPLICAT ION 

• F ind ing  the i nfer ior  edges of the fundopl icat ion where it 
d ra pes over the proxi ma l  stomach, especia l ly on the left 

s ide of the gastr ic card ia ,  a l l ows the edge to be traced to
ward the anter ior fus ion of a 360-degree fundop l icat ion .  

A s im i l a r  exposu re on the left can a l so be accomp l ished, 
but the l eft l ower edge of the fundop l ication  tends to be 

more fused a long the neu rovascu l a r  bund les of the lesser 

cu rve . 
• Once the anter ior fus ion of the fundop l ication  is found,  

it ca n be iso lated and  e i ther  released with the a id  of e lec

troca utery or sepa rated by f i r ing a l i near  cutt ing stap ler  
between the two l i m bs (FIG 14) .  

F IG  1 2  • Pen rose d ra i n  retrieved from r ight.  

FIG 13 • Comp leted h iata l d i ssect ion .  

FIG 1 4  • Exposed anter ior  fus ion of wrap .  



• With the anter ior port ion of the fundop l icat ion released, • 
the r ight l i m b  is d issected away from the lesser cu rve of 

the stomach and r ight s ide of the esophagus  and re

tu rned to its norma l  l ocat ion in the left upper  quadra nt 

(FIG 1 5) .  As the fundop l icat ion is d i ssected away poste
r ior ly, the poster ior  vagus  nerve shou ld  be sought and 

protected. 
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With the fundopl ication comp letely u ndone, a n  EGO i s  

aga in  performed to assu re that the wrap is comp letely 

mob i l ized and assess for any perforat ion .  This is  done 

by submerg i ng  the a rea of the gastroesophagea l  j u nc

tion (GEJ) under  sa l i ne  wh i l e  inf lat ing the l u men of the 
esophagus and stomach with a i r  and look ing for an  a i r  

l e a k  externa l ly. 

FIG 1 5  • Gastric fundus retu rned to norma l  l ocat ion .  

RECONSTRUCT ESOPHAGEAL HIATUS 

• The esophagea l h i atus is reconstructed us ing permanent 
sutu res to approximate the crura poste r ior ly. P ledgets 

can be used to l i m it the sawing effect of the suture over 

t ime (FIG 1 6) .  
• If the h iata l defect is l a rge, the i ntraabdomina l  pressure 

is  decreased to 1 0  to 12 m m Hg, thereby u n load ing  the 

pressure on the d i aph ragm and crura l  repa i r. 
• Severa l  anter ior crura l  sutu res may be needed if the 

defect is  l a rge and the poster ior-on ly c losure is  creat ing 
an  ang le  at the GEJ .  

• The crura l  reconstruct ion shou ld  resu lt  in the crura effac

ing the esophagus c i rcu mferent i a l ly without imp ing i ng .  
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REDO FUNDOPLICATION 

• A sta ndard techn ique  for fundopl icat ion can be used.9 • 10  

Th is  enta i l s  a 360-deg ree fundop l icat ion if there i s  ad

equate fundus and  the preoperative esophagea l  mot i l ity 
is  adequate (per ista ls is  in 70% or  more of swa l l ows or 

esophagea l  body pressure of 30 m m H g  or  g reater). 

Table 6: Options for Redo Fundoplication 

Reconstruction Option Uses 

360-degree fundop l ication 

270-deg ree fundopl ication 

No fundop l ication 

Proxima l  divided gastrop lasty/ 
gastrectomy with Raux-en-Y 
gastrojej unostomy 

Esophagogastric myotomy with/ 
without partia l  fundopl ication 

Esophagectomy with gastric 
pu l l -up  or  colon interposition 

Raux-en-Y esophagojejunostomy 

Adequate fundus and norma l  esopha
gea l  moti l ity 

Poor esophagea l  moti l ity or  inadequate 
fundus for 360-degree fundopl ication 

Tight wrap or h iatal stenosis with inad
equate fundus for any fundopl ication 

Recurrent GERD fol lowing multiple prior 
anti reflux operations and/or no fundus 
for redo fundopl ication with/without in
jury to gastric cardia/fundus during redo 

Pseudoacha las ia  

Severe pseudoacha las ia  with massive 
esophageal  d i lat ion 

Recurrent GERD fo l lowi ng mu lt ip le 
pr ior anti refl ux operat ions and  in jury 
to gastric cardia or d ista l esophagus 
dur ing redo 

GERD, gastroesophageal reflux disease. 

ASSESS FOR POTENTIAL COMPLICATIONS 

• One f ina l  EGD is recommended to assess the location 

of the wra p and look for any potent ia l  compl icat ions .  

CONSIDER ADJUNCTS 

• If the h iata l d i ssect ion or undo ing  the wrap was part icu

lar ly  d i fficu lt, a gastrostomy tube can be used to a l low 

• 

• 

A 270-deg ree fundop l icat ion shou ld  be used if these cr i
ter ia are not met (Tab le  6). 

F u n d o p l icat ion  s h o u l d  be ca l i b rated by com p l et i ng  

the  wrap a round  a 56- to 60 -F r  d i lator  p l aced across 

the  G EJ (F IG 1 7) .  It i s  best i f  the  fundus  i s  pos i t ioned 

for the  fundop l i cat ion before th i s  d i lator  i s  p l aced; 
otherwise,  the  wra p can be very d iffi cu l t  to b r i n g  

a round  the esophagus  poste r ior ly  w i t h  the  d i lator  i n  
p l ace .  

Two to three permanent sutu res that inc lude the an
ter ior  esophagus are p laced to produce a 2-cm long 

fundop l ication .  

F IG  1 7  • Com pleted redo fundop l ication .  

A retroflex v iew i s  very he lpfu l  to  assure that  the wrap 
i s  on the d ista l esophagus and not the proxi ma l  stomach 

(the appearance of gastr ic fo lds extend ing  up  and i nto 

the wra p suggests a wra p that i s  too low). 

gastr ic decompress ion and poss ib le  gastr ic feeds wh i l e  

wait i ng for prox ima l  gastroi ntest i na l  (G I) function to  re

turn and norma l ize.  

PEARLS AND PITFALLS 
I nd ications for 
su rgery and  
d iag nosis of  fa i l u re 

Preoperative test ing 

• Functiona l  reasons for  sym ptoms after fundop l icat ion (e .g . ,  m isd iag nosed G E RD, other  G l  problems, vaga l  
nerve i nj u ry) cannot b e  corrected with surgery. 

• Without evidence of an obvious anatomic  fa i l u re or confi rmation of recu rrent G E RD by pH test ing,  
su rgery shou ld  be avoided.  

• Preoperative tests are i ntended to assure that correct redo techn ique  i s  performed (e .g . ,  tota l vs .  part i a l  
fundop l icat ion) .  

• Sk ipp ing test ing may comprom ise redo success. 
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I dentify and expose 
h iata l anatomy 

• I n jury to the l iver, lesser curve of the stomach, the wrap, and the esophagus  is  more l i ke ly if d i ssect ion i s  
sta rted on the r ig ht. 

• Sta rt ing on the left a l l ows exposure of the h i atus before working i n  the more anatom ica l ly congested 
r ight s ide .  

I ntraoperative 
test ing 

• L ibera l use  of i ntraoperative endoscopy to g u ide d i ssect ion by freq uently assess ing anatomy 
• Assess for potent ia l  l um i na l  i nj u ry penetrat ion .  

Su rg ica l  tech n ique  • A standard ized techn ique adher ing to  key techn ica l  pr inc ip les w i l l  he lp  assure successfu l  outcomes (Tab le  7) .  

Postoperative care • Manag ing  nausea to prevent retch ing  sta rts i n  the operat ing and recovery room and i s  cr it ica l to 
m i n i m iz ing  trauma  ear ly postoperative that could d i srupt the redo. 

• Gastric decompress ion avo ids  gastr ic d i stens ion that could d i s rupt a wra p or  cruroplasty. 
• Tube access to the stomach may a l low nonoperative management of a sma l l  leak found postoperatively. 

POSTOPERATIVE CARE 
• Postoperative management after reoperative antireflux sur

gery mirrors the care of any foregut surgery patient. A one
to two-night stay is pretty typical if the redo is laparoscopic, 
extra days if open. Key aspects of postoperative care are oral 
intake and return to activity. 

• A preventable cause of antireflux surgery failure is early post
operative retching. The two most common reasons for early 
postoperative retching are nausea and dietary indiscretion. 

• Patients should receive preemptive nausea control and anti
emetics and be counseled carefully about maintaining a liq
uid and soft food diet for at least 1 month after surgery. 

• Instructing patients to ingest only pourable liquids for the 
first week after surgery provides a simple rule to follow, and 
then providing a detailed menu of acceptable soft foods for 
another 3 weeks will help effect compliance with the postop
erative diet. 

• Too rapid advancement to activity that will result in 
increased intraabdominal pressure can put sutures and the 
reconstructed anatomy at risk. A full 30 days of limiting lift
ing to no more than 30 lb and no vigorous exercise during 
this time provides simple guidelines for patients to follow. 

• Setting appropriate expectations for patients with regard 
to their overall recovery, diet progression, and resolution 
of preoperative symptoms is important. Dysphagia may 

Table 7:  Standard Technique for Redo 
Fundopl i cation Success 

• Fu l l  h iata l  d issect ion (reduce and resect any h iatal hern ia sac) 
• Adequate esophageal mob i l ization-3-4 em of esophagus below d ia

ph ragm 
• Divide a l l  short gastric vessels (be  su re to mob i l ize fundus poster ior ly to fi nd 

and d iv ide any h igh  poster ior vesse l [s ] ) .  
• Resect any ep iphren ic fat (ca refu l to not undermine the a nterior vagus) . 
• Determine esophageal length and  location of EGJ (use endoscopy if unsu re). 
• Careful hand l i ng  of crura during d issect ion and c losure 
• Decrease pneumoperitoneum to un load the d iaphragm dur i ng  c losure. 
• Anterior crural stitch if l a rge h iata l  defect 
• Ca l i b rate wrap (assure the fundus is i n  contact with the esophagus 

circumferent ia l ly-you can make a wrap too loose) . 
• Use gastrostomy tube for gastric decompression if l a rge h iata l  hern ia or  

excessive man ipu lat ion of  stomach/area of vaga l  nerves. 
• Avoid postoperative nausea (use preemptive ant iemetics). 

EGJ, esophagogastric junction. 

linger for more than 4 weeks after a redo and preparing 
patients for this likelihood will allow them to accept this 
more readily. 

• Early dilation may improve the dysphagia, but it also 
increases the risk of recurrent GERD and therefore should 
be avoided if possible. We reserve dilation within the first 
3 months after any antireflux operation for only those 
patients whose difficulty swallowing makes it hard to handle 
their own saliva or maintain hydration. 

OUTCOMES 
• The outcomes of redo fundoplication can be comparable to 

primary antireflux surgery, and in patients suffering with 
significant and debilitating symptoms, the operations can 
return patients to a nearly normal quality of life with low 
morbidity and virtually no mortality1 1  (Table 8 ) .  

• The patient requiring multiple reoperations for failed fun
doplication is a special situation that deserves special men
tion. When undertaking a fourth redo, the failure rate jumps 
from around 7% to over 1 7 % . 7  We will rarely simply un
dertake a redo after three prior attempts. A divided gastro
plasty and Roux-en-Y reconstruction for recurrent severe 
GERD, an esophagogastric myotomy for pseudoachalasia 
or esophagectomy for severe pseudoachalasia with mas
sively dilated esophagus, or an esophagojejunostomy for 
poor esophageal emptying with severe GEJ distortion is 
instead advised. 

COMPLICATIONS 
• Complications can best be understood, identified, and man

aged considering their occurrence. 

Intraoperative 

• Bleeding 
• Liver injury 
• Esophagogastric perforation 
• Pneumothorax 
• Vagal nerve injury 

Postoperative 

• Pneumonia 
• Esophageal obstruction (edema) with inability to swallow 
• Delayed gastric emptying 
• Atelectasis and hypoxemia 
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Table 8: Outcomes of Redo Fundoplication 

Author Date No. Patients Mortal ity 

Vigna !  20 1 2  47 0 
M usunu ru 20 1 2  38  0 
Frantzides 2009 68 0 
Sm ith 2005 259  0 
Khajanchee 2007 1 76 0 
Byrne 2005 1 1 8 0 
Legner 2 0 1 1 1 06 0 
Da l l emagne 2 0 1 1 1 29 0 
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Chapter 2 5  Laparoscopic Partial 
Fundoplication for 
Gastroesophageal Reflux 
Disease 
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I Marco E. Allaix 

DEFINITION 
• Gastroesophageal reflux disease ( GERD ) is a chronic con

dition resulting from the reflux of gastric contents into the 
esophagus and is associated with a spectrum of symptoms, 
with or without tissue injury.1 •2 

DIFFERENTIAL DIAGNOSIS 
• Several conditions, including irritable bowel syndrome, 

achalasia, gallbladder disease, coronary artery disease, or 
psychiatric disorders can present with heartburn as the main 
symptom. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Heartburn, regurgitation, and dysphagia are considered 

typical symptoms of GERD. 
• GERD can also cause atypical symptoms such as cough, 

wheezing, chest pain, hoarseness, and dental erosions. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Clinical history, based on symptoms only, has a low diagnos

tic accuracy of GERD in about 30% of patients.3 
• Upper endoscopy is often the first test performed to confirm 

the diagnosis of GERD. However, about 50% of patients 
with clinical symptoms of GERD do not have endoscopic 
sign of esophagitis. 3 In addition, endoscopic evaluation is 
highly operator dependent, especially in the assessment of 
low-grade esophagitis .4 Therefore, the major role of endos
copy is to detect Barrett's esophagus (usually present in 1 %  
to 5 %  of patients with GERD) and to exclude gastric and 
duodenal pathology. 

• Barium swallow is useful for detecting and characterizing 
the type and size of a hiatal hernia; for determining the 
location and size of a stricture; and for evaluating length, 
diameter, and function of the esophagus. This test, however, 
is not diagnostic of GERD as a hiatal hernia or reflux of 
barium can be present in the absence of abnormal reflux or 
absent in the presence of clinically significant GERD. 

• Esophageal manometry provides information about the 
lower esophageal sphincter (LES) in terms of resting pressure, 
length, and relaxation and the amplitude and propagation of 
esophageal peristaltic waves. In addition, manometry is es
sential for proper placement of the pH probe for ambulatory 
pH monitoring (5 em above the upper border of the LES) .  

• 24-hour ambulatory p H  monitoring i s  considered the gold 
standard for the diagnosis of GERD ( FIG 1 ) .  Its role is key 
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in the workup as it determines the presence and amount of 
abnormal reflux and it establishes a temporal correlation be
tween symptoms and episodes of reflux (particularly impor
tant when cough or chest pain are present ) .5 An abnormal 
score not only confirms the diagnosis but also is an inde
pendent predictor for the successful outcome of antireflux 
surgery.6 Finally, pH monitoring is mandatory for the proper 
evaluation of patients who have recurrent symptoms after 
antireflux surgery. 7 

• Combined multichannel intraluminal impedance and pH 
testing (Mil-pH) detects episodes of reflux, regardless of the 
pH of the refluxate, by identifying changes inducted by the 
presence of liquids and gas in the esophagus. The episodes 
are classified as acid, weakly acid, or nonacid on the basis of 
concomitant pH monitoring. This test is useful in identifying 
bile reflux and does not require cessation of proton pump 
inhibitors for testing. 

SURGICAL MANAGEMENT 
• A laparoscopic fundoplication is currently considered the 

procedure of choice for the treatment of GERD. 
• Even though several eponyms are used to describe different 

antireflux procedures, we believe that it is more important to 
focus on the technical elements that make a fundoplication 
effective and long lasting. 

• The type of fundoplication (total vs. partial) is tailored to 
the quality of esophageal peristalsis as documented by the 
preoperative manometry. In the United States, a partial fun
doplication is proposed only to patients with very impaired 
or absent esophageal peristalsis in order to reduce the risk of 
postoperative dysphagia ( FIG 2 ) .  

Preoperative Planning 

• A careful symptomatic evaluation testing is performed m 
every patient before surgical intervention. 

l , r ..--"' 

FIG 1 • Ambulatory 24-hour  pH mon itor i ng .  

195 

I 
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FIG 2 • H igh-reso l ut ion esophagea l manometry: i neffect ive 
esophagea l  moti l ity. 

Positioning 

• After induction of general endotracheal anesthesia, the 
patient is positioned in low lithotomy position with the 
lower extremities extended on stirrups with knees flexed 20 
to 30 degrees. Alternatively, a split-leg table may be used. 

• To avoid sliding as a consequence of the steep reverse 
Trendelenburg position used during the entire procedure, a 
beanbag is inflated to create a "saddle" under the perineum. 

• Because increased abdominal pressure from pneumoperito
neum and the steep reverse Trendelenburg position decrease 
venous return, pneumatic compression stockings are always 
used as prophylaxis against deep venous thrombosis. 

• An orogastric tube is placed to keep the stomach decom
pressed during the procedure. 

PLACEMENT OF PORTS 

• Five 1 0-mm trocars are used for the procedure (FIG 4) .  

• A Foley catheter is inserted at  the beginning of the operation 
and removed at the end. 

• The surgeon stands between the patient's legs . The first and 
second assistants stand on the right and left side of operative 
table ( FIG 3 ) .  

F I G  3 • Posit ion o f  t h e  patient and surg ica l  team i n  the 
operati ng room .  

• The fi rst i nc is ion is made in the m i d l i ne 1 4  em 
d ista l to the x ipho id process and a Veress nee

d l e  is  i ntroduced i nto the peritonea l  cavity. The 
peritonea l  cavity is  i n it i a l l y  insuffl ated to a pressure 

of 1 5  m m H g .  Subseq uently, under d i rect vis ion, an 

optica l port with a 0-deg ree scope (port 1 )  i s  p laced .  

Once th i s  port is  p laced, the 0-deg ree scope i s  re

p l aced with a 30-degree scope and the other  trocars 

are i nserted under  l aparoscopic  v i s ion .  
• Port 2 is p laced in the left m idclavicu l a r  l i n e  at the 

same l evel of port 1 .  It is  used by the assistant for 

FIG 4 • Placement of the ports (1-5). 
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tract ion on the gastroesophagea l  j u nct ion and to 

take down the short gastr ic vessels .  
• Port 3 is p laced in the r ight m idc lavicu l a r  l i n e  at the 

same level of the other two ports. A retractor is used 

through th i s  port to l ift the left latera l seg ment of 
the l i ver to expose the gastroesophagea l  j u nct ion .  

The retractor is  he ld  i n  p lace by a self-reta i n i ng  

system fixed to  the  operat ing ta b le .  
• Ports 4 and 5 a re p laced under  the r ight and left cos

ta l marg ins  so that the i r  axes and the camera form 

an ang le  of about 1 20 degrees. These ports a re used 
by the operat ing surgeon for the i nsert ion of g rasp

ers, scissors, and d i ssect ing and sutu r ing i nstruments. 
• The i nstrumentat ion necessa ry for l aparoscopic  part i a l  

fundop l icat ion is reported i n  Tab le  1 .  

DISSECTION 

• The gastrohepatic l igament is d iv ided, beg i nn i ng  the d is

sect ion above the ca udate lobe of the l iver, where the l ig
a ment i s  th i nner, and conti n u i ng toward the d i aph ragm 

unt i l  the r ight  p i l l a r  of  the c rus  is  identif ied (FIG 5) .  
• The r ight p i l l a r  of the crus is sepa rated from the esopha

gus  by b l unt d i ssect ion unti l  the l eft crus is  recogn ized 

and the poster ior vag us nerve i s  identif ied (FIG 6) .  
• Su bseq uently, the peritoneum and  the phrenoesophagea l  

membrane over ly ing the esophagus  a re d iv ided, and the 

anter ior vagus  nerve is identif ied.  
• The l eft p i l l a r  of the crus is then separated from the 

esophagus  and  d i ssected toward the j u nct ion with the 

r ight p i l l a r  of the crus (FIG 7) .  

FIG 5 • Gastrohepatic l i gament d iv i s ion .  

DIVISION OF THE SHORT GASTRIC 

VESSELS 

• The short gastr ic vessels a re taken down a l l  the way to 
the l eft p i l l a r  of the crus, sta rt ing  from a po int m idway 

a long the g reater curvature of the stomach (FIG 8).8  

Table 1: Instrumentation for Laparoscopic 
Partial Fundoplication 

F ive 1 0-mm ports 
0- and 30-degree scope 
G raspers and needle ho lder 
Babcock c lamp 
L-shaped hook cautery with suction-i rr igation capacity 
Scissors 
Lapa roscopic cl ip app l ie r  
E lectrotherma l  b ipo lar  vesse l-sea l i ng  system 
Liver retractor 
Sutur ing device 
2-0 s i l k  sutures 
Penrose dra in 
56-Fr esophagea l  boug ie 

�: . ;�P.� rif¥' 

· . =If' . . ,�-· .... ·. ·.· . · PhrenoesophaJleal 
· 

'l igament" l .. · .  

Right crus 

FIG 6 • Dissect ion of the r ight p i l l a r  of the crus. 

FIG 7 • Dissect ion of the l eft p i l l a r  of the crus. 

FIG 8 • Divis ion of short gastr ic vesse ls .  
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CREATION OF A WINDOW AND 

PLACEMENT OF A PENROSE DRAIN 

AROUND THE ESOPHAGUS 

• The esophagus is retracted upwa rd with a Babcock c l amp 

app l ied at the level of  the esophagogastr ic j unct ion .  
• A window is opened by a b l unt and  sharp d i ssect ion 

under  the esophag us, between the gastr ic fund us, the 
esophagus, and the left p i l l a r  of the crus (FIG 9). 

• The window is en l a rged, and a Pen rose d ra i n  is passed 

a round the esophagus .  
• Any h iata l hern ia  is comp letely reduced and a m i n i m u m  

o f  3 em o f  i ntraabdomina l  esophagea l  length is ach ieved . 

CLOSURE OF THE CRURA 

• I nterrupted 2-0 s i l k  sutu res that are t ied i ntracorporea l ly 

with an Endo Stitch device (Covid ien,  Norwa l k, CT) are 
used to c lose the d i aph rag matic crura (FIG 1 0a) .  

• Retract ion of the esophagus  upward and toward the 

patient's l eft with the Penrose d ra i n  provides proper 

exposure .  
• The fi rst stitch shou ld be p laced just above the j u nct ion 

of the two p i l l a rs .  
• Additiona l  stitches are p laced 1 em apart, and  a space of 

a bout 1 em is l eft between the uppermost stitch and the 

esophagus .  

FIG 1 0  • Crura c losure (a); poster ior part ia l  fundop l i cat ion 
(b); two corona l  stitches p laced between the top of the wrap, 
the esophagus, and the r ight or left p i l l a r  of the crus (c); and 
one add it iona l  stitch p laced between the r ight s ide of the 
wra p and the c losed cru ra (d). 

INSERTION OF THE BOUGIE INTO THE 

ESOPHAGUS AND THROUGH THE 

ESOPHAGEAL JUNCTION 

• The orogastric tube is removed, and  a 56-Fr bougie down 

the esophagus through the esophagogastric j u nct ion is 

inserted."  

PARTIAL FUNDOPLICATION 

• Partial posterior fundoplication 

• The gastr ic fundus is gently pu l led under  the esoph

agus  with two graspers. 
• The r ight and l eft s ides of the wra p are sepa rate ly 

sutu red to the esophagus, leav ing 80 to 1 20 degrees 

of the anter ior esophagea l wa l l  uncovered .  

FIG 9 • Creat ion of a window between the gastr ic fundus, 
the esophag us, and  the l eft p i l l a r  of the crus. 

• The crura m ust be snug around the esophagus but not 

too t ig ht: A c losed g rasper shou ld  s l ide  easi ly between 

the esophagus and  the crura.  

• Th ree 2-0 s i l k  sutu res are p laced on each s ide be

tween the muscu la r  layers of the esophagea l  wa l l  

a n d  t h e  gastr ic fundus (FIG 1 0b) .  
• Two corona l  stitches a re then p laced between the 

top of the wrap, the esophag us, and the r ight or left 

p i l l a r  of the crus (FIG 1 0c) .  
• One add it iona l  stitch is p laced between the r ight 

s ide of the wra p and the c losed crura (FIG 1 0d}. 
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• The res u l t i n g  wra p measu res about  240 to 

280 d e g rees .  

• The second and th i rd stitches i ncorporate the gastr ic 

fundus and the muscu la r  layer of the l eft s ide of the 

esophagus .  • Partial anterior fundoplication (See Part 1, Chapter 1 6  for 

more details.) • The fundus is then fo lded over the esophagus so 

that the g reater cu rvatu re of the stomach is next to 

the r ight p i l l a r  of the crus. 

• It is a 1 80-deg ree a nter ior fundop l icat ion .  
• Two rows of sutu res (2-0 s i l k) are used. The fi rst row 

is on the left s ide of the esophagus and has three 

stitches. The top stitch i ncorporates the fundus of 

the stomach,  the m uscu la r  l ayer of the l eft s ide of 
the esophag us, and the left p i l l a r  of the crus. 

• The second row of sutu res on the r ight s ide of the 

esophagus consists of three stitches between the 
fundus and the r ight p i l l a r  of the crus. 

• F i na l ly, two add it iona l  stitches a re p l aced between 
the fundus and the rim of the esophagea l  h i atus to 

e l i m i nate any tens ion from the fundop l ication .  

PEARLS AND PITFALLS 
I nd ications 

P lacement of ports 

D i ssect ion 

Short gastr ic vessels 
d iv is ion 

Creation of a window 
and p lacement of a 
Pen rose d ra i n  a round 
the esophagus 

C losure of the crura 

I nsert ion of the boug ie  
i nto esophagus and 
through esophagea l  
j unct ion 

Part ia l  fundop l icat ion 

• A ca refu l  eva l uation, i nc lud ing  manometry, 24-hour  pH  mon itor ing,  upper  endoscopy, and bar ium 
swa l low must be done .  

• Extreme care  m ust be taken when posit ion ing  port 1 ,  because the s i te  of i nsert ion is just above the 
aorta . 

• We recommend us ing an optica l troca r with a 0-deg ree scope to obta i n  access. 
• If port 3 is  too low, the l eft l atera l seg ment of the l iver wi l l  not be properly retracted, resu lt ing i n  

i nadeq uate exposu re o f  t h e  esophagogastr ic j u nct ion .  
• I f  port 2 is  too low, the esophagogastr ic j u nct ion or the upper  short gastr ic vessels w i l l  be d iffi cu lt  to 

reach .  
• If ports 4 and  5 a re too low, the d i ssect ion at the beg i n n ing  of the proced u re and  the sutur ing at the 

end wi l l  be cha l l eng ing .  
• If port 3 is  too  med ia l ,  the l iver retractor may i nterfere w ith  the i nstru ment used through port 4 .  

• An accessory left hepatic a rtery or ig i nat ing from the left gastr ic a rtery is  frequently present i n  the 
gastrohepatic l i gament. If th i s  vessel l i m its the exposu re, it may be safe ly d iv ided.  

• The e lectrocautery shou ld  be used with extreme caution .  Because of the l atera l spread of the 
monopo lar  cu rrent, vagus nerves may be damaged even without d i rect contact. A b i po la r  i nstrument 
represents a safer a lternative. 

• B l eed ing ,  e ither from the short gastr ic vessels or from the spleen, and damage to the gastr ic wa l l  a re 
poss ib le  com p l icat ions .  

• Excessive tract ion and  d iv is ion of a vessel not comp letely coagu l ated a re usua l ly the main causes of 
b leed i ng .  

• A burn  ca used dur ing  d i ssect ion of  the  short gastr ic vesse ls  or tract ion app l ied with the  g raspers or  the 
Ba bcock c lamp are the most common mechan isms of damage to the gastr ic wa l l .  

• Left pneumothorax and perforat ion o f  t h e  gastr ic fundus a r e  two ma in  comp l icat ions that c a n  occur  
dur ing  th i s  step of the proced ure.  

• Left pneumothorax is usua l ly created when the d i ssect ion i s  performed i n  the mediast i num above the 
l eft p i l l a r  of the crus rather than between the crus and  the gastr ic fundus .  

• Proper identif icat ion and d i ssect ion of the left p i l l a r  of the crus are cruci a l .  
• Perforat ion of  the gastr ic fundus  i s  usua l ly ca used by  push i ng  a b l unt i nstrument under  the  esophagus 

or by us ing monopo lar  e lectrocautery for d i ssect ion .  

• The bougie i s  not  p laced ins ide the esophagus d u ring  th i s  step of the proced u re i n  order  to have a 
proper exposu re for sutu r ing .  

• The most ser ious  comp l icat ion d u ring  th i s  step is an  esophagea l perforat ion .  
• Lubr icat ion of the boug ie  and  instruct ion to the anesthes io log i st to adva nce the boug ie  s lowly and  to 

stop if any res istance is encou ntered he lp  to prevent th i s  comp l icat ion .  
• Al l  i nstruments must be removed from the esophagogastr ic j unct ion and the Pen rose d ra i n  must be 

opened. I n  this way, the creat ion of an  ang le  between the stomach and the esophag us, which i ncreases 
the r isk of perforat ion,  is  p revented. 

• Atraumatic g raspers must be used to reduce the r isk of i nj u ry to the gastr ic wa l l .  
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POSTOPERATIVE CARE 
• Patients are usually discharged after 23 to 48 hours. 
• Patients start clear liquids and then a soft diet the morning 

after surgery. 
• They are instructed to avoid meat, bread, and carbonated 

beverages for the following 2 weeks. 
• The time to full recovery ranges between 2 and 3 weeks. 

OUTCOMES 
• Long-term studies conducted in United States have reported 

a less effective control of GERD with a partial fundoplica
tion rather than a total fundoplication. 10-12 

• At 5-year follow-up, recurrence of GERD confirmed by pH 
monitoring is reported in more than 50% of patients after 
partial fundoplication. 10 

COMPLICATIONS 
• Esophageal or gastric perforation can be caused either by 

traction or by an inadvertent electrocautery burn during any 
step of the dissection. 

• A leak usually manifests itself during the first 48 hours. 
• Peritoneal signs will be present if the spillage is limited to the 

abdomen; shortness of breath and a pleural effusion will be 
noted if spillage also occurs in the chest. 

• The site of the leak must always be confirmed by a contrast 
study using a water-soluble contrast agent. 

• Optimal management consists of a reoperation and direct 
repair. An esophagectomy may be indicated in case of a too 
extensive damage or when the extent of the inflammatory 
reaction makes the direct repair impossible. Wide drainage, 
feeding jejunostomy tube, and use of a covered esophageal 
stent may also assist in healing the injury when it cannot be 
directly repaired. 

• Gastroesophageal junction and wrap slippage into the chest 
rarely occurs when coronal suture is placed and the crura 
are closed. 8 The main symptoms of recurrence are dysphagia 
and regurgitation. A barium swallow confirms the diagnosis. 

• The incidence of paraesophageal hernia may be increased 
if the closure of the crura is not performed or if it is too 
loose. 8 
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Chapter 26 The Minimally Invasive Surgical 
Approach to Gastroesophageal 
Reflux Disease 

·----------------------------------------------------- .... 

W Scott Melvin Luke M. Funk 

DEFINITION 
• Endoscopic therapies for gastroesophageal reflux disease 

(GERD ) include transoral incisionless fundoplication (TIF) 
and the application of radiofrequency energy to the lower 
esophageal sphincter (LES ) .  Minimally invasive LES aug
mentation surgery involves the placement of a magnetic 
band across the LES. All three therapies are designed to 
reduce GERD symptoms by minimizing the reflux of gastric 
contents into the esophagus and are alternatives to tradi
tional surgical fundoplication techniques. 

DIFFERENTIAL DIAGNOSIS 
• Typical GERD symptoms 

Achalasia 
Biliary colic/cholecystitis 
Delayed gastric emptying 
Esophageal cancer, esophagitis, esophageal motility disorders 
Gastritis 
Hiatal hernia 
Helicobacter pylori infection 
Irritable bowel syndrome 

• Atypical GERD symptoms 
Coronary artery disease 
Asthma 
Bronchogenic carcinoma 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• History taking should focus on identifying both typical and 

atypical symptoms associated with GERD. 
Typical symptoms include heartburn, regurgitation, 
water brash (salty taste related to salivary secretion),  and 
dysphagia. 
Atypical symptoms include dyspnea, cough, wheezing, 
chest pain, recurrent pneumonias, hoarseness, and dental 
erosions. 

• Response to antireflux medications, such as proton pump 
inhibitors and H2 blockers is important to illicit, as the ma
jority of patients with typical GERD symptoms will respond 
to these medications. Failure to respond to these medica
tions should heighten the surgeon's concern that the patient's 
symptoms may be unrelated to GERD. 

• Once the diagnosis of GERD is confirmed with objective 
testing, several key points should be discussed with the 
patient: 

Medical therapy, including lifestyle modifications ( i .e . ,  
diet modification, weight loss,  smoking cessation) and 
antireflux medications, should control typical GERD 
symptoms for most patients. Surgical intervention is indi
cated for GERD patients who ( 1 )  cannot take antireflux 

medications due to side effects, (2 )  would prefer not to 
take antireflux medications due to cost or lifestyle impact, 
or (3) continue to experience symptoms despite antireflux 
medications. 
Laparoscopic gastric fundoplication ( i .e . ,  Nissen fun
doplication) is considered to be the gold standard sur
gical therapy for the treatment of GERD. Endoscopic 
therapies and laparoscopic LES augmentation surgery 
should probably be reserved for GERD patients who 
are candidates for surgical intervention and ( 1 )  would 
prefer a less invasive option than laparoscopic fundopli
cation surgery or (2) would be considered too high risk 
for laparoscopic fundoplication due to comorbidities or 
previous abdominal surgery, including prior laparoscopic 
fundoplication. 

• Of the three procedures discussed in this chapter, lapa
roscopic LES augmentation surgery is the only one that 
requires general anesthesia, although TIF also involves 
general anesthesia in the vast maj ority of cases. Con
scious sedation is usually adequate for radiofrequency 
therapy. Thus, poor candidates for general anesthesia 
( i . e . ,  those with cardiopulmonary conditions such as se
vere chronic obstructive pulmonary disease [COPD] or 
congestive heart failure [CHF] ) may be better candidates 
for radiofrequency therapy. The presence of these comor
bid conditions should be sought out in the history. Addi
tional contraindications for these procedures are listed in 
Table 1 .  

• Because there are few physical exam findings associated 
with GERD, the physical exam should focus on condi
tions that might suggest an alternative explanation for the 

Table 1: Contraindications for Undergoing 
Treatment 

For all three procedures 
Barrett's esophagus 
Dysphagia (i.e., m u lt ip le  t imes per week) 
Esophageal  dysmoti l ity, strictu res, varices 
Esophagitis (grade C or  D esophagitis accord ing  to the Los Angeles 
classif ication) 
Hiatal hernia (>2-3 em) 
Obesity (BM I  > 35) 

Specific to transoral incisionless fundoplication 
I nab i l ity to to le rate general  anesthesia 

Specific to laparoscopic LES augmentation surgery 
I nab i l ity to tolerate general  anesthesia 
Titan i um ,  sta i n less steel ,  n icke l ,  or ferrous a l lergy 
Patients who may need to undergo an M R I  (LINX considered not safe for MR I )  

BMI, body mass index; LES, lower esophageal sphincter; MRI, magnetic 
resonance imaging. 
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patient's symptoms. These include recent weight loss or 
progressive inability to tolerate solids and liquids (malig
nancy) ,  atypical symptoms associated with exertion (coro
nary artery disease or asthma) ,  or diarrhea ( irritable bowel 
syndrome) .  

• The presence o f  abdominal surgical scars o r  abdominal wall 
hernias is important to identify if laparoscopic LES augmen
tation surgery is being considered as they may make access 
to the peritoneal cavity and the gastroesophageal (GE) 
junction challenging. 

• Laparoscopic LES augmentation surgery, which involves 
placement of a magnetic device around the GE junction, is 
considered not safe for magnetic resonance imaging (MRI) .  
Patients should be aware of this contraindication prior to 
surgery. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Establishing GERD as the etiology of the patient's symptoms 

is critical before proceeding with any intervention. Patients 
may have subjective complaints of heartburn or dysphagia 
that are unrelated to their reflux disease. The four diagnostic 
tests that are most commonly used to establish a diagnosis 
are upper endoscopy, barium esophagram, pH testing, and 
manometry. 

• Upper endoscopy (esophagogastroduodenoscopy [EGD]) 
All patients undergoing an antireflux procedure should 
have an EGD. 
EGDs can identify the presence of hiatal hernias and 
rule our other pathology, which may be contributing to 
the patient's symptoms, such as peptic ulcer disease or 
malignancy. 
GERD-related complications such as esophagitis, Barrett's 
esophagus, and esophageal strictures can also be identified 
( FIG 1 ) .  

• Ambulatory p H  testing 
This is considered to be the gold standard test for diagnos
ing the presence of symptomatic GERD. 
Patients should typically not be taking their antireflux 
medications when the study is performed. 
pH testing can be performed via catheter-based systems 
(i .e . ,  24-hour pH probe testing) or wireless systems 
(i .e . ,  48 -hour Bravo testing) .  
Both catheter-based and wireless systems allow for the 
quantification of six variables including total/upright/ 

FIG 1 • The presence of Barrett's esophagus  is a contra i n d icat ion 
to T I F, rad i ofreq uency energy a p p l i cat ion,  and  l aparoscop ic  LES 
augmentat ion su rgery. 

supine time that the pH is less than 4, number of reflux 
episodes, number of episodes longer than 5 minutes, 
and longest episode. These variables can be combined 
to calculate the "DeMeester score ,"  which is used by 
many surgeons as definitive evidence for the presence 
of GERD.1 

• Barium esophagram 
This is a dynamic fluoroscopic study that characterizes 
both anatomic and functional aspects of the esophagus. 
It involves multiple swallows of barium and barium
coated solid food. 
The two most important things to characterize with a 
barium esophagram are the position of the GE junction 
relative to the diaphragmatic hiatus and overall esopha
geal motility. The presence of a large hiatal hernia (FIG 2 ) 

or significant esophageal dysmotility is a contraindication 
for any of the three procedures . 2 
Esophagrams can also identify the presence of reflux that 
is characterized by the spontaneous reflux of barium back 
into the esophagus. However, they are less sensitive than 
pH studies and thus a negative finding here does not rule 
out GERD. 
Video recording of this study is crucial because it allows 
the surgeon to actively assess esophageal peristalsis and 
the functional significance of hiatal hernias. 

• Manometry 
Esophageal manometry uses pressure transducers within 
a transnasal catheter to provide data regarding the LES 
resting pressure, LES abdominal and total length, and 
adequacy of LES relaxation. It also characterizes esopha
geal motility by quantifying the amplitude, duration, and 
propagation of each contraction. 
The presence of significant esophageal dysmotility is a 
contraindication for all three procedures. 

• Multichannel impedance testing and gastric emptying studies 
are also used on occasion to identify nonacidic GERD and 
assess gastric functionality, respectively. 

FIG 2 • A l atera l v iew of a bar i u m  esophagra m .  A l a rge h iata l 
hern ia  is present with a s ign if icant port ion of the stomach 
hern iated i nto the chest. A sma l l  d ista l esophagea l  d ivert icu l u m  
is  seen .  A l l  th ree proced u res wo u l d  b e  contra i n d i cated i n  the 
presence of th is  hern i a .  
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TRANSORAL INCISIONLESS 

FUNDOPLICATION 

• Approved by the U .S .  Food a n d  Drug Ad m i n i strat ion 
(FDA) i n  2007, the o n ly T IF  device that  is cu rrently ava i l 
a b l e  f o r  u s e  i n  the U n ited States is  t h e  EsophyX device 
(EndoG astr ic So lut ions, Red mond,  WA) . 

• EsophyX re-creates the LES by p l icat ing the d i sta l esoph
agus  and  the gastr ic card i a  together, thus creat ing  an 
ant i refl ux valve s i m i l a r  to that of a l aparoscop ic  N i ssen 
fundopl icatio n .  

• The device consists of a hand le, an 1 8-mm d iameter shaft, 
a t issue i nvag i n ator composed of ho les i n  the s ide of the 
device (wh ich a re connected to a suct ion device), an 
a rt i cu lat ing arm, which approxi m ates gastr ic  and  esoph
ageal t issue and  dep loys the tissue fasteners, a he l i ca l  
screw, two stylets, and  20 polypropylene H-fasteners ( 1  0 
p l i cat ion sets) (FIG 3) .  

Preoperative Planning 

• At o u r  i nst itut i o n ,  g e n e r a l  a n esthes ia  is a d m i n i stered 
and the  proced u re i s  pe rfo rmed i n  the  operat i n g  

F IG  4 • With t h e  patient i n  t h e  left latera l decub itus posit ion 
and  a nasotrachea l  tube present, a b ite b l ock i s  p laced to 
fac i l itate passage of the endoscope and su bseq uently the 
EsophyX device. 

roo m .  • Prophyl actic ant ib iot ics a re a d m i n istered before the pro
ced u re beg i ns because trans l u m i n a l  fasteners a re p laced, 
which may i ncrease the r isk of postoperative i nfect ions .  

• 

• 

N asotrache a l  intubat ion is performed so the oropharynx 
ca n be used entirely fo r the Esop hyX device.  A bite 
block i s  p l a ced to protect the teeth from the device a n d  
scope.  
Two phys ic ians  perform the proced u re.  One m a n i p u l ates 
the endoscope wh i l e  the other contro ls  the device. 

Positioning 

• After i ntu bation, the patient is p laced i nto the left 
latera l decu b itus posit ion with the head e levated s l i g ht ly 
(FIG 4) .  

A 

B 

Articu lating arm 

.. ' 
' 

·' 

\ _., - Helical retractor 
• 

FIG 3 • A. EsophyX device with the a rt icu lat ing arm fu l ly 
extended.  B. Art icu lat ing arm is f lexed with the H fasteners 
v is i b le  between the shaft and  the d ista l end of the a rt i cu lat ing 
a rm .  The he l ica l  retractor is  v is i b le  as wel l  ( images © 201 5 
EndoGastr ic So l ut ions, I n c) .  

Placement of the Transoral Incisionless Fundoplication 
Device into the Stomach 

• 

• 

• 

Preproced u re endoscopy is performed to verify anatomic  
l andmarks. 
A 56-Fr boug ie  is  i nserted i nto the esophagus  and then 
removed to fac i l itate subsequent passage of the EsophyX 
device (FIG S). 
The EsophyX device is l u b ricated and  a sta ndard endo
scope is  threaded through the device (FIG 6) .  Both a re 
p laced through a b ite b l ock a n d  adva nced through  the 
esophagus  i nto the stomach .  

• The scope is adva nced i nto the gastr ic l u men and then 
retrofl exed to exa m i n e  the G E  j u nct ion .  Us ing a sta nda rd, 
h i g h-flow insuffl ator, the stomach is  insuffl ated with 

FIG S • Passage of a l a rge Boug ie  after d i agnostic endoscopy 
fac i l itates advancement of the EsophyX device i nto the 
stomach and m i n i m izes the l i ke l i h ood of esophagea l in jury 
d u r ing  passage of the device. 

203 



204 P a r t 1 OPERATIVE TECHNIQUES IN THORACIC AND ESOPHAGEAL SURGERY 

A B 

FIG 6 • A. The endoscope is passed through the hand le  of the EsophyX device and  can be seen exit i ng  the d ista l end of the 
device (B) . The a rt i cu lat ing arm i s  fu l ly extended i n  th i s  image. Once the sco pe a n d  device a re adva nced i nto the stomach,  the 
scope i s  withd rawn i nto the body of the device and  the a rt icu lat ing arm is  f lexed. The scope is  advanced back i nto the stomach 
a n d  retrofl exed to obta i n  a v iew of the G E  j u nct ion .  

carbon d ioxide to a pressure of 1 5  mmHg via the work
ing  channe l  of the endoscope. Once the a rt icu lat ing arm 
i s  visu a l i zed with i n  the stomach,  the scope i s  withd rawn 
i nto the device, the a rt icu lat ing arm is  flexed, and the 
scope i s  then adva n ced back i nto the retrofl exed posit ion  

i nto the squa moco l u m n a r  j u n ct ion (FIG 98) .  The entire 
device i s  then advanced d i sta l ly a cou p l e  of cent imeters 
and  rotated c lockwise on the screen .  Th is  a l l ows the 
a rticu lat ing arm to be opened a n d  the he l ica l  retractor 
d i sengaged from the a rticu lat ing a rm .  

with i n  the gastr ic l u men (FIG 7) .  • The a rt icu lat ing arm is then rotated back to the 6 o'c lock 
posit ion,  part ia l ly c losed, and  p u l led back 1 to 2 em 
(FIG 9C) . The G E  j u nct ion is advanced ca uda l l y  by a p p ly
ing  tens ion to the he l i ca l  retractor. 

• Us ing the retrofl exed view, the G E  j u n ct ion is envis ioned 
as a c lock face with the 12 o'c lock posit ion located at 
the l esser curvatu re, the 6 o'c lock posit ion at the g reater 
curvature, and the 9 o'clock position located a long  the 
poster ior  gastric wa l l  (FIG 8).3 

Anterior Rotational Plication Fasteners 

• The c losed a rt icu lat ing arm is p laced at the 1 2  o'c lock 
posit ion (FIG 9A) .  The he l ix retractor port ion of the 
device is  a l so at the 12 o'c lock posit ion a n d  advanced 

FIG 7 • The a rt icu lat ing arm of the device is  f lexed with i n  the 
gastr ic lumen.  The arm wi l l  su bsequently be rotated i nto the 
12 o'c lock posit ion at the l esser cu rve to fac i l itate p lacement 
of the h e l ix retractor. 

• 

• 

The stomach is then desufflated and  the a rt icu lat ing arm 
i s  rotated toward the 1 o 'c lock posit ion .  Th is  maneuver 
rotates the fundus  anter ior ly around the esophagus  
there by i n it iat ing the fu ndop l icatio n .  Externa l ly, the han
d l e  of the device is  rotated approximately 1 80 degrees 
(FIG 1 0) .  This has been described in the l iterature as the 
" B e l l  Ro l l  maneuver. "3 
The he l i ca l  retractor and  a rt icu lat ing arm are secu red i n  
p lace and  t h e  suct ion i s  a p p l ied .  

FIG 8 • Us ing a c lock face to descr ibe the anatomy of the 
GE j u nct ion i n  a retrofl exed view, the lesser curvatu re i s  at 
1 2  o'c lock w h i l e  the g reater curvature i s  a 6 o'c lock. 



C h a p t e r  26 THE M I N I MALLY I N VASIVE SURG I CAL APPROACH TO GASTROESOPHAGEAL RE FLUX D ISEASE 

A 

c 

Articu lating ann at 
the 6 o'clock position 

B 

FIG 1 0  • The a rt i cu lat ing arm is rotated cou nterclockwise 
back towa rd the 1 o'clock position (the tip is  thus not v is i b le  
i n  th i s  view) . The fundus i s  thus  anter ior ly rotated around 
the esophagus .  Th is  com p l etes the a nter ior  port ion of the  
fundop l icatio n .  

retractor 

FIG 9 • A. With the articu lati ng arm at 1 2  o'clock, 
the he l ix  retractor is  p laced i nto the squamoco lumnar  
ju nct ion .  B. The  he l ix retractor ca n be seen as a 
th in ,  hor izonta l ly or iented wire enter ing the gastric 
l u men.  The device is  then advanced d i sta l ly i nto the 
stomach and rotated c lockwise on the screen so that 
the articu lat ing arm is  at 6 o'clock (C) . 

• The fi rst H-fastener  set is then dep loyed . 
• The stomach is then re insuffl ated to visua l ize dep loy

ment of a pa i r  of H fasteners .  Two sets of add it iona l  H 
fasteners a re su bseq uently p l aced at varyi ng d i stances 
from the GE j u nct ion .  

• This  wi l l  result in the p lacement of s ix fasteners 1 to 3 em 
a bove the squamoco l u m n a r  ju nct ion .  

Posterior Rotational Plication Fasteners 

• The h e l ix retractor port ion of the device is m a i nta i ned at 
the 1 2  o'c lock posit ion .  

• 

• 

The a rt icu l at ing arm is rotated cou nterclockwise through 
the lesser curve to the 8 o'c lock posit ion,  part ia l ly c losed, 
and p u l led back 1 to 2 em. The GE j u nct ion is  advanced 
ca uda l ly by a p p ly ing tens ion to the he l i ca l  retractor. 
The " Be l l  Rol l "  maneuver is aga in  performed, but th is  
t ime i n  the clockwise d i rect ion (clockwise on the screen).  
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FIG 1 1  • To perform the posterior component of the 
fundopl ication, the articu lating arm is rotated clockwise to the 1 1  
o'clock position .  This maneuver is  a m i rror image of the maneuver 
used to create the anterior com ponent of the fundopl ication.  

• 

• 

The stomach is desufflated and the articu lat ing arm is  
rotated c lockwise to the 1 1  o'c lock position .  This ma neu
ver rotates the fundus posterior ly around the esophagus 
(FIG 1 1 ) .  

The fi rst set  of poster ior  rotat iona l  p l ication fasteners is  
then dep loyed. 
The process is  then repeated to p lace two add it iona l  sets 
of H fasteners at vary ing d i sta nces from the GE ju nct ion .  

Anterior Corner Longitudinal Plication 

Articu lating arm at 
the 6 o'clock position 

FIG 12 • The shaft of the device has been pu l led back i nto the 
esophagus 3 to 4 em. This a l l ows p lacement of the g reater cu rve 
p l i cation sutu res with the a rticu lat ing arm near the 6 o'clock 
posit ion .  This move adds length to the anti  ref lux valve. 

• To add ress a g a p  in the a nter ior com ponent of the p l ica- • 
t ion that is often appreciated o n ly after the a nter ior and  
poster ior  sets have  been  p laced, a n  anter ior corner  p l ica
t ion set is  often p laced.  

any b leeding or i njuries to the esophagus and stomach. The 
fasteners are visual ized i n  the d ista l esophagus (FIG 13) .  

The fundop l ication created by the EsophyX device shou ld  
have a s im i l a r  endoscop ic  a p pearance as one created by a 
lapa roscop ic  N i ssen fundop l icat ion .  

• The a rt icu lat ing arm is rotated cou nterclockwise through 
the lesser curve toward the 1 o'c lock posit ion .  

• Tens ion is a p p l i ed to the he l i ca l  retractor ca u d a l ly a n d  
the a pproxi mat ing arm i s  p u l led prox ima l ly wh i l e  desuf
f lat ing the stomach .  

• Two add it iona l  sets of H-fasteners are dep loyed around 
the 1 o 'c lock posit ion .  

Greater Curve Deep Plication 

• The pu rpose of th i s  maneuver is to fixate the g reater 
curvatu re s l i g htly more proxi m a l ly on the esophagus .  
Th is  lengthens the a nti  refl ux valve. 

• The he l i x  retractor is d i sengaged from the 1 2  o'c lock po
sition and re-engaged at the squamoco l u m n a r  j u nct ion 
at the 6 o 'c lock posit ion .  

• The ret icu lat ing arm is m oved i nto the 5 o'c lock posit ion 
a n d  one or  two sets of fasteners a re 2 to 4 em proxi m a l  
t o  t h e  squamoco l u m n a r  j u nct ion (FIG 1 2) .  

• The newly constructed a nti  refl ux va lve shou ld  be 200 to 
300 deg rees in c i rcu mference. 

Inspection of the Newly Created Antireflux Valve 

• 

• 

The device a n d  endoscope a re withd rawn together a n d  
t h e n  end oscope is  rem oved from the EsophyX device.  
The endoscope is then advanced back into the stomach to 
a l low i nspection of the a nt i refl ux valve and to assess for 

Esophageal lumen 

FIG 13 • M u lt ip le  purp le  polypropylene fasteners are 
v isua l i zed with the d i sta l  esophagus  after TIF is  com pleted. 
These fasteners a re not typ i ca l ly seen when retrof lex ing from 
with i n  the stomach .  
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RADIOFREQUENCY ENERGY APPLICATION 

TO THE LOWER ESOPHAGEAL SPHINCTER 

• Approved by the FDA in 2000, the Stretta system (Meder i  
Thera peutics I n c, G reenwich, CT) is  cu rrently the only 
device on the market that uses rad i ofrequency energy 
fo r the treatment of G E RD.4 

• The app l ication of rad i ofreq uency energy to the G E  
j u nct ion resu lts i n  therm a l  i nj u ry a n d  subsequent scar
r ing,  which red uces LES com p l i a nce, decreases the n u m 
b e r  o f  tra ns ient LES relaxat ions, and  thereby decreases 
the inc idence of refl ux sym ptoms. 

• The Stretta system is com posed of two m a i n  com po
n e nts: a rad iofreq u e n cy generator and a catheter 
system that connects to the generator. The catheter 
system i s  com posed of an outer sheath,  a 30-Fr bou
g i e  t i p, a n d  fo u r  n i cke l -t ita n i u m  22-g a u g e  need le  
e l ectrodes sur ro u n d i n g  a b a l l oo n .  The system a l so i n 
c l udes a channe l  for suct ion  a n d  a n other  for i rr igat ion  
(FIG 14) .  

A 

B 

FIG 1 4  • A. Schematic representat ion of the Stretta catheter 
system .  The d i sta l end is  com posed of a 30-Fr boug ie  t ip .  
The n ickel-tita n i u m  needle e lectrodes can be seen po int ing 
outward surround ing  the ba l loon .  B. Radiofreq uency 
generator ( images© 20 1 5  Meder i  Thera peut ics I n c) .  

Preoperative Planning 

• Conscious sedation is usua l ly  adequate for use of the 
Stretta system .  At our  i nstitut ion,  Stretta is  usu a l ly per
formed in the endoscopy su ite as o pposed to the operat
ing roo m .  

• Only  one phys ic i an  is typ ica l ly needed to perform the 
proced u re .  

Positioning 

• After a d m i n istrat ion of consc ious  sedation med icat ions, 
the patient is p laced i nto the l eft l atera l decubitus posi
t ion and  a b ite b l ock i s  p laced.  

Placement of the Stretta Device into the 
Distal Esophagus 

• A sta ndard endoscope is adva n ced down to the G E  j u nc
t ion .  The d ista nce from the patient's l i ps to the sq uamo
co l u m n a r  j u n ct ion is measured.  

• A g u idewire is i nserted through  the work ing channe l  of 
the endoscope and  the endoscope is removed.  

• Under  f luoroscop ic  g u ida nce, the catheter system is then 
passed over the g u idewire i nto the stomach .  The cath
eter tip i s  then posit ioned 1 em a bove the squamoco l u m 
n a r  j u n ct ion based on  measu rements o bta ined from the 
endoscop ic  eva l u at ion .  

Application of Radiofrequency Energy 

• The ba l loon is i nflated to a pressure of 2 l b/i n2 . 
• The e l ectrodes a re then  d e p l oyed through  the  m u cosa 

and i nto the m u scu l a r i s  p ropr i a .  Suction and i r r iga
t ion  a re i n it i ated th rough  t h e i r  respective work i n g  
c h a n n e l s .  

• The generator is activated and  rad i ofrequency energy 
is  a p p l i ed for approximately 90 seconds per a p p l icatio n .  
Dur ing  th i s  process, the m uscu lar i s  propr ia is  heated to 
a temperature of 85°C, whereas the esophagea l  m ucosa 
is  m a i nta i ned be low 50°C via cold water that i s  i nsti l l ed 
through the catheter system . Th is  creates fou r  a b lat ion 
sites that are d istri buted 90 deg rees apart from each 
other. 

• After the 90-second i nterva l is com plete, the catheter 
system is  rotated 45 deg rees and another cyc le  of radio
freq uency energy is  de l ivered for 90 seconds.  Fo l lowing 
th is  cyc le, e ight les ions  approxi mately 45 degrees apart 
a re created i n  a c i rcu mferent ia l  fash ion at that leve l .  

• The catheter system is advanced approxi m ately 5 m m  
a n d  t h e  process is  repeated t o  create another 8 s ites of 
a b lat ion .  In tota l ,  th i s  p rocess is  performed at six leve ls  
(from 1 em proxi m a l  to the squamoco l u m n a r  j u nct ion 
to the proxi m a l  gastric cardia), creat ing  48 a b lat ion s ites 
(FIG 1 5) .  

• The Stretta system is then removed .  

Inspection of the Gastroesophageal Junction 

• The endoscope is adva n ced back down to the G E  j u nc
t ion to a l low i nspect ion of the rad iofreq uency energy 
a p p l ication s ite (FIG 1 6) .  
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FIG 1 5  • Corona l  sect ion through the esophagus  with the e lectrodes posit ioned 1 em prox ima l  to the squamoco l u m n a r  
j u nct ion .  Two e lectrodes can be seen enter ing t h e  m uscu lar i s  propr ia .  After t h e  tissue has been ab lated at s i x  l evels ( ind icated 
by wh ite), the GE j u n ct ion w i l l  eventua l ly sca r down as a resu lt  of the therm a l  i n ju ry ( images© 201 5 Meder i  Thera peutics I nc) . 

A B 

LOWER ESOPHAGEAL SPHINCTER 

AUGMENTATION SURGERY 

• The o n ly co m m e rc i a l ly ava i l a b l e  Ja pa rosco p i c  LES  
a u g m e ntat ion dev i ce  i n  the  U n ited States i s  the  L INX 
Refl ux M a nagement  Syste m (To rax M e d i c a l ,  St .  Pa u l ,  
M N) .  The L I N X  system i s  des igned t o  decrease refl ux 
of g astr i c  contents i nto the  d i sta l eso p h a g u s  v ia  p l ace
ment of a f lex i b l e, expa n d a b l e  device cons i st i n g  of 
m u lt i p l e  i nter l i n ked t ita n i u m  beads with a mag net ic  
core (FIG 1 7) .  

F I G  1 6  • Retroflexed v iews o f  t h e  G E  
j u nct ion i m med iately before (A} a n d  after 
(B) use of the Stretta device. 

• With the device i n  p l ace, once a pat ient swa l l ows a n d  
esophagea l  per i sta l s i s  reaches the G E  j u nct ion ,  the pres
su re of the per i sta l s i s  ove rcomes the m a g n et ic  f ie ld  
with i n  the L INX dev ice  thereby a l lowi ng the dev ice  to 
open a n d  food to enter i nto the stomach .  The m a g n et ic  
beads can a l so sepa rate when i ntragastr ic  pressure ex
ceeds the m a g n et ic  strength of the beads, wh ich  a l l ows 
the pat ient to be lch  or vomit  if/when necessa ry. 

Preoperative Planning 

• When p laced a round the G E  j u nct ion,  it enha nces the • Genera l  anesthes ia is necessa ry. 

A 

a b i l ity of the LES to res i st open i n g  a n d  prevent refl ux • 
i nto the eso phagus .  

B 

Preoperative prophylactic ant i b iotics a re a d m i n istered 
pr ior  to inc i s ion to reduce the chance of i nfect ion .  

FIG 1 7  • A. L INX device fu l ly open with 
sutu res at each end. B. Magnet ic  beads 
at each end are brought together. Th is  
is  the confi g u ration that the dev ice is  in  
when p laced a round the G E  j u nct ion .  
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FIG 1 8  • A 5-mm supra u m b i l ica l  port, 8-m m  left upper  
quadrant port, 5-mm left upper  outer  quadrant port, and  
5-mm r ight  upper quadrant port a re p l aced. A b l aded 5 -mm 
subxi pho id  port is  tempora r i ly  p laced to fac i l itate i nsert ion 
of a l iver retractor. The surgeon sta nds between the patient's 
legs and  uses the 5-mm r ight upper  quadra nt port a n d  8-mm 
port.  The assista nt on  the patient's left contro ls  the camera 
and  retracts the stomach i nferior ly v ia the 5-mm r ight upper  
outer  quadra nt port.  

Positioning 

• The patient can be p laced i nto e ither the sup ine  or sp l it
leg posit ion on  the operat ing  room ta b le .  

Port Placement and Initial Dissection 

• A 5-mm camera is i nserted through the supra u m b i l ica l 
port, which is operated by a n  assista nt surgeon sta n d i n g  
on  t h e  patient's l eft . T h e  operat ing surgeon sta nds 
between the patient's legs a n d  uses the 5-mm r ight 
upper  quadra nt port and  the 8-m m  port.  The o perat ing  
surgeon uses  a b l u nt g rasper ( left ha nd) and  a n  u ltra
sonic d i ssector (right hand) to enter the lesser sac v ia  the 
pars f lacc ida .  The left upper  outer 5-mm port is  used by 
the assista nt surgeon to retract the stomach downward 
and latera l l y  towa rd the spleen to fac i l itate d i ssect ion of 
the GE j u nct ion .  

Dissection of Gastroesophageal Junction 

• The med i a l  border of the r ight crus of the d i a p h ragm 
is  identif ied to  fac i l itate the d i ssect ion of  the retro
esophagea l  space (FIG 1 9) .  The poster ior  vag a l  tru n k  is 
identif ied and preserved . The med i a l  border of the left 
crus is then identif ied from the patient's left to further 
open the retroesophagea l  space. 

• The b l u nt g rasper  i n  the  s u rgeon 's l eft h a n d  is then  
passed th rough  the  retroeso p h a g e a l  p l a n e  between 
the poste r io r  eso p h a g e a l  wa l l  and the  poste r ior  va g a l  
tru n k, w h i c h  i s  preserved . The t i p  of the  g rasper  
exits the  retroeso p h a g e a l  tunne l  a nter ior  to the  
l eft crus  of the  d i a p h r a g m  a n d  i s  m a i nta i ned i n  that 
locat i o n .  

Device Selection and Placement 

• A Pen rose is p laced i nto the upper abdomen and p u l led 
through the retroesophagea l tunne l .  Th is  serves as a 
tract for smooth passage of the s izer. 

• O u r  tech n ique  i nvolves i n it i a l  p lacement of a Veress • The s iz ing i nstrument is p laced i nto the a bdomen 
through the 5-mm port (su rgeon's left ha nd) a n d  need le  i n  the left u pper quadra nt. Four  ports a r e  sub

seq uently p laced i nc l ud ing  a 5-mm supra u m b i l ica l  port, 
8-mm left upper  quadra nt port, 5-mm left upper  outer 
quadrant port, and 5-mm r ight upper quadra nt port. • 
A 5-mm port is tem pora r i ly  p laced in the subxi pho id  po
sition to fac i l itate p lacement of a l iver retractor (FIG 1 8) .  

F IG  1 9  • A,B. A b l u nt g rasper i n  the su rgeon's left h a n d  
retracts the med i a l  border o f  the r ight c r u s  latera l l y  t o  open 
u p  the retroesophagea l  p lane whi le the proxi m a l  stomach is  
retracted i nferior ly and  latera l ly. The vagus nerve has been 

advanced through the retroesophagea l p l ane  from the 
patient's r ight to left. 
The wh ite port ion of the s iz ing  i nstrument is then t ig ht
ened a round the GE j u n ct ion cepha lad to the hepatic 
branches of the a nter ior vag a l  trunk.  As the c i rcu mference 

Blunt grasper posterior 

to the d istal esophagus 

mob i l ized away from the esophagus  to open up the p lane  for Right diaphragmatic crus 
the sizer to be i ntrod uced . (Photo cou rtesy of Dr. Kyle  Perry, The 

Proximal stomach 

retracted inferiorly 
O h i o  State U n iversity Wexner Med ica l  Center.) B 
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of the s izer approaches that of the G E  j u nct ion,  the a p
propr iate L INX device s ize w i l l  be i n d i cated on the s iz ing 
device (FIG 20) .  

the G E  j u n ct ion a nter ior ly. T h e  sutu res at e a c h  end o f  t h e  
device a r e  t h e n  secu red with a Ti-Knot device or secu r
i ng  the magnetic c lasp depend i n g  on the vers ion of the 
device emp loyed (FIG 21 ) .  • The s iz ing  i nstrument is removed and the L INX device 

is i nserted through the same p lane  that the s izer was • The a bdomen is desufflated, the ports a re removed, a n d  
the sk in  i nc is ions a r e  sutu red c losed. p l aced through .  The L IN  X device is  then wra pped around 

FIG 20 • With the s izer gent ly  wra pped around the GE 
j u n ct ion anter ior ly, the appropr iate length of the L IN  X device 
is est imated and the L I N  X device is mod ified so that the length 
of the device matches th i s  d ista nce. (Photo cou rtesy of D r. 
Kyle  Perry, The Oh io  State U n iversity Wexner Med ica l  Center.) 

FIG 21  • The LINX device is  i n  p lace around the GE j u nct ion .  
The sutu res at each are retracted su per ior ly and  i nfer ior ly 
to i l l ustrate idea l  posit io n i n g  of the device .  (Photo cou rtesy 
of Dr. Kyle  Perry, The O h i o  State U n ivers ity Wexner Medica l  
Center.) 

PEARLS AND PITFALLS 
Pitfall 
Transoral incisionless fundoplication 
• Cerv ica l  esophagea l  i nj u ry d u ri n g  p lacement of the 

device g iven the re lat ively l a rge s ize of the device 

• Postoperative b leed ing  due  to h e l ix retractor 
p lacement or d u r ing  fastener  p l acement, 
part icu lar ly  a long the lesser curve of the stomach 

• Gastr ic or  esophagea l perforat ion related to 
fastener p lacement 

Radiofrequency energy application 
• I m p recise rad i ofreq uency energy a p p l icat ion due  

to patient movement dur ing  the proced u re 

• Overd istention of the stomach from excess 
i rr igat ion f lu id  

• Uneven energy a p p l ication v ia  the fou r-need le  
e lectrodes due  to asym m etry of the G E  j u nct ion 
( i .e . ,  if  a sm a l l  h iata l hern ia  i s  p resent) 

Pearl 

• D i lat ion of the esophagus  with a l a rge  boug ie  ( i .e . ,  56 Fr) and  
generous a p p l ication of l u br icant to the device w i l l  m i n i m ize the  
l i ke l i hood of esophagea l i nj u ry. 

• Nasotrachea l i ntubat ion w i l l  he lp  c lear  the oropharynx for EsophyX 
device i nsert ion .  

• M i n i m ize the n u m ber  of t imes that  the h e l ix retractor is  dep loyed 
(once at the 1 2  o'c lock posit ion and once at the 6 o'c lock posit ion 
shou ld  be enough) .  

• M i n i m ize fastener p lacement a long  the l esser cu rvatu re. 
• Postprocedura l  EGD w i l l  identify early b leed i n g  that may occu r 

d u r ing  these steps; if identif ied, endoc l i ps can be p laced.  

• Avoid p l acement of the fasteners through the d i a p h ragmat ic  crura 
by ensu r ing that the fasteners a re dep loyed be low the point where 
the crura cross the esophagea l wa l l .  

• Ad m i n ister ant iemet ics agg ressively t o  avoid s ign if icant postopera
t ive retch ing  which may p u l l  on the fasteners .  

• Adequate a m o u nts of anxio lyt ic  and  na rcotic  med icat ions wi l l  he lp  
m i n i m ize patient movement; if  necessa ry, genera l  anesthes ia can  
be a d m i n istered. 

• Mon itor the suct ion return c losely to prevent the stomach from 
fi l l i n g  up with i rr iga nt; there shou ld  be essent ia l ly a 1 : 1  corre lat ion 
between i rr igat ion a n d  suct ion f l u id .  

• More than two device rotat ions per level may be necessa ry to 
ensure that the rad i ofreq uency energy i s  a p p l i ed at numerous 
poi nts throughout the c i rcu mference of the eso phagus .  
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Lower esophageal augmentation surgery 
• Esophagea l  i nj u ry wh i l e  deve lop ing  the 

retroesophagea l p lane .  
• M i n i m ize the use  of the u ltrason i c  d i ssector near  the esophagus .  
• To m i n i m ize b leed ing  near  the poster ior  vag a l  tru n k, which may 

obscu re the retroesophagea l p l a ne, ca refu l ly and  b l u nt ly d i ssect 
with a M a ry land or b l u nt g rasper. 

• Postoperative dysphag ia  d u e  to excessive restr ict ion 
from the device 

• Ensure that there is no  tens ion on the s izer when measu r ing the 
c i rcu mference around the G E  j u nct ion .  

• Device m i g rat ion • When developing the retroesophageal p lane, m i n im ize the a mount of 
dissection posterior to the G E  junction.  The d issection only needs to be 
wide enough to permit passage of the sizer. 

POSTOPERATIVE CARE 
• TIF-Patients are admitted postoperatively for overnight 

observation. A liquid diet is initiated following the proce
dure and advanced to a soft solid diet within the next several 
weeks . Antiemetics are administered liberally to minimize 
postoperative retching. Routine postoperative imaging is not 
obtained. 

• Radiofrequency energy application-Patients are discharged 
home on the day of the procedure. They are kept on a 
liquid diet for the first several weeks and are subsequently 
advanced to a soft solid diet. Routine postoperative imaging 
is not obtained. 

• LES augmentation surgery-Patients are admitted to the 
hospital overnight. During our early experience, as part 
of a clinical trial, all patients underwent a routine chest 
x-ray and barium esophagram to verify correct position of 
the device . Routine imaging is not currently obtained. The 
patient may resume a normal diet immediately after the 
procedure. 

OUTCOMES 
• TIF-With the earliest case series being published in 

2008 ,5 truly long-term data regarding TIF are lacking. In 
2012 ,  Trad and colleagues6 published their data which in
volved 28 patients and a median follow-up of 14 months. 
Eighty-two percent of patients remained off their daily 
antireflux medications, whereas 6 8 %  were satisfied with 
the results of the procedure .6  Heartburn and regurgitation 
symptoms were eliminated in 65 % and 8 0 %  of patients, 
respectively. 

• Radiofrequency energy application-In the earliest mul
ticenter trial conducted in the United States (involving 
47 patients ) ,  87% of patients had discontinued their antire
flux medications at 6 months while quality of life improved 
and esophageal exposure to acid (pH <4.0)  decreased by 
over 50% ( 1 1 .7% to 4 . 8 %  of the total time) . 7  Four-year 
follow-up data from a study published in 2007 found that, 
along with sustained improvements in quality of life scores, 
85% of patients remained off proton pump inhibitors or had 
decreased their use by half. 8 

• Lower esophageal augmentation surgery-In February 2013 ,  
the results of a nonrandomized multicenter trial were pub
lished in the New England Journal of Medicine.9 Sixty-four 
percent of patients had either normalized or significantly re
duced their esophageal acid exposure at 1 year. Ninety-three 
percent of patients had significantly reduced their antireflux 

medication regimen, whereas 92 % experienced a substantial 
improvement in quality of life . 

COMPLICATIONS 
• TIF 

Esophageal laceration/perforation 
Postoperative bleeding 
Gastric leak, mediastinal abscess 
Early fundoplication failure 

• Radiofrequency energy application 
Bloating, dyspepsia 
Esophageal ulceration/bleeding 
Esophageal perforation 

• LES augmentation surgery 
Bloating, dysphagia 
Device migration and/or erosion into the GI tract (to date, 
none have been reported or published in the literature) 
Allergic reaction to the device (patients with titanium, 
stainless steel, nickel, or ferrous allergies) 
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Chapter 27 Radiofrequency Ablation of 
Barrett's Esophagus 

. ----------------------------------- ·----------------------------------------------------- .... 
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DEFINITION 
• Barrett's esophagus (BE) is an acquired condition due to a 

change in the normal esophageal squamous epithelium to 
columnar epithelium containing goblet cells. This metaplas
tic change can progress to low-grade dysplasia (LGD)  and 
high-grade dysplasia (HGD) ,  with the latter having a 5% to 
1 0 %  risk of developing into esophageal adenocarcinoma. 1 •2 

• Radiofrequency ablation (RFA) is a safe and effective en
doscopic treatment modality for BE whereby squamous 
tissue replaces the ablated metaplastic or dysplastic epithe
lium. RFA uses a bipolar electrode array to generate thermal 
energy to result in tissue dissipation.3 

PATIENT lllSTORY AND PHYSICAL FINDINGS 
• It might be difficult to distinguish symptoms of BE from 

gastroesophageal reflux disease ( GERD) clinically, although 
increased duration, severity, and early age of onset for reflux 
symptoms as well as obesity predispose to BE occurrence .4 

• Age older than 55 years, male gender, white ethnicity, or 
smokers are predisposing factors for BE development and 
progression to dysplasia. Genetic influences may play a role, 
although only a small proportion (7% ) of patients with BE 
have a documented family history of BE or esophageal cancer. 5 

• Selection of patients for endoscopic treatment of BE requires 
a multidisciplinary approach consisting of the endoscopist, 
pathologist, and the surgeon. 

• Confirmation of dysplasia (high or low grade) on biopsies or 
endoscopic mucosal resection (EMR) specimens is done by a 
dedicated gastrointestinal ( GI) pathologist. 6 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Detailed endoscopic examination with high-definition white 

light of the BE segment is essential for management. 
• The extent of the BE segment should be defined using the 

Prague C & M classification including the length of the cir
cumferential segment (C)  and the maximal extent of the BE 
segment (Mf ( FIG 1 ) .  

F I G  1 • Prague C & M c lass if icat ion .  
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• Other imaging modalities that might help in delineating 
BE are narrow band imaging (NBI) ,  chromoendoscopy, 
autofluorescence imaging, and confocal laser endoscopy. 
These adjuncts aid in directed biopsies. 

• Any visible lesions in the Barrett's segment should be 
described using the Paris classification. 8 

• Targeted biopsies are obtained from visible abnormalities, 
followed by four-quadrant biopsies of every 1 to 2 em of the 
BE segment (Seattle protocol) and these should be reviewed 
by a dedicated GI pathologist.9 Nodular lesions are best 
staged by an EMR as described in Part 1, Chapter 28 .  

ENDOSCOPIC MANAGEMENT 
Preoperative Planning 

• Patients are given standard esophagogastroduodenoscopy 
(EGD) preprocedure preparation instructions with specific 
attention to factors that increase risk of sedation including 
morbidly obese patients; anatomic variants such as short 
neck, cervical osteophytes, cricopharyngeal hypertrophy; and 
prior history of surgery involving the GI tract, radiation, or 
documentation of previous strictures. 

• No antibiotics are required and it is desirable to minimize or 
stop antiplatelet/anticoagulation prior to the procedure. 

• Equipment lists for circumferential and focal ablation can be 
found in Tables 1 and 2. 

Positioning 

• The patient is placed in the left lateral decubitus position 
and prepared as for a routine upper endoscopy. 

Table 1: Circumferential Ablation Equipment List 

Endoscope and equ ipment 
RFA energy generator conso le 
HAL0360 s iz ing ba l loon 
HAL0360 ba l loon ab lat ion catheter 
HALO cap 
Gauze 
1% N-acetylcysteine  solut ion 
Spray catheter 
Savary spr i ng-tipped g u idewire 

From Frantz OJ, Del/on ES, Shaheen NJ. Radiofrequency ablation of Barrett's 
esophagus. Techniques Gastrointest Endosc 2010;12:100-707. 

Table 2: Focal Ablation Equipment List 

Endoscope and  equ ipment 
RFA energy generator 
HAL090 ab lat ion device 
Ga uze 
1% N-acetylcyste ine so lut ion 
Spray catheter 

From Frantz OJ, Del/on ES, Shaheen NJ. Radio frequency ablation of Barrett's 
esophagus. Techniques Gastrointest Endosc 2070;12:100-107. 

-
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CIRCUMFERENTIAL ABLATION 

Endoscopy with Inspection and Recording the 
Landmarks 

• 

• 

• 

• 

Measurements a re taken to map the extent of the B E  
showing ( 1 )  top o f  i ntest ina l  meta plas ia (TI M). (2) proxi
mal cont iguous a rea of B E  (M). (3) prox ima l  level at which 
the B E  is c i rcu mferentia l ,  (4) and the top of the gastr ic 
fo lds (TG F) (FIG 2) .  

Ca refu l  i nspect ion shou ld  be made t o  ru le  o u t  pr ior  
u l cerat ion,  str ictu res, previous sca rr ing from EMR or  
res idua l  nodu la rity as  these may com p rom ise any 
ba l l oon c i rcumferentia l  a b lat ion .  D i l atat ions shou ld  be 
performed prior to a b lati on .  
M u cosa is  washed with  N-acetyl cyste i n e  to c lear  any 
excess m ucus and  prepare the t i ssue for further  a b l at ion .  
After adequate i nspection  a n d  record i n g  l andma rks, a 
g u i dewi re is passed i nto the gastric antrum and then the 
endoscope removed. 

Sizing 

First Ablation Pass 

• The Ba rrxrM 360 RFA B a l l oon Catheter (Covid ien ,  
M a nsfie ld ,  MA) (FIG 3), consist ing of a 3-cm e lectrode 
a rray enc i rc l i n g  a 4-cm long ba l l oon,  i s  then passed over 
the g u idewire i nto the esophagus  (FIG 4A) .  The endo
scope is  i ntu bated a l ongs ide the catheter to visua l ize the 
proxi m a l  end of the ba l loon,  which i s  then posit ioned 1 
em prox ima l  to the TI M .  

• 

• 

• 

The ba l loon is a utomatica l ly i nfl ated fi rst a n d  then 
energy de l ivered by us ing the foot peda ls  attached to 
the contro l  u n it .  The u n iform energy has a dens ity of 
12 J/cm2 and  power of 40 W/cm2 a b lat ing to a depth of 
700 to 1 ,000 f1m over 3 em of a rray (FIG 4B) .  

After a second o f  a b l at ion,  the ba l loon a utomatica l ly 
defl ates and  the c i rcu mferentia l  burn  is v is i b le .  
Depend ing  on  the length of the seg ment, a n  add it iona l  
3 em of c i rcu mferent ia l  a b l at ion i s  performed such that 
there i s  m i n i m a l  over lap  with the previous ly a b l ated 
segment (FIG 4C) .  

Cleaning Procedure 

• The s iz ing ba l loon is attached to the control u n it and  • 
then ca l i b rated extern a l ly a l so to ru le  out any leaks. 

The ba l l oon catheter is  then removed a long  with the 
endoscope, leav ing the g u idewire i n  p l ace. Outside the 
patient, it is  i nflated and c leaned us ing d a m p  ga uze, 
remov ing adherent a b l ated tissue. 

It is  then i ntroduced over the g u idewi re i nto the body 
of the esophag us, p lac ing  it 3 em proxi m a l  to the TIM 
measurement.  • The treated a rea is then c leaned of the coag u l u m  us ing a 

HALO cap attached to the t ip  of the endoscope (FIG S). 
After rei ntrod uct ion of the endoscope, the coag u l u m  
is  gently removed us ing t h e  edge o f  t h e  cap, debri d i n g  
proxi m a l  to d ista l i n  a c i rcu mferentia l  manner  and  there
after c lea n i ng with sa l i ne lavage.  The endoscope is 
removed and then the cap d isca rded. 

• Ser ia l  measurements a re taken at 1 -cm i nterva ls, sta rt ing  
proxi m a l l y  a n d  proceed ing  d ista l ly by  i nf lati ng the device 
on the peda l  p rovided.  The d i sp layed measu rements on 
the conso le  are then recorded by a tech n ic i an  or  n u rse. 
The sma l l est d i a m eter treatment ba l loon suggested 
throughout the s iz ing i s  chosen as a ppropr iate a b lat ion 
catheter. 

Selecting Appropriate Ablation Device 

• After s iz ing ,  the catheter is then removed, keep ing  the 
g u i dewi re i n  p lace.  

• The sma l l est d i a m eter treatment ba l loon suggested 
throughout the s iz ing i s  chosen as appropr iate a b lat ion 
catheter a n d  attached to the generator. 

FIG 2 • Endoscopic a ppearance of BE .  Yellow oval ind icates top 
of gastric folds, green line to yellow arrows i nd icates maximum 

Second Ablation Pass 

• The c leaned a b lat ion catheter device is then i ntroduced 
over the g u idewi re with the endoscope and a second 
set  of a b l at ion is  performed as descr ibed previous ly, 
retreat ing  the a rea a n d  further coagu lat ing any superf i
c ia l  b lood vessels p revent ing b leed i n g .  

length o f  BE, and white line denotes length o f  ci rcumferentia l  BE .  FIG 3 • Ba rrxrM 360 RFA B a l l oon Catheter (© 20 1 4  Cov id ien) .  
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B 

FIG 4 • Circumferent ia l  ab lat ion. A. Posit ioning of 
device. B. F i rst a blation. C. Postablation appearance. 

Focal Ablation • After ca refu l endoscop ic  exa m i n at ion,  the a reas are re
corded and endoscope removed wh i l e  externa l ly, the 
HAL090 device (array measu r ing 13 x 20 mm) is  attached 
to the t ip  of the sco pe. It is  posit ioned such that the back 
of the thumb-shaped a rray is  located at 12 o'c lock posi
t ion on the endoscop ic  f ield of view and ca n be p ivoted 

• The foca l ab lat ion is performed for treat ing shorter seg
ments, tongues and is lands of B E, and during  fo l low-up 
after an  i n it ia l  c i rcu mferentia l  RFA. It may a lso be of  specia l  
use i n  treating areas adjacent t o  t h e  sq uamous-co lumnar  
j u nct ion.  

easi ly. It is  rei ntrod uced i nto eso phagus  after ca refu l 
i ntubatio n .  

• The esophagus  is washed with N-acetylcyste ine so lut ion .  
The ta rgeted a rea of B E  is  identif ied and  the endoscope 
i s  a n g u l ated such that the a b lat ion device is  t ig htly 
opposed to the m u cosa (FIG 6A) .  

• After m a i nta i n i n g  opt ima l  contact, the energy is de l ivered 
using the foot peda l  us ing the s i m i l a r  energy sett ings 
previous ly descr ibed.  M a i nta i n i n g  the sa me position, a 
second pu lse of energy is g iven .  The device is then moved 
to the next treatment a rea and previously mentioned 
steps repeated, treat ing al l  visua l ized B E  (FIG 68) .  

• The coag u l u m  of des iccated m u cosa is then removed 
us ing e ither a HALO cap as previous ly descr ibed or  even 
the tip of the ab lat ion device cou l d  be used to scra pe 
the t issue. After gent le debr idement, the device is  then 
extern a l ly c leaned us ing damp ga uze, rei ntrod uced w h i l e  
mou nted on  the scope and  a second round  o f  two app l i 
cations per a rea a re  performed i n  a n  ident ica l  manner  
such  that  eventua l ly each  targeted a rea receives a tota l 

FIG S • Clea n i n g  us ing HALO cap.  of fou r  energy a b lat ions .  
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A � B 

FIG 6 • Foca l a b lat ion . A. Positio n i n g  of device. B. Ablat ion .  

FOLLOW-UP 

• Endoscop ic  eva l uat ion of the a b l ated a rea is performed 
2 months fo l lowing  the proced u re, and  com p l ete hea l i n g  
s h o u l d  have occu rred b y  th i s  t ime (FIG 7) .  

F IG 7 • Fol low-u p showing hea l i n g .  

PEARLS AND PITFALLS 
I n d ications 

Se lect ion of 
a b lat ion method 

C i rcumferent ia l  
a b l at ion 

Foca l a b lat ion 

Fol low-up 

• Ca refu l  h i story, endoscop ic  f ind i ngs, and  patho log ic  review of records shou ld  be done pr ior  to se lect ion of 
patients for a b lat ion .  

• Long-seg ment c i rcu mferenti a l  a reas shou ld  be targeted us ing the c i rcu mferenti a l  HAL0360 device. 
• Short seg ment and subsequent sess ions or "touch up" of B E  can be treated using the foca l HAL090 device. 

• Endoscop ic  identif icat ion of l andmarks and length on seg ment based on Prague c lassif icat ion 
• S iz ing  of device and  se lect ion of ba l l oon a b lat ing catheter 
• Ca refu l  posit ion ing  and endoscop ic  v isua l i zat ion of the catheter and perform ing  the fi rst a b l at ion pass 
• C lea n i ng of device extern a l ly wh i l e  performing  debr idement of tissue using the endoscope and cap 
• Performing  the second a b lat ion pass 

• Endoscop ic  identif icat ion of l andmarks 
• Attachment of device to endoscope such that it i s  in 1 2  o'c lock endoscop ic  view 
• O pti m a l  opposition to targeted m u cosa and energy de l ivered using " d u a l  tech n i q u e "  with cont in ued 

a b lat ion of a l l  a reas 
• Debr idement of t issue, c lea n i n g  of device, and  second pass of a b lat ion for a l l  a reas 

• I m mediate postproced u re i nstruct ions a re g iven rega rd ing  food i nta ke, pain management, and ant i reflux 
med icat ions.  

• Fo l low-u p after 2 months for repeat endoscopy, further a b lat ion,  or  b iopsies.  
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POSTOPERATIVE CARE 
• After RFA treatment, patients may experience chest pain and 

dysphagia for 3 to 4 days thereafter. 
• Postoperative care includes a pain management with viscous 

lidocaine or liquid acetaminophen with narcotic. A liquid 
diet is advised for 24 hours after treatment and then to 
slowly return to normal diet. 

• A maintenance dose of proton pump inhibitor (PPI) such 
as esomeprazole 40 mg twice a day during the entire treat
ment period for adequate acid suppression is required to 
promote healing. In addition, sucralfate 1 g four times a day 
for 2 weeks is prescribed. 

• Patients are usually discharged home on the same day 
as the procedure. On occasion, severe chest pain may 
require admission for observation and optimizing pain 
management. 

• They are instructed to be followed up for 2 months after 
the initial ablation when they are reassessed for further 
treatment or biopsies if neo-squamous epithelium is seen. 
Approximately 3.5 treatment sessions may be necessary to 
clear all dysplastic BE and this will depend on the length of 
segment. 

OUTCOMES 
• RFA is effective for treatment of HGD and LGD.3  
• In  a randomized sham-controlled trial, complete eradication 

for HGD was noted in 8 1 .0% compared to 1 9.0% in 
controls. Similarly, disease progression was lower in the abla
tion group ( 3 .6% vs. 16 .3 % ) . 10 Patients with LGD achieved 
eradication in 90. 5 %  of the ablation group as compared to 
22.7% of control group at the end of 12 months. Durability 
of RFA demonstrated eradication of dysplasia in 98% and 
91 % of metaplasia at the end of 3 years since ablation 
therapy. 1 1  

COMPLICATIONS 
• RFA has a low complication rate with low adverse events. 

Chest pain and dysphagia are commonly associated symp
toms lasting for a period of 3 to 4 days posttreatment and 
resolves spontaneously to baseline. 12•13 

• Strictures can occur on follow-up and the rate varies between 
0% and 8 % ,  with longer segments and preceding EMR to be 
higher risk factors for developing them. They can, however, 
be managed by endoscopic dilatation. 

• Bleeding is rare ( < 1  % )  and encountered especially in 
patients on antiplatelet or anticoagulation therapy. 

• No perforations or RFA-related deaths have been reported 
after RFA. Fever is also a rare complication and can be man
aged using antipyretics. 

• Buried intestinal metaplasia or glands has been of concern 
postablation and may not be visible endoscopically. It is less 
frequently reported after RFA (0 .9% ) and highlights the 
need for deep endoscopic biopsies, which need to be care
fully reviewed by the pathologist. 14 
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Chapter 2 8  Endoscopic Mucosal Resection 
for Barrett Neoplasia 
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Shajan Peter C. Mel Wilcox Kla us Monkemufler 

DEFINITION 
• Barrett esophagus (BE) is a strong risk factor for esophageal 

adenocarcinoma. 1 
• The annual risk of BE progression to adenocarcinoma ranges 

from 0 1 . 1 2 %  to 0 .61  % Y  
• The traditional treatment o f  choice for "resectable" esopha

geal adenocarcinoma is esophagectomy. 
• However, surgical resection is still associated with significant 

mortality and morbidity, even in high-volume centers and 
especially in elderly or poor surgical candidates.3 

• Thus, during the last two decades, patients with early cancer 
or those with high-grade dysplasia have been successfully 
treated with endoscopic resection methods.4•5 

• The most common method used is endoscopic mucosal 
resection (EMR) or "mucosectomy. "4•5 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis of mucosal neoplasia of the distal 

esophagus is narrow. The most common malignant neopla
sia of the distal esophagus is adenocarcinoma, followed by 
squamous cell cancer.4•5 

• Proximal stomach cancer such as cardiac or fundic adeno
carcinoma extending into the esophagus may be difficult to 
differentiate from distal esophageal adenocarcinoma. 

• Submucosal tumors such as gastrointestinal ( GI)  tumors, 
spindle cell tumors, lipoma, and leiomyoma are easily dif
ferentiated from mucosal lesions as these tumors generally 
have a normal overlying mucosa. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Most patients with Barrett's neoplasia do not have any spe

cific symptoms and BE is discovered incidentally during an 
upper GI endoscopy performed for the evaluation of gastro
esophageal reflux symptoms, dyspepsia, or abdominal pain.6 

• However, Barrett's neoplasia is more common in patients 
with the following characteristics :  male, central obesity, 
Caucasian, age older than 50 years, tobacco use, and chronic 
gastroesophageal reflux disease ( GERD) . 6  

• Although reflux of acid i s  a common occurrence in  BE, 
a high proportion of BE patients deny a history of reflux 
symptoms.7 

• Therefore, any patient undergoing upper endoscopy should 
be carefully investigated for columnar-lined epithelium and 
intestinal metaplasia of the distal esophagus, with special 
attention to patients with the risk factors mentioned earlier. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Radiologic studies do not play a role in the evaluation of 

BE unless there is a stricture present (benign or malignant ) .  

In this instance, a barium esophagogram can be helpful to 
determine the length and characteristics of the stenosis. 

• Although computed axial tomography is useful to evaluate 
for lung metastasis and mediastinal and perigastric lymph 
node involvement in esophageal adenocarcinoma, its role in 
patients with early Barrett neoplasia is negligible, as most 
of these patients have local disease, which does not extend 
beyond the submucosa of the esophagus. 

• Patients with Barrett's cancer invading the submucosa (sm 1 )  
have a very low risk o f  lymph node metastasis and thus are 
ideal candidates for EMR.4-6 

• In the past, endoscopic ultrasound (EUS) was used to 
determine the depth of GI layers involvement in early Barrett 
neoplasia. 8 

• However, the sensitivity and specificity of EUS for early 
Barrett neoplasia are low and the results can be misleading. 8 

• The mainstay of diagnosis of BE is with light endoscopy, 
ideally using high-definition endoscopes and equipment.9 

• It is very important to measure the proximal distance of 
extension of cylindrical-type epithelium into the esophagus. 
The extent of BE segment should be defined using the 
Prague C & M classification including the length of the 
circumferential segment (C) and the maximal extent of the 
BE segment (M) . 10 

• The use of various staining agents and dyes (chromoendos
copy) such as methylene blue ( FIG 1 ) and indigo carmine or 
agents such as acetic acid (FIG 2 ) enhances the mucosal pit 
pattern analysis (see the following text) and thus facilitates 
the detection high-grade dysplasia and carcinoma.9 

FIG 1 • Chromoendoscopy with methy lene b lue  a l l ows for a 
better defi n it ion of the pit pattern and  the detect ion of a reas 
of dysp las ia  and carc inoma .  The a bsence of colorant po i nts to a 
susp ic ious a rea of dysp last ic  ce l l s .  Th is  image shows a pit pattern 
type I l l S .  
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FIG 2 • Acetic  ac id is another usefu l adj u n ct to defi ne  the 
m ucosa l  p it  pattern .  Ca refu l ana lysis of the p it  pattern of Barrett's 
ep ithe l i u m  is  mandatory to defi ne  its type and  d i scover a reas of 
dysp l astic ce l l s .  Th is  sa m p l e  shows a type II pit pattern .  

• Other imaging modalities that might help in delineating BE 
are narrow band imaging (NBI) (FIG 3 ) ,  autofluorescence 
imaging, and confocal laser endoscopy. 

• Magnification endoscopy is also important to characterize 
the mucosal surface and pit pattern ( FIG 4) .  

• The most widespread classification used t o  categorize the pit 
pattern in BE is the Endo classification (adapted from S. E. 
Kudo) . 1 1  

• This classification categorizes the opening of the pits into 
round (I ) ,  stellar or asteroid (II) (see FIG 2 ) ,  tubular elon
gated (IIIL) ,  tubular short or round (IIIS) ( see FIG 1 ) ,  gyrus 
or sulcus branched (IV) ( see FIG 4) ,  and irregular or amor
phous (V) (FIG S) .  

• Types I ,  II, and III pit patterns are " benign, " whereas pit pat
tern types IV and V are more commonly present in advanced 
neoplasia or carcinoma. 

• Chromoendoscopy is performed to aid in obtaining directed 
( i .e . ,  targeted) biopsies prior to mucosectomy to define the 
precise extent of neoplastic involvement. 

• Targeted biopsies are obtained from visible abnormalities, 
followed by four-quadrant biopsies of every 1 to 2 em of the 

FIG 3 • N B I  is  one of the many "v i rtua l "  chromoendoscopy 
techn iq ues to eva l u ate the m u cosa l and subm ucosa l surface. This  
sa m p l e  shows a p it  pattern type I I I L. 

FIG 4 • Magn if ication endoscopy perm its the c lose exa m i nat ion 
of the m u cosa. The p it  pattern i n  th i s  case is  m ixed ( I I I L  and  IV) .  

BE segment (Seattle protocol; see Part 1 ,  Chapter 27) and 
these should be reviewed by a dedicated GI pathologist. 

ENDOSCOPIC MANAGEMENT 
• The two most important indications for EMR of Barrett's 

neoplasia are diagnostic and therapeutic.5•6•12 
• EMR can be generally attempted if the lesions are smaller 

than 20 mm in diameter. 
• Endoscopic submucosal dissection (ESD) should be reserved 

for larger lesions. 
• However, ESD is a technique that has been mainly used for 

early squamous cell cancer of the esophagus. The results of 
ESD for Barrett neoplasia are still suboptimal.  

Preoperative Planning 

• All patients should undergo a thorough history and physical 
examination and be classified based on the American Society 
of Anesthesiologists (ASA) score. 

• Interventions in patients with ASA score greater than or 
equal to 4 are not deemed beneficial, as the risk of harm 
outweighs the potential benefits. 

• Obtaining routine laboratory data such as white blood cell 
and platelet count, bleeding studies (partial thromboplastin 
time [PTT]/international normalized ratio [INR] ) ,  and cre
atinine and electrolytes is mainly indicated in multimorbid 
patients or those taking medications that specifically affect 
any organ or system (e.g. ,  anticoagulant, diuretics ) .  

• Management of  anticoagulants preoperatively should be 
based on the guidelines established by the American Society 
for Gastrointestinal Endoscopy. 13 

FIG S • The abnorma l  and  a m orphous pit pattern (type V) with 
the presence of tortuous or i rreg u l a r  vessels  is  suggestive of 
dysp las ia  and m a l i g n a ncy. 
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• In patients with high-risk cardiovascular conditions on war
farin, it is important to bridge this period with the use of 
low-molecular or fractionated heparins. 13 

• We want to emphasize that a carefully performed EMR in 
expert hands should take less than 15 minutes. 

• Prophylactic antibiotics are not recommended before EMR.14 
• The standard of care is the administration of conscious 

sedation. 4•5•12•15 
• Exceptions include patients who ingest narcotics or benzo

diazepines, multimorbid patients, or heavy alcohol drinkers. 
For these groups of patients, we prefer monitored anesthesia 
care (MAC),  use of nurse-assisted propofol sedation (NAPS),  
or general anesthesia ( GA) .  

ENDOSCOPIC MUCOSAL RESECTION 

TECHNIQUES 

• Severa l  E M R  techn iq ues have been described for remova l 
of foca l and  d i ffuse les ions in B E 4•5•1 2• 1 s  

• Ta b le  1 l i sts the essenti a l  equ i pment needed for E M R .  

• When performing an EMR, the bulk of  time is usually in 
recognizing and characterizing the lesion. The resection per 
se is a focused procedure that should be targeted, efficient 
and efficacious. 

Positioning 

• The patient is placed in the left lateral decubitus position 
and prepared as for a routine upper endoscopy. 

Table 1: Endoscopic Mucosal Resection 
Equipment List 

Endoscope with h ig h·defi n it ion wh ite l ight  capa b i l it ies 
Spray catheter (or b i l i a ry cannu la )  to apply dye for chromoendoscopy 
Ind igo carm ine  or  methylene b l ue  so lut ion for chromoendoscopy 
Duette® E M R  kit or esophageal  varices band ing device 
Snares (hexagona l  and ova l )  
I njection needle 
Roth Net to retrieve resected specimen 
Cork or  Styrofoam p lates and  p ins  to p in  down the speci men 
E lectrosurgica l  u n it 

EMR, endoscopic mucosal resection. 

SNARE TECHNIQUE 

• 

• 

This is the most "s imp le"  tech n ique  to remove a les ion 4•5• 1 5  
• It enta i ls us ing a n  ova l or hexagona l  e lectroca utery 

snare .  
H owever, s imple refers m a i n ly to the com m o n ly used in 
struments to perform a n  E M R, as it req u i res h i g h- level 
sk i l l s  and  exper ience to be able to g rasp the ta rget lesion 
and  resect it entire ly by just using a snare .  

SUBMUCOSAL INJECTION AND SNARE 

• A mod if ication of the snare tech n i q u e  is the use of a sub
m ucosa l cush ion below the t issue to be removed.4•5• 1 2 

• This  " safety" cush ion may theoretica l ly decrease the r isks 
of perforat ion .  

• By iatrogen ica l ly swe l l i ng up the m ucosa with the i njec
tion of su bstances, it wi l l  be h a rder  for the patholog ist to 
determ ine  the depth of tumor i nvasion ( if p resent) . 

• 

• 

• 

• 

It is i m porta nt to a lways remove a l l  the a i r  before snar ing  
the les ion .  Th is  a l l ows for  ensnar ing more t issue. 
The assista nt ho ld ing  the snare should ca refu l l y  c lose it 
wh i l e  the endoscop ist asp i rates the air and advances the 
snare catheter toward the les ion.  
The e lectroca utery used for performing  EMR should be 
predominantly cut or  b lended.  
Coa g u l at ion cu rrents tend to produce deep in jury and 
a re associated with h igh r isk of perforat ion .  

• We a lso ca ution aga i nst the use of ep inephr ine  in the 
so lut ion used to create the submucosa l cushion as the 
venous i rr igat ion from the d ista l esophagus  returns to 
the r ight heart without fi rst-pass meta bo l i sm through 
the l iver v ia  the azygous ve in ,  thus  i ncreasi ng the chance 
of system ic  effects and  s ide effects, i n c l ud ing  card iac  
ischem i a .  
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USE OF A TRANSPARENT CAP 

("SUCK-AND-CUT" OR INOUE TECHNIQUE) 

• A tra nsparent cap is attached to the t ip  of the scope.  
• The cap is p laced perpend icu la r ly aga i nst the m u cosa, 

preferent i a l l y  i n  the g reater curvature of the stomach .  
A snare is  adva n ced, opened,  and  p laced around the 
inner r ing of the ca p (FIG 6) .  

• Once the snare is part i a l ly opened, com pletely ins ide  the 
inner part of the cap, the scope i s  p u l led back i nto the 
esophagus  a n d  d i rected towa rd the les ion of i nterest. 

• The les ion is then aspi rated i ns ide of the cap and  the snare 
is c losed snugg ly around the base of the les ion (FIG 7) .  

• Once the lesion has been caught with the sna re, e lectrosur
g ical  cu rrents a re app l ied and the lesion is resected (FIG 8) .  

FIG 6 • A snare is  adva nced, opened,  and  p laced around the 
i n ner r ing of the cap .  

USE OF CAP WITH LIGATURE DEVICE 

("SUCK-LIGATE-AND-CUT" TECHNIQUE) 

• With th i s  method, both the m u cosa and  submucosa a re 
asp i rated or " sucked " i nto a tra nsparent ca p loaded with 
e lastic l i gature bands or  r ings (FIG 9) .  

• This  device is essent ia l l y  the same as the one to perform 
esophagea l  variceal l i g at ion .  

• Whereas some experts use a " m u lt iba n d "  l i g ator (M B L), 
us ing a s ing le-band l igat ion device i s  a l so possi b le .  

FIG 7 • Once the les ion  has been sucked ins ide the cap and  
ca ught with  the sna re, e l ectrosurg ica l  cu rrents a re a p p l i ed 
and  the les ion is resected. 

FIG 8 • Successfu l EMR. The resected site shows the 
m uscu lar i s  propr ia demonstrating  a n  effect ive resect ion of 
m u cosa and  subm ucosa . The a im of any EMR should be a n  in 
toto and  RO resect ion .  

• 

• 

• 

After p lac ing the bands, the scope is retrieved, the ca p is 
removed, and the scope is re i nserted to perform the E M R. 
By asp i rat ing ("suck i ng")  the t issue i nto the cap a n d  
re leas ing the r ing on its base, a pseudopolyp is  created 
(FIG 1 0) .  

T h e  m a i n  advantage o f  the Duette®- M B L  (Cook Medica l ,  
Winston Sa lem,  N C) is  that a 5-Fr polypectomy snare can 
be passed through both the l igator handle and  channe l  
of the scope, thus  permitt ing  l igat ion and  su bseq uent 
resect ion us ing the snare without remova l of the endo
scope (FIG 1 1 ) .  

F IG  9 • T h e  m u cosa and  subm ucosa a re sucked i nto a FIG 1 0  • By asp i rat ing (suck ing)  the tissue i nto the cap and  
tra nsparent cap loaded with  e lastic l igature bands or  r ings.  re leas ing the r ing on i t s  base, a pseudopolyp is  created .  
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FIG 11 • The m a i n  advantage of the Duette®-M B L  (Cook, 
Wi nston Sa lem,  NC) i s  that a 5-Fr polypectomy snare can 
be passed through both the l igator hand le  and channe l  of 
the scope, thus permitt ing l igat ion and subsequent resect ion 
us ing the snare without remova l of the endoscope. 

PEARLS AND PITFALLS 

• The " pseudopolyp" is then snared off. 
• An advantage of us ing an M B L  method is the creat ion of 

one or m u lt ip le  pseudopo lyps. 
• The M B L  m ethods is a g reat opt ion  for ( 1 )  remov i n g  

les ions  l ocated i n  va r ious  s ites, ( 2 )  p i e c e m e a l  E M R  o f  
a l a rg e r  l e s ion ,  a n d/or ( 3 )  to pe rfo rm h e m i - or  f u l l  
c i r cumferent i a l  resect ion  of the d i sta l eso p h a g e a l  
m u cosa . 1 5  

• 

• 

Resected speci mens a re co l lected us ing the snare Roth 
Net (US Endoscopy, Mentor, OH) or  asp i rated i nto the 
ins ide of the ca p of the scope and retrieved out of the 
esophagus  or stomach .  
The p iece(s) shou ld  be fixed onto a p iece of cork  or 
Styrofoa m  before be ing i m m e rsed i n  4% form a l i n  so lu
t ion and  sent for h istopatho log ic  assessment.  

Pat ient eva l uat ion • Ca refu l h i story, endoscop ic  f ind i ngs, and  patho log ic  review of reco rds should be done pr ior  to 
selection of patients for E M R .  

I n d i cat ion • EMR is  o n ly i n d i cated for les ions less than 20 m m .  

Endoscopy • Endoscop ic  identif ication of l andmarks and length on seg ment shou ld  be based on the Prague 
c lass if icatio n .  
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• Knowledge of chromoendoscopy and  advanced endoscopic  methods is  essentia l  for a successfu l  EMR .  

E M R  method/techn ique  

Fol low-up 

• The chromoendoscopy devices shou ld  be ready before the proced u re gets sta rted.  
• Ca refu l descri pt ion a n d  documentat ion of the exact locat ion of the les ion is  mandatory. 
• Use a d i a g ra m  to docu ment f ind i ngs .  
• Endoscop ic  photodocumentation  is  mandatory. 

• E M R  shou ld  be on ly  performed by endoscopists with advanced endoscop ic  tra i n i n g .  
• Become wel l -versed i n  one E M R  tech n ique .  
• Remove the a i r  before ensnar ing  the les ion .  
• Be ready for potenti a l  com p l icat ions (b leed ing ,  perforat ion)  and  know how to treat them.  
• Each resected spec imen shou ld  be p i n ned down i nto cork or Styrofoa m  a n d  p l aced i nto d ist i nct ly 

l a be led forma l i n  conta i ners. 
• Always have an add it iona l  l a rge hexagona l  and s m a l l  ova l snare read i l y  ava i l ab le .  

• A l l  patients u ndergo ing  E M R  shou ld  be put on  long-term proton p u m p  i n h i bitors. 
• All E M R  cases shou ld  be presented at the pathology conference. 
• Fol l ow-u p endoscopy is  mandatory to ensure com p l ete resect ion and  eva l u ate for synchronous or  

metach ronous les ions  or recurrence. 
• All patients u ndergo ing  EMR shou ld  be kept i n  a reg i stry to ensure q u a l ity care. 

POSTOPERATIVE CARE OUTCOMES 
• A liquid diet is administered for 24 hours after treatment 

and then advanced to regular diet. 
• All patients undergoing EMR should be on long-term pro

ton pump inhibitors. 
• The dosage is doubled after EMR and kept at this level for 

4 weeks. 
• Patients are usually discharged home on the same day of the 

procedure. 
• Follow-up endoscopy is based on the type and histology of 

lesion resected. 
• Long-term follow-up is based on the recommendations of 

the American College of Gastroenterology and American 
Society for Gastrointestinal Endoscopy. 

• EMR is efficacious method to treat BE with high-grade 
dysplasia and early cancer as long as the lesions are less than 
20 mm.4,5,12,15 

• In expert hands, complete remissions of more than 95% can 
be achieved. 4•5 •12• 1 5 

• A favorable outcome is dependent on the following "low-risk" 
criteria: invasion not beyond sml, absence of infiltration into 
lymph vessels and/or veins, histologic grade Gl/2, and macro
scopic type I!II. 

• Recurrence or metachronous neoplasia are seen in up to 
20% to 30% of patients. 

• Repeat endoscopic treatment can be performed in almost all 
patients presenting with metachronous or recurrent disease. 
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• Ablative therapy using radiofrequency ablation of the 
residual or recurrent Barrett segment is possible, feasible, 
and effective. 

COMPLICATIONS 
• EMR has low complication rates in expert hands. 
• Early complications include perforation ( <0.5 % )  and bleeding 

(5% to 14%) .  
• Moderate or  severe post-EMR bleeding can be easily con

trolled by diluted epinephrine injection ( 1 : 1 0,000) and/or 
metal clip application. 

• Esophageal stenosis is more common in patients undergo
ing resection of more than 50% of the distal esophageal 
circumference 
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Chapter 2 9  Esophagectomy: Transhiatal 
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Robert E. Glasgow 

DEFINITION 
• Transhiatal esophagectomy (THE) or esophagectomy with

out thoracotomy is defined as removal of the esophagus and 
upper stomach using an incision in the left anterior neck for 
purposes of dissection of the upper third of the esophagus 
via the thoracic inlet, and an upper midline abdominal inci
sion for purposes of dissection of the stomach and lower 
two-thirds of the esophagus and creation of a conduit for 
esophageal reconstruction ( stomach, colon) .  

• Although THE i s  usually applied for purposes of  treating 
esophageal and gastroesophageal (GE) junction carcinoma, 
THE may also be used for treatment of benign esophageal 
conditions including end-stage achalasia and medically/en
doscopically recalcitrant esophageal stricture from caustic 
injection or end-stage reflux disease and acute perforation. 

• The remainder of this discussion will focus on the use of 
THE in the treatment of malignant disease. Most aspects of 
the diagnostic workup and operative techniques also apply 
to the evaluation and treatment of benign conditions for 
which THE is being considered. 

DIFFERENTIAL DIAGNOSIS 
• THE is most commonly used in treatment of esopha

geal cancer. In particular, adenocarcinomas of lower third 

D 

of the esophagus and Siewert types I and II GE junction 
adenocarcinoma ( FIG 1 ; Table 1 )  are optimally suited for this 
approach. 

• Squamous cell carcinomas (SCCs) of the lower third of the 
esophagus may also be approached via THE, whereas tu
mors of the middle and upper third of the esophagus usually 
require transthoracic esophagectomy (TIE) to allow for di
rect visualization of the dissection of the involved esophagus. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• All patients should undergo a comprehensive medical his

tory with emphasis not only on clinical history pertinent to 
the primary indication for consideration of THE but also the 
pertinent comorbid conditions that would influence treat
ment planning. Included in this history is a comprehensive 
past surgical history. Prior fundoplication will make dissec
tion of the esophageal hiatus more difficult. Patients with 
a prior history of gastric resection, for example, may not 
be candidates for use of the stomach as a conduit for re
construction because of inadequate length or blood supply. 
Finally, if the colon is to be considered for use for recon
struction, the influence of prior colectomy on anatomy and 
blood supply should be very carefully considered. 

c 

FIG 1 • I m a g i n g  and  d iag nostic eva l uation of a patient with a l oca l ized T3, N 1 ,  MO S iewert type 2 G E  j u nct ion adenocarc inoma u ndergo ing  
considerat ion for  THE .  A. U pper endoscopy showing u lcerated mass i n  the lower th i rd of  the esophag us.  B. CT showing a n  e n l a rged mass 
at the lower t h i rd of the esophagus .  C. PET-CT. D. Endoscop ic  u ltrasound showing m u cosa l -based mass inva d i n g  i nto the adventit ia of 
the esophagus .  E. Endoscop ic  u ltrasound showing en la rged lymph node f ine need le  asp i rat ion (FNA) b iopsy confi rm ing  adenocarci noma .  
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Table 1: Siewert Classification for 
Gastroesophageal Junction Adenocarcinoma 

Type 1: Adenocarcinoma of the lower esophagus with the center located with in  
1 em above and 5 em above the anatomic  EGJ .  

Type I I :  True carc inoma of the cardia with the tumor center with in 1 em above 
and 2 em below the EGJ .  

Type I l l :  S u bcard ia l  carci noma with the tumor center  between 2 and 5 em 
below EGJ, which i nfi ltrates the EGJ and lower esophagus from below. 

EGJ, esophagogastric junction. 
From Rudiger Siewert J, Feith M, Werner M, et a/. Adenocarcinoma of the 

esophagogastric junction: results of surgical therapy based on anatomi
cal/topographic classification in 1,002 consecutive patients. Ann Surg.  
2000;232(3).353-361. 

• Whether it be for benign or malignant disease, the princi
pal symptom at the time of presentation for a patient who 
would undergo THE is dysphagia. Often, these patients 
have significant nutritional impairment, most notably, 
weight loss. 

• In patients with adenocarcinoma of the esophagus and GE 
junction, a history of GE reflux disease should be elic
ited as well as a careful history of prior endoscopic and 
radiographic evaluations. In patients with SCC, a prior 
and current history of tobacco and alcohol use should be 
elicited. 

• A comprehensive physical examination should be per
formed with special attention to the cervical and supra
clavicular areas for enlarged lymph nodes, chest exam 
for possible effusions, and abdominal exam for palpable 
masses and periumbilical lymph nodes ( Sister Mary Joseph 
nodule) .  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
Upper Endoscopy with Biopsy 

• All patients presenting with dysphagia should undergo upper 
gastrointestinal endoscopy and biopsy with the goal of mak
ing a diagnosis and localizing the site of obstruction ( FIG 1 ) . 

Multiple biopsies of suspicious areas (nodules, ulceration, 
stricture, possible Barrett's ) should be obtained. 
Endoscopic mucosal resection (EMR) of focal nodules 
should be performed to provide accurate T staging and 
to evaluate degree of differentiation and vascular and/or 
lymphatic invasion. 
For cancer, the location of the tumor as measured from 
the incisors and GE junction and extent of tumor length, 
circumferential involvement, and degree of obstruction 
should be documented. 

Computed Tomography of Chest and Abdomen 

• Once a diagnosis of cancer is made, a computed tomography 
( CT) of the chest and abdomen with oral and intravenous 
contrast is done. 

• Tumor location, locoregional involvement or invasion, re
gional and extraregional lymph node involvement, and met
astatic disease should be evaluated and recorded. 

• If metastasis is suspected, biopsy of concerning lesions 
should be undertaken to confirm stage and direct palliative 
treatment. 

Positron Emission Tomography-Computed 
Tomography 

• In patients whom a standard CT of the chest and abdomen is 
unremarkable, a positron emission tomography-computed 
tomography (PET-CT) should be performed again to con
firm primary tumor location and extent, evaluate regional 
and extraregional nodal involvement, and exclude occult 
metastases. 

Endoscopic Ultrasound 

• In patients without metastatic disease ( stage 4 ) ,  an endo
scopic ultrasound is done to document depth of invasion of 
the tumor (T stage) and evaluate mediastinal and perigastric/ 
celiac lymph node involvement (N stage) .  Biopsy of suspi
cious lymph nodes is indicated. 

• All patients should then be assigned a pretreatment TNM 
stage to guide treatment planning discussions, prefer
ably under the direction of a multidisciplinary treatment 
planning conference attended by surgical, medical, and 
radiation oncology. 1 The National Comprehensive Can
cer Network (NCCN) defines optimal treatment planning 
algorithms . 2 

• In considering options for reconstruction, the two most 
common conduits are the stomach and colon. Although 
variations in stomach blood supply are very rare, varia
tions in colonic blood supply are common enough to justify 
preoperative evaluation of arterial anatomy and collateral 
circulation by visceral angiography in planning choice of 
conduit. 

For purposes of using the stomach as a conduit for 
esophageal reconstruction, an intact right gastric and, 
more importantly, right gastroepiploic artery is impera
tive ( FIG 2 ) .  

For purposes o f  the colon a s  a conduit for esophageal 
reconstruction following a THE, an adequate collateral 
blood supply via an intact marginal artery is required 
(FIG 3 ) .  Obviously, a colonoscopy to exclude and/or treat 
colonic pathology must be done prior to use of the colon. 

SURGICAL MANAGEMENT 
• As THE is a technically complex operation with a high de

gree of associated morbidity and mortality, this operation 
should be done by surgical teams experienced in the periop
erative management of these patients.3-5 This includes expe
rienced operating room personnel and anesthesiologists . 

Preoperative Planning 

• Patients should undergo preoperative evaluation by the sur
gical and anesthesia team for purposes of mitigating peri
operative risks in the area of cardiac, pulmonary, and renal 
comorbidities. 

• A discussion should be done with the patient as to how 
pain will be measured and managed following surgery. 
Regional anesthetics such as an epidural catheter are very 
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FIG 2 • Stomach b lood supp ly  for pu rposes of us ing the stomach as a con d u it for reconstruct ion fo l lowing T H E .  Arrows show l i nes of 
d iv is ion i nc l ud ing  the short gastric a rteries, left gastroep ip lo i c  a rtery, left gastr ic a rtery, and l igat ion of the r ight gastric a rtery at the 
inc i sura angu lar i s  at the poi nt of or ig i n  of the gastr ic con d u it sta p le  l i n e .  

helpful in alleviating pain, thereby allowing the  patient 
to be more engaged in early mobilization and physical 
therapy. 

• Perioperative antibiotics should be administered within 
60 minutes of skin incision and redosed in a timely manner 
during the operation. Cefazolin, dosed to weight specifica
tions and redosed every 4 hours, is recommended. Cefoxitin 
can also be used and redosed every 3 hours. For patients 
with a beta-lactam allergy, clindamycin or vancomycin and 
aminoglycoside or aztreonam or fluoroquinolone are used. 
All prophylactic antibiotics are not necessary beyond sur
gery completion.6 

• Perioperative monitoring with an arterial line is helpful espe
cially during blunt mediastinal esophagus dissection where 
transient hypotension is common because of decreased ve
nous return and compression on the heart. Rarely is a cen
tral line indicated. 

• Appropriate deep venous thrombosis prophylaxis is re
quired. Intermittent sequential compression devices should 
be placed prior to induction of anesthesia and continued 
after surgery. Chemical prophylaxis should be instituted 
postoperatively once clinically indicated. 

• Urinary catheters are placed following induction of anesthe
sia and discontinued within 24 hours of surgery. 

Positioning 

• Patients undergoing THE are positioned supine on the oper
ating room table (FIG 4) .  

• Both arms are tucked and pressure points padded t o  prevent 
injury during the course of the operation. 

• A towel or medium gel roll is placed behind the shoulders 
to allow for mild extension of the neck. This is of particular 
importance in obese, short-necked patients. 

• The head is rotated 30 degrees to the right to open exposure 
to the left neck. 

Placement of Surgical Incisions 

• A midline laparotomy from the xiphoid process to the umbi
licus is made (FIG 4) .  

• After verifying the patient t o  b e  a candidate for resec
tion and verifying that THE can proceed, a 5-cm incision 
is made overlying the anterior border of the left sterno
cleidomastoid muscle with the inferior extent at the head 
of the clavicle. Contraindications to THE include difficult 
mediastinal blunt dissection of the esophagus because of 
tumor or treatment effect, excessive mediastinal bleeding 
with blunt dissection, and inadequate conduit length for 
reconstruction. 
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FIG 3 • Colon b lood supp ly  for p u rposes of us ing  the co lon as a condu it  for reconstruct ion fo l l owing THE .  

F IG 4 • Sup ine posit ion with location of  surg ica l  i ncis ions for  THE .  

TRANSHIATAL ESOPHAGECTOMY 

Abdominal Exploration to Exclude Metastatic 
Disease 

• 

• 

Upon enter ing the a bdomen,  viscera l and  par ieta l  per i
tonea l su rfaces a re pa l pated to exc lude  occu lt  peritonea l  
carci nomatosis. Th is  shou ld  inc lude  i nspect ion of the 
l esser sac by open ing thru the gastroco l i c  oment u m .  
T h e  l iver is  pa l pated for suspic ious nod u l es and b iopsy per
formed.  I ntraoperative u ltrasound can be a usefu l adj u nct 

in th is  step.  If i ndeterminate les ions a re noted on preop
erative imag i ng, u ltrasound-g u ided b iopsy is i nd icated . 

• M etastat ic  d isease is a n  a bsol ute contra i n d icat ion to pro
ceed ing  with surg ica l  resect ion .  

Exploration of the Esophageal Hiatus to Determine 
Local Resectability 

• Pr ior to proceed ing  with d i ssect ion of the stomach,  the 
esophagea l  h iatus is  exp lored to m a ke sure the d ista l 
esophagus  and  G E  j u nct ion can be d i ssected free of the 
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esophagea l h iatus and surro u n d i n g  abdom i n a l  and me
d i asti n a l  structures. If so, and i n  the a bsence of m eta
stat ic  d i sease, resect ion ca n proceed .  

• This  d i ssect ion and  subsequent d i ssect ions a re fac i l itated 
by use of an e lectrosurg ica l device such as an u ltrason i c  
or  b i po la r  sca l pe l .  

• The pars f lacc ida is opened, i n c l ud ing  d iv is ion of an ac
cessory or  rep laced left hepatic a rtery, if  necessa ry. 

• 

• 

• 

The peritoneum and  p h renoesophagea l  membrane over
ly ing the j u nct ion of the r ight crus of the d i a p h ragm and  
esophagus  is  i nc ised a l lowing the esophagus  to  be d i s
sected off the r ight crus.  
The p h renoesophagea l membrane just cepha lad to the 
G E  fat pad is  d iv ided as is the peritonea l  refl ect ion over
ly ing the a n g l e  of H is .  
The esophagus  is  d i ssected off the left crus of the d ia 
phragm and  esophagus  enc i rc led with  a 1 - i n  Pen rose 
d ra i n  (FIG S) .  

• The esophagus  a n d  G E  j u nct ion are then d issected free 
of the crura l  confl uence of the esophagea l  h i atus, and  
esophagus  w ith  associated per iesophagea l  fatty tissue 
and lymph nodes d i ssected free of the esophagea l h iatus 
and u nder ly ing aorta .  

• If the esophagus  a n d  G E  j u nct ion a re free of surround ing  
structu res, resect ion can proceed .  I f  adherent to  or i nvad
ing the p leura,  per icard i u m, or  d i a phragm (T4a), resec
t ion of these structures can be performed.  If adherent 
to the aorta, vertebra l  body, or  trachea (T4b), resect ion 
shou ld  be aborted . 

Mobilization of the Stomach and Duodenum 

• Once it is determined that resect ion can proceed, the 
stomach and  duodenum a re mob i l ized . Most often, the 
stomach is  used as the conduit for reconstruct ion fol
l owi ng TH E .  Therefore, mob i l izat ion of the stomach for 
pu rposes of proceed ing  with the esophagectomy and for 
pu rposes of the creat ion of the gastric co n d u it occur  s i 
m u ltaneous ly. 

• The r ight gastroep ip lo i c  a rtery a n d  ve i n  are identif ied 
along the g reater curvatu re of the stomach .  An ade
quate pu lse i n  th i s  vessel  i s  imperative if  the stomach is  

FIG S • Dissect ion of the G E  j u nct ion and  enc i rc lement with 
a Pen rose dra in  to fac i l itate m a n i p u lat io n .  

F IG  6 • Pa l pation o f t h e  r i g h t  gastroep ip lo i c  ped ic le  a long t h e  
g reater curvatu re o f  the stomach to ensure a n  adequate pu lse 
to perm it use of the stomach as a con d u it for reconstruct ion .  

• 

• 

• 

to be used for the reconstruct ion (FIG 6) .  These vessels  
term i n ate at the bare a rea rou g h ly one-ha lf  the d i sta nce 
a long the g reater curvatu re between the pylorus and G E  
j u nct ion .  I t  is  i m perative t o  preserve these vessels a s  they 
a re the blood supp ly  to and from the condu it. 
Once these vesse ls  a re identif ied, the gastroco l i c  l i ga 
ment  i s  entered severa l  cent imeters f rom the bare a rea 
enter ing the lesser sac. 
Using a n  e lectrosu rgery device, the gastrosp len i c  l iga
ment and  short gastr ic vessels  a re d iv ided proceed ing  
a long the g reater curvature toward the esophagea l  h ia
tus.  P lac ing a surg ica l  c l ip on the d ista l ends of l a rger  ves
sels, i n c l ud ing  the l eft gastroep ip lo i c  a rtery, ca n ensure 
ongo ing hemostas is  of these vesse ls .  The poster ior  leaf let 
of the gastrosp len i c  l i g a m ent is l i kewise d iv ided as a re 
the congenita l  a d hes ions of the stomach to the anter ior 
surface of the pancreas. Th is  frees the g reater curvatu re. 
D iv i s ion of the gastroco l i c  l i g a ment then proceeds d i s
ta l l y, payi ng ca refu l  attent ion to stay at least a few centi
meters away from the r ight gastroep ip lo i c  vessels  (FIG 7) .  

Ca refu l attention shou ld  be pa id  t o  n o t  p lac ing  tract ion 
or  tra u m a  to these vesse ls  wh i l e  free ing  the stomach 
from the co lon .  Th is  i s  espec ia l l y  true as one frees the 
stomach from the anter ior surface of the pancreas a n d  
approaches t h e  or ig in  o f  these vessels  from under  t h e  
d u o d e n a l  b u l b .  Tract ion o f  t h e  ve in ,  i n  part icu l a r, c a n  
tra u m atize these vessels resu lt ing i n  i m p a i red venous 
outflow and condu it  venous congest ion .  

• After free ing  the stomach from the co lon,  a Kocher 
ma neuver is  performed to perm it mob i l izat ion of the 
duoden u m .  An adequate Kocher maneuver perm its mo
b i l i zat ion of the pylorus to reach the esophagea l  h i atus 
(FIG 8) .  

• 

• 

At th i s  po i nt, the rem a i nder  of the gastrohepatic l iga
ment is  d iv ided and  left gastr ic ped ic le  is  ident if ied.  
The lymph nodes a long the left gastr ic ped ic le  and  ce
l iac axis and  surround ing  aorta a re d i ssected free of the 
or ig i n  of the left gastr ic a rtery and  inc l uded i n  the surgi
ca l speci men .  The left gastr ic a rtery and ve i n  a re then 
d iv ided with e ither a vascu la r  load of a surg ica l  sta p ler  or  
suture l igated . 

227 
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A 

• The stomach is now free of its u p per attachments and  
vascu l ature .  If a co lon  condu i t  is  p referred, prepara
t ion of the co lon should proceed . If a gastric conduit is  
preferred, the gastr ic cond u it is  created to avoid tra u m a  
t o  the cond u it d u r i n g  retract ion o f  t h e  stomach neces
sary for the i nfer ior  med iasti n a l  d i ssect ion .  Th is  a lso a l 
l ows verif icat ion of  the adequacy of the b l ood supp ly  to  
the a pex of the con d u it a n d  length  of the con d u it pr ior  
to proceed ing  with  the tra nsh iata l d i ssect ion .  Th is  w i l l  be  

B 

FIG 7 • M o b i l izat ion of the g reater cu rvature of 
the stomach by d iv id ing  the gastrosp len i c  (A) a n d  
gastroco l i c  l i ga ment (B), b e i n g  ca refu l to n o t  i nj u re 
the gastroep ip lo i c  ped ic le .  

associated lym phat i c  t i ssue i s  d i ssected under  d i rect 
v i sua l i zat ion from the l ower med iast i n u m .  T h i s  d i s
sect ion  i s  fac i l itated by a m ed i u m  h a n d h e l d  m a l l e a b l e  
retractor a n d  the use of a n  e l ectrosurg i ca l  device .  A p 
proxi mate ly 5 to 1 0  em of m e d i a st i n a l  eso p h a g u s  can 
be d i ssected under  d i rect v i sua l i zat ion by t h i s  tech
n i q u e .  M o b i l ity of the med iast i n a l  eso p h a g u s  to assu re 
fea s i b i l ity a n d  safety of a tra nsh iata l  b l u nt d i ssect ion  is 
ver if i e d .  

d iscussed i n  the fo l lowi ng text. F o r  th i s  d i scuss ion, the • After the l i m its of d i rect v isua l i zat ion a re reached, b l u nt 
med iasti n a l  d i ssect ion ca n proceed.  To assu re proper 
tact i l e  or ientat ion of the esophagus  d u ri n g  b l u nt d i ssec
t ion,  a 44-Fr  boug ie  d i l ator or  equ iva lent i s  p l aced in the 
esophagus .  

med iast ina l  d i ssect ion wi l l  be descr ibed.  
• With a Pen rose d ra i n  a r o u n d  the G E  j u nct ion  for ca u d a l  

retract ion  of the stomach  a n d  lower eso p h a g u s  with 

FIG 8 • Kocher maneuver to ensure adequate m o b i l ity of the 
pylorus.  Th is  i s  assu red if  the pylorus ca n freely reach to the 
h iatus without tens ion .  

• The hand is then fi rst advanced poster ior to the esophag us, 
between the esophagus and aorta . The surgeon's f ingers 
a re then advanced up th is  p lane with pressure on the 
bougie conta i n i n g  esophagus to assure proper tissue 
p lane  d i ssect ion (FIG 9) .  

• The same d i ssect ion is then performed anter ior to the 
esophagus .  

• If vag a l  nerve spar ing is p l an ned, the vagus  nerves are 
e levated off the esophagus  by hooking the nerves with 
the i ndex finger and b l u ntly d issect ing them down and  
off the esophagus  where they a re then d issected free 
from the GE j u n ct ion a n d  stomach .  As this operation is  
most often performed for m a l i g n a ncy, d iv is ion of the 
vag a l  nerves i s  req u i red to assu re proper oncologic d is
sect ion .  The nerves a re then d iv ided at the l evel of the 
h iatus with the e lectrosu rgery device.  

• This  com p l etes the abdom i n a l  stomach a n d  esophagus  
m o b i l i zat ion .  
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D iaphragm Esophagus Aorta Trachea 

A 

B 

Cervical and Upper Mediastinal Esophageal 
Mobilization 

• The cervica l esophagus  is approached thru a S-cm inc i 
s ion a nter ior to the l eft sternoc le idomasto id m usc le .  The 
sk in ,  su bcuta neous tissues, and  p latysma a re d iv ided with 
e lectrocautery (FIG 1 0) .  

• The th in  fasc i a l  layer su rrou n d i n g  the a nter ior  border of 
the sternoc le idomastoid m uscle is i nc ised with cautery. 

A 

• 

• 

B 

FIG 9 • A,B. Mediasti na l  mob i l izat ion of 
the esophagus  with a hand  p laced thru 
the esophagea l  h iatus from the abdom i n a l  
inc i s ion and  f i n g e r  p laced t h r u  t h e  cerv ica l  
i nc i s ion .  

The d i ssect ion is  carr ied med ia l  and  deep to the sterno
c le idomasto id  m usc le .  The omohyoid m uscle is  identif ied 
and  d iv ided with cautery. The i nfer ior  thyro id  a rtery a n d  
m i d d l e  thyro id  ve in ,  if identif ied, a re l i g ated with f ine 
s i l k  or  a bsorba b le  suture.  
D i ssect ion  i s  carr ied m e d i a l  to the ca rot id  sheath with 
gent le latera l tract ion  o n  the sternoc l e i d o m asto i d  
a n d  ca rot id  sheath a n d  m e d i a l  tract ion  o n  the tra
chea and thyro i d .  The recurrent l a ryngea l  nerve (RLN) 

FIG 10 • Cervica l  sk in  i nc is ion and  d issect ion .  A. Location of cervica l sk in  inc i s ion .  B. Dissect ion thru p latysma.  
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FIG 1 1  • Dissect ion of the cerv ica l  esophagus  is fac i l itated 
by p lacement of a Pen rose dra in  around the esophagus  after 
sharp ly d i ssect ing  the esophagus  free of other vita l cerv ica l  
structu res, i n c l ud ing  the RLN.  

• 

is i dent if ied a n d  preserved a d h erent to the tracheo
esophagea l  g roove. D i ssect ion  i s  carr ied down to the 
p revertebra l  fasc i a  a l lowing the s u rgeon to then  pass  
the i n d ex f inger  between the p reve rte bra l  fasc ia  and 
esophag us .  
The cervica l esophagus  i s  then sharp ly  d issected from 
trachea,  be ing  ca refu l to not d i ssect free nor  i n j u re 
the RLN .  O n ce free of the trachea, a b l u nt r ig ht-a n g l e  
c l a m p  p laced between the trachea a n d  esophag us, ro
tated and advanced to the prevertebra l fasc ia  fac i l itates 
p l acement of a Pen rose d r a i n  a round  the esophagus  
(FIG 1 1 ) .  

• U pward tract ion is p l aced on the cervica l  esophagus  and  
b l u nt mediast ina l  d i ssect ion of  the u pper a n d  m i d d l e  
th i rd o f  t h e  esophagus  can e n s u e  (FIG 9) .  T h e  su rgeon 
m a i nta in s  contact between the vo la r  aspect of the fi rst 
two f ingers and  the esophagus  at a l l  t imes to the proper 
t issue plane of d issect ion .  Aga i n, a sma l l-ca l i ber  boug ie  
d i l ator p laced i n  the esophagus  fac i l itates tact i l e  feed
back of the esophag us.  

• With anter ior and  u pward tract ion of the cerv ica l  esoph
agus and ca u d a l  retract ion on the stomach, a hand is  
i nserted thru the h i atus poster ior  to the esophagus  and 
is  met by f ingers inserted thru the neck i nc is ion down 
the prevertebra l  p lane.  Loose a reo la r  attachments are di
v ided unti l  f ingers meet. 

• The same d i ssect ion is then performed anter ior to the 
esophag us.  When performing  th i s  d issect ion,  the sur
geon m ust m a i nta i n  consta nt pressu re on the esophagus  
to avo id  i nj u ry to the mem branous trachea.  Both the an
ter ior  and  poster ior  p l a nes can usua l l y  be d i ssected re la
t ive ly  eas i ly. 

• Having freed the esophagus  from its a nter ior and  pos
ter ior  attachments, the l atera l attachments a re then d i 
v ided .  Th is  is  often done w ith  a com b i n at ion of  d i rect 
d ownwa rd pressu re on these attachments with the i ndex 
f inger  from a bove or by p lac ing  the i nfer ior  i ndex f inger  

a bove the attachment p u l l i n g  d own a long  the i nsert ion 
of the attachment i nto the esophag us.  

• Alternative ly, the boug ie  can be removed from the 
esophagus  and  the latera l attachments d iv ided under di
rect v isua l i zat ion as the esophagus  is  retracted anter ior ly 
out the cerv ica l inc is ion.  Usua l ly, some sort of b i m a n u a l  
d i ssect ion i n  t h e  poster ior  med iasti n u m  is  req u i red .  

• At a ny po int where th i s  d i ssect ion proves d ifficu l t  be
cause of d ifficu l t  adhes ions; fused tissue p la nes especia l ly 
in the v ic in ity of the membranous trachea, car ina ,  and  
azygous ve in ;  lack of  m o b i l ity of  the esophag us; or  exces
sive b leed ing ,  the b l u nt d i ssect ion shou ld  be a bandoned 
a n d  d i ssect ion under  d i rect v isua l i zat ion performed v ia 
a n  i nc i s ion i n  the r ight chest. 

Removal of the Esophagus 

• After com p l ete m o b i l izat ion of the esophag us, the cer
v ica l esophagus  is de l ivered i nto the next for severa l 
cent imeters and  d iv ided leav ing approxi m ately 20 em 
of length to the esophagus .  The rem a i n i n g  esopha
gus  can su bseq uently be d iv ided further at the t ime of 
a nastomosis .  

• A 1 - i n  Pen rose is affixed to the d ista l esophagus and the 
stomach and esophagus d rawn down thru the h iatus 
dragg ing  the Pen rose thru the esophagea l bed i nto the 
a bdomen.  Th is  wi l l  a l low the reconstruct ion con d u it to be 
attached to the Pen rose and del ivered cepha lad up i nto 
the cervica l i nc is ion for su bsequent a nastomosis to the 
cervica l esophagus (FIG 1 2) .  

F I G  1 2  • Remova l o f  t h e  esophagectomy spec imen t h r u  the 
abdom i n a l  i nc is ion after attach ing  a Pen rose d ra i n  to the cut 
d i sta l end of the esophagus to g u id e  advancement of the 
reconstruct ion conduit back u p  thru the esophagea l bed in 
the poster ior  med iasti n u m .  
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RECONSTRUCTION: GASTRIC CONDUIT 

Creation of Gastric Conduit 

• After mob i l izat ion of the stomach,  the gastr ic con
d u it i s  created .  Th is  is  best done prior to com pletion of 
the med iasti na l  d i ssect ion so as to protect the con d u it 
from tra u m a  due  to m a n i pu lat ion of stomach dur ing  
d i ssect ion .  

• The goa l s  of creat ing  the gastric cond u it  are as fo l l ows: 
• Create a gastric tube based on the g reater curvatu re 

b l ood supp ly. 
• Create a gastric tube of suff ic ient length to reach 

i nto the cervica l inc i s ion .  
• Div ide the prox ima l  stomach at a poi nt assu r ing 

negative surg ica l  marg in ,  usu a l ly 5 em d i sta l to the 
G E  j u nct ion a long the g reater curvature. 

• Resect the lesser curvatu re of the stomach to inc lude  
the lesser cu rvature lymphat ic  dra inage a long  the  
d istr ibut ion of the left gastr ic a rtery. 

• S ix cent imeters from the pylorus a long the l esser curva
tu re, ro ugh ly  correspon d i n g  to the i nc i sura a n g u l a ri s, the 
l esser curvature neu rovascu l a r  ped ic le  is  suture l i g ated . 
Ca refu l  attent ion is d i rected at preserv ing the i ntegrity 
of the r ight gastr ic a rtery. 

• Us ing  a surg ica l  sta p l i n g  device, the stomach is d iv ided 
from th i s  po int a l ong the lesser cu rvature para l l e l  to 
the g reater curvatu re creat ing  a 5-cm wide gastr ic tube 
(FIG 1 3) .  The d iv is ion of the stomach is  com p l eted 
5 em from the GE j u nct ion a long  the g reater curvature 
(FIG 14) .  For this step, a "th ick"  load of the sta p l i n g  de
vice is  recommended .  

• Length of the condu it  is i nspected by de l iver ing the con
d u it over the patient's torso (FIG 1 5) .  The a pex shou ld  
reach to the sterna l  notch to be of suff ic ient length  to  
reach i nto the cerv ica l  i nc is ion once brought  thru the  
esophagea l  bed .  

• The con d u it shou ld  be i nspected for v i ab i l ity. If the vi
a b i l ity is  i n  q u est ion,  rem ova l of some of the a pex of the 
stomach may resu lt  i n  i nsuff ic ient length forci ng conver
s ion to a tra nsthorac ic  approach where gastric con d u it 
length is l ess of a concern .  

FIG 1 3  • The gastr ic con d u it i s  beg u n  by l igat ing the lesser 
curvatu re neu rovascu l a r  ped ic le  then sta rt ing  the condu it  
sta p le  l ine  at the inc i sura a n g u l a r is .  

A 

B 

FIG 1 4  • A.B. The sta p le  l i n e  proceeds cepha lad  towa rd the 
h iatus g iv ing r i se to a 5-cm wide gastr ic cond u it whi le  remov ing 
the lesser curvatu re of the stomach and  stra i g hten i n g  the 
natura l  curvature of the stomach to opt im ize condu it  length.  
The gastr ic sta p le  l ine term i n ates 5 em from the G E  j u nct ion 
a long the g reater curvature of the stomach .  

Gastric Drainage Procedure 

• As the vagus  nerves w i l l  be d iv ided, a gastr ic dra inage i s  
usu a l ly necessa ry e ither  i n  the form of a pyloromyotomy 
or  pylorop lasty. With tubu la rizat ion of gastr ic condu it, 
some have om itted th i s  step as u n necessa ry.7 In these 
patients, de layed gastric e m ptying  can be ma naged 
postoperatively by endoscop ic  ba l loon d i lat ion or botu l i 
n u m  tox in  i nject ion i nto the pylorus.  
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FIG 1 5  • The com p l eted gastr ic condu it. 

• For pyloromyotomy, an inc is ion measu r ing 1 . 5 em a long 
the stomach extend ing 1 em a long the a nterior surface of 
the d u oden u m  across the pylorus is  made us ing the need le  
t ip  cautery. With a f ine mosqu ito c l amp, the pyloric m uscle 
f ibers a re d iv ided.  An omenta l patch can be used to patch 
the exposed subm ucosa us ing a G raham patch tech n iq ue.  

• For pyloropl asty, a 4-cm fu l l-th ickness long itud i n a l  inc i 
s ion is  made beg i n n i n g  2 em proxi m a l  to the py lorus  on 
the anter ior stomach .  Th is  fu l l-th ickness i nc i s ion i s  then 
c losed tra nsverse ly with i nterru pted fu l l -th ickness 3-0 s i l k  
sutu re (FIG 1 6) .  

Esophagogastrostomy 

• The a pex of the gastr ic con d u it is then sutu red to the end 
of the Pen rose dra in .  The Pen rose is  then d rawn u p  and  
out the cervica l  i nc is ion de l iver ing the stomach i nto the  

FIG 1 6  • A He i neke-M i k u l icz pyloroplasty i s  made by mak ing  
a 4-cm long itu d i n a l  i nc i s ion centered at the pylorus.  Th is  fu l l 
th ickness i nc is ion is  c losed tra nsverse ly w ith  i nterru pted 3-0 
s i l k  sutu res us ing a fu l l -th ickness b ite. 

neck. Typ ica l ly, the stomach reaches with excess length 
permitt ing tr i m m ing  of further stomach off the a pex 
of the con d u it. S i m i l a r ly, the esophagus  can be further 
tr immed and  both a d d it iona l  spec imens  ma rked and  sent 
for f ina l  prox ima l  and  d i sta l marg i n  ana lysis.  

• The cervica l  anastomosis  ca n be acco m p l ished either by a 
hand-sewn or sta p led approach .8•9 

• For hand-sewn, two-layer a nastomosis is performed with 
a n  outer layer of i nterru pted 3-0 s i l k  suture i n  a serom us
c u l a r  fash ion  and i n ner  layer of ru n n i n g  fu l l-th ickness 
monofi l a ment a bsorba b le  sutu re .  Others have descr ibed 
a s i ng le- layer a nastomosis  us ing monofi la ment a bsorb
able ru n n i n g  suture. 

• For a sta pled anastomosis, a stay sutu re of 2-0 s i l k  is p laced 
at the 6 o'c lock position of the cervica l esophag us. A 2-cm 
long longitud i n a l  gastrotomy is made on the anter ior sur
face of the gastric cond u it close to the g reater curvature. 
The 2-0 s i lk is  then p laced at the a pex of th is  gastrostomy 
and tied to serve as stay suture ho ld ing or ientation of cer
vica l esophagus and gastric con d u it for app l ication of the 
sta p ler. A 45-m m stap ler  is  advanced with one arm i n  the 
esophagus and the other i n  the stomach.  The sta p ler  is  
d i rected towa rd the r ight ear with the anastomosis p laced 
a long the g reater curvatu re of the stomach.  The rema in
ing  common enterotomy is  c losed i n  two layers with  an  
inner  layer of  runn ing  fu l l -thickness, 3 -0  monofi l ament 
suture and an  outer later of i nterru pted 3-0 s i l k  sutu re in 
a serom uscu lar  fash ion (FIG 1 7) .  

A 

B 

FIG 1 7  • A. L inear  sta p led esophagogastrostomy us ing a 
45-mm l i n e  sta p ler  i n  a s ide-to-s ide fash ion .  B. Suture c losu re 
of the anter ior port ion of the anastomosis  or common 
enterotomy of the esophagogastrostomy. 
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• After comp letion of the anastomosis, ca refu l  ca uda l  trac- • 
t ion of the stomach at the h i atus is a p p l ied as the anasto
mosis is  de l ivered back i nto the neck beh ind  the trachea 

The soft c l osed suct ion  d r a i n  i s  p l aced thru the thorac i c  
i n let a n d  d e l ivered out  onto the ch est wa l l .  The neck 
wo u n d  i s  c l osed by a p proxi mat ing  the  p l atysm a  m us
cle with i nterru pted suture a n d  c los i n g  the s k i n  with a 
r u n n i n g  su bcut icu l a r  sutu re of 3-0 m o n ofi l a ment a b 
sorba b l e  s u t u r e .  The a b d o m i n a l  wound  i s  c l osed per  
rout i n e .  

and  excess red undancy o f  t h e  condu it  i n  the chest i s  
stra ig htened out.  

• E ither a nasojej u n a l  feed ing  tube is p l aced or surg ica l  
jej u nostomy tube p l aced for postoperative n utrit ion .  

• The gastr ic condu it  is anchored to the a rch of the h i atus 
with i nterru pted 3-0 s i lk suture to prevent hern iat ion .  

RECONSTRUCTION: COLON CONDUIT 

Mobilization of the Colon 

• When perform i n g  a co lon  i nterpos i t ion  for reconstruc
t ion fo l l ow i n g  THE, the  stomach  i s  p reserved other 
than the  port ion  rem oved to assure a d e q u ate d i sta l 
m a r g i ns .  T h i s  wo u l d  i nc l u d e  preservati o n  of the  l eft 
gastr ic  a rte ry. To fac i l itate use of the  co lon ,  h owever, 
co m p l ete gastr ic  m o b i l i zat ion  as d i scussed e a r l i e r  
i s  necessa ry as the  p referred route for the  co lon  i s  
retrogastr ic  to d ecrease tens ion  o n  the  co n d u it and 
b l ood s u p p ly. 

• Com p l ete co lon ic  mob i l izat ion is req u i red i nc l ud ing  mo
b i l izat ion of both the splenic and hepatic fl exu res. This 
often enta i l s  extens ion of the surg ica l  i nc is ion be low the 
u m b i l icus .  

• Once mob i l izat ion is com p l ete, verificat ion of adequacy 
of b lood supp ly  for the su bsequent con d u it i s  needed 
even i n  the sett ing  of preoperative ang iog ra phy. Th is  can 
be acco m p l ished by ser ia l  l igat ion of the i leoco l i c  a rtery, 
then r ight co l i c  a rte ry, and ,  if necessa ry, m i d d l e  co l i c  a r
teries with B u l ldog c l amps (FIG 3) .  
• Angiogra p h i c  a rter ia l  a n atomy req u i rements for 

a successfu l  left co l i c-based colon i nterposit ion 
reconstruct ion i nc lude  a patent i nfer ior  m esen
ter ic a rtery, patent ascend ing  branch of the l eft 
co l i c  a rtery, i ntact m a rg i n a l  a rtery a nastomosis  be
tween the l eft co l i c  ( infer ior mesenteric) and m i d d l e  
co l i c  (su per ior  mesenteric) a rteries, s i ng le  m i d d l e  
co l i c  tru n k  p r i o r  to b ifurcation i nto a r ight and  
left branch,  and  sepa rate or ig in  of  the r ight co l i c  
a rtery. 1 0  FIG 1 8  • Creation of the co lon cond u it based on  the left co l i c  

• To reach to the neck, a cond u it based on the left co l i c  a rtery. 

a rtery branch of the i nfer ior  m esenter ic  a rtery and ,  if 

• 

• 
• 

poss i b le, m i d d l e  co l i c  a rteries is needed.  Th is  enta i l s  de
l iver ing  the co lon i n  a n  isoper ista lt ic  fash ion  to the neck 
with the cecu m or  prox i m a l  r ight colon servi ng as the 
proxi m a l  end of the co lon cond u it (FIG 1 8) 

If the b lood supp ly  is adequate for a left co l i c  vascu
lar based condu it, the i leoco l i c  a rtery is  l i gated as low 
i n  the mesentery as poss ib le, as is  the r ight co l i c  a rtery. 
The mesentery of the ascend i n g  co lon is l i kewise d iv ided 
to the level of the m i d d l e  co l i c  a rteries. 
The term i n a l  i l e u m  is  d iv ided with a surg ica l  sta p ler  . 
The cecu m is rotated up to the neck to verify adequate 

Delivery of Colon 

• Once the co lon is mob i l ized, the colon is de l ivered thru 
the h i atus i n  a fash ion s i m i l a r  to the gastr ic con d u it as 
d i scussed ear l ier. To decrease demands on con d u it length, 
it is  opti m a l  to de l iver the co lon  to the h i atus beh i n d  the 
stomach i n  a retrogastric posit ion .  Alternative ly, the colon 
ca n be de l ivered thru a retrosterna l  pathway if the poste
rior mediast inum is  no longer a v iab le  opt ion .  The d isad
va ntage of th is  route is  increased demand on  cond u it and  
b lood supp ly  length.  

cond u it length.  If not, the m i d d l e  co l i c  branches can be • As there is typ ica l ly adequate length to the co lon condu it, 
the proxi m a l  end of the co lon ca n be a m p utated back, d iv ided as we l l  (FIG 1 9) .  

233 
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FIG 1 9  • Del ivery of the co lon thru the med iasti n u m  by 
rotat ing  the cecu m u p  thru the esophagea l bed a n d  out the 
cervica l  inc i s ion .  

usu a l ly removi ng the cecu m .  Th is  has the a dvantage of  
decreas ing the s ize d i fferentia l  between the cerv ica l 
esophagus  and  co lon as the co lon na rrows in l u m i n a l  
d i a m eter and  becomes th icker a n d  more muscu l a r. A lso, 
as  one m oves d i sta l ly on the co lon,  the re l i a nce on  mes
enteric a rcades for b lood supp ly  d ecreases. 

Anastomoses 

• The esophag us-to-co lon a nastomosis  is acco m p l ished i n  
a s i m i l a r  fash ion as descr ibed i n  t h e  sect ion on  t h e  use 
of the stomach as a condu it  for reconstruct ion .  This can 
be sta p led us ing a l i near  sta p ler  or  hand sewn i n  e ither 
a one- or  two-l ayer tech n ique .  Although c i rcu l a r  sta p lers 
can be used, condu it  length i s  often inadeq uate, mak ing  
th i s  awkward (FIG 20) .  

• The cervica l  a nastomosis  is d rawn back i n  the neck by 
ca refu l  ca uda l  tract ion on the co lon at the h i atus.  

FIG 20 • The com p l eted reconstruct ion with both esophagea l  
to colon a n d  co lon to stomach a nastomoses. 

• 

• 

• 

• 

• 

The co lon is then d iv ided at a po int a long  the poster ior  
stomach to permit a su bseq uent co lon-to-stomach a nas
tomosis. This is  o pti m a l ly done us ing a l i near  sta p ler  jo in 
i ng  the co lon  and  stomach i n  a s ide-to-s ide fash ion a n d  
c los ing t h e  common enterotomy with a n  add it iona l  sta
p ler  load or  h a nd-sewn c losure .  
I n  m a n i p u lat ing the co lon for th is  a nastom osis, it is  im
perative to not d isturb the mesentery of the co lon  out of 
concern for d isrupt ing the mesenteric vesse ls .  
Enter ic conti n u ity is  restored by com p l et ing the sma l l  
bowel -to-co lon  a nastomosis  us ing surg ica l  sta p lers i n  a 
sta ndard fash ion .  
A jej u n ostomy feed ing  tube is  p laced for  n utrit iona l  sup
port as i s  a cervica l c l osed suct ion d ra i n .  
A gastr ic dra inage proced u re i s  d o n e  if  vagotomy was 
performed dur i ng  the cou rse of esophagea l resect ion .  
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PEARLS AND PITFALLS 
I n d icat ions • THE shou ld  o n ly be performed for cu rative i ntent when treat ing  ma l i gnancy. 

• NCCN g u id e l i nes shou ld  be fo l l owed as to preoperative eva l uat ion,  stag ing ,  a n d  treatment 
a l gor ithms.  

Approach • THE should o n ly be cons idered for patients with appropr iate pathology (m idd le,  l ower t h i rd of the 
esophag us, and G E  j u nct ion tumors) . 

• In patients with u nfavora b le  pr ior  surg ica l  h i story (pr ior gastric surgery render ing the gastr ic con d u it 
inadequate) or loca l ly a dvanced tumors that req u i re a d i rect v isua l i zat ion of mediast i na l  d issect ion,  
a T H E  is  contra i n d i cated i n  favor of a tra nsthorac ic approach.  

G astr ic  mob i l izat ion • Avoid  any tract ion or  d i rect tra u m a  to the r ight gastroep ip lo i c  a n d  r ight gastric a rtery ped ic les so as 
to avo id  d isrupt ing these vessels or  caus ing venous  in jury with resu ltant throm bosis as th i s  wi l l  lead 
to g raft fa i l u re .  

• Use of a n  e lectrosurg ica l  device g reatly i m p roves effic iency and  effect iveness of gastr ic  mob i l izat ion .  

Esophageal  d i ssect ion • If excess ive adhes ions are encou ntered secondary to tumor  extens ion or  treatment effect or exces
sive b leed ing  is encou ntered with b l u nt d i ssect ion of the esophag us, a TIE shou ld  be performed.  

• A sma l l -ca l i ber  boug ie  d i lator (44 Fr) i n  the esophagus  fac i l itates tact i l e  loca l i zat ion of the 
esophagus  d u r ing  b l u nt d i ssect ion .  

Reconstruct ion • G raft fa i l u re a n d  anastomotic leak resu lt  from i schemia ,  which i s  a conseq uence of inadequate 
blood supp ly, venous congest ion,  tens ion on the a nastomosis, or  hypoperfus ion in the ear ly 
postoperative per iod.  These factors should be avo ided .  

• Proper  or ientat ion of the condu it  with  prevention of twist ing  is  made eas ier  by d rawi ng para l l e l  
l i nes on  t h e  Pen rose dra in  and  m a k i n g  sure t h e  d ra i n  does n o t  twist as  it i s  p u l led o u t  t h r u  t h e  neck 
de l iver ing the condu it  to the cerv ica l  inc i s ion .  

Anastomosis • Proper or ientat ion of the cerv ica l anastomotic sta p le  l i nes should be m a i nta ined to maxi mize 
perfus ion of the gastr ic  wa l l .  Th is  i s  acco m p l ished by keep ing  the esophagog astrostomy sta p le  l i n e  
as  fa r away from t h e  con d u it lesser cu rvatu re sta p le  l i ne .  

• When p lac ing  the a nastomosis back i n  the neck,  it should be stra ig htened by red uc ing  red unda ncy 
of the con d u it by ca u d a l  tract ion on the condu it  at the h i atus.  Avo id  p lac ing  tens ion on the 
anastomosis .  

POSTOPERATIVE CARE 
• Patients recover in the intensive care unit until acute cardiac, 

respiratory, and volume status issues are resolved. 
As hypoxia and hypotension can lead to hypoperfusion of 
the reconstruction with anastomotic leak or, in the worst 
scenario, conduit necrosis, this should be avoided and 
quickly remedied if clinically encountered. 
As respiratory failure and pneumonia are the most com
mon complications encountered, aggressive pulmonary 
care is required. Early ambulation is mandatory. 
Fluid overload can lead to hypoxia, pulmonary edema, 
and dysrhythmia (most often atrial fibrillation) .  

• Enteric nutrition is begun slowly on postoperative day 1 .  
• Patients should be carefully followed for signs of postopera

tive complications (see the following text) and evaluation and 
mitigation strategies employed at the first sign of such issues. 

• If the patient is medically stable to consider oral intake, a 
water-soluble contrast study followed by barium is done on 
the fourth postoperative day to make sure there is no signifi
cant anastomotic leak and the conduit empties adequately 
into the small intestine. 

• If ok, a liquid diet is started and continued for 2 weeks at 
which time the patient is transitioned to a soft diet for an 
additional 2 weeks prior to resuming a normal diet. The ra
tionale for this approach is to avoid food impaction during 
the critical period of anastomotic healing. The surgical drain 
is removed after a negative study and no evidence of oral 
fluids in the drain within 48 hours of oral liquid intake. 

• The feeding tube is discontinued when the patient is able to 
take adequate oral intake, usually within the first to second 
week following surgery. 

• Patients should be counseled as to how to optimize their 
fluid and nutritional intake during this period of transition 
to regular diet and manage dumping symptoms with dietary 
and lifestyle modification. 

• Patients should be advised as to the early signs of anasto
motic stricture and need for esophageal dilation. 

OUTCOMES 
• THE is a very morbid, high-risk procedure with very high 

associated operative morbidity and mortality (see the follow
ing text) .  

• Regarding functional outcome, the best data available are 
reviews from patients who underwent this procedure for be
nign indications and early stage cancer given the longer sur
vival in these patients compared to patients with cancer. 1 1 • 12 

Symptoms of physical impairment, including GE reflux, 
dumping, and dysphagia, are very common after surgery 
but show gradual improvement toward baseline over the 
first year, not quite reaching baseline. Long-term physical 
impairment is less common after THE compared to TTE. 
Overall health-related quality of life (ability to work, 
social interaction, daily activities, emotional function, 
perception of health, energy level, and mental health) 
decreases after surgery but returns to baseline national 
norms within 1 year of surgery. 
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• Regarding cancer-specific outcome, long-term survival is a 
function of the underlying biology and stage of the tumor 
rather than surgical approach. 13•14 

COMPLICATIONS 
• Perioperative complications occur in 40% to 50% of pa

tients and fall into specific categories depending on the point 
of time in which they appear following surgery. Reported 
overall 30-day mortality for THE ranges from 1 %  in select 
single center reports to 1 0 %  in nonselective administrative 
database reports. 13 •15•16 

• Early postoperative period (0 to 2 days) 
Technical complications 

Bleeding 
RLN injury with resultant hoarseness (unilateral) and 
airway obstruction (bilateral) 
Pleural violation with pneumothorax or pleural 
effusion 
Conduit necrosis requiring removal of conduit and cer
vical esophagostomy 

Medical complications 
Respiratory complications (respiratory failure, pneumonia) 
Cardiac complications (dysrhythmia, myocardial in
farction, heart failure) 
Urinary tract complications (renal failure or insufficiency) 

• Intermediate postoperative period (2 to 14 days ) 
Technical complications 

Anastomotic leak manifest as cervical wound infection 
and drainage or drainage of oral secretions via closed 
suction drain. 
Conduit necrosis requiring removal of conduit and cer
vical esophagostomy 
Thoracic duct injury with chyle leak, usually manifest 
by pleural effusion at onset of enteric or oral nutrition. 

Medical complications 
Respiratory complications (respiratory failure, pneumonia) 
Cardiac complications (dysrhythmia, myocardial in
farction, heart failure) 
Urinary tract complications (renal failure/insufficiency, 
urinary tract infection) 
Infectious complications, ( line infection, organ space 
infection, wound infection) 

• Late postoperative period (after 14 days) 
Technical complications 

Anastomotic stricture 
Delayed gastric emptying 
Dumping syndrome 

Medical complications 
Malnutrition 
Cancer recurrence 
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Robert E. Merritt 

DEFINITION 
• An Ivor Lewis esophagectomy is defined as a resection of the 

esophageal tumor using a laparotomy incision and a right 
thoracotomy. The esophagogastric anastomosis is performed 
in the right thoracic cavity. This surgical approach is appro
priate for patients with resectable tumors in the middle and 
distal third of the esophagus as well as the gastroesophageal 
junction. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patients who present with esophageal carcinoma should 

undergo a complete history and physical examination. 
• Patients often complain of dysphagia to solid food and liquids. 

This symptom is related to esophageal obstruction from a 
bulky tumor. 

• Barrett's intestinal metaplasia or gastroesophageal reflux 
disease ( GERD ) may precede the diagnosis of esophageal 
cancer. 

• Significant weight loss is a common symptom of patients 
with esophageal cancer. The weight loss may be secondary 
to poor oral intake related to dysphagia or cancer cachexia. 

• The cervical lymph nodes and supraclavicular lymph nodes 
should be thoroughly examined during physical examination. 
The cervical and supraclavicular lymph nodes are a common 
site for metastatic spread from esophageal carcinoma. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• An esophagogastroduodenoscopy (EGD) should be per

formed on every patient with esophageal carcinoma (FIG 1 ) .  

Upper endoscopy allows access t o  the tumor for diagnosis and 
determination of the histologic subtype (adenocarcinoma vs. 
squamous cell carcinoma).  The location of the tumor is also 

FIG 1 • An upper  endoscopy demonstrat ing  a l a rge d i sta l  
esophagea l  carc inoma .  An endoscop ic  b iopsy was consistent with 
a moderately d i fferentiated adenocarci noma .  

important to  determine whether an Ivor Lewis esophagec
tomy would be feasible. Esophageal tumors in the proximal 
third of the esophagus would require a transhiatal or three
field esophagectomy with a cervical esophagogastrostomy 
anastomosis. 

• Endoscopic ultrasound (EUS) is a critical staging technique 
for esophageal cancer ( FIG 2 ) .  The EUS determines the depth 
of invasion of the tumor into the esophageal wall (T stage) .  
Esophageal tumors that penetrate through the esophageal wall 
are considered locally advanced and have a high propensity 
to metastasize to locoregional lymph nodes. Periesophageal 
lymph nodes that are enlarged can be visualized with EUS and 
fine needle aspiration biopsy can be performed to determine 
locoregional lymph node involvement. Patients with biopsy
proven lymph node involvement will typically be referred for 
preoperative chemotherapy or combined chemoradiation. 

A 

B 

FIG 2 • A. An E U S  image demonstrati ng a T3 esophagea l  
carc inoma with extens ion i nto the adventit ia .  B. Demonstrat ion 
of a peritu mora l lym ph node.  
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A 

B 

FIG 3 • A. The fi rst PET image demonstrates a hypermeta bo l i c  
esophagea l  ca rc inoma l ocated i n  the d i sta l  th i rd of the esophag us.  
B. The second PET image demonstrates a hypermeta bo l i c  cervica l 
lymph node that represents d ista nt metastatic d isease. 

• All patients who are being considered for esophagectomy 
should undergo a computed tomography ( CT) scan of the 
chest, abdomen, and pelvis to evaluate the primary tumor 
in the esophagus and the locoregional lymph nodes. The 
liver, celiac lymph nodes, bone, and adrenal glands are com
mon sites for metastatic disease secondary to esophageal 
carcinoma. Positron emission tomography (PET) is an es
sential staging technique for esophageal carcinoma ( FIG 3 ) .  

PET scans can detect occult metastatic disease that was not 
identified on standard CT scans in about 1 0 %  to 1 5 %  of 
cases. This detection of occult metastatic disease will prevent 
patients with stage IV esophageal carcinoma from undergo
ing an unnecessary esophageal resection. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Any patient who is being evaluated for an lvor Lewis esoph
agectomy should undergo a complete and thorough car
diopulmonary evaluation prior to the operation. Cardiac 
disease and respiratory compromise should be identified in 
the preoperative period to properly access perioperative risk 
of complications and mortality. 

• Pulmonary function tests should be obtained to measure the 
forced expiratory volume in 1 second (FEV1 ) and diffusion 
capacity. Patients with a history of chronic obstructive pul
monary disease ( COPD ) will have diminished values for FEV1 
and diffusing capacity of lung for carbon monoxide (DLCO ) ;  

therefore, they will be at increased risk for perioperative 
respiratory complications. 

• A transthoracic echocardiogram is obtained to assess 
the left ventricular ej ection fraction left ventricular wall 
motion. A treadmill stress test should be obtained when the 
echocardiogram findings are abnormal. 

• Prior to surgical resection, a patient's nutritional status should 
be optimized. A preoperative feeding access for enteral nutri
tion may be necessary in cases of severe malnutrition. A pre
albumin level can be measured to further assess the patient's 
nutritional status. 

• Perioperative antibiotics should be given within 30 minutes 
of the first incision. Compression boots are placed on the 
lower extremities and subcutaneous unfractionated heparin 
is given to minimize the risk of postoperative deep venous 
thrombosis (DVT) .  

• An arterial line and central venous catheter should be placed 
for intraoperative hemodynamic monitoring. 

• An epidural catheter should be placed for postoperative pain 
management. Epidural infusion of local anesthetic minimizes 
postthoracotomy pain and allows patients to participate in 
pulmonary toilet exercises. 

Positioning 

• The lvor Lewis esophagectomy technique uses two incisions . 
Patients are positioned in the supine position first for the 
midline laparotomy incision ( FIG 4) .  The second portion 
of the operation is performed through a right posterior lat
eral thoracotomy (FIG S) .  Patients are positioned in the left 
lateral decubitus position. A beanbag is used to help hold 
patients into position. The operating room bed is flexed to 
open the rib spaces. 

FIG 4 • A m i d l i n e  lapa rotomy i nc is ion is  located between the 
x ipho id  and  the u m b i l icus .  



MOBILIZATION OF THE GASTRIC CONDUIT 

• The patient is posit ioned sup ine  on the operat ing  tab le .  
A doub le  l u men endotrachea l tube is  p l aced for  s ing le  
l u ng iso lat ion .  An a rter ia l  l i ne, centra l venous catheter, 
and  e p i d u ra l  catheter a re p laced by the anesthesia tea m .  • 
Com p ress ion boots a n d  su bcuta neous hepar in  a re g iven 
fo r DVT prophylaxis .  

• A m i d l i n e  l aparotomy inc i s ion is performed from the 
xiphoid down to the u m b i l icus .  A fu l l  i nspect ion of 
the abdom i n a l  cavity is  performed to ru le  out tumor  

FIG 6 • The d iv is ion of the gastroco l i c  l i g a ment a long the 
g reat cu rvature of the stomach .  The r ight gastroep ip lo i c  
a rtery i s  preserved.  

• 
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FIG 5 • A sta ndard poster ior  latera l thoracotomy i nc i s ion 
provides exce l lent exposu re of the i ntrathoracic esophagus .  

d i sse m i nat ion on peritonea l  su rfaces or  l iver metastas is .  
A Bookwalter retractor i s  used to provide exposu re .  The 
tr ia n g u l a r  l i g a ment of the left lobe of the l iver is  d iv ided 
a n d  the left latera l seg ment i s  retracted cepha lad  to 
expose the esophagea l  h iatus.  
The d i ssect ion of the gastr ic cond u it beg ins  by enter ing 
the lesser sac a long the g reat cu rvature of the stomach .  
The r ight gastroep ip lo i c  a rtery shou ld  be identif ied and 
preserved.  The g reater omentu m is  d iv ided a long  the 
g reater cu rvatu re of the stomach with a n  u ltrason i c  d i s
sector by d iv ided branches of the r ight gastroep ip lo i c  
a rcade a n d  ca refu l ly preserv ing the gastroep ip lo i c  tru n k  
(FIG 6) .  

T h e  gastroco l i c  o m e n t u m  is  d iv ided toward the d uode
n u m .  The stomach i s  retracted u pward and any adhes ions 
between the stomach and  pancreas should be ca refu l ly 
d iv ided (FIG 7) .  The duodenum is then mob i l ized with 
the Kocher maneuver. 

FIG 7 • M o b i l izat ion of stomach .  
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FIG 8 • D iv is ion of left gastr ic a rtery. 

• The short gastric vessels a re l i g ated us ing the u ltrason i c  
d issector. The short gastric vessels  shou ld  be l i gated close 
to the spleen to avoid therm a l  i nj u ry to the stomach .  

• The lesser omentum is then d iv ided toward the esopha- • 
gea l  h i atus.  A rep laced left hepatic a rtery shou ld  be iden
t if ied a n d  preserved if present. The r ight gastr ic  a rtery 
can be preserved i n  most cases when the a nastomosis  is  
performed i n  the r ight thorax. 

• The left gastric ped ic le  is identif ied a long  the lesser cur
vatu re of the stomach .  The l eft gastr ic ped ic le  is d iv ided 
at the or ig in from the ce l i ac  axis us ing a n  E n  do G IA l i near  

FORMATION OF THE GASTRIC CONDUIT 

• The Endo G IA l i near sta p ler  is used to d iv ide the stomach • 
a long the lesser curvature. The sta p le  l i ne  is sta rted a long 
the lesser cu rvature j ust proxi m a l  to the r ight gastric a rtery 
(FIG 1 0) .  The sta p le  l i ne  shou ld end between the card ia  
and the  fundus .  The  sta p le  l i ne  is  oversewn with m u lt ip le  

FIG 9 • Dissect ion of the h iatus.  

sta p ler. The su rrou n d i n g  a d i pose t issue and lymph nodes 
should be swept u pward pr ior  to l igat ion of the left gas
tr ic ped ic le  (FIG 8) .  

T h e  crura o f  t h e  d i a p h ra g m  a re identif ied a n d  t h e  d i sta l  
esophagus  should be v isua l i zed .  The p h renoesophagea l  
membrane i s  then d iv ided to fac i l itate mob i l izat ion of  
the esophagus  around the esophagea l  h iatus (FIG 9) .  

T h e  r ight crus o f  t h e  d i a ph ragm a r e  d iv ided if necessa ry 
to perm it fou r  f ingers to fit i nto the opened esophagea l  
h iatus.  Th is  prevents com p ress ion of the esophagea l  
cond u it and  possi b le  ischem i a .  

i nterru pted 3 - 0  s i l k  sutu res t o  cover t h e  sta p le  l i ne  with 
serosa . The gastri c  tube shou ld be 5 to 6 em i n  width. 
The gastric tube i s  secu red to the rem n a nt of the gastric 
ca rd ia  with two i nterru pted 0-si l k  sutu res. Th is  w i l l  a l l ow 
the gastr ic con d u it to be p u l led i nto the chest a long  with 
the esophagogastr ic speci men .  

FIG 1 0  • Left and Right: The formation of the gastric condu it  us ing a l i near  endoscop ic  sta p ler. The gastric cond u it shou ld  
be 5 to 6 em i n  d i a m eter. 



HEINEKE-MIKULICZ PYLOROPLASTY 

• The pylorus m uscle is identif ied with d i rect pa l pat ion at 
the border of the a ntrum of the stomach a n d  the fi rst 
port ion of the duoden u m .  The pylorus m uscle is i nc ised 

JEJUNOSTOMY FEEDING TUBE 

• The l i g a ment of Tre itz is identif ied at the root of co lon 
mesentery. The jej u nostomy tube i s  p laced i n  the proxi
mal jej u n u m  a bout 30 to 40 em from the l igament of Tre
itz. A pu rse-str ing suture is p l aced on the serosa of the 
jej u n u m  us ing a 4-0 chro m i c  suture.  A sma l l  enterotomy is  
created with i n  the p u rse str ing .  A 1 0-Fr jej u n ostomy tube 

THORACIC MOBILIZATION OF THE 

ESOPHAGUS 

• A r ight poster ior  l atera l thoracotomy is performed and  
the r ight  chest i s  entered through  the 5th  i ntercosta l  
space .  The serratus anter ior  m uscle i s  preserved . 

• The r ight l ung  is iso lated with a doub le  l u m e n  chest tube 
and  the r ight lung i s  retracted a nter iorly. 

• The i nfer ior  p u l m o n a ry l i ga ment is i nc ised with ca utery 
and the level 9 lymph nodes are harvested .  The medi 
asti n a l  p leura a long  the a nter ior esophagus  i s  i nc ised 
with the cautery. The d ista l esophagus  is  d i ssected from 
the per icard i u m  and the aorta poster ior ly (FIG 1 1 ) .  The 
esophagus  is  then enc i rc led with a 1 - i n  Pen rose d ra i n .  

• The esophagus  is mob i l ized from the esophagea l  h i atus 
to the azygous ve i n  (FIG 1 2) .  The u ltrason i c  d i ssector or  

• 

• 
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long itu d i n a l ly us ing the ca utery and  u ltraso n i c  d issector. 
The inc i s ion is carr ied through the m ucosa l l ayer. The 
i nc is ion is  then c losed tra nsverse ly with i nterru pted 
4-0 Vicryl  sutu res and second layer of 3-0 s i l k  sutu res. 

is  p laced through the abdom i n a l  wa l l  and i nto the jeju
num.  The pu rse-str ing suture is  t ied a n d  the jej u n ostomy 
s ite i s  covered with m u lt ip le  3-0 s i lk sutu res to i m br icate 
the serosa . 
The jejunostomy insertion site is then secured to the a bdom
ina l  wa l l  with four  i nterru pted 2-0 s i lk  sutures. The jejunos
tomy tube site on the abdom ina l  wa l l  should not be twisted 
to avoid postoperative bowel obstruction or ischemia .  

L igaSure device can be used to d iv ide sma l l  vessels and 
lymphatics. The thoracic d u ct should be suture l i gated if  
the structure is  in jured d u ring  the esophagea l  d i ssect ion .  
The thoracic d u ct enters the r ight thorax through the 
aort ic  h i atus and  i s  usua l ly  located between the azygous 
ve in  and  the aorta.  The thoracic d uct crosses over to the 
left s ide at T4-TS and passes behind the aort ic  a rch .  The 
thoracic d u ct passes poster ior ly to the left ca rot id sheath 
and dra ins  i nto the j u nct ion of the left j u g u l a r  and sub
c lav ian ve i n .  
T h e  azygous ve i n  is  rout ine ly d i ssected and d ivided 
with a n  Endo G IA l i near sta p ler. The esophagogastric 
anastomosis is usua l ly  performed at the level of the azy
gous vei n .  In cases where the esophageal  tumor is  located 
in m idesopahgus, the esophageal  d issect ion may have to 
be carried more proxi m a l ly toward the thoracic i n l et. 

FIG 1 1  • Dissect ion (left) and m o b i l izat ion (right) of the esophagus .  
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FIG 1 2  • The mob i l izat ion of the i ntrathoracic esophagus  us ing 
a n  u ltrason i c  d issector. The azygous ve i n  is routi ne ly  d iv ided .  The 
esophagogastr ic  a nastomosis  i s  usua l ly performed at the leve l  of  
the azyg ous ve i n .  

ESOPHAGOGASTRIC ANASTOMOSIS 

• The gastric condu it  is p u l led i nto the r ight chest and  the 
sutu res attach ing  to the esophagogastrectomy speci- • 
men are d iv ided (FIG 1 3) .  The esophagus  is d iv ided 2 em 
above the azyg ous vein with a n  Endo G IA l i near  sta p ler  
(FIG 14) .  The prox ima l  esophagea l marg i n  and  d i sta l gas-
tr ic marg i n  a re eva l u ated with frozen sect ion .  

• The 2-0 Pro lene p u rse-str ing sutu re is p l aced through  the • 
m u cosa and  m uscu la r  layers of the esophagus .  A 25-mm 
or 28-mm anv i l  i s  p laced i n  the esophagea l  l u men and  
the pu rse-str ing suture i s  t i ed  around the shaft of  the  • 
a nvi l .  A second p u rse-str ing suture is p laced as we l l .  

• A gastrotomy is performed a long the proxi m a l  lesser cur-
vatu re of the gastric cond u it. An end-to-end a nastomosis  • 
(E EA) c i rcu l a r  sta p ler  is i nserted through the gastrotomy 

FIG 13 • Cond u it through h i atus.  

and  the pin i s  dep loyed proxi m a l ly a long the g reat cur
vature .  The anv i l  a n d  EEA sta p ler  are connected a n d  the 
sta p ler  is  dep loyed (FIGS 15 and  1 6) .  

T h e  esophagogastr ic  a nastomosis shou ld  be i nspected 
and checked for com p l eteness (FIG 1 7) .  The " d o u g h n uts" 
shou ld  be com p l ete to ensure esophagea l and gastr ic 
m u cosa l a p positio n .  A nasogastr ic tube i s  then passed 
under  d i rect v is io n .  
T h e  gastrotomy site i s  resected with one to two app l ica
tions of the Endo G IA sta p ler  (FIG 1 8) .  The sta p le  l i n e  is  
oversewn with i nterru pted 3-0 s i lk sutu res. 
The a nastomosis  is  rei nforced with 3-0 s i l k  sutu res p laced 
between the m uscu la r  layer of the esophagus  and the 
serosa of the gastr ic condu it. 
A p leura l  flap is  ha rvested and used to wra p the esopha
gogastr ic a nastomosis .  Omentum or i ntercosta l m uscle 
f l aps cou l d  be used as a lternat ives for coverage of the 
esophagogastr ic  a nastomosis .  

FIG 1 4  • Proxi m a l  esophagus .  
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FIG 1 5  • The formation of the esophagogastr ic a nastomosis  
us ing a c i rcu l a r  EEA sta p ler. 

FIG 1 6  • EEA in condu it  (left) with anv i l  in esophagus  (right) . 

FIG 1 7  • Anastomosis .  
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FIG 1 8  • The com p l et ion of the esophagogastr ic a nastomosis  with resect ion of the gastrotomy site (left) with a l i near  
endoscop ic  sta p ler  (right) . 

PEARLS AND PITFALLS 
Preoperative eva l uat ion 

M o b i l izat ion of the 
stomach 

Esophagogastr ic 
a nastomosis 

Postoperative care 

• Preoperative stag ing  shou ld  i nc lude  a PET/CT sca n and E U S .  Patients with transmura l  tumors and  
noda l  d i sease benefit f rom preoperative chemotherapy a n d  rad i at ion .  

• Pat ients with  a h i story of previous gastric surgery may req u i re the use  of a co lon i c  or  jej u n a l  condu it. 
• Patients shou ld  u ndergo p u l monary funct ion tests and echoca rd iogra phy to assess per ioperative risk. 

• The right gastroep ip lo i c  a rtery and vein m u st not be i nj u red .  The pr imary b lood supp ly  to gastr ic 
con d u it i s  der ived from th i s  vasc u l a r  arcade .  

• The gastr ic condu it  shou ld  be 4 to 5 em i n  d i a m eter. 
• The gastr ic condu it  t ip  co u l d  be ischemic  and  shou ld  be resected if there is necrosis detected .  

• T h e  a nastomosis  s h o u l d  be covered with a vascu l a r ized pedic le, s u c h  as omentum, p leu ra,  or  i nter
costa l m usc le .  An a nastomotic leak with i n  the thorax cou l d  resu lt in l ife-th reaten ing  med iast in it is .  

• A two-layer a nastomosis shou ld  be performed regard less of the techn ique .  

• Postoperative bar ium esophagram shou ld  be obta ined 5 to  7 days after the procedure to  eva l u ate 
the i nteg r ity of the esophagogastr ic  anastomosis .  Conta ined leaks can be managed with bowel 
rest and  ant ib iotics. Large leaks typica l ly req u i re operative repa i r. 

POSTOPERATIVE CARE • The nasogastric tube is placed on low continuous suction to 
avoid gastric stasis and aspiration. 

• Patients should be extubated in the operating room if pos
sible. A chest radiograph is obtained in the recovery room 
or intensive care unit (ICU) .  An epidural catheter is used 
to administer local anesthesia for optimal pain control and 
pulmonary toilet. 

• Fluid balance should be closely monitored to avoid volume 
overload and respiratory complications. 

• Enteral nutrition can be initiated on postoperative day 3 to 
minimize perioperative malnutrition. 



• A barium swallow study is obtained on postoperative days 5 
to 7 to assess the anastomosis for a leak. A liquid diet can be 
initiated if the barium study is negative for a leak. The diet is 
slowly advanced to a soft mechanical diet. 

• Patients are typically discharged when they are tolerating a 
soft diet and are able to ambulate without difficulty. 

OUTCOMES 
• In modern surgical series for Ivor Lewis Esophagectomy, the 

perioperative mortality rates range from 1 .4% to 4.4 % .  The 
anastomotic leak rates range from 0% to 3 . 5 % .  The overall 
morbidity rates range from 26 .6% to 45 % .  

• The overall 5-year survival rate for patients undergoing Ivor 
Lewis esophagectomy ranges from the 25.2% to 3 3 . 3 % .  
Patients with positive nodal disease have a worse prognosis 
compared to patients with negative nodal disease. 

COMPLICATIONS 
• Pneumonia 
• Anastomotic leak 
• Thoracic duct injury and chyle leak 
• Delayed gastric emptying 
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• Reflux 
• Aspiration pneumonitis 
• Pulmonary embolism 
• Acute myocardial infarction 
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Chapter 3 1  Minimally Invasive 
Esophagectomy 

. ----------------------------------- ·----------------------------------------------------- .... 

t Benjamin Wei Robert J. Cerfolio Mary T. Ha wn 

DEFINITION Patients with T3 or Nl disease are treated with neoadjuvant 
chemoradiation and restaged prior to resection. 

• The incidence of esophageal cancer, especially adenocarci
noma, has increased dramatically over the past decades. 
This phenomenon is secondary to the increasing incidence 
of obesity contributing to rising rates of reflux and Barrett's 
esophagus in the United States. 

SURGICAL MANAGEMENT 
Preoperative Planning 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• If the patient is unable to maintain adequate nourishment 
during neoadjuvant therapy or is malnourished and too 
weak for resection, we place a jejunostomy tube (]-tube) ,  
preferably with a laparoscopic approach. This allows for 
staging and the ability to rule out metastatic disease. A per
cutaneous endoscopic gastrostomy tube should be avoided in 
any patient that is being considered for esophageal resection. 
Additionally, having the J-tube placed up front minimizes the 
abdominal portion of the esophageal resection procedure. 

• Patients with esophageal malignancy present with progres
sive dysphagia and weight loss. The incidence is higher in 
men and in smokers. Patients often have a long-standing 
history of gastroesophageal reflux symptoms. The physical 
examination is usually unremarkable. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

Positioning for the Abdominal Portion 

• All patients with dysphagia should be evaluated with an 
upper endoscopy and biopsy of suspicious lesions. Patients 
with biopsy-proven carcinoma are staged to determine treat
ment. The staging process includes computed tomography 
( CT) of the chest and abdomen, an integrated positron 
emission tomography (PET)/CT, and endoscopic ultrasound. 

• The patient is positioned in the supine position with both 
arms tucked and a Foley catheter in place. We do not rou
tinely use an arterial line or a central line. A nasogastric tube 
(NGT) is routinely placed. If one is placed, care must be 
taken to pull it far back into the esophagus as well as to 
remove all esophageal temperature probes or other devices 
prior to stapling the stomach. If body habitus or other con
cerns prevent arm tucking, it is not a necessity. 
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PORT PLACEMENT 

• A Veress need le  entry tech n i q u e  is used to p lace a 5-mm 
troca r approximately 1 5  em infer ior to the x ipho id  and 
3 em to the left of the m i d l i ne .  The abdomen i s  then 
inspected for evidence of d i stant d isease and  any susp i 
c ious a reas a re b iops ied and  sent for frozen sect ion .  Four 
a d d it iona l  trocars a re p laced:  ( 1 )  1 2-mm trocar is  p laced 
7 em i nfer ior to the r ight costa l m a rg i n  and 3 em from 
the m i d l i ne, (2) 5-mm trocar i s  p l aced 6 em super ior  to 
the 1 2-mm troca r and  usu a l ly to the r ight of the fa lc i 
form l i gament, (3) 5-mm troca r just off m i d l i n e  to the 
r ight and i nfer ior to the base of the xiphoid to retract 
the l eft l atera l seg ment of the l i ver. A 5-mm lock ing 
g rasper pos it ioned u n derneath the left latera l seg ment 
of the l iver and  the d i a p h ragm i s  g rasped anter ior and  to 
the r ight of the esophagea l  h iatus ta k ing ca re to avo id  
the p h ren i c  ve in ,  a n d  (4) 5-mm trocar 2 em be low the left 
costa l m a rg i n  i n  the a nter ior  axi l l a ry l i ne (FIG 1 ) .  

• The patient is posit ioned in moderate reverse Trende len
burg posit ion .  The surgeon sta nds on the patient's r ight 
s ide and  uses the two r ig ht-s ided ports. The assista nt 
sta nds on the patie nt's l eft and uses the left su bcosta l 
port and  camera port. 

FIG 1 • Abdo m i n a l  port p lacement for gastr ic mob i l ization .  

-
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CRURAL DISSECTION AND 

ESOPHAGEAL MOBILIZATION 

• The gastrohepatic l iga ment is d iv ided us ing an u ltrason i c  
d issector. The r ight  c rus  of the d i a p h ra g m  can then be  
identif ied at the esophagea l  h iatus.  The p h renoesopha
gea l  l igament i s  d iv ided a nter ior ly, ta k ing care to fo l low 
the stomach towa rd the a n g l e  of H is, l atera l and i nfer ior 
to the left esophagea l crus.  The crura a re d issected c i r
cu mferent ia l ly a n d  the esophagus  is i so lated . 

• Once the retroesophagea l  window is completed, a Pen
rose d ra i n  i s  p laced around the gastroesophagea l  j u nc
t ion .  The two ta i l s  a re sutu red together with a s i ng le  2-0 
Vicry l  st itch to use as a hand le  to assist i n  the crura l  d is
sect ion a n d  for i ntrathoracic p u l l -up  a n d  m a n i p u lat ion 
d u r ing  the second port ion of the proced u re (FIG 2) .  D is
sect ion of the l ower 5 to 7 em of the esophagus is then 
performed whi le the assistant p laces the Pen rose on trac
t ion .  This ca n most ly be performed with b l u nt d i ssect ion .  

GREATER CURVATURE DISSECTION 

• On the d i sta l aspect of the g reater curvature of the stom
ach approxi mately 5 em proxi ma l  to the pylorus, the 
g reater curvature is  g rasped and e levated a nteriorly by the 
su rgeon's left hand and the assista nt p laces the tra nsverse 
colon on downward tract ion .  The surgeon d ivides the gas
troco l i c  l iga ment wel l  i nfer ior to the projected cou rse of 
the r ight gastroep ip lo ic  vesse ls .  Because the r ight gastro
ep ip lo ic  vessels w i l l  serve as the pr imary b lood supply for 
the gastric condu it, g reat care is taken to avoid i njur ing 
these vessels d u ring  g reater curvature d issection (FIG 3) .  

• The lesser sac is entered at least 1 to 2 em i nfer ior  to the 
r ight gastroep ip lo i c  vessels  p rojected cou rse. Once the 
l esser sac i s  entered, the poster ior  stomach wa l l  i s  g rasped 
and e levated a nter ior ly and to the patient's r ight s ide 

If the l eft p leu ra l  space is  entered, we p lace a chest tu be 
at the com p l et ion of the abdom i n a l  port ion of the opera
t ion.  Rad i at ion changes can make th is  part of the d i ssec
t ion more d iffi cu lt. 

FIG 2 • Placement of a Pen rose around the gastroesophagea l 
j u nct ion .  It is i m portant to sutu re the Pen rose so that it can be 
used to help de l iver the conduit i nto the chest. 

sp len ic  f lexure. Th is  is  acco m p l ished by l ift i ng  the pos
terior stomach wa l l  anter ior ly and toward the patient's 
r ight s ide with the su rgeon's left hand wh i l e  the assis
tant retracts the g reater omentum i nfer ior ly and to the 
patient's l eft. The proxi m a l  aspect of the g reater cur
vatu re is mob i l ized by d iv id ing  a l l  short gastr ic vessels  
u nt i l the l eft crus of the d i a phragm is  reached.  If there 
is excess omentum i m ped ing  the v iew, we w i l l  p lace a 
"fat stay" us ing a 2-0 Vicry l  sutu re on an M H  need le .  The 
suture i s  p laced through the fat, the need le  is  removed, 
and the assistant g rasps both ends of the suture and ex
tracts them through the left-s ided troca r. The troca r is 
then removed and re i nserted so that the sutu re comes 
through the track but not the troca r. Tens ion is  p laced 
on  the sutu re unt i l  the fat is  retracted; then, the suture i s  
secu red with a hem ostat at the leve l  of the ski n .  

with the su rgeon's left hand t o  o p e n  the d i ssect ion ten- • We l eave some omentum a long the super ior  aspect of 
the g reater curvatu re of the stomach to be used to but
tress the i ntrathoracic anastomosis .  

s ian p lane.  Th is  maneuver posit ions the gastroep ip lo i c  
vessels  a nterior ly and  he lps  protect them from i nj u ry d u e  
t o  i n advertent g rasp ing (FIG 4) .  

• Dissect ion is then carr ied proxi m a l ly, ta k ing ca re to stay 
super ior  to the tra nsverse co lon  as it cou rses towa rd the 

FIG 3 • Identif ication of the r ight gastroep ip lo i c  vessels  
adjacent to the g reater cu rvatu re and  enter ing the l esser sac. 

FIG 4 • G rasp the poster ior  wa l l  of the stomach i nferior ly 
through  the lesser sac, ro l l i n g  the gastroep ip lo i c  vessels  onto 
the a nter ior stomach wa l l .  This assists i n  protect ing  the r ight 
gastroep ip lo i c  a rtery as the d i ssect ion is  carr ied proxi m a l ly 
a long the g reater curvatu re of the stomach .  
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LESSER SAC AND LEFT GASTRIC PEDICLE 

DISSECTION 

• The poster ior  attachments to the stomach a re d iv ided, 
expos ing the or ig in of the l eft gastr ic vessels a long the 
l esser curvatu re .  I n  expos ing  the left gastric a rtery, the 
adjacent fat and  lymph nodes should be e levated a nteri
or ly to a l low for resect ion with the speci men .  

• The left gastric vessels a re then identified on the media l  
aspect of the lesser curvature. Once these vessels a re skele
ton ized, a wh ite vascu lar  (2 .5  mm) staple load is f i red across 
the left gastric a rtery at its orig i n  from the cel iac axis (FIG S).  F IG S • Exposure of the left gastric pedic le a long the lesser curve. 

THE PYLORUS 

• The gastroco l i c  l i ga ment is d iv ided beyond the pylorus 
with ca re of staying  away from the or ig in of the r ight 
gastroep ip lo i c  vesse ls .  

• 

• 

• 

A Kocher maneuver is performed to further mobi l ize the 
pylorus. One good assessment of mobi l ity of the stomach is 
whether the pylorus can be placed adjacent to the right crus. 
We do not perform a pyloromyotomy or  pyloroplasty 
a n d  instead i nject botu l i n u m  tox in  i nto the a nter ior wa l l  
o f  t h e  pylorus.  
Botu l i n u m  toxin ( 1 00 u n its) is  d i l uted i nto 5 m l  of sa l i ne  and 
d rawn i nto a syr inge. A 20-gauge sp ina l  need le is inserted 
i nto the anterior aspect of the pylorus (FIG 6) .  The tota l 
volume of botu l i n u m  toxin is d ivided into at least th ree to 
four  separate i njection sites a long the anterior pylorus. 

CREATION OF THE GASTRIC CONDUIT 

• The lesser curvature is c leared of omentum at approxi mately 
the level of the incisura to a l low for an avascu lar  land ing 

FIG 6 • Percutaneous i nject ion of 1 00 u n its of botu l i n u m  
tox in  i nto t h e  a nter ior wa l l  o f  t h e  pylorus.  

thoracic p u l l -up  (FIG 8) .  The ta i l s  a re left at l east 5 em 
long to assist i n  i ntrathoracic location/m a n i p u lat ion a n d  
t h e  fi rst st itch is  a lways p l aced at t h e  super ior  a pex o f  the 
cond u it to d i m i n ish p u l l - u p  tens ion .  

zone for  the fi rst staple load on the stomach (FIG 7) .  • The surgeon then p laces the Pen rose d ra i n  a n d  prox ima l  
stomach i nto the poster ior  med iast i n u m .  We do not rou
t inely e n l a rge  the h iatus u n l ess there a p pears to be con
str ict ion of the con d u it.  

• The con d u it is created with seq uenti a l  a p p l icat ions  of a 
60-mm sta p ler  us ing g reen (4.8 mm) loads a i m ing  towa rd 
the ang le  of H is .  The goa l  is  to create a cond u it that i s  6 
to 8 em in width.  Once d iv ided, stap le - l i ne  i ntegrity and  • A laparoscop ic  J-tube is p laced if not a l ready present per 

sta ndard lapa roscop ic  tech n i q u e  to opt im ize postopera
tive n utr it ion .  

hemostas is  a re verifi ed .  
• The cond u it is then sutu red to the proxi m a l  stomach 

rem n a nt us ing two i nterru pted 2-0 Vicryl stitches of 
a lternate co lor  to fac i l itate or ientat ion fo l l owing the 

FIG 7 • Lesser cu rvatu re d i ssect ion i n  preparat ion for creation 
of the gastric con d u it. 

FIG 8 • Suturing gastric condu it to the proximal  stomach to a l low 
for the condu it to be del ivered into the posterior mediastinum 
during the thoracic portion of  the operation. 
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POSITIONING AND PORT PLACEMENT 

FOR THE ROBOTIC THORACIC PORTION 

• After the abdomen port ion is com p l eted, the s ing le  
l u m e n  endotrachea l tube i s  exchanged for  a doub le  
l u men tube .  

• The patient is p laced in a left l atera l decub itus posit ion 
and  then ro l led even more anter ior ly. Th is  a l l ows al l  of 
the benefits of prone posit ion ing  without the anesthesia 
de lays. The patient's body needs to be tu rned so that the 
robot can a pproach the patient from over h i s  or  her back 
and  r ight shou lder. 

• The fi rst port p laced is the camera port, which is 9 em 
from the r ight axi l l a ry port. We use a 5-m m port here 
i n it i a l ly, with a 5-mm thoracoscope to assist in p lac ing 
the other ports. Carbon d ioxide (C02) is  i nsuffl ated i nto 
the chest at a pressure of 1 2  em H20.  

• Port p l acement is shown in FIG 9. It is i m porta nt to note 
that the three a nter ior ports com prise robotic arm 1 ;  the 
ca mera port a n d  robot ic  arm 2 are i n  a l ine that runs  
s l i g htly poste r ior, headed toward the patie nt's r ight 
h i p .  If the l i n e  is in the a nter ior  axi l l a ry l i ne, you wi l l  
b e  too c lose t o  the d i a p h ra g m  for robotic a r m  2 .  After 
the camera port i s  p l aced, the robotic arm 3 is  p laced as 
poster ior  and  i nfer ior  as  poss ib le  and  a seeker need le  i s  

FIG 9 • Port p lacement for robotic thorac ic  phase of  
esophagectomy. C, camera port; 1 ,  robotic arm 1 ;  2 ,  robotic 
arm 2; 3, robotic arm 3; A, assista nt port.  

ESOPHAGEAL DISSECTION AND 

NODE RETRIEVAL 

• 

• 

Robotic arm 3 ho lds  the l u n g  anter ior ly. Robotic arm 2 
has a Cad iere forceps and  l i fts the med iast i na l  p l eu ra .  
Robotic arm 1 has a thoracic d i ssector that i nc ises the 
med iasti n a l  p l eu ra a long the lung (FIG 1 1 ) .  The i nfer ior 
p u l m o n a ry l i g a ment is  genera l ly d iv ided and lymph node 
with i n  the l igament resected .  
T h e  med iasti n a l  p l eu ra a long  t h e  r ight m a i nstem bron
chus  i s  opened and  d iv ided a l l  the way u p  to the azygous 
ve i n  and  a l l  the way down to the d i a p h ra g m .  The sub
ca r ina !  lymph nodes are located poster ior  a n d  i nfer ior  to 
the r ight m a i nstem bronchus and  resected .  Ca re shou ld  
be taken to ach ieve proper hemostas i s  of th i s  a rea, as the  
subcar i na l  nodes  tend  to be wel l  vasc u l a rized.  

• 

• 

i nserted f i rst to ensure its safe troca r p l acement.  Robotic 
arms 1 and 2 a re the 8-mm ports through which most of 
the d i ssect ion  ta kes p lace; robotic arm 3 is  a 5-m m port 
a n d  used pr imar i l y  for retract ion  of structu res d u r i n g  the 
d issect ion .  
The access port for  the assistant is  posit ioned last. Th is  
port shou l d  be tr iangu lated beh ind  robotic arm 2 and 
the camera port so that the robotic a rms wi l l  not i nter
fere with the assista nt. Ca re shou ld  be taken to avo id  the 
i ntern a l  m a m m a ry a rtery and the d i a p h ragm when this 
access port is  p laced.  The i nsuffl at ion tubing is  switched 
to the access port so that it does not i nterfere with the 
movement of the robotic a rms.  
FIG 1 0  demonstrates the anatom i c  structures of the r ight 
hem ithorax as seen from the camera port d u r ing the 
robotic port ion of the lvor-Lewis esophagectomy. 

Right lower lobe 

Azygous 
vein 

Right upper lobe 

FIG 10 • Structu res of right hem ithorax as seen from ca mera 
port d u r ing  robotic lvor-Lewis esophagectomy. 

FIG 1 1  • I nc is ion of med iasti n a l  p l eu ra over ly ing esophagus .  
E,  esophagus; 1 ,  robotic arm 1 ;  2, robotic arm 2 .  
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FIG 1 2  • The esophagus  (E) is d issected off the aorta (A). We 
perform an en b l oc d i ssect ion from the per icard i u m  to the 
aorta . Robotic arm 3 i s  used to g rasp the Pen rose d ra i n  that 
was p laced around the esophagus  i n  the abdomen.  It is  p u l led 
a nter ior ly to assist with the esophagea l  d i ssect ion off of the 
per icard i u m  and  aorta.  

• The poster ior  p leu ra a long the hemiazygous ve i n  go ing  
u p  to the azygous ve in  i s  opened .  The b i po la r  thoracic 

FIG 1 4  • The azygous ve in  i s  sta p led as poster ior ly as  poss ib le .  

(FIG 14) .  Th i s  avo i d s  a long  a zyg ous  stu m p  f rom get
t i n g  in the way of perfo r m i n g  an a n a stomosis .  

d i ssector ca n be used to take the sma l l  a rteries off the • The esophagus shou ld  be comp letely mob i l ized from the 
thoracic i n let to the d i aphragmatic h iatus. Perform i n g  
t h i s  part o f  t h e  operation robotica l ly a l l ows f o r  a thor
ough ha rvest of the periesophagea l  tissue, i nc lud ing  
lymph nodes. The  pa raesophageal  l ymph nodes a re d is
sected ca refu l ly off the left and  r ight m a i nstem bronch i 
and  aorta . Use of the b ipo lar  device and ca refu l d i ssect ion 
d u r ing  th is  phase he lps avo id  therm a l  i nj u ry to the a i rway, 
which may present as an esophagobronch ia l  f istu la  and  
ca n be catastroph ic  for  the patient. The subcar ina l  nodes 
should be i nc luded i n  the spec imen .  After com plet ion of 
the d i ssect ion,  the per icard i u m  shou ld  be vis i b le  to the 
leve l of the i nfer ior p u l monary ve ins  b i latera l ly (FIG 1 S) .  

aorta t h a t  run t o  the esophag us.  C l i ps a r e  not necessa ry 
for these a rteries (FIG 1 2) .  

• The lymph node d i ssect ion is carr ied out we l l  a bove the 
azygous ve i n  and  to the poster ior  paraesophagea l  t issue 
(FIG 1 3) .  

• The azygous  ve i n  is d i ssected off the trachea .  It i s  
very i m portant to sta p l e  the azygous  ve i n  poster ior ly  

FIG 13 • Dissect ion of paraesophagea l  t i s sue  a bove the 
azygous ve i n  (A), vagus  nerve (V), and  esophagus  (E) . 

DIVISION OF THE PROXIMAL ESOPHAGUS 

AND MOBILIZATION OF GASTRIC CONDUIT 

• The Pen rose d ra i n  enc i rc l i n g  the cond u it  that was p laced 
d u r i n g  the l aparoscop ic  stage of the procedure is  located 
in the i nfer ior med iasti n u m  and w i l l  be used to br ing the 
condurt i nto the chesL 

• The thoracic d i ssector in robotic arm 1 (r ight a rm) is ex
changed for the b ipo la r  sc issors. With tract ion a p p l ied 

FIG 1 S • The ent i re left m a i nstem bronch us (L) i s  identified .  
We use  the b ipo la r  thoracic d i ssector to m i n i m ize therm a l  
i nj u ry t o  the a i rway. C, subcar i na l  space; R ,  r ight m a i nstem 
bronchus .  

• 

to p u l l  it d ista l ly, the proxi m a l  esophagus  is d iv ided j ust 
a bove the azygous ve i n  to ensure the best poss ib le  mar
g i n  away from cancer and/or Barrett's esophag us; it i s  
beve led so that  the poster ior  aspect of the esophagus  is  
long er. Ca utery is  a p p l ied to cut and  coag u l ate s i m u lta
neous ly (FIG 1 6) .  

T h e  sci ssors i n  robotic a r m  1 a re switched back t o  the 
Cad iere forceps, and  the ass ista nt he lps  p u l l  the resected 
esophagus  a n d  gastr ic con d u it gent ly i nto the chest with 
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FIG 16 • The esophagus  i s  m o b i l ized and  ready to be cut .  
The esophagus  is  p u l led downward and  it is  cut at the leve l  of 
the car ina  just about a bove the azygous ve i n .  Frozen sect ion 
a n a lysis is  performed to ensure the proxi m a l  marg i n  that is  
free of Barrett's m eta p las ia  and  ca ncer. Robotic hot shears a re 
used to cut a n d  coa g u l ate the esophagus  as it is cut. 

a n  atra u matic c l amp (rather than using the robotic arm, 
which because of its strength can damage the condu it) 
(FIG 1 7} .  Pr ior to d iv id ing  the sutu res attach ing  the 
esophagus  to the condu it, s i lk sutu res a re p laced ante
r ior ly and poster ior ly, tacking  the condu it  to the p leura .  
Th is  h e l ps red uce the a m o u nt of tens ion on the a nas
tomosis and m a i nta i n  or ientat ion of the condu it. Ca re 
shou ld  be taken to avo id  twist ing the condu it; the sta
p les from cond u it creat ion ( i .e . ,  the former l esser cu rve) 
shou ld  be or iented towa rd the l u n g .  The esophagea l  
spec imen i s  then detached from the con d u it (FIG 1 8) .  

CREATION OF THE 

ESOPHAGOGASTROSTOMY 

• A doub le- layered esophagogastrostomy is created.  I n  gen
eral ,  we have found that the best instru ments to use for 
robotic sutu r ing a re a long atra umatic forceps i n  robotic 
arm 2 and a sutu re-cut need le dr iver i n  robotic arm 1 .  

• F i rst, i nterru pted 3-0 s i l k  sutu res a re p laced a long the 
" back wa l l "  of the anastomosis for the serom uscu la r  
layer (FIGS 1 9  and  20) .  Then ,  a transverse gastrotomy 
a pprox imately 2 to 3 em i n  d i a meter on the poster ior sur
face of the stomach approxi mately 5 mm away from the 
row of s i lk sutu res is  created with e lectroca utery (FIG 21 ) .  

FIG 19 • A two- l ayered com p l etely h a nd-sewn chest 
anastomosis is  performed.  The fi rst suture of the back row is 
p l aced furthest away from the surgeon.  It is a 3-0 s i l k  suture 
on an RB-1  need le  and  it is p laced as shown to sta rt on the 
eso phag us.  Th is  sets u p  the a nastomosis .  The cond u it is  held 
by the assista nt to keep it i n  p l ace. 

FIG 17 • The assista nt uses a b l u nt Sca n l o n  c l amp, which 
i s  less tra umatic than the robotic i n stru ments. The c l a m p  is  
p laced through the nonrobotic access port and  g rasps the 
gastr ic cond u it  and  ca refu l ly tra nsports it i nto the r ight 
hemithorax. 

FIG 18 • The sutu res attach ing  the con d u it to the spec imen 
a re cut  so that  the spec imen can be p laced i n  a pouch  and  
removed.  

FIG 20 • The spot where the fi rst suture i s  p laced on the 
cond u it s ide should be located near  the g reater curve as fa r 
away from the sta p le  l i ne .  The condu it  is he ld  in p lace by the 
beds ide assista nt to take a l l  tens ion off of the fi rst suture.  

FIG 21  • Once the poster ior  row of i nterru pted sutu res 
are f in ished, the gastrotomy is  performed.  The location is  
ca refu l l y  chosen approxi m ately 5 m m  from the i nterru pted 
back row of s i l k  sutu res a n d  as fa r away from the sta p le  l i n e  
as possi b le .  N ote t h a t  t h e  gastrostomy is  performed on the 
poster ior  aspect of the stomach .  
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A B 

The gastrotomy shou ld  be l ocated as far away from the 
sta p le  l ine as poss ib le, toward the g reater cu rve of the 
stomach .  I nterru pted 3-0 Vicryl sutu re is  used to create 
the fu l l -th ickness l ayer of the anastomosis around the 

FIG 22 • A. The poster ior inner  layer of 
i nterru pted 3-0 Vicry l  sutu res is placed. B. The 
NGT is  then sl id through the anastomosis pr ior 
to p lac ing the anterior i nner layer of sutures. 
All the holes on the NGT a re positioned i nto 
the gastric condu it to prevent evacuating 
the C02 i nsufflation and so no sutu res go 
through the NGT inadvertently. An outer layer 
of i nterru pted s i l k  sutu res is p laced after the 
inner  layer is com pleted . 

posit ioned in the gastr ic cond u it to prevent evacuat ing 
the C02 i n sufflat ion .  An add it iona l  row of i nterru pted 
3-0 s i l k  sutu res is  then p laced to com p l ete the dou ble
l ayered a nastomosis  anter ior ly. 

c i rcumference of the cut end of esophagus/gastrotomy. • A tongue of omentum com i n g  off the gastroep i p l o ic  
a rtery is  brought u p  from beneath the gastric con d u it 
and  tacked over the anter ior s ide of the a nastomosis  with 
s i l k  sutu res (FIG 23) .  I f  poss ib le, the omentum can be 
posit ioned between the a nastomosis  and  the a i rway ( left 
m a i nstem bronch us/trachea) to prevent f istu l a  fo rma
t ion .  The condu it  is  sutu red to the r ight hem id iaphragm 
near the h iatus to prevent hern iat ion of  abdom i n a l  con
tents i nto the chest (FIG 24) .  

Typica l ly, a sutu re i s  p laced at e a c h  "corner" o f  the anas
tomosis and  sutu red in a runn ing  fash ion to create the 
back wa l l  (FIG 22) .  

• A ru n n i n g  3-0 Vicry l  fu l l -th ickness suture is then p laced 
i n  the "front wa l l , "  sta rt ing  at the corner fa rthest away 
from the su rgeon, to com p l ete the a nastomosis .  The 
NGT i s  fed under  d i rect v is ion i nto the cond u it pr ior  to 
comp letion of th i s  layer. A l l  the holes of the NGT a re 

FIG 23 • The omentum is then tacked down to buttress the 
a nter ior aspect of the a nastomosis .  We a l so leave a l a rge pad 
of omentum between the cond u it and u nder ly ing r ight and 
left m a i nstem bronch us to help prevent f istu l a  format ion .  

REMOVAL OF THE SPECIMEN/ 

CONCLUSION OF SURGERY 

• The spec imen  is removed with a l a rge  bag v ia  the assis
tant port, and frozen sect ion  exa m i nat ion i s  performed 
to confi rm that the proxi m a l  and d ista l marg ins  a re c lear  
of tumor a n d/or Bar rett's m ucosa . A chest tube  i s  p l aced 

FIG 24 • A tacking  3-0 s i l k  suture between the gastr ic 
conduit and the r ight hem id i aphragm is  p laced to h e l p  
prevent hern iat ion o f  abdom i n a l  contents i nto t h e  chest. 

d i rect ly  poster ior ly  a n d  towa rd the a pex thro u g h  the 
i nc i s ion  for robot ic  a rm 2 .  The ports a re rem oved with 
the C02 i n suffl at ion turned off to ensure the a bsence 
of b leed i n g .  The robot i s  u n d ecked and m oved away 
from the pat ient .  The l u n g  i s  reexpa nded and the inc i 
s ions  a re c l osed . We freq uent ly rem ove the NGT pr ior  to  
extu bati o n .  

PEARLS AND PITFALLS 
N utrit iona l  eva l uat ion • Assess n utritiona l  status preoperatively and  have a low thresho ld  for pretreatment J-tube 

p lacement to i m p rove n utr it iona l  status pr ior  to eso phagectomy. 

Aberrant a rter ia l  anatomy • C l i p  accessory or rep laced left hepatic a rtery in the gastrohepatic l i g a ment and  assess l iver 
via b i l ity prior to tra nsect ion .  

Excessive i ntraabdo m i n a l  fat • Ca refu l ly locate the r ight gastroep ip lo i c  vessels  pr ior  to d iv id ing  the gastroco l i c  l i ga ment.  
• L ibera l  use of fat stays to retract omentum to expose the short gastric vesse ls .  
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Avo id  use of monopo lar  
ca utery around the a i rway 

• Ba la nce r isks of a i rway i nj u ry with benefit of ta k ing  a l l  per i bronch i a l  nodes. 
• Devascu l a r izat ion i nj u ry to the a i rway can resu lt  i n  de layed esophagobronch ia l  f istu l a  and  

associated morta l ity. 

Beds ide fi beroptic 
endoscop ic  exa m i nat ion of 
swa l l owing (FE ES) pr ior  to 
i n it iat ing oral i ntake 

• Aspi rat ion i s  com m o n  fo l lowing  esophagectomy. Perform FEES prior to contrast study eva l uat ing 
the a nastomosis .  

• Some a dvocate for de layed ora l  i ntake for 4-6 weeks fo l lowi ng esophagectomy. 

De layed gastric e m ptying  • E m ptying  of  the gastr ic condu i t  i s  poor  even w ith  the use  of  concom itant e m ptyi n g  procedu res. 
• Patients m ust be cou nseled to keep the i r  head of bed e l evated and not eat c l ose to bedt ime .  

POSTOPERATIVE CARE 
• The postoperative care of patients who undergo esophagec

tomy is based on a team approach. Most literature shows 
improved outcomes in high-volume centers. This is second
ary to a more experienced team not only in the operating 
room (OR) but also on the floor. Low-molecular-weight 
heparin is administered prior to surgery and on every post
operative day (POD ) .  Our postoperative care algorithm is as 
follows for each POD: 

POD 1 
The patient receives about 1 00 to 125 mL per hour of 
lactated Ringer's solution. 
The J-tube is placed to gravity. 
Patient begins ambulating three to four times a day. 

POD 2 
Trophic tube feeds are started though the ]-tube at 
10 mL per hour. 
The intravenous fluid given is decreased based on uri
nary output, and changed to 5% dextrose in half nor
mal saline. 
Ambulate four to six times a day. 

POD 3 
The chest tube is usually removed. 
The patient continues to ambulate four times a day. 
]-tube feedings are advanced as tolerated. 

POD 4 
The patient receives a bedside fiberoptic endoscopic 
examination of swallowing (FEES) .  
I f  the vocal cords are normal o n  FEES, the patient i s  sent 
to radiology for an upper gastrointestinal (UGI) swallow. 
This test evaluates two important components: 

The anastomosis 
The time for emptying of the gastric conduit 

POD S 
If the swallow is negative, the patient is advanced to 
30 mL per hour of thickened liquids by mouth. 

POD 6 or POD 7 
The patient is usually discharged home. 

OUTCOMES 
• We presented the world's largest series of consecutive robotic 

Ivor-Lewis esophagectomy procedures in January 2013 ;  
we have now completed over 70  robotic esophageal resec
tions. From our experience, we have learned that the keys to 
preventing complications in this operation are contingent on 
the following: 

Performing a mucosa-to-mucosa anastomosis without 
tension 
A well-perfused conduit 
Adequate functional status of the patient at the time of 
surgery 

COMPLICATIONS 
• Despite adherence to these technical concepts during sur

gery, postoperative complications can commonly occur. The 
most frequent complications include the following: 

Anastomotic leak: When it is subtle, it can be managed 
conservatively by keeping the patient NPO and observa
tion for a week. If it is large, an esophageal stent should 
be placed endoscopically for 8 to 12 weeks. Video-assisted 
thoracic surgery (VATS) decortication and drainage of 
effusion should be performed if there is any evidence of 
new or infected pleural material. 
Pulmonary complications are common after any thoracic 
surgery and include atelectasis and pneumonia, including 
aspiration pneumonia in particular. 
Chylothorax: This is a complication that can require reop
eration. We generally choose to manage this with percu
taneous embolization of the thoracic duct for high-output 
fistulas. If the output is greater than 400 mL per day, it 
should be immediately treated. 
Atrial fibrillation: The incidence of atrial fibrillation after 
an esophagectomy is reported to be about 20% and cor
relates to the extent of the mediastinal node dissection 
performed during the operation. As such, patients should 
be on telemetry in the postoperative period. 



Chapter 3 2  Treatment of Esophageal 
Perforation: Cervical, Thoracic, 
and Abdominal 

- ----------------------------------- ·----------------------------------------------------- .... 

t Na thalie Boutet Moishe Liberman 

DEFINITION 
• Esophageal perforation is defined as a tear in both the mu

cosa and muscularis propria layers of the esophagus. 

DIFFERENTIAL DIAGNOSIS 
• The presentation of esophageal perforations is variable and 

thus the differential diagnosis can be quite extensive. In cases 
without obvious etiology, cardiac and pulmonary pathologies 
will often have been ruled out before the diagnosis of esopha
geal perforation is made. Myocardial infarction, aortic dis
section, pneumonia, pneumothorax, gastroesophageal reflux, 
and esophageal spasm are among the pathologies that can 
present with symptoms similar to esophageal perforation. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• History may include recent events of forceful vomiting, blunt 

abdominal trauma, ingestion of caustic substances or foreign 
bodies, or recent upper gastrointestinal (GI) endoscopy. 

• Patients may report a history of dysphagia of rapid onset 
accompanied by neck, chest, or abdominal pain. Dysphonia 
and a febrile state may also be reported. 

• A thorough review of esophageal function should be ob
tained as symptoms of achalasia or dysphagia may impact 
on the choice of treatment. 

• Evaluation of comorbid conditions such as heart disease and 
pulmonary function should be performed. A history of prior 
surgical and radiation therapy should be sought. 

FIG 1 • Chest x-ray showing su bcuta neous emphysema and  
pneumo peritone u m .  
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• Physical exam may reveal the presence of subcutaneous 
emphysema in the neck or chest. Reduced air entry may 
signal the presence of an associated pleural effusion or 
pneumothorax. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Evaluation of other diagnoses found in the differential will 

often lead to basic imaging studies being performed in these 
patients, such as a chest x-ray. One can expect to find air in 
the subcutaneous tissues of the neck, chest wall and medi
astinum { FIG 1 ) ,  and in the prevertebral space on the lateral 
views. Associated plain film findings may include pleural 
effusion, pneumothorax, hydropneumothorax, pneumoperi
toneum, or pneumoretroperitoneum. 

• Cervical and thoracic computed tomography (CT) scans 
with oral contrast can be performed to diagnose esophageal 
perforations. An extraluminal leak of contrast medium can 
be seen in the prevertebral or pleural spaces { FIG 2 ) .  CT scan 
also allows for the evaluation of other potential causes of 
clinical presentation. CT scan is the investigation of choice 
when diagnosis is uncertain. Pneumomediastinum, pneu
moperitoneum, and air in the subcutaneous tissues of the 
neck will often be seen in cases of esophageal perforation 
{ FIG 3A,B) .  CT also allows for the evaluation of the neck, 
mediastinum, abdominal cavity, and pleural spaces, which 
can aid in operative incision planning and/or drainage plan
ning in nonoperative cases. 1 

FIG 2 • CT sca n with extra l u m i n a l  leak of water-sol u b l e  ora l  
contrast i n  the med iasti n u m .  Su bcuta neous emphysema is  a l so 
present. 

-
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FIG 3 • A. CT scan showing su bcuta neous emphysem a  in the neck fo l l owing cervica l  esophagea l  
perforat ion .  B. CT sca n showing pneumomed iasti n u m .  

• Gastrografin studies can also b e  performed and should be 
immediately followed by a barium swallow in the event of 
negative findings, as barium studies are more sensitive than 
Gastrografin. Water-soluble contrast should be avoided when 
tracheoesophageal fistula is considered in the differential. 
With CT scan and endoscopy, oral esophagograms are not 
usually necessary in the modern day diagnosis of esophageal 
perforation. 

• Diagnosis can also be made using endoscopy ( FIG 4) .  

Endoscopy should always b e  performed under general 
anesthesia in the operating room at the time of esophageal 
repair, exclusion, stenting, clipping, or decision regarding 
conservative management. It should always be performed by 
an experienced upper GI endoscopist and is very important 
in not only assessing the site of the perforation but also in 
evaluating for distal obstruction, quality of the esophagus, 
size of the hole, associated upper GI pathology, and mucosal 

FIG 4 • Esophagogastroscopy showing an  esophageal perforation 
i n  the bottom right corner. The esophagea l l u men is seen i n  the 
upper left corner. Note the clear margins of the perforation and 
the a bsence of mucosa l necrosis. 

quality/necrosis. It is primordial that insufflation be kept to 
a minimum in order to avoid increasing the extent of the 
perforation. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Appropriate resuscitation is mandatory prior to surgical 
treatment. Diagnosis should be confirmed either by CT scan, 
water-soluble contrast/barium swallow, or endoscopy. This 
is critical as approaches to cervical, thoracic, and abdominal 
esophageal perforations are drastically different. Broad
spectrum intravenous antibiotics should have been started 
as soon as the diagnosis is made. 

• We recommend on-table endoscopy under general anesthesia 
in all cases in order to precisely delineate the location, size, 
and extent of the hole and assess the quality of the esophagus 
( including evaluation of possible downstream obstruction) .  
Additionally, endoscopy can be used as a treatment option 
(stenting, clipping) or as an adjunctive procedure during 
repair (perforation cannulation, percutaneous endoscopic 
gastrostomy, percutaneous endoscopic jejunostomy) .  In cases 
requiring thoracotomy, laparotomy, or cervical exploration, 
a flexible soft-tipped guidewire is typically placed through 
the perforation using endoscopy in order to make it simple 
and expedient to find the site of perforation during surgical 
exploration and minimize dissection ( FIGS S and 6) .  

F IG  5 • Esophagogastroscopy showing i nsert ion o f  a g u idewi re 
i nto the esophagea l  l u m e n  with a l a rge perforat ion seen on 
the r ig ht. 
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FIG 6 • D issected esophagus  with g u idewi re through  site of 
esophagea l  perforat ion .  

Positioning 

• Cervical perforation 
The patient is placed in dorsal position with a bolster 
under the scapulae to obtain a slight hyperextension of 
the neck. The endotracheal tube is secured to the right 
corner of the mouth and the head is slightly turned to the 
right side ( FIG 7 ) .  

F I G  7 • S l i ght hyperextens ion o f  t h e  neck a l l ows easy access 
for neck d issect ion .  I nc is ion a long the med i a l  border of the 
sternoc le idomasto id  m uscle.  

• Upper two-thirds thoracic perforation 

is adequate, the position of the double lumen endotracheal 
tube is confirmed with bronchoscopy and the right lung is 
isolated from ventilation. 

The patient is placed in left lateral decubitus with a dou
ble lumen endotracheal tube in place. The flexion point 
of the operating table should be located at the level of the 
5th thoracic vertebra. An axillary roll is placed under the 
thoracic cage, two fingerbreadths below the left axilla to 
protect the brachial plexus. The table is flexed in order to 
open the intercostal spaces on the right side. The right arm 
is positioned anterosuperiorly to the head. Once positioning 

• Lower one-third thoracic perforation 
The patient is placed in right lateral decubitus with a 
double lumen endotracheal tube in place. All specifics of 
positioning are the same as for the left lateral decubitus 
position previously described. 

• Abdominal perforation 

CERVICAL PERFORATION REPAIR 

AND DRAINAGE 

Skin Incision 

• The med i a l  border of the l eft sternoc le idomasto id  m us
cle is  ident if ied.  An i nc i s ion is  performed a long the bor
der  of the m uscle (FIG 7) .  The p latysma is i nc ised in the 
or ientat ion of the sk in  inc i s ion .  

Dissection 

• The sternocle idomasto id m usc le is d i ssected a n d  re
tracted l atera l ly, expos i n g  the vesse l s  of the neck.  The 
carot id  sheath i s  l eft i ntact and retracted l atera l ly. 
If necessa ry, the m i d d l e  thyro id  ve i n  is l i g ated a n d  the 

The patient is placed in dorsal position with both arms 
abducted. 

l a rynx a n d  trachea a re retracted to the r ight.  Care is 
taken to not damage  the left recurrent l a ryngea l  nerve, 
wh ich  l i es in the tracheoesophagea l  g roove. The pre
verte bra l p l a n e  i s  entered, moving the esophagus  an 
ter ior ly (FIG SA,B) .  The ent i re space  is  d i ssected as fa r 
ca u d a l ly as the ca r i n a .  

Repair 

• I n  m ost i n stances, the s ite of the perfo rat ion is not iden
t i f ied  nor  s h o u l d  any  exte ns ive a m o u nt of t i m e  be spent 
search i n g  for it .  If the perforat ion i s  v isu a l i zed and eas
i ly access i b le,  it can be repa i red .  The fi rst step of the re
p a i r  i s  the length e n i n g  of the open ing  in the m uscu la r i s  
propr ia  as  th i s  i s  often s m a l l e r  than  the or i f i ce  i n  the 
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FIG 8 • A. Transverse sect ion showing the prevertebra l  space. D i ssect ion is  carr ied med i a l ly to the ca rot id sheath.  The recurrent 
l a ryngea l  nerve i s  p rotected wit h i n  the tracheoesophagea l g roove. B. Latera l view of the d issected prevertebra l  space with 
trachea, esophag us, and recurrent l a ryngea l  nerve retracted a nter ior ly. 

m u cosa (FIG 9) .  Once the ent i re length of the perfora
tion i s  exposed, the repa i r  i s  perfo rmed with s i n g l e  i n 
terru pted a bsorba b l e  sutu res on  the m ucosa l p l a n e  a n d  
nona bsorbab le  sutu res on  the m uscu l a r  p l a n e  (FIG 1 0) .  

I n  m ost cases, the i nfl a m m at ion  at the site o f  perfora
tion wi l l  prevent easy identif i cat i o n  of both m ucosa l 
a n d  m uscu l a r  p l a n es.  I n  such i n sta nces, it is a p p ropr iate 
to proceed with a s i n g l e  layer repa i r  us ing  s i n g l e  i nter
ru pted a bsorba b l e  sutu res. A rubber  boug ie  shou ld  be 
p l aced i n  the esophagus  o ra l ly to assu re that the repa i r  

FIG 9 • Esophagea l  perforation a t  t h e  t ips  o f  t h e  forceps. 
The esophagea l  l u m e n  is  seen with norma l  m ucosa. 

does not res u lt i n  esophagea l  o b l iterat ion  or  s ign if i 
cant stenos is .  

Sternocleidomastoid Flap 

• Leaks from pr imary repa i rs of esophagea l  perforat ions 
a re common and  it i s  p refera b le  to protect the repa i r  
with a vascu l a r ized f l a p .  F o r  perforat ions o f  t h e  cerv ica l  
esophag us, the sterna l  head of the sternoc le idom asto i d  
m uscle is  detached u s i n g  e lectroca utery and  rotated to 

FIG 10 • Repa i r  of esophagea l perforat ion in two p l a nes of 
s i ng le  i nterru pted sutu res (mucosa and  m uscu lar i s  propr ia) .  
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cover the site of the perforat ion .  The m uscle is fixed with 
m u lt ip le  i nterru pted sutu res around the repa i r. The m us
cle shou ld  be t ig htly opposed to the repa i r  s ite a n d  cover 
it enti rely (FIG 1 1 ) .  In the case of concom itant trachea l 
i nj u ry, the f lap  shou ld  be p laced in between the repa i red 
esophagus  and the trachea to avoid the formation of a 
tracheoesophagea l  fistu l a .  

Drainage 

• Regard less of whether the site of perforat ion was ident i 
f ied a n d/or repa i red, the prevertebra l  space is  i rr igated 
abundantly and dra ins are l eft in p lace .  Dra ins  a re 
brought out through sepa rate sk in  sta b wounds .  

Closure 

• The p latysma is rea pproxi m ated in the super ior  port ion 
of the inc i s ion with a bsorba b le  sutures. The sk in  inc is ion 
is  c losed with sta p les .  

FIG 11 • Sternocleidomastoid f lap.  The sternal head is d issected 
and rotated to cover the enti re repa i r  site. The f lap is fixed to the 
repa i r  with s ingle interrupted sutures. 

THORACIC PERFORATION REPAIR 

AND DRAINAGE 

Skin Incision 

• With the pat ient i n  l atera l decu b itus, l eft for perfora
tions of the u pper two-t h i rds  and r i g ht for the lower 
t h i rd of the esophag us, the t ip of the sca p u l a  i s  i d e nt i 
f ied and a n  i nc i s ion  fo l l owi n g  the or i entat ion of the 
u n der ly ing  r ibs  i s  p l aced two f ingerbreadths ca uda l ly 
(FIG 1 2) .  

Dissection 

• The i nc is ion is carr ied through to the latiss imus  dors i .  The 
musc le is  i nc ised expos ing the serratus a nter ior. The ser
ratus a nter ior is p reserved and  retracted a nteriorly. With 
s ing le  l ung  venti lat ion, the 5th i ntercosta l space is  entered 
by cutt ing the i ntercosta l m uscles i m med iately a bove the 
6th r ib .  The 6th r ib  is  sect ioned a nterior ly and poster ior ly. 
A 1 to 2 em port ion of the 6th r ib  ca n be removed.  In very 
h i g h  perforations, a 4th i ntercosta l space may be chosen 
to aid i n  repa i r, and i n  very low perforat ions, a lower i nc i
s ion (6th,  7th, or  8th i nterspace) may be chosen .  

FIG 1 2  • Patient posit ioned i n  l eft l atera l d ecu bitus.  
The sca p u l a  i s  d rawn a long with the i nc i s ion s ite two 
f ingerbreadths be low the t i p  of the sca p u l a  fo l lowing  the 
or ientation of the u nder ly ing r i bs. 
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Intercostal Flap Preparation 

• The periosteum of the 5th r ib  is opened longitud ina l ly i n  
t h e  center o f  t h e  b o n e  and retracted i nferior ly. T h e  neuro
vascu lar  bund le  is d i ssected off of the i nfer ior border of the 
5th rib using a periostea l  e levator. The i ntercosta l m uscles 
and the neu rovascu lar  bund le  a re transected anteriorly 
and the result ing flap is  moved posteriorly to avoid injury 
with retractors used to open the i ntercosta l space (FIG 13) .  

Repair 

• The site of perforat ion shou ld  be identif ied (FIG 14).  The 
esophagus  shou ld  be mob i l ized c i rcumferentia l ly a bove 
and  below the perforat ion a n d  Pen rose dra ins  shou ld  
be p laced around the esophagus  to a i d  i n  retract ion and  
repa i r  (FIG 1 SA,B) .  The repa i r  shou ld  proceed i n  one or  
two l ayers of i nterru pted non bra ided a bsorba b l e  suture 
(3-0 polydioxanone [PDS]) over a boug ie  (FIG 1 6) .  

Intercostal Muscle Flap 

• The previous ly prepared i ntercosta l  f lap  is approxi m ated 
to the s ite of repa i r  and fixed with i nterru pted hor izon
ta l  mattress, 3-0 s i lk  sutu res (FIG 1 7) .  

Drainage 

• The thoracic cavity is i rr igated abundantly and  two tho
racic dra ins  are i n serted and posit ioned c l ose to the s ite 
of perforation .  Dra ins  a re fixed at the ski n .  

Closure 

• The r ibs  a re rea pproxim ated with f igu re-of-e ight su
tu res of heavy Vicry l .  The lung i s  reexpanded before 

FIG 13 • Dissect ion of i ntercosta l  f lap .  The i ntercosta l  
m uscles a re d i ssected from the super ior  r ib  by remov ing the 
per iosteu m  and  fo l lowi ng the lower border of the super ior  
r ib .  Ca re is  taken to preserve the neu rovascu l a r  bundle with 
the f lap  as th i s  is  essent ia l  to f lap  v i ab i l ity. The d i ssect ion 
p lane  i s  dep icted i n  the inset. 

ty i n g  the sutu res a n d  a p p ropr iate d ra i n  posit ion  i s  con
f i rmed.  The serratus a nter ior  i s  resewn to its fat a n d  the 
lat iss i m u s  dors i  m usc le i s  repa i red with r u n n i n g  sutu res 
of 0 Vicry l .  The su bcuta neous fat is  rea pproxim ated with 
a r u n n i n g  sutu re of 2-0 Vicryl before c los ing  the sk in  
w ith  sta p l es. 

FIG 14 • Meta l l ic probe ins ide thoracic 
esophagea l perforat ion .  
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A B 

FIG 1 S  • A. Thoracic esophagea l  perforat ion with boug ie  ins ide  the esophagea l l u men .  
B. Large thoracic esophagea l  perforat ion w ith  nasogastric tube  ins ide  l umen .  

FIG 16  • S ing le  layer repa i r  of  thoracic esophageal perforation 
over bougie with single i nterrupted sutu res. 

FIG 17 • I ntercosta l  musc le f l ap  fixed to site of thoracic 
esophagea l perforation  repa i r. The f lap  i s  f ixed with s ing le  
i nterru pted sutu res and  covers the repa i r  enti rely. 
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ABDOMINAL PERFORATION REPAIR 

AND DRAINAGE 

Skin incision 

• A m i d l i ne  l aparotomy is performed from the x ipho id  
process to the u m b i l icus .  

Dissection 

• The gastrosp len i c  l iga ment is d i ssected off of the g reater 
curvatu re of the stomach us ing a n  energy vascu l a r  
sea l i n g  device. T h e  short gastric vesse l s  a re sea led and  
d iv ided a n d  the a n g l e  of  H i s  is  d i ssected .  The l eft and  
r ight  c rus  a re identif ied and  the esophagus  is  d i ssected 
free. A Pen rose d ra i n  is  p l aced around the gastroesopha
gea l  j u nct ion for exposure .  

ESOPHAGECTOMY AND DIVERSION 

• In cases of severe sepsis, hemodynamic  instab i l ity, a necrotic 
esophagus, and/or a very late presentation, esophagectomy 
and d ivers ion is a l ifesaving procedure. Resection and d iver
s ion is a lways a last option.  

Skin Incision and Dissection 

• Esophagectomy can e ither be performed us ing a tra ns
thoracic approach (r ight thoracotomy; see "Thoracic 
Perforat ion Repa i r  and  Dra i nage")  or  us ing a tra nsh iata l  
approach through a m i d l i n e  l apa rotomy. 

Resection 

• The gastroesophagea l  j u nct ion is sta p led off and  a dra in 
i ng  gastrostomy and  feed ing  jej u nostomy a re performed.  
The ent i re esophagus  is  brought out through a left cervi
ca l  i nc i s ion (FIG 1 8A) and a m p utated j ust proxi m a l  to 

A 

Repair 

• The s ite of perforation needs to be identif ied and  the 
steps for repa i r  a re the same as for cerv ica l and  thorac ic  
perforations.  A N issen fundop l icat ion i s  then performed 
to cover the esophagea l  repa i r  (see Part 1 ,  Chapter 22).  A 
fundop l icat ion shou ld  not be performed in patients with 
h i story of acha las ia .  I n  such cases, a patch of omentum 
ca n be f ixed on  the repa i r  with a bsorba b le  sutu res. 

Drainage 

• The abdom ina l  cavity is i rr igated abundantly and Jackson
Pratt dra ins  a re p laced around the area of repa i r. 

Closure 

• The rectus abdom i n i s  aponeurosis is c losed with a run
n ing suture of PDS 1 .  The sk in  i s  then c losed with sta p les .  

the perforat ion .  As much proxi m a l  esophagus  as possi b le  
shou ld  be left i n  p l ace i n  order  to a id  i n  futu re restora
tion of Gl cont i n u ity. 

Stoma Formation 

• The esophagus  is then tunne l led u nder  the sk in  of the 
left chest and brought out to the skin as  a n  end esopha
gostomy. The sto ma is  sewn to the sk in  us ing 3-0 Vicry l  
or  3-0  PDS i nterrupted sutu res a n d  a n  enterostom a l  
a p p l i a nce i s  a p p l i ed t o  the sk in  (FIG 1 88} .  Th ree to 
6 months after d ivers ion,  the G l cont i n u ity i s  restored 
us ing  e ither a gastric p u l l - up  or  a colon bypass. Pr i m a ry 
esophagectomy a n d  a nastomosis  is rarely done i n  case 
of perforat ion .  

Closure 

• Closure is performed as previously descri bed in the thoracic 
and abdom ina l  perforation repa i r  and drainage sections. 

B 

FIG 1 8  • A. Thoracoa bdom i n a l  esophagus  d i ssected a n d  brought out through a left cerv ica l  inc i s ion .  
B. End  resu lt  of  cerv ica l  esophagostomy with  enterostom a l  a p p l ia nce removed .  N ote that  the 
conserved esophagus  extends be low the c lav ic le, showing preservat ion of a maxi m u m  length of t issue 
a bove the site of perforat ion .  
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P a r t 1 OPERATIVE TECHNIQUES IN THORACIC AND ESOPHAGEAL SURGERY 

ENDOSCOPIC APPROACHES 

Endoscopic Repair/Clipping 

• I n  se lect cases of very ear ly perforat ion in a c lean esopha
gus  and  a very sta b l e  patient, a n  endoscop ic  c losure of  
the m ucosa l defect can be attem pted . Th is  is  typica l ly 
performed in cases of endoscop ic  perforat ion where the 
perforation  is  i m med iately recogn ized and  sent d i rectly 
to a h i g h ly specia l ized center. 

• The patient is p laced under  genera l  anesthes ia i n  the op
erat ing  room and  f lex ib le  endoscopy is  performed.  The 
m u cosa l defect should be inspected for any s igns of isch
emia, necrosis, or  i nfect ion (see FIG 4) .  

• D ista l obstruct ion shou ld  be ru led out us ing endoscopy 
pr ior  to attem pt ing  endoscop ic  repa i r. 

• If the patient is sta b le, the m u cosa l defect is sma l l  and  
the ho le  appears c losa b le, a ser ies of  throug h-the-scope 
endoscop ic  c l i ps may be a p p l ied from d ista l to proxi m a l  
i n  order to attem pt com p l ete c losure (FIG 1 9A-C) . 

Endoscopic Stenting 

• Tem porary endo l u m i n a l  esophagea l stent ing is becom
ing more popu lar  for the acute treatment of esophagea l 
perforat ion . 2 The dec is ion to use a stent in the esophagus  
for  the treatment of esophagea l  perforat ion is  based on  
the c l i n ica l  status of the patient, on  preoperative imag
ing  and  on  the l ocat ion,  a n d  the s ize  and  s ite of the per
forat ion on i ntraoperative endoscopy. 

• As experience with stenti ng in esophagea l perforat ion is  
i n creas ing,  the i n d i cat ions a re expa n d i n g  and  a stent can 
often be used i n  a very sept ic  pat ient .  If sp i l l age can be 
contro l l ed using a stent and percuta neous (chest tu bes, 
p igta i l  dra i ns) a n d/or thoracoscop idl a pa roscop ic  adj u n c
tive procedu res a re performed to a l l ow for a bscess dra in 
age ,  one can often tempor ize a very s ick patient q u ick ly 
and  save the patient from the long-term morb id ity of an 
esophagea l  resect ion and d ivers ion proced ure.  

• If a stent ing approach is chosen, a percuta neous gastroje
j u nostomy is  fi rst p laced to a l low for gastr ic dra inage and  

B 

FIG 1 9  • A. Esophagogastroscopy showing esophagea l  
perforat ion a bove the esophagea l  lumen.  B. S ing le  c l ip  
a p p l ied to the d i sta l  end of the perforat ion .  Note the 
pers istence of proxi m a l  perforat ion .  C. Com p l ete c losure of 
perforat ion with a p p l icat ion of two c l i ps.  
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A B c 
FIG 20 • A. G u idewi re in the esophagea l  l u m e n .  B. M eta l l i c stent. C. P last ic  stent. 

postpylor ic  feed i n g .  A g u idewire i s  then passed i nto the 
stomach and the stent is  p laced under endoscop ic  or  f lu
oroscop ic  v is ion (FIG 20A) .  F u l ly covered m eta l l i c  stents 
(FIG 208) or  s i l i cone-po lyester (p last ic) stents (FIG 20C) 

shou ld  be used in cases of ben ign  esophagea l  perfora
tion so that they can be easi ly removed without caus ing 
esophagea l damage .  Stents a re typ ica l ly removed 4 to 

CONSERVATIVE APPROACH 

• In cases of esophageal perforation in patients who are he
modynam ica l ly stable, the perforation is d iscovered early 
( <24 hours) and there is objective evidence of a conta ined 
leak with a contrast study demonstrating contrast extravasa
tion without pool ing in the mediastinum and dra in ing back 
i nto the esophag us, a conservative approach can be chosen.' 

• These patients shou ld  be kept strict N PO with a nasogas
tr ic tube i n  p lace ( inserted endoscopica l ly). They shou ld  
be p laced on i ntravenous ant ib iotics, i ntravenous f lu ids, 
and  i ntravenous proton p u m p  i n h i b itors. They shou ld  be 
c losely mon itored for fever, tachyca rdia,  and  leu kocytosis. 

• If s igns  of sepsis develop, they shou ld  be taken to the 
operati ng room fo r endoscop ic  stent ing or  esophagea l  
repa i r/d ivers ion .  I n  cases of successfu l conservative treat
ment of esophagea l  perforation,  a Gastrog rafi n swa l low 

8 weeks fo l l owing perforat ion .  In case of ben ign  esopha
gea l perforat ion,  esophagea l stent m i g ration is  typ ica l  
due  to the lack of stenosis or  tumor. It is  therefore i m por
tant to use the l a rgest d i a m eter stent poss ib le  (typica l ly 
23 m m), a very long stent (to he lp  with esophagea l  wa l l  
a p posit ion a n d  prevent m i g ration),  a n d  t o  proxi m a l l y  
cover the w h o l e  by at least 6 to 7 em if poss ib le .  

shou ld  be performed at 7 to 10  days fo l l owing perfora
tion to assess hea l i n g  of the perforat ion .  

• N utr it ion can be provided us ing either nasogastr ic/ 
nasojej u n a l  feed ing or tota l pa rentera l n utrit ion .  

Gastrostomy/Jejunostomy 

• Classica l ly, esophageal repa i r  in the neck, chest, or a bdomen 
was performed in  addit ion to a laparotomy or lapa roscopy 
in order to perform a gastrostomy (for gastric dra inage) and 
a feed ing jejunostomy (for feed ing) .  I n  cases where there is 
no peritonea l soi l age, this can be accompl ished i n  less than 
5 m inutes prior to esophageal repa i r  us ing a Percutaneous 
Endoscopic Gastrostomy with Jejuna l  feed ing l i m b  (PEG-J) 
(FIG 21) .  A PEG-J performed prior to repa i r  or  d iversion on 
the operating table at the t ime of endoscopy saves the pa
tient a laparotomy and g reatly exped ites the operation .  

FIG 21  • Endoscop ic  v iew of a PEG-J .  
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PEARLS AND PITFALLS 
H i story • Sym ptoms of acha las ia  prec lude  the use of a N i ssen fundop l ication in abdom i n a l  perforat ions .  

• O bstructive sym ptoms should be add ressed i ntraoperatively to avo id  postoperative downstream 
pressure b u i l d u p  on the esophagea l  repa i r. 

Presentation  • A h i g h  i ndex of susp i c ion  is  req u i red to d iag nose esophagea l  perforat ions .  
• Diagnosti c  de lays over 24 hours a re associated with increased m orta l ity. 

Preoperative eva l uat ion • Always perform on-ta b le  endoscopy under  genera l  anesthes ia before mak ing  d efi n itive 
dec is ions rega rd i ng surg ica l ,  endoscop ic, or  conservative treatment.  

Endoscop ic  treatment • Esophagea l  stent ing ca n be a p p l ied in selected sta b le  patients. It can a l so be used as a ba i l  out 
i n  patients who a re extremely i l l , i n  com b i n at ion with percuta neous or  v ideo-ass i sted thoracic 
surgery (VATS) dra i nage, to tem por ize a septic patient. 

Repa i r  • Sutu r ing of the esophagea l  defect is mandatory in perforat ions  of the abdom i n a l  and  lower 
two-t h i rds of the thoracic esophag us, whereas it is  opt iona l  i n  more proxi m a l  (cervica l )  
perforat ions .  

• Us ing  f laps g reatly red uces the r i sks of ongoing leaks postoperative ly. 

Dra inage • Adeq uate dra inage of the surg ica l  s ite prevents formation of a bscesses and ,  in the case of 
postrepa i r  leak, a l l ows for contro l led leakage.  

U nder ly ing esophagea l  cancer • Pri m a ry repa i r  of a perforated esophagea l  ca ncer is i n a ppropr iate. 

Postoperative n utr it ion • Percuta neous Endoscop ic  Gastrostomy with Jej u n a l  feed ing  l i m b  (PEG-J) can m a ke the 
operative ma nagement of i ntrathoracic and  cerv ica l  esophagea l  perforat ion q u icker, s imp le r, 
and  l ess morb id .  

Last resort • Esophagectomy and  d ivers ion shou ld  be a l ast resort as the operation  is extremely morb id  a n d  
many patients never go on t o  defi n itive reconstruct ion f o r  restorat ion o f  G l cont inu ity. 

POSTOPERATIVE CARE • Mortality varies from 2% to 27% and morbidity from 5 3 %  

• Close monitoring o f  patients with esophageal perforation is 
mandatory and treating physicians should have a high index 
of suspicion for leaks. Patients should be kept NPO for 7 days 
postoperatively with a nasogastric tube or gastrostomy in 
place. Ins and outs should be monitored and the appearance 
of the liquid drained noted. Patients should be kept on intra
venous antibiotics and intravenous proton pump inhibitors 
until oral contrast study 7 to 10 days postrepair. 

• On postoperative days 7 to 1 0, a water-soluble contrast 
study should be performed. The absence of leak should be 
confirmed with a barium swallow before the nasogastric 
tube is removed and a liquid diet is begun. Diet is then pro
gressed as tolerated and drains are removed. 

OUTCOMES 
• Outcome is dependent on multiple factors including the pa

tient's hemodynamic status on presentation, the patient's age, 
the site of perforation, delay to diagnosis more than 24 hours, 
and the presence of underlying esophageal neoplasia. 

to 8 1 % .4 

COMPLICATIONS 
• Ongoing leak 
• Tracheoesophageal or esophageocutaneus fistula 
• Empyema 
• lntraabdominal, mediastinal, thoracic, or cervical abscess 
• Esophageal stricture 
• Sepsis, septic shock 
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Chapter 1 Inguinal Hernia: 
Open Approaches 

. ----------------------------------- ·----------------------------------------------------- .... 

t Michael D. Pa ul Kamal M. F. ltani  

DEFINITION 
• Inguinal hernia is one of the most commonly encountered 

clinical problems for the general surgeon. 
• An inguinal hernia is an opening in the myofascial plain of 

the oblique and transversalis muscles that can allow hernia
tion of intraabdominal or extra peritoneal organs. 

• There are three potential spaces for an inguinal hernia: ( 1 )  an in
direct hernia occurs lateral to the inferior epigastric vessels and 
through the opening that accommodates the cord structures 
in men and the round ligament in women, (2) a direct hernia 
occurs through Hesselbach's triangle, and (3 )  a femoral hernia 
occurs through the femoral canal medial to the femoral vein. 

DIFFERENTIAL DIAGNOSIS 
• Patients present with complaints of either a bulge in the 

groin or groin pain. 
• The differential diagnosis for a groin bulge includes inguinal 

lymphadenopathy, hydrocele, varicocele, a testicular mass, a 
cord lipoma, or an iliac or femoral aneurysm. 

• The differential diagnosis for groin pain includes testicular 
pathology, ilioinguinal strain, or an athlete's hernia. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• The presence of an inguinal hernia can almost always be 

confirmed on physical examination. Both groins and testi
cles should be assessed for masses. A reducible mass is best 
felt with the patient standing and providing intermittent Val
salva such as a cough. A femoral hernia will be felt below the 
inguinal ligament, adjacent to the femoral vessels. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• If the diagnosis cannot be definitely made with physical 

examination, ultrasound or computed tomography (CT) 

scan can be used to assess the integrity of the abdomi
nal wall. 

SURGICAL MANAGEMENT 
• The bulk of surgical treatment is discussed in the "Tech

niques" section. Here, consider indications and other more 
general concerns, such as the following: 

Preoperative Planning 

• The role of routine antibiotic prophylaxis for elective ingui
nal hernia remains controversial. There is a body of litera
ture indicating no statistically significant advantage to the 
use of antibiotic prophylaxis in the performance of routine 
inguinal hernia repair with or without the use of mesh. Nev
ertheless, many surgeons argue that antibiotic prophylaxis 
with a first-generation cephalosporin to cover skin flora is 
both inexpensive and safe and that such practice should not 
be considered inappropriate. In the acute setting of a small 
bowel obstruction secondary to an incarcerated hernia, 
appropriate perioperative antibiotics should be given within 
60 minutes of the initial skin incision. 

• Patients should be asked to void preoperatively. In most elec
tive cases, a Foley catheter is not necessary. 

• Deep vein thrombosis (DVT) prophylaxis with pneumatic 
compression devices starting prior to surgery and continuing 
in the recovery phase is now standard of care . 

• Anesthesia options for inguinal herniorrhaphy include gen
eral, spinal, and local anesthesia with or without intrave
nous sedation. Emergent cases of small bowel obstruction 
secondary to an incarcerated inguinal or femoral hernias 
will require general anesthesia. 

Positioning 

• The patient is positioned supine with arms out on arm boards. 

• The approach to the i n g u i n a l  ca n a l  is the same for a l l  • 
a nter ior  gro in  hern ia  repa i rs .  

The externa l  r ing is  identif ied and is  covered with the 
externa l  spermat ic  fasc ia ,  which is  cont in uous with the 
i n n o m i nate fasc ia .  The externa l  ob l ique aponeurosis 
i s  opened with a scissor, sta rt ing  med i a l  at the exter
n a l  r ing and  movi ng super ior/latera l para l l e l  to the 
i n g u i n a l  l i ga ment (FIG 2) .  E l evat ing  the fasc ia  a n d  us ing 
a sc issor protects the i l io i n g u i n a l  nerve from sharp or 
therm a l  i nj u ry. The i l io i n g u i n a l  nerve l ies just be low the 
aponeurosis of the externa l  o b l i q u e  and a nter ior  to the 
cord . If i nj u ry to the nerve occu rs, it is  best d iv ided and 
exc ised proxi m a l ly, a l l owing the nerve to retract i nto the 
m uscle or  preperitonea l  space.  

268 

• Gent le pa l pat ion of the i n g u i n a l  a rea a l l ows the iden
t if ication of the spermat ic  cord . An ob l ique i nc is ion or  
i nc i s ion a long a sk in  crease or  h a i r l i n e  centered around 
the cord  structu res i s  then made (FIG 1 ) .  

• Us ing e l ectroca utery, the soft t issue is d i ssected to the 
superfi c i a l  ep igastric vessels, which a re l i gated . The d i s
sect ion is then carr ied down through Camper's fascia and  
the more  f ibrous Sca rpa's fasc ia .  The  next l ayer i s  the  
tra nsparent i n n o m i nate fascia a n d  the externa l  ob l i que  
a poneu rosis. Pa l pat ion a long the externa l  ob l i que  a po-
neurosis movi ng latera l l y  a n d  i nfer ior ly shou ld  exc lude  a • 
femora l  hern ia .  

The med i a l  a n d  l atera l externa l  ob l i que  f l aps are then  
d issected free. I nsert ion of Weit laner  retractors be low 

-



FIG 1 • I nc i s ion for repa i r  of a n  i n g u i n a l  hern ia  is centered 
over the pa lpab le  spermatic cord a long a ha i r l i ne  crease 
(AB, lower l i ne).  Alternative ly, i nc is ion is  done para l l e l  to the 
i n g u i n a l  l igament (AB, upper  l i n e  towa rds C representi ng the 
anter ior super ior  i l i ac  sp i ne).  

• 

the f laps g reatly fac i l itates exposure of the spermatic 
cord . The i l iohypogastric nerve ca n be identif ied runn ing  
between the i nterna l  a n d  externa l  ob l i que  super io r  and  
med ia l  to the spermatic cord .  It exits the externa l  ob l i que  
med ia l  a n d  super ior  to the externa l  r ing (FIG 3) .  

T h e  spermatic cord is  m o b i l ized and  isolated i n  t h e  
i n g u i n a l  ca n a l  at the pub i c  tuberc le but n o t  med ia l  to 
it (FIG 4) .  This  w i l l  reduce the chance of damag ing  the 
poster ior  i n g u i n a l  ca n a l  and  any co l l atera l c i rcu lat ion 
to the testes.  A Pen rose d ra i n  i s  p laced a round the cord 
structures and can be used to provide tract ion dur ing  d is-
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FIG 3 • locat ion of the i l io i n g u i n a l  and  gen itofemora l  
i l iohypogastr ic nerves. 

gen itofemora l  nerve l i es poster ior  in the cord and is  best 
preserved by sp l itt ing the cremasteric m uscles. I nspect ion 
on  the anter ior  med i a l  aspect of the cord wi l l  ident ify a n  
i n d i rect h e r n i a  (FIG 5) .  

sect ion o f  the cord . • The i n d i rect hern ia  sac is then d i ssected from the cord 
structures us ing sharp and b l u nt d i ssect ion .  The sac is 
d i ssected down to the i nterna l  i n g u i n a l  ring and freed 
from surro u n d i n g  structu res. Ca re m ust be taken to 
avo id  damage to the vas deferens, wh ich  is  c lose ly as
sociated with the sac prox i m a l ly. The hern ia  sac i s  then 
red uced through the i ntern a l  r i ng .  The sac can a l so be 
tra nsected and l i g ated . I f  l i g ated, the sac shou ld  be 
opened to assure that there i s  not a s l i d i n g  component 
to the hern i a .  

• The spermatic cord is exp lored for evidence of an i n d i rect 
hern ia .  The cremaster m uscle fi bers are not d iv ided but 
are sp l it para l l e l  to the cord . The gen ita l branch of the 

FIG 2 • The externa l  ob l i que  i s  opened from the superfic i a l  
r ing toward t h e  d e e p  r ing  wh i l e  avo id ing  i nj u ry t o  the 
i l io i n g u i n a l  nerve. 

FIG 4 • The iso lat ion of the spermatic cord is  done above the 
pub i c  tuberc le to prevent i nj u ry to the i n g u i n a l  f loor. 
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FIG S • I n  very l a rge  i n g u i n a l  hern ias, it may be necessa ry to 
isolate the hern ia  sac pr ior  to m o b i l izat ion of the cord . Here, 
the cremaster ic  m uscle f ibers a re sp l i t  in order to access the 
i n d i rect sac. 

• I n  fem a l e  patients, the ro und l i g a ment can be com p l etely 
transected, a l lowing for c losure of the i nterna l  r ing d u r-

FIG 6 • Cord l i pomas, which can act as leads to a sac, shou ld  
be resected i n  order  to reduce the inc idence of recurrent 
i n g u i n a l  hern ias .  The hern ia  sac l ies a nteromed i a l  to the cord 
and is  sepa rated from a l a rge cord l i poma .  

manag ing  a s l i d i n g  hern ia  is  a safe d i ssect ion of the i nd i 
rect sac  a n d  s i m p l e  red uct ion back  to  the preperitonea l  
space .  The danger  with h igh l igat ion of a n  i n d i rect her
n i a  sac, without proper i nspect ion of the sac, is i n jury to 
the bowe l with i n  a s l i d i ng  hern ia .  

i ng  repa i r. • Fo l lowi ng i n spect ion of the spermat ic  cord a n d  red u c
t ion  of any i n d i rect sac a n d  exc i s ion  of any p repe rito
neal fat, attent ion i s  turned to the poster ior  i n g u i n a l  
ca n a l .  

• A cord " l ipoma " is not a l i poma (suggest ing g rowth of 
a d i pose tissue) but is rather extra or preperitonea l fat. 
It is  usu a l ly associated with an i n d i rect hern ia  but cou l d  
a lso be present without a n  associated sac. Cord l i pomas • 
shou ld  be d issected free and  resected as they can act as a 
lead po int for a hern ia  sac (FIG 6) .  

• A s l i d i ng  hern ia  is a n  i n d i rect hern ia  that has part of 
its sac made up of retroper itonea l  viscus. Th is  cou l d  be 
b ladder, cecum, or s igmo id  co lon .  The safest method of 

BASSINI REPAIR 

• The Bass i n i  repa i r  is rare ly performed today but rem a i n s  
t h e  fo u n dat ion f o r  a l l  h e r n i a  repa i rs .  I t  i s  a p r i m a ry 
t i ssue repa i r  that cons ists of sutu r i n g  of the transver
sus  a b d o m i n i s  m usc le,  i nter n a l  o b l i q u e  m usc le,  a n d  
tra nsversa l i s  fasc ia  m ed i a l ly t o  the i n g u i n a l  l i g a ment 
latera l ly. 1 •2 It i s  a n  opt ion to cons ider  i n  cases  where 
conta m i nat ion is l i ke ly  a n d  the use of mesh becomes 
contra i n d i cated.  

Technique 

• Bassi n i 's or ig i n a l  descr ipt ion of the proced u re inc l uded 
resect ion of the cremasteric fi bers. Although sti l l  advo
cated by some, it is  not ro ut ine ly done.  

• After e levat ion and  latera l retract ion of the spermatic 
cord, the i n g u i n a l  ca n a l  i s  ca refu l ly i nspected for defects 
and  wea knesses. 

• The m uscu l a r  a n d  aponeurotic a rch formed by the 
l ower f ibers of the tra nsversus a bdom i n i s  m usc le a n d  

• 

Gentle retract ion of the spermatic cord w i l l  fac i l itate 
exposu re .  Any defects or  weakness of the f loor shou ld  
be assessed . I n  l a rge d i rect hern ias, a pu rse-str ing suture 
around the defect or i m b ri cat ions  of the f loor with 
f igu re-of-e ight sutu res wi l l  red uce the d i rect b u l ge, 
a l lowing one to work unencum bered by it. 

the i ntern a l  o b l i q u e  m uscle i s  used to identify the me
d i a l  edge of the repa i r.3 In h is repa i r, Bass i n i  opened the 
tra n sversa l i s  fascia, 1 but m ost su rgeons today wo u l d  
often o m it th i s  step a n d  p l a c e  t h e  sutures between the 
aponeurotic a rch a n d  the deeper transversa l i s  fasc ia  to 
the i n g u i n a l  l i g a m ent. I f  the a n atom i c  l ayers are not 
c lear, as  i n  recurrent hern ia  su rgery, open ing  the floor 
and c lear ly  defi n i n g  the a n atomy wi l l  ensure the i n 
corporat ion of the three a n ato m i c  layers med i a l ly :  t h e  
i nterna l  o b l i q u e  m u scle,  the tra nsversus a b d o m i n i s  m us
c le, a n d  the transversa l i s  fasc i a .  
If the dec is ion is  made to  open the i n g u i n a l  ca n a l  f loor, i t  
i s  done by i nc i s i ng  the tra nsversa l i s  fascia from the pub i c  
tuberc le to the i nterna l  i ngu ina l  r i ng .  Ca re shou ld  be 
taken not to i nj u re the i nfer ior ep igastr ic vessels, which 
a re d i rectly poster ior  to the tra nsversa l i s  fasc ia .  Once the 
tra nsversa l i s  fasc ia  i s  opened and  the undersurface of 
the fasc i a l  f laps i s  exposed, one ca n eas i ly  identify the 
th ree anatomic layers  descr i bed ear l ie r  a n d  more ca re
fu l l y  i nspect the femora l  ca n a l .  
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Third suture ::J-
Second suture of deep 

First suture plane 

Rectus muscle 

Cooper's l igament 

l l iopubic tract 

Inguinal l igament 

FIG 7 • If the transversa l i s  fascia is opened 
i n  a Bass i n i  repa i r, the i l iopub ic  tract may be 
i ncorporated i nto the l atera l stitch .  

• O n ce the  m u sc u l a r  a p o n e u rot i c  a rch a n d  the i n g u i n a l  • In order to decrease tissue tens ion after the repa i r  is com
p leted, a re lax ing i nc is ion can be made vert ica l ly for few 
centi meters on the anter ior rectus sheath para l l e l  to the 
repa i r  l i ne .  Th is  wi l l  a l l ow relaxat ion of the aponeurotic 
a rch toward the i n g u i n a l  l i g a ment.  

l i g a m e nt a re proper ly  exposed and a fe m o r a l  h e r n i a  
i s  r u l e d  o u t ,  s i n g l e  i nterru pted p e r m a n e n t  po lypropy l -
ene  sutu res a re used to pe rfo rm the  repa i r. The fi rst 
stitch i s  the  m ost m ed i a l  a n d  s h o u l d  i nc l u d e  the  l at-
era l  edge of the rectus  sheath i f  poss i b l e .  It i s  p l aced 
from the rectus  sheath and a p o n e u rot ic  a rch to the  
fasc ia  over ly i ng  the  pub ic  tu berc le  a n d  n ot the  i n g u i 
n a l  l i g a ment .  T h i s  i s  a n  i m p o rtant tech n i ca l p o i nt i n  
order  t o  red u ce recurrence at t h e  p u b i c  tuberc l e, a 
co m m o n  s ite .  

• Su bseq uent sutu res shou ld  be p laced from the m uscu
lar aponeurotic a rch, i ncorporat ing  a l l  th ree l ayers, to 
the i n g u i n a l  l i ga ment.  Med ia l ly, each suture i s  taken 
2 em from the edge of the arch .  Latera l ly, the suture 
shou ld  i ncorporate few fi bers of i n g u i n a l  l igament, thus 
avo id ing  the u nder ly ing femora l  vesse ls .  D ifferent fi bers 
shou ld  be i ncorporated with each suture to avoid tea r
i ng  the i n g u i n a l  l i g a ment.  U pon reach ing  the i ntern a l  
i n g u i n a l  r i n g ,  t h e  r ing is  t ightened, a l lowi ng the t ip  o f  a 
forceps to pass through the r ing a n d  avo i d i n g  stra n g u la
t ion of the cord structures. 

• 

• 

If the transversa l i s  fasc ia  has been opened, the i l iopu
b ic  tract wi l l  be ident if ied.  The media l  stitch shou ld  fi rst 
i ncorporate the i l iopub ic  tract a n d  then the i n g u i n a l  
l igament (FIG 7) .  

T h e  spermatic cord is  retu rned to its norma l  a natomic  po
sition, lying super ior  to the newly reconstructed i n g u i n a l  
f loor, and  c losure o f  t h e  su perfi c i a l  l ayers i s  performed i n  
t h e  sta ndard fash ion (FIG 8) .  

aponeurosis 

FIG 8 • The Bass i n i  repa i r  is  carr ied l atera l unt i l  the i ntern a l  
r ing is  re-created . 
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SHOULDICE REPAIR 

• After Bass i n i, the Shou ld ice repa i r  is the m ost pop u l a r  Transversal is 
i n g u i n a l  hern ia  t issue repa i r.• It conti n ues to be used as fascia 
the pr imary i n g u i n a l  hern ia  repa i r  in the Shou ld  ice c l i n i c  
and  b y  others who tra i ned a t  t h e  Shou ld  i c e  c l i n ic . 5  It can 
a lso be used i n  s ituat ions where m esh i s  contra i n d icated 
such as in conta m i nated cases. 

Technique 

• Li ke the Bass i n i  repa i r, the Shou ld  ice repa i r  sta rts with a 
resect ion of the cremasteric m uscle as a n  i m porta nt step 
of the repa i r. Although some sti l l  a dvocate th i s  step, we 
do not t h i n k  that th i s  adds to the d u ra b i l ity of repa i r  and  
it potent ia l l y  exposes the gen ita l  b ranch  of  the gen ito
femora l  nerve to i nj u ry. 

• The tra nsversa l i s  fasc ia  is opened from the med ia l  aspect 
of the i ntern a l  r ing to the fasc i a l  th icken ing  of Cooper's 
l i gament. Th is  shou ld  be done with caut ion as the in 
fer ior ep igastr ic vessels  w i l l  be encou ntered j ust below 
the tra nsversa l i s  fasc ia .  The open ing  of the tra nsversa
lis fascia a l l ows identif ication of a l l  th ree layers of the 
poster ior  wa l l  (transversa l i s  abdomin i s  m usc le, i nterna l  
o b l i q u e  m uscle, a n d  tra nsversa l i s  fasc ia) .  F laps  of tra ns
versa l i s  fascia a re deve loped med i a l ly and  l atera l ly by 
ca refu l l y  sweep ing  the under ly ing preperitonea l  fat 
(FIG 9) .  

• Dissect ion of the l atera l f lap  shou ld  be carr ied to 
Cooper's l i g a m ent to identify any femora l  hern ias  and  
c lea r ly  expose the i l iopub i c  tract. Although not  done at 
our i nstitut ion, i nc is ion of the superfic ia l  th igh  fascia 
(cr ibriform fasc ia) to assess the femora l ca na l  and to im
prove mob i l ity of  the externa l  ob l i que  has been  reported 
and practiced at the Shou ld  ice Hosp ita l in Ontar io .  

• Orig i n a l ly performed with sta i n less stee l  wi re, th i s  repa i r  
is  now performed with  2 -0  Pro lene sutures. A fou r- l ayer 

Rectus 

Transversal is 
fascia 

I nternal abdominal 
oblique muscle 

l l iopubic tract 

Inguinal l igament 

Spermatic 
cord 

FIG 9 • In a Shou ld ice repa i r, the tra nsversa l i s  fasc ia  is  
opened.  It is  necessa ry to protect the i nfer ior  ep igastr ic vessels  
from in jury. 

repa i r  is performed us ing two conti nuous  sutu res. The 
fi rst layer beg ins  med i a l ly, anchor ing the suture from the 
tra nsversa l i s  fasc ia  to the fascia over ly ing the per iosteu m  
o f  t h e  p u b i c  tuberc le .  leaving  a port ion o f  suture long 
enough to t ie  to ,  the stitch is run  l atera l ly, a pproxi mat ing 
the poster ior  rectus sheath to the i l i opub ic  tract. When 
the rectus sheath can no  longer  be brought to the i l io
pub i c  tract without tension, the stitch is  tra ns it ioned to 
the poster ior  tra nsversa l i s  fascia and is  run super ior  a n d  
latera l u n t i l  t h e  i ntern a l  r ing is  re-created (FIG 1 0) .  

FIG 1 0  • T h e  fi rst row i n  a Shou ld  i c e  repa i r  i ncorporates 
the a poneu rot ic  a rch by tak ing poster ior  b ites through 
the tra nsversa l i s  fasc ia  and  a pproxi mat ing the a rch 
to the i l eopub i c  tract. 



FIG 1 1  • Sta rt ing  at the i ntern a l  r ing,  the t h i rd suture layer 
of a Shou ld ice repa i r  i ncorporates the i nterna l  ob l i que  and  
the u nder ly ing tra nsversus abdomin i s  med i a l ly, wh i ch  a re 
approximated to the undersurface of externa l  ob l i que  just 
a bove a n d  para l le l  to the i n g u i n a l  l iga ment latera l ly. 

• The suture is then reversed, and a second layer is started 
using the same Prolene suture. The second layer approxi
mates the three layers, inc lud ing the free edge of the media l  
transversa l i s  fascia, the interna l  ob l ique, and the tra nsversus 
abdom in i s  to the ingu ina l  l igament. The second suture l ine  
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External oblique 
aponeurosis -----i!':O:'--

Aponeurotic 
arch -----�:-:-.,c.� 

FIG 1 2  • In the Shou ld ice repa i r, the fou rth layer reap
proximates the i ntern a l  ob l i que  to the undersurface of 
the externa l  o b l i q u e, thus effectively reenforc ing  the t h i rd 
layer. 

p laced in the i nterna l  ob l i que  and  tra nsversus abdomi 
n is a n d  approxi mated to the poste r ior  externa l  ob l ique  
aponeurosis, j ust a bove the ingu ina l  l i gament. Th is  is  run 
med i a l ly, creat ing  a r idge j ust super ior  and  para l le l  to the 
i n g u i n a l  l i g a ment (FIG 1 1 ) .  

is brought over t h e  anchoring stitch, reinforcing t h e  media l  • The fou rth layer is run back to the i ntern a l  r ing,  buttress
i ng  the th i rd layer, aga in  tak ing the tra nsversus abdomi 
n is and  i nterna l  ob l i q ue, a n d  a pproxi mat ing them to  
u n dersurface of the externa l  o b l i q ue .  The suture is t ied 
to its ta i l  (FIG 1 2) .  

aspect o f  t h e  repa i r, a n d  tied t o  the anchoring stitch o f  the 
fi rst suture l i ne. This effectively imbricates the fi rst layer. 

• The t h i rd a n d  fou rth layers are a lso run conti n u ous ly. 
Sta rt ing at the i nterna l  r ing,  the fi rst stitch is b l i n d ly 

THE MCVAY REPAIR OR COOPER'S 

LIGAMENT REPAIR 

• 

• 

The Cooper's l i g a m ent repa i r  is a pr imary t issue repa i r  
that was descr ibed and  advocated b y  D r. McVay i n  1 958.  
Fo l lowi ng 300 cadaver d i ssect ions, he noted that the 
i ntern a l  o b l i q u e  and  externa l  ob l i que  do not attach to 
the i n g u i n a l  l i ga ment.  Rather, they attach to the pub i c  
bone  at the l ocation of Cooper's l i ga ment attachment.6 
H e  concluded that repa i r  of the i n g u i n a l  defect wou l d  be 
a nato m ica l ly correct if  the three l ayers ( i nterna l  ob l i que  
a poneu rosis, tra nsversus abdomin is, a n d  tra nsversa l i s  
fasc ia) were sutu red t o  Cooper's l i ga ment and  t h e n  tran
s it ioned to the i n g u i n a l  l i ga ment fo l lowi ng c losure of 
the femora l  myopect inea l  defect. 
The repa i r  provides c losure of the femora l ,  i n d i rect, and  
d i rect spaces and ,  as  such ,  can be used  to  repa i r  any 

hern ia  defect that may occur  i n  the gro in . 7  However, and 
due  to the tens ion created by th i s  repa i r, the r isk of in 
j u ry to the femora l  vesse ls, and  the r i sk  of recurrence at  
the suture tra ns it ion f rom Cooper's l i g a m ent to i n g u i n a l  
l igament, th i s  repa i r  i s  n o w  m ostly reserved f o r  femo
ra l hern ias .  The postoperative morb id ity and morta l ity 
i ncrease s ign if icantly in patie nts u ndergoing emergent 
repa i r, h i g h l i ght ing the i m portance of repa i r ing  femora l  
hern ias  i n  a n  e lective sett ing .  

Technique 

• Fo l l owing exa m i nation of the spermatic cord, the poste
r ior wa l l  of the i ngu ina l  ca na l  is  opened from the deep 
i n g u i n a l  r ing to the pubic tuberc le .  Ca re shou ld be taken 
to avo id  i nj u ry to the i nfer ior ep igastr ic vessels that l ie j ust 
poster ior to the tra nsversa l i s  fascia near the deep r ing .8  
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FIG 1 3  • When address ing  a femora l hern ia ,  the sac is opened 
and its contents inspected pr ior  to reduction of the sac.  

• This  provides exposure to the preperitonea l  space (space 
of Bog ros), femora l  ve in ,  and femora l ca n a l .  The femo
ra l  hern ia  sac i s  fou n d  med ia l  to the femora l  ve i n  and is  

Protecting 
femoral vein 

Cooper's 
l igament 

Aponeurotic arch 

---- Pubic 
tubercle 

FIG 14 • In a McVay repa i r, the tra nsversus abdomin i s, 
i nterna l  ob l i que  a poneu rosis, and  transversa l i s  fascia a re 
a pproxi mated to Cooper's l i ga ment.  

and  conti n u i n g, latera l ,  to the level of the i nterna l  r ing 
(FIG 1 6) .  

red uced.  • Th i s  repa i r  creates tens i o n .  The d i sta nce to Coope r's 
l i g ament  from the  a p o n e u rot i c  a rch of the  tra nsversus 
and i nte r n a l  o b l i q u e  ca n be u p  to 8 em. To re lease t h i s  
t e n s i o n ,  a re l ax ing  i n c i s i o n  i s  req u i red .  T h i s  i nvo lves 

• If a n  inca rcerated or stra n g u l ated femora l  hern i a  can
not be red u ced with tract ion  from the preper itonea l  
space  a n d  pressure f rom be low the femora l r i ng  on  the 
a nter ior  th igh ,  the med ia l  l acunar  l ig a m ent ca n be in
c ised to en l a rge  the fe mora l  r i ng .  I f  sti l l  unab le  to re
d u ce the hern ia ,  the i n g u i n a l  l i g a ment ca n be d iv ided 

• 

a n d  then repa i red fo l l owi ng red uctio n  of the hern ia  
(FIG 1 3) .  

I nc i s ing  t h e  poster ior  wa l l  o f  t h e  i n g u i n a l  ca n a l  exposes 
the three aponeurotic layers: the i nterna l  ob l i que  m uscle 
and aponeurosis, the tra nsversus abdom i n is m uscle a n d  
a poneu rosis, a n d  the tra nsversa l i s  fasc ia .  Sta rt ing  medi -
a l ly, s imp le  i nterrupted sutu res a re used to a pproxi mate 
the i nterna l  ob l i que  aponeurosis, tra nsversus abdom i n i s  
m uscle and  aponeurosis, and  the tra nsversa l i s  fascia to 
Cooper's l i ga ment (FIG 14) .  

• A trans i t ion  stitch is p l aced,  i n corporat ing the  t r i p l e  
l ayer, Cooper's l i g a m e nt, the  fe mora l  sheath at i t s  m e -

• 

d i a l  aspect, a n d  the  i n g u i n a l  l i g a m ent.  If the fe m o r a l  
s h e a t h  ca n n ot be i d e nt if ied ,  it  may be o m itted .  The 
fe m o r a l  sheath i s  i n t i m ate ly  associated with the  fem
ora l ve i n .  I f  b l e ed i n g  occurs fo l l ow i n g  a st i tch  i n  the  
fe m o r a l  sheath ,  it  shou ld  be i m med iate ly  rem oved 
a n d  d i rect press u re a p p l i e d .  It s h o u l d  n ot be tied as 
t h i s  wou l d  resu l t  in tea r i n g  of the fe m o r a l  ve i n .  I f  the  
stitch i s  p l a ced too l atera l on  Coope r's l i g a m e nt, the  
fe m o r a l  ve i n  can  be co m p ressed lead i n g  to t h ro m bos is  
(FIG 1 5) .  

T h e  rem a i n der  o f  t h e  i n g u i n a l  f loor is  repa i red b y  a p
proxi mat ing the tr i p le  l ayer to the i n g u i n a l  l i g a ment 

Cooper's 
l igament 

Femoral 
sheath 

Inguinal 
l igament 

FIG 1 5  • The tra ns it ion stitch of a McVay repa i r  i ncorporates 
Cooper's l i g a m ent, the med ia l  femora l  sheath, and the 
i n g u i n a l  l i ga ment.  If b leed ing  occu rs, the stitch i s  i m med iately 
removed and pressure shou ld  be he ld .  
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FIG 16 • The f inal  step of a McVay repa i r  i s  the a pproxi mation 
of the aponeurotic a rch to the i n g u i n a l  l i g a ment beyond the 
tra ns it ion stitch i n  order to re-create the i nterna l  r ing .  

fi rst expos i n g  the  rectus  sheath beh i n d  the  exte r n a l  • 
o b l i q u e  a p o n e u ros i s .  S p a r i n g  the externa l o b l i q u e  
component, the rectus  sheath i s  t h e n  i n c ised vert ica l l y  • 
from the  tu berc le  exte n d i n g  ce p h a l a d  for a p p roxi
m ate ly 6 em a l o n g  its l atera l edge.  The re l ax ing  i nc i 
s ion  shou ld  be performed before the  sutu res a re t ied 
(FIG 1 7) .  

Anterior rectus 
sheath / External oblique 

aponeurosis 

The externa l  o b l i q u e  and skin are c losed as descr i bed 
previous ly. 
Alternative ly, a mesh can be used to perform a McVay 
repa i r. Th is  is  outl i ned in the " Lichtenste i n  Repa i r "  sec
t ion .  Latera l ly, the mesh is  sutu red to Cooper's l i ga ment 
u p  to the point where the femora l  ve i n  exits at which 
point the suture is  tra ns it ioned to the i n g u i n a l  l i ga ment.  

-r::---:---- Rectus abdominus 
muscle 

· . . .  -� '""' '"''�'' 
FIG 17 • A re lax ing i nc is ion performed on the 
rectus fasc ia  w i l l  re lax the repa i r  and shou ld  be 
performed prior to tyi ng the sutu res. 
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LICHTENSTEIN REPAIR 

• The use of prosthesis in i n g u i n a l  hern iorrhaphy is a 
dyna m i c  f ie ld with frequent i ntrod uct ion of new devices, 
prosthes is, and  mod ificat ions in tech n ique .  Although we 
ca n n ot inc lude a l l  of them, a thorough understa nd ing  of 
the mechan ics and  anatomy wi l l  provide the fou ndation 
that new techno logy can b u i l d  on .  The Lichtenste i n  hernia 
repa i r  uses prosthetic materia l  to br idge the m uscu la r  
a poneurotic defect i n  the i n g u i n a l  reg ion,  creat ing  a n  
on lay mesh repa i r. It is  an  o perat ion that is  stra ig htfor
ward and  is considered to be a "tension-free" repa i r 9• 1 0  

Technique 

• After the spermatic cord has been eva luated for an i n d i rect 
hernia,  attention is  then focused on the i ngu ina l  f loor. 

• Any protrus ion of a d i rect hern ia  can be i m br icated to 
fl atten the poster ior  wa l l .  

• A sheet of at least 3 in x 6 in mesh, prefera bly consist ing of 
soft polypropylene, is fash ioned so that the mesh over laps 
the rectus by 1 to 2 em and reaches the ingu ina l  l iga ment. 
The mesh should extend underneath the external  ob l ique 
past the deep ingu ina l  r ing .  A s l it is  made on the proxi ma l  
end of  the mesh to  accommodate the spermatic cord . This 
creates two ta i l s  of mesh. I n  fema les, if the round l iga ment 
is l igated, obviously, no s l it is req u i red (FIG 18) .  

• The mesh is fi rst p laced underneath the spermatic cord . 
With the med i a l  aspect of the mesh over ly ing 2 to 3 em 
on the pub ic  tubercle,  a Pro lene sutu re is used to a nchor 

FIG 18 • Mesh consist ing  of soft polypropy lene fash ioned 
from a 3 i n  x 6 i n  p iece of m esh for a Lichtenste i n  repa i r. 

PROLENE HERNIA SYSTEM AND 

PLUG SYSTEM 

• F i rst i ntrod uced in 1 998, the Prolene Hern ia  System 

• 

• 

• 

• 

the mesh.  The sutu re shou ld  inc lude the fascia over ly ing 
the tuberc le but not the periosteum.  Over lapp ing the 
pubic tu bercle with mesh i s  i m portant as th is  is  a frequent 
s ite of recu rrence (FIG 1 9) .  

The fi rst stitch i s  run cont in uous ly from the patch to the 
i n g u i n a l  l i g a ment every 1 em.  Th is  stitch is  conti nued 
unt i l  it runs past the deep i n g u i n a l  r ing .  
The med ia l  sutu res a re i nterru pted, attach ing  the patch 
to the rectus sheath, and eventua l ly w i l l  i nc lude  the 
i ntern a l  ob l i que  m uscle or  aponeurosis .  These sutu res 
shou ld  be spaced every 2 to 3 em and a re p laced to pre
vent m i g rat ion of the mesh.  The mesh shou ld  wri nk le  
rather  than lay f l at  i n  order  to accommodate shr ink ing  
of the mesh  and  prevent tens ion .  
The ta i l s  a re then sutu red together around the spermatic 
cord and  to the i n g u i n a l  l i g a ment, creat ing a new i nter
n a l  r i ng .  The med i a l  ta i l  shou ld  l i e  a nter ior to the l atera l 
ta i l .  The ta i l s  are then tucked su per ior ly u n derneath the 
externa l  ob l ique aponeurosis, extend ing  at least 3 em 
past the i ntern a l  r ing .  
The spermatic cord  is  then  p l aced i n  i t s  anatom i c  posit ion 
ly ing on top of the mesh and the externa l ob l i que  is  
c l osed over the cord recreat ing  the externa l  i n g u i n a l  r i ng .  

Inguinal 
l igament 

FIG 19 • I n  a Lichtenste in  repa i r, the mesh is  used to br idge the 
aponeurotic a rch med i a l ly and the i ngu ina l  l i ga ment l atera l ly. 

treat ing  i n d i rect, d i rect, and  femora l  defects . 1 1 • 1 2 D i rect 
and  i n d i rect hern ias  may be approached d i fferently a n d  
a re presented sepa rately. 

(PHS) is an evo l ut ion of both the Lichtenste i n  repa i r  Technique 
a n d  the preperitonea l  approach for i n g u i n a l  hern ia  re
p a i r. Whereas the L ichtenste i n  approach uses sole ly a n  
o n l ay m esh and  t h e  preperitonea l  approach uses so le ly 
a n  under lay approach, the PHS uses both (FIG 20) .  It was 
des igned to com p l etely cover the myopect inea l  or if i ce, 

Indirect hernia approach 
• After exa m i nat ion of the spermatic cord and  com p l ete 

red uct ion of the i n d i rect sac, the f loor of the i n g u i n a l  
ca n a l  is  exa m i ned.  If t h e  poster ior  wa l l  of t h e  i n g u i n a l  



FIG 20 • PHS mesh comes in three d i fferent s izes: sma l l ,  
m ed i u m, and  extended.  The  extended mesh  is  shown i n  th i s  
photog ra ph .  

ca n a l  looks i ntact, the preperitonea l  space  is  entered 
through the deep i n g u i n a l  r i ng .  

• The preperitonea l  space is accessed through  the in 
terna l  r i ng .  The preperitonea l  fat  a n d  peritoneum a re 
sepa rated from the tra nsversa l i s  fasc ia .  Th is  is fac i l itated 
by i ntrod uc ing a Raytech sponge through the i ntern a l  
r ing and  do ing  th i s  d i ssect ion b l u ntly w i t h  ca re n o t  to 
i nj u re the i nfer ior  ep igastric vesse ls .  The borders of d i s
sect ion shou ld  be i nfer ior  to the pub i c  tubercle,  be low 
Cooper's l i g a ment, a n d  latera l to past the deep i n g u i n a l  
r i ng .  T h i s  creates a space where t h e  poster ior  leaf let of 
the mesh w i l l  cover a l l  d efects with i n  the myopect inea l  
or if ice.  

Direct hernia approach 
• If the d i rect hern ia  is eas i ly  red uced, the method de

scr ibed ear l ie r  for deve lop ing  the preperitonea l  p l ane  
can be used . Altern ative ly, the preperitonea l  space can  
be accessed d i rect ly through  tra nsversa l i s  fasc ia .  The 
tra nsversa l i s  fascia is  entered, and the ep igastr ic  vessels  
a re identified .  A Raytech sponge may be used to cre
ate a space that exte nds be low the pub i c  tuberc le  and  
i nfer ior to  Cooper's l i g a ment.  Because the d i ssect ion of 
the preperitonea l  space was sta rted more m ed i a l ly than 
the i n d i rect method,  it is  i m porta nt to ensure adequate 
d i ssect ion of the latera l defect. The space shou ld  be 
extended past the deep ring, ensur ing adequate cover
age of the l atera l myopect inea l  or if ice.  

Insertion of Prolene hernia system mesh 
• The PHS mesh consists of two leaf lets connected in the 

m i d d l e  (FIG 20) .  Proper preparation of the mesh i s  in
teg ra l for proper dep loyment.  The c i rcu l a r  poster ior  
leaf let i s  des igned to sit i n  the preperitonea l  space and 
the ob long or iented leaf let is  des igned to l i e  on top of 
tra nsversa l i s  fasc ia  with the short end toward the pub i c  
tuberc le .  I nsert ion of the poster ior  leaf let sta rts with 
fo l d i n g  the ob long port ion of the mesh and ho ld ing  it 
with a r ing forceps close to the connector. This w i l l  a l low 
easier i nsert ion of the poster ior  leaf let of the mesh 

C h a p t e r  1 I N G U I NAL HERN IA: Open Approaches 

I nternal ring 

Inguinal 
l igament 

Mesh 

mesh is sutu red to 
rectus fascia medially 

FIG 21  • In a PHS re p a i r, the poster ior  leaf let of the mesh 
sits be low tra n sversa l i s  fasc ia  a bove the per ito n e u m  and 
red uced sac and covers the femora l d efect. The a nter ior  
leaf let of the mesh l i es a bove tra nsversa l i s  fasc ia  a n d  is  
sutu red to the i n g u i n a l  l i g a ment l atera l l y  and rectus fasc ia  
m e d i a l ly. 

i nto transversa l i s  fascia by push ing  the mesh with the 
r ing forceps (FIG 21 ) .  

• The mesh is then fu l ly i nserted through the i nterna l  r ing,  
or  the d i rect defect, creat ing  a n  u m bre l l a  shape of the 
c i rcu l a r  mesh.  When gent ly p u l l i n g  the a nter ior leaf let 
mesh out of the defect, the poster ior  leaf let shou ld  
expa nd a bove the preperitonea l fat  a n d  peritoneum.  
This  cou ld  be assisted by gent ly  push ing  the edges of the  
poster ior  mesh  with  the back  of a forceps. It is  i m por
tant to ensure that th i s  m esh expa nds to be low the pub i c  
tu bercle, be low Cooper's l igament, a n d  l atera l to cover 
the i ntern a l  ring (FIG 22) .  

through e ither the i nterna l  r ing or  the open ing  m a d e  F IG 22 • I nsert ion o f  the poster ior  l eaf let o f  the PHS mesh.  
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FIG 23 • The PHS  mesh with the poster ior  leaf let i n  p l ace. 

The connector between the a nter ior and poster ior  leaf
l ets is  a l l owed to sit i n  the i nterna l  ring or  with i n  the 
open ing  made i nto tra nsversa l i s  fasc ia .  This open ing  can 
be t ig htened around the con nector with one or  two in 
terru pted 2 -0  Pro lene  sutu res (FIG 23) .  

T h e  anter ior leaf let o f  t h e  mesh is  then treated as a 
Lichte nste i n  repa i r. A 2-cm over lap  is a l lowed between 
the anter ior l eaf let of the mesh a n d  the pubic  tuberc le .  
The anchor ing suture to the fasc ia  over ly ing the pub i c  
tuberc le is  run between the latera l edge  of the a nter ior 
leaf let and  the i n g u i n a l  l i ga ment u p  to the level of the 
i ntern a l  r ing.  The suture is  then t ied to itse lf. Med ia l ly, 
the m esh is anchored with few i nterru pted sutu res to the 
rectus fasc i a .  
A s l i t  is  made i n  the latera l border o f  the anter ior leaf let 
to acco m modate the spermatic cord . The edges of the s l it 
a re then approxi mated to each other around the cord 
and to the i n g u i n a l  l i g a ment.  The prox ima l  port ion of 
the anter ior mesh i s  tucked flat underneath the externa l  
o b l i q u e  aponeurosis prox ima l ly. 

• The externa l  o b l i q u e  aponeurosis is c losed i n  the sta n
d a rd fash ion .  

Closure 
• The spermatic cord is p l aced i n  its norma l  a nato m i c  posi

t ion on  the re-created f loor of the i n g u i n a l  ca n a l .  
• The externa l  o b l i q u e  aponeurosis is then c losed with a 

cont inuous  a bsorba b le  suture sta rt ing  proxi m a l ly and  
mov ing  d i sta l l y, thus re-creat ing  the externa l  i n g u i n a l  
r i ng .  T h e  i l io i n g u i n a l  and  i l iohypogastric nerves shou ld  
be protected dur i ng  th i s  step to avo id  in jury a n d  entrap
ment (FIG 24) .  

F IG 24 • T h e  externa l  ob l i que  is  rea pproxi m ated, avo id ing  
the i l io i n g u i n a l  or  i l i o hypogastr ic nerve. 

• 

• 

• 

Severa l i nterru pted a bsorba b le  sutu res are p laced to 
rea pproxi mate Sca rpa's fascia and  the su bcuta neous tis
sue l ayers (FIG 2S) .  

T h e  sk in  is  c losed with a ru n n i n g  a bsorba b le  su bcuticu l a r  
suture a n d  a n  occ lus ive d ress ing  is  p laced.  
Fo l l owing the remova l of the ster i le  d ra pes, the test ic les 
at the site of repa i r  should be exa m i ned.  If retracted, 
gent le tract ion on the scrotum w i l l  red uce the test ic le 
back to its  anatomic  posit ion .  If left i n  the i n g u i n a l  ca na l ,  
it may permanently sca r i n  thatl ocat ion .  

FIG 2S  • Scarpa's fascia is  rea pproxi mated . 
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PEARLS AND PITFALLS 
Unab le  to l ocate the 
hernia defect 

• If  unab le  to l ocate a d i rect or i n d i rect hern ia  defect, then open the i n g u i n a l  f loor med ia l  to the 
i nfer ior  ep igastr ic  vesse ls  to exa m i n e  the femora l  ca n a l .  

P r imary repa i r  on  tens ion • If  the tissue q u a l ity i s  poor, use a mesh prosthesis to a l low for a tens ion-free repa i r. 
• If mesh is contra i n d i cated, a re lax ing i nc i s ion in the a nter ior rectus fasc ia  shou ld  be performed.  
• Avoi d  use of m esh i n  conta m i n ated operative f ie lds .  

Meticu lous hemostas is  • Pat ie nts u n dergo ing  hern ia repa i r  are often on  a n t i p l ate let or  a nt i coa g u l a nts for ca rd iac  d is
ease. M et ic u l o u s  hem ostas i s  i s  i m p o rtant to p revent postoperative hematoma a n d  wo u n d  
com p l i cat ions .  

POSTOPERATIVE CARE 
• Most patients are discharged on the day of repair. Patients 

should void prior to leaving the recovery area. 

OUTCOMES 
• Elective repair of inguinal hernia is associated with low re

currence rates. Tension-free mesh repairs have the lowest 
rates of recurrence in adult populations. The overall recur
rence rate is 3 %  to 5% for mesh repairs and 1 0 %  to 1 5 %  
for suture repairs.U 

COMPLICATIONS 
• The rate of complications after inguinal herniorrhaphy has 

been reported between 1 5 %  and 50%.14 When evaluating 
patient-centered outcomes, the overall rate of complications 
is consistently above 3 0 % .  The knowledge of complications, 
experience with handling them, and anticipation of adverse 
events can reduce their occurrence and guide informed 
consent. 

• The most frequent complication is the development of 
a seroma. This has been reported to be between 2 .4% 
and 1 3 . 6 % .  The introduction of bacteria by aspiration 
of a seroma has been widely reported. In the presence 
of mesh, any attempt at aspiration should be reserved 
to patients with suspected infection for diagnostic pur
poses. A seroma should spontaneously resolve over 6 to 
8 weeks. Careful ligation of vessels, limiting dissection of 
soft tissue, and closure of dead spaces can reduce seroma 
formation. 

• The risk of hematoma is reported between 5.5% and 6.5 % .  
Meticulous hemostasis and knowledge o f  the vascular anat
omy of the groin can reduce occurrence. Small hematomas 
may be treated conservatively; however, large hematomas 
inducing significant pain or creating tension will usually 
require evacuation. 

• The risk of hemorrhage requiring transfusion is very 
rare. Intraoperative inj ury to major vessels is most likely 
to occur when suturing to Cooper's or the inguinal 
ligament. The femoral artery and vein are bordered by 
Cooper's ligament posteriorly and the inguinal ligament 
anteriorly. Superficial bites under direct vision should 
reduce the chance of inj ury. If an inj ury does occur, im
mediate removal of the suture, without tying the suture, 
and holding direct pressure usually prevent excessive 
bleeding. If the inj ury is not recognized, or the suture is 

tied resulting in a tear of the femoral vein, the inguinal 
ligament should be divided and a vascular repair should 
be initiated. 

• The reported rate of surgical site infection in clean, none
mergent, inguinal hernia repairs ranges from 0 .5% to 3 % .  
This rate o f  infection i s  higher for recurrent and emergent 
hernia operations. Guiding principles of surgical infection 
prevention are applicable. In case of infection, early opening 
of the wound and appropriate antibiotic therapy for celluli
tis and systemic symptoms will treat the majority of superfi
cial infections. Deep surgical site infections, which are likely 
associated with foreign material such as suture or mesh, re
quire fastidious wound care and drainage. Although usually 
not required in the early stages of therapy with early rec
ognition and proper wound care, the mesh may ultimately 
need to be removed or debrided. 

• Urinary retention is reported to occur in 0 . 2 %  to 2.42 % 
of the cases. Urinary retention is lowest in patients hav
ing regional anesthesia compared to general anesthesia. 
For those patients with retention, bladder catheterization 
is required. Bladder inj ury should be rare. In the case 
of an iatrogenic inj ury during a sliding hernia, a two
layer repair of the bladder with absorbable suture will 
suffice. 

• Ischemic orchitis occurs in less than 1 %  of the cases. 
It may progress to testicular atrophy, but its clinical 
course is difficult to predict. Ischemic orchitis is most 
often caused by thrombosis of the testicular vein within 
the spermatic cord but can also be from arterial inj ury. 
A Doppler ultrasound can evaluate blood supply to the 
testicles.  Reducing cord dissection, preventing overly 
tight internal ring reconstruction, and transecting large 
distal hernia sacs and leaving them in situ can reduce 
this risk. 

• Injury to the vas deferens should be rare. When an injury 
is recognized, and surgical repair is indicated, microsurgi
cal repair with an operating microscope gives superior 
outcomes. However, repair may also be performed over a 
0 Prolene suture, which is brought through the vas at a point 
distal to the reanastomosis. The Prolene is then brought 
through the skin and removed on day 3. If unable to repair 
an injured vas, ligation with permanent suture, and prevent
ing further dissection of the vas, may allow reconstruction 
in the future. When the vas is injured by rough handling or 
becomes entrapped by mesh, painful ejaculation or dysejac
ulation can develop from the resulting partially obstructed 
lumen. 
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• Chronic or severe pain following inguinal herniorraphy is 
reported in 1 0 %  to 14% of the cases. It remains a perplexing 
and challenging problem. It is associated with preoperative 
chronic pain and with recurrent inguinal hernia repairY The 
identification and protection of the ilioinguinal, genitofemo
ral, and iliohypogastric nerves are important in preventing 
nerve entrapment injuries . If a nerve is injured, it should be 
transected and ligated proximally, allowing it to retract into 
the muscle or preperitoneal space. Operative treatment with 
planned resection of the three nerves can improve or resolve 
the pain. However, a multidisciplinary pain team approach 
is imperative for optimal patient outcomes. 

REFERENCES 
1. Bassini E. Sulla cura radicale del ernia. Arch Soc !tal Chir. 1887;4:380. 

2. Catterina A. Bassini's Operation for the Radical Cure of Inguinal 
Hernia. London, United Kingdom: Lewis; 1934. 

3. Fruchaud H. Anatomie Chirurgicale Des Hernies Del'aine. Bendavid R, 

Cunningham P, trans. Paris, France: Gaston Doin & Cie; 1956. 

4. Shouldice EB. The Shouldice repair for groin hernias. Surg Clin N Am. 
2003;83:1163-1187. 

5. Glassow F. The Shouldice hospital technique. Int Surg. 1986;71(3): 

148-153. 

6. McVay CB, Anson BJ. A fundamental error in current methods of 

inguinal herniorrhaphy. Surg Gynecol Obstet. 1942;74:746-750. 

7. Barbier ], Carretier MD, Richer JP. Cooper ligament repair: an update. 
World ] Surg. 1989;13:499-505. 

8. Rutledge RH. The Cooper's ligament repair. In: Fitzgibbons RJ Jr, 

Greenburg AG, eds. Nyhus and Condon's Hernia. 5th ed. Philadelphia, 

PA: Lippincott Williams & Wilkins; 2002:139-148. 
9. Lichtenstein IL, Shulman AG, Amid PK, et al. The tension-free 

hernioplasty. Am ] Surg. 1989;157:188-193. 

10. Shulman AG, Amid PK, Lichtenstein IL. The Lichtenstein open "tension

free" mesh repair of inguinal hernias. Surg Today. 1995;25:619-625. 
11. Gilbert A, Graham M, Voigt W. A bilayer patch device for inguinal 

hernia repair. Hernia. 1999;3:161-166. 

12. Awad SS, Yallampalli S, Srour AM, et al. Improved outcomes with 

the Prolene Hernia System mesh compared with the time-honored 
Lichtenstein onlay mesh repair for inguinal hernia repair. Am J Surg. 

2007;193:697-701. 

13. Bendavid R. Complications of groin hernia surgery. In: Bendavid R, ed. 
Abdominal Wall Hernias. New York, NY: Springer-Verlag. 2001;693-700. 

14. Matthews RD, Anthony T, Kim LT, et al. Factors associated with post
operative complications and hernia recurrence for patients undergoing 

inguinal hernia repair: a report from the VA Cooperative Hernia Study 
Group. Am J Surg. 2007;194:611-617. 

15. Grant AM; EU Hernia Trialists Collaboration. Open mesh versus non
mesh repair of groin hernia: meta-analysis of randomized trials based 

on individual patient data [corrected]. Hernia. 2002;6:130-136. 



-
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DEFINITION 
• Inguinal hernias can be divided into indirect, direct, and 

femoral based on location. 
• Inguinal hernia repair is one of the most common proce

dures performed by general surgeons in the United States, 
with 750,000 to 800,000 cases annually. 

• Inguinal hernia will affect nearly 25 % of men and less than 
2% of women over their lifetime. 

• The majority of femoral hernias occur in women (around 
70 % ) ,  but indirect inguinal hernias are still the most com
mon type of hernia in women. 

• Indirect inguinal hernias result from a patent processus vagi
nalis and are responsible for most pediatric inguinal hernias. 

ANATOMY 
• The myopectineal orifice includes both the inguinal and fem

oral regions. The inguinal ligament divides the myopectineal 
orifice into the inguinal region superiorly and the femoral 
region inferiorly. 

• The boundaries of the inguinal canal are as follows: ante
riorly, the aponeurosis of the external oblique and the in
ternal oblique muscle laterally; posteriorly, the transversalis 

Rectus muscle -----------

Transversus abdom in is  
muscle arch -----+if,riJ!..----, 

Femoral canal 

Cooper's l igament 

Obtu rator vessels 

fascia and the transversus abdominis muscle; superiorly, the 
arch formed by the internal oblique muscle; inferiorly, the 
inguinal ligament; medially, the aponeurosis of the external 
oblique and its insertion on the pubic symphysis ( FIG 1 ) .  

• An indirect hernia passes with the spermatic cord (or  round 
ligament, in women) through the inguinal canal via the in
ternal and external rings. 

• A direct hernia passes through the posterior wall of the canal 
( i .e . ,  the transversalis fascia and transversus abdominis ) ,  
medial to  the inferior epigastric vessels, above the inguinal 
ligament. This region is considered Hessel bach's triangle. 

• Femoral hernias pass through the femoral canal, medial to 
the femoral vessels, inferior to the inguinal ligament. 

• The nerves at risk for traction injury in most anterior ingui
nal hernia repairs include the ilioinguinal nerve, iliohypo
gastric nerve, and the genital and femoral branches of the 
genitofemoral nerve. 

PATHOGENESIS 
• Indirect hernias occur as a result of a patent processus vagi

nalis and are congenital .  The hernia involves a peritoneal sac 
passing through the inguinal canal alongside the spermatic 
cord or round ligament. 

---------------- U m bi l icus 

I nferior epigastric vessels 

:.._,..gt;;.,/Hf.L-'--- Spermatic cord 

1'"\if-t#-.':__ ___ Femoral nerve 

FIG 1 • Anatomy of the i n g u i n a l  ca na l ,  i ntraabdo m i n a l  v iew. 
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• Direct hernias tend to occur secondary to increased in
traabdominal pressure. Predisposing factors include chronic 
cough, constipation, straining and difficulty with urination, 
obesity, and ascites. 

NATURAL HISTORY 
• The natural history of untreated inguinal hernias is not fully 

known, although many believe that progression is inevi
table. Traditionally, repair of all inguinal hernias has been 
recommended to prevent progression, hernia symptoms, and 
strangulation. 

• Watchful waiting is a reasonable strategy especially in men 
with minimal symptoms, as the rate of acute hernia incarcer
ation with bowel obstruction, strangulation of intraabdomi
nal contents, or both is less than 2 per 1 ,000 patient-years. 1 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• Most patients present with a groin bulge as their primary 

complaint. Over time, this tends to increase and may be asso
ciated with pain or discomfort in the groin, thigh, or testicle. 

• Some are asymptomatic and detected on physical exam by a 
primary care physician. 

• Significant pain at initial presentation, particularly if not 
accompanied by an obvious bulge, may not be due to hernia. 
Often, these patients will have chronic pain even after groin 
exploration. 

• Patients who develop progressive symptoms with increas
ing hernia size tend to have the best outcomes after surgical 
repair with significant improvement in pain. 

• Physical examination is the best way to diagnose inguinal 
hernias, and both sides should be evaluated for the presence 
of a hernia. The patient should be examined supine and up
right, with a finger palpating the external ring while the pa
tient performs a Valsalva maneuver. A bulge detected below 
the inguinal ligament in the medial thigh suggests a femoral 
hernia.  

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Adjunctive imaging studies are rarely required for diagnosis 

of inguinal hernia. 
• Ultrasound may be helpful but is dependent largely on the 

skill of the sonographer. Valsalva maneuvers should be em
ployed, and the exam should be performed with the patient 
supine and upright. 

• Some inguinal hernias can be seen on computed tomogra
phy (CT), although small studies suggest that the sensitivity 
and specificity are only 85% and 65% to 85%,  respectively. 
Therefore, if a hernia is not visualized on CT, the diagnosis 
is not ruled out. 

• The role of magnetic resonance imaging (MRI) with and 
without Valsalva is unclear but may be available at some 
centers. MRI is most useful in differentiating sports-related 
injuries from true inguinal hernias. 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis for a groin bulge includes hernia, 

lymphadenopathy, hydrocele, abscess, hematoma, femoral 
artery aneurysm, or undescended testicle. 

NONOPERATIVE MANAGEMENT 
• Patients with minimally symptomatic hernias may be 

candidates for nonoperative management or watchful 
waiting. 1 This approach entails follow-up after 6 months 
and annually by a care provider, along with instructions 
regarding the signs and symptoms of acute incarceration or 
strangulation. 

• Delay of repair for 6 months has been shown not to have an 
adverse effect on surgical outcomes. 2 

• Patients who experience significant pain with activity, those 
who have prostatism or constipation, and those with overall 
good health status are likely to benefit most from surgical 
repair. 3 

• After 2 years, about 25% of patients who are minimally 
symptomatic will develop worsening symptoms and request 
surgical repair. 1 

SURGICAL MANAGEMENT 
• Techniques for the laparoscopic management of inguinal 

hernia include the transabdominal properitoneal approach 
(TAPP) and the totally extra peritoneal (TEP) technique. 

• Laparoscopic repair is especially useful for recurrent or bi
lateral inguinal hernias. 

• A recent meta-analysis comparing open and laparoscopic 
repairs (TAPP and TEP) for primary unilateral hernias 
demonstrated that both laparoscopic approaches resulted 
in less chronic groin pain and numbness compared to 
open repair. TAPP and open repairs had a lower risk of 
recurrence compared to TEP. TAPP was associated with 
a higher risk of perioperative complications compared to 
open repair.4 

Preoperative Planning 

• General anesthesia is usually required for laparoscopic re
pairs, whereas open repairs can be performed with the use 
of local anesthesia. 

• Immediately prior to surgery, the patient should be in
structed to void or a Foley catheter should be placed. Most 
patients can adequately void preoperatively, precluding the 
need for a urinary catheter, which may increase the risk of 
urinary retention as well as infection. 

• For recurrent hernias, it is imperative that the surgeon re
view previous operative reports. In general, the approach 
used to repair a recurrence should use fresh surgical planes 
to facilitate the repair. For a previous open repair that has 
recurred, a laparoscopic approach is usually favored. If a 
mesh plug has been used, a TAPP approach may be signifi
cantly easier than TEP due to the high chance of peritoneal 
violation and need to debulk the plug. 

• For a previous laparoscopic repair that has recurred, an 
open approach may be easier to perform. Given the vari
ety of laparoscopic inguinal hernia techniques used, many 
have found that repeat laparoscopic repair of a recurrence is 
possible in experienced hands. 

• Caution should be taken in patients with previous pros
tatectomy or entrance into the space of Retzius, which can 
make laparoscopic repair much more challenging. In these 
cases, serious consideration should be given to an anterior 
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approach. As with repairing laparoscopic inguinal hernia re
pair recurrences, a laparoscopic approach can be attempted, if 
deemed advantageous, by an experienced laparoscopic hernia 
surgeon. 

Positioning 

• The patient is positioned supine with arms tucked and legs 
secured in order to prevent slippage with changes in table 
position during the procedure. 

LAPAROSCOPIC TRANSABDOMINAL 

PROPERITONEAL INGUINAL 

HERNIA REPAIR 

Establishment of Pneumoperitoneum and 
Port Placement 

• The fi rst troca r is p laced at the level of the u m b i l icus, 
typica l l y  beg i n n i n g  in the u m b i l icus and  extend ing  the 
i nc i s ion i nfer ior ly. Pneumoper itoneum can be esta b
l ished e ither with a Veress need le or  by p lac ing  a 1 2-mm 
H asson port. 

• Two 5-mm ports are then p laced latera l to the rectus 
sheath approxi m ately 1 to 2 em a bove the level of the 
u m b i l icus (FIG 2) .  A 5-mm 30-degree l aparoscop ic  is  used 
and is  p laced i n  the port ips i l atera l to the hern i a .  The 
surgeon uses the u m b i l i ca l  port and port contra l atera l to 
the hern i a .  

• The patient is p laced in the Trende lenburg posit ion d i s
p lac ing  the pelv ic  viscera ceph a l a d .  

Peritoneal Incision 

• The i nfer ior  ep igastric vessels  a re identif ied on the s ide 
of the hern i a .  Dur ing a TAPP, if there is  a h igh susp ic ion 
for i n g u i n a l  hern ia  by h i story and  physica l exa m i nat ion,  
d i ssect ion commences on  the sym ptomatic s ide even if 
no obvious hern ia  is seen from the i ntraperitonea l  view. 
N ote that chron ica l ly i nca rcerated properitonea l  fat may 
occu py the hernia defect precl u d i n g  c lea r v i sua l izat ion of 
the defect itse lf. 

• The peritoneum is i nc ised with M etzenbaum scissors be
g i n n i n g  latera l to the i nfer ior ep igastr ic vesse ls  (FIG 3) .  

T h i s  d i ssect ion ca n typica l ly be done without the u s e  of 
e lectrosu rgery. The correct p lane  of d i ssect ion in the TAPP 
repa i r  i s  the true properitonea l  p lane .  It is  extremely  easy 
to i n advertently d i ssect the retrorectus p lane  with th i s  
approach (FIG 3) .  Shou ld  th i s  occu r, d i ssect ion can pro
ceed (s i m i l a r  to the TEP approach) but d i ssect ion i nto the 
retrorectus space without the benefit of ba l loon tam
ponade can i ncur  increased blood loss. D i ssect ion d u r
i ng  TAPP shou ld  proceed between the peritoneum and  
tra nsversa l i s  fasc ia .  The peritonea l  f l ap  i s  m o b i l ized h i g h  
u p  on t h e  lower abdom i n a l  wa l l ,  extend ing  l atera l ly to 
the a nter ior super ior  i l i ac  sp ine  and  m ed i a l ly to the i ps i 
l atera l med i a l  u m b i l i ca l  fo l d .  

• Ca re shou ld  be taken to avo id  i nj u ry to the i nfer ior  ep i 
gastr ic vesse ls  which l i e  poster ior  to the rectus m uscles 
i n  the retrorectus p lane .  M a i nta i n ing  a p lane  of d i ssec
t ion in the true properitonea l  space m i n i m izes the risk of 
i nj u ry to these vesse ls .  

• The surgeon stands on the contralateral side from the hernia 
being repaired. 

• ' • 
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FIG 2 • Port p l acement.  A. For TAPP, ports a re p l aced at 
the u m b i l i cus  and l atera l to the l i nea sem i l u n a r i s  at the 
level  of the u m b i l i cus .  B. TEP ports a re p l aced i n  the m i d l i ne 
at the u m b i l i cus, 2 em a bove the sym p hysis pu b i s, a n d  the 
fi n a l  i n  between the fi rst two, at least 4 em cra n i a l  to the 
seco nd port.  
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Properitoneal 
space 

Peritoneal 
flap 

Dissection of the Properitoneal Plane 

• Beg i n n i n g  l atera l ly, retract the peritoneum med i a l ly, and  
d i ssect the properitonea l  p la ne, leaving the fat aga i nst 
the abdom i n a l  wa l l  to preserve sma l l  nerves and vesse ls .  

• The i nferior epigastric vessels are aga in  identified and the 
properitoneal  plane is developed media l  to these vessels 
toward Cooper's l iga ment. During the i n it ia l  learning cu rve 
of this  procedu re, the overwhe lm ing tendency is to d i ssect 
too fa r med ia l ly and posteriorly into the reg ion of the blad
der. Confirmation of the trajectory of d i ssection toward 
Cooper's l iga ment can be obta ined by a br ief i ntraperito
nea l view. Once Cooper's l iga ment has been identified, it is 
exposed for a bout 2 em antic ipating fixation at its superior 
aspect (FIG 4) .  A d i rect sac usual ly obscu res Cooper's l iga
ment unti l  the sac is  red uced entirely i nto the true pelvis. 

• After Cooper's l i ga ment has been identif ied, a d i ssect ion 
l atera l to the i nfer ior ep igastr ic vessels  i s  commenced 

Cooper's l igament 

Retrorectus 
space 

FIG 3 • Creation of the peritoneal  f lap 
during TAPP. Beg inn ing latera l to the 
epigastric vessels, the peritoneum is incised 
and the properitoneal  space d issected, 
creating a f lap.  The retrorectus space, seen at 
the top of this f igure, may be inadvertently 
entered, resu lting i n  i ncreased b leed ing .  

atte m pt ing to d i ssect the properitonea l  fatty t i ssue an
ter ior ly wh i l e  m a i nta i n i n g  i ntegr ity of  the peritoneu m .  
Th is  d i ssect ion is  taken t o  t h e  level o f  t h e  i l iopub ic  tract. 

Reduction of the Hernia 

• At th i s  po i nt, attent ion is turned to an i n d i rect hern ia  sac 
if  p resent, and it is  d i ssected away from the cord struc
tures. The peritoneum is now sepa rated from the tra ns
versa l i s  fascia over ly ing the i nfer ior  ep igastric vesse ls .  As 
the i n d i rect hern ia  sac is  approached, gent le but persis
tent cepha lad tract ion is  app l ied to reduce the hern ia  sac. 
Typica l ly, if it ca n be done safely, the entire sac i s  reduced 
i nto the true pelv is .  As the sac i s  reduced, the m ed i a l  vas 
deferens and l atera l test icu l a r  vessels  a re identif i ed .  I n  
women, t h e  round l i g a ment is  identified .  T h e  sac is  d is
sected away from these structu res. In women,  the rou n d  
l i ga ment can often be sepa rated from the peritoneum.  

·"�·:" · . . ' 

·. . �-···�; . . . ' . .. 
· 'ftl���. , · I 

,..-- � - , . 
. . 

. ,• 

-

FIG 4 • Cooper's l iga ment.  D i ssect ion proceeds 
med i a l ly toward Cooper's l i ga ment.  Once 
identif ied, approxi mately 2 em of the super ior  
aspect of Cooper's l i gament is  c leared for mesh 
fixat ion .  



C h a p t e r  2 I N G U I NAL HERNIA:  Laparoscopic  Approaches 

Should th i s  not be poss ib l e, efforts are made to d iv ide 
the peritoneum a long the axis of the rou n d  l i g a m ent, 
rea pproximat ing the peritoneum after an  adequate d i s
sect ion has been performed.  D iv is ion of the round l iga
ment shou ld  be avoided if  possi b l e  to m i n i m ize r isk of  
pa in  f rom tra nsect ion of the gen ita l branch of the gen i 
tofemora l nerve. However, if  tra nsect ion is  necessa ry to 
perform a n  adequate hern ia  repa i r, the rou n d  l i g a ment 
can be d iv ided between c l i ps or  l igatures. 

• Once the hern ia  is reduced, the peritoneum is sepa
rated from the i l i ac vessels, vas, and test icu l a r  vessels  
poster ior ly towa rd the u m b i l icus (FIG 5) .  Th is  ensures a 
generous exposu re of the entire myopect inea l  or if ice. 
I n  add it ion,  separation of the cord structu res from the 

Direct hernia defect 

Cord structures 

FIG 5 • Dissect ion of peritoneum off 
poster ior  structures. Once the hern ia  i s  
red uced, the peritoneum i s  sepa rated from 
the cord structu res and i l i ac  vessels  to a l l ow 
adequate exposure of the myopect inea l  
or if ice.  Th is  a l l ows room for  generous mesh 
over lap  and  is  a key step i n  prevent ing hern ia  
recu rrence. 

peritoneum ensures the a b i l ity to p lace a so l i d  p iece of 
mesh across the myopect inea l  orif ice without the need 
for keyho le  creat ion (FIG 6) .  Shou ld  a keyho le  configu
rat ion be emp loyed, the d i ssect ion proceeds ca uda l l y  to  
the vas  and  test icu l a r  vesse ls, beg i n n i n g  at the level of  
the i nterna l  r ing .  Care shou ld  be taken  to d i ssect we l l  
poster ior ly t o  a l low m esh over lap  

Mesh Placement and Fixation 

• An appropr iately s ized (usua l l y  1 4  em [tra nsverse axis] 
x 1 2  em [cra n ioca u d a l  axis]), l i g htweig ht, macroporous 
mesh should be chosen which wi l l  cover the hern ia  de
fect as  we l l  as  the ent i re myopect inea l  or if ice.  

FIG 6 • Com p l eted d i ssectio n .  The hernia has been 
red uced and d i ssect ion com p l eted prior to mesh 
p lacement. N ote the d i rect hernia defect; Cooper's 
l i g a ment, wh ich has been c leared super iorly; and  
the cord structures. 
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The mesh is then g rasped m ed i a l ly a n d  i nserted i nto 
the 1 2- m m  port, a i m i n g towa rd Coope r's l i g a m ent.  A 
M a ry l a n d  d i ssector can  be used to posit ion  the l atera l 
a n d  super ior  aspect of the mesh .  
P r ior  to fixat ion,  precise p lacement of  the mesh  over the  
ent i re  myopect inea l  or if ice is  ensured .  Ca re is  taken  to  
ensure at least 3 em of over lap  over any hern ia  defect. 
M i n i m a l  fixation is used to prevent migration of the 
mesh (FIG 7) .  For i nd i rect hernias, two tacks are p laced 
just a bove Cooper's l igament, one h igh med i a l ly over the 
posterior aspect of the rectus sheath, and one high later
a l ly wel l  a bove the i l iopubic  tract. For d i rect defects, some 
add it iona l  fixation is usua l ly necessary to avoid early mi
g ration and recu rrence. I n  general ,  no tacks should be 

FIG 7 • Mesh fixat ion .  The mesh can 
be either a so l i d  p iece or  one with a 
keyho le  and  shou ld  be taut. F ixation 
tacks a re used spar ing ly: two a bove 
Cooper's l i g a ment one in the poster ior  
rectus sheath,  a n d  one l atera l ly, we l l  
a bove t h e  i l iopub i c  tract. 

p laced below Cooper's l igament or below the i l iopubic  
tract. Cou nterpressure should be used to fee l  the t ip of the 
tack ing device on a l l  tacks except those p laced adjacent to 
Cooper's l iga ment. There is l ittle data to support any one 
type of fixation (absorba ble vs.  permanent). I n it ia l  resu lts 
suggest that avo id ing mechan ica l  fixation with the use of 
sea la nts or  g l ues may be feas ib le, especia l ly with a TEP a p
proach; however more conclusive information is needed .s.G 

Closing the Peritoneal Flap and Incisions 

• The peritonea l  f lap  can usu a l ly be c losed with tack fixa
tion, ta k ing ca re to avoid in jury to the i nfer ior  ep igas
tric vessels  (FIG 8) .  All attem pts a re made to m i n i m ize 

FIG 8 • Peritonea l  flap c losure for TAPP. The 
peritonea l  f lap is  c losed with seq uenti a l  tacks.  
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exposu re of d i ssected t issue and  mesh to the peritonea l  • After desufflat ion,  troca rs a re removed under  d i rect v isu
a l izat ion .  The 1 2-mm port site is  c losed with 0 Vicry l ,  a n d  
s k i n  is  approxi m ated with 4-0 Monocryl sutures. 

cavity. Dur ing  flap c losure, ca re i s  taken to ensure that 
the poster ior  aspect of the mesh does not buckle or twist, 
which can act as  a lead po int for recu rrence. 

TOTALLY EXTRAPERITONEAL INGUINAL 

HERNIA REPAIR 

Establishment of the Operative (Properitoneal) Space 
and Port Placement 

• A 1 - to 2-cm long itu d i n a l  sk in  i nc is ion is made i nfer ior  to 
the u m b i l icus a n d  the subcuta neous tissues a re d iv ided.  
The a nter ior  rectus sheath i s  ident if ied j ust l atera l to 
l i nea a l ba on the ips i l atera l s ide of the hern i a .  The an
ter ior  rectus sheath  is  then d iv ided us ing e l ectrosu rgery. 
The rectus m uscle is retracted latera l ly a n d  the retro
rectus space is entered . An endoscop ic  ba l l oon d i ssec
tor is  adva nced i m med iately beneath the rectus m uscle 
and advanced to the pubic sym physis (FIG 9) .  A 1 0-mm 
0-deg ree l aparoscope is  p laced i nto the l umen  of  the ba l 
loon and  it is  fu l ly i nfl ated and  he ld  i n  posit ion for 2 m i n
utes to ach ieve hem ostas is .  The ba l loon is removed and  
e i ther  a Hasson ca n n u l a  (with stay sutu res) or  a ba l loon
t ipped ca n n u l a  i s  i nserted i nto the extra peritonea l  space. 
Usua l ly, act ion of the ba l l oon d i ssector d issects both the 
retrorectus space and  the properitonea l  space. Th is  space 
is i nsufflated to a pressure of 1 2  m m H g  and  a 1 0-mm 
30-degree l aparoscope i s  used  for v i sua l izat ion .  The  

patient i s  p l aced i n  Trende lenburg posit ion .  Two 5-m m 
operat ing ports a re inserted under  d i rect v i sua l izat ion 
i n  the l ower m i d l i ne .  The lowest is  p laced 2 em a bove 
the pub i c  symphysis. The second port i s  p laced at least 
4 em cra n i a l  from the fi rst port (FIG 2) .  Use of a f inder  
need le  with loca l  anesthet ic  can assist i n  p lacement of 
these ports. 

Dissection of the Properitoneal Plane, Reduction of 
the Hernia, Mesh Placement, and Fixation 

• These steps proceed s i m i l a r ly to that descr ibed for the 
TAPP a pproach d i scussed previous ly. 

Desufflation 

• After adequate hemostas is  has been assu red a n d  mesh 
p lacement deemed appropr iate, the 5-mm operat ing  
ports a re removed and  the i nsuffl at ion removed .  The 
peritoneum shou ld  be visu a l i zed c los ing  the d i ssected 
space. Ca re shou ld  be taken to ensure that the mesh 
rema ins  f lat aga i nst the abdom i n a l  wa l l  without fo ld
ing ,  buck l ing ,  or  twist ing .  The Hasson or  ba l l oon-t ipped 
ca n n u l a  i s  then removed and the anterior rectus sheath 
c losed . 

Transversalis 

Peritoneum 

FIG 9 • Endoscop ic  ba l loon d issector, TEP. 
The ba l loon d i ssector is i nserted i nto the 
retrorectus space, advanced towa rd the pub i c  
sym phys is, a n d  fu l ly insuffl ated for  2 m i n utes 
to a l l ow adeq uate hemostas is .  
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PEARLS AND PITFALLS 
TEP-entrance i nto 
properitonea l  space 

TAPP-properitoneal  
d issection 

TE P-avo ida nce of 
pneumoperitoneum 

TAPP/TE P-avo ida nce of  
i nj u ry to a berrant obtu
rator vessels  and corona 
mortis venous p lexus 

TAPP/TEP-Ia rge  d i rect 
hern ia  sac 

TAPP-Iarge ind i rect 
hernia sac 

• Entrance i nto the properitoneal space dur ing TEP should be performed at least 5-mm below the umbi
l icus as the peritoneum and transversa l i s  fascia a re fused to the umb i l ica l  sta l k, preventing easy mobi l i 
zat ion.  Typical ly, the retrorectus space is fi rst entered, with the bal loon d issector expa nding this p lane .  
The d i ssector usua l ly a lso expands the properitonea l p lane.  I n  some instances, the transversa l i s  fascia 
may remain  i ntact, requ i ring laparoscopic mobi l ization i nto the true properitoneal  space. 

• Care is taken to enter the p lane between the peritoneum and the transversa l is fasc ia .  If the transversa
lis fascia is inadvertently entered, attem pts should be made to get back i nto the properitoneal  p lane.  
If this ca nnot be done, the d i ssection ca n proceed i n  the retrorectus space anterior to the transversa l i s  
fasc ia .  Th i s  is usua l ly a less hemostatic p la ne; care shou ld  be taken to avoid excessive b leed ing .  

• M a i nta i n i n g  i nteg rity of the peritoneum a n d  avo idance of pneumoperitoneum fac i l itates exposure 
with the TEP a pproach.  Tea rs i n  the peritoneum shou ld  be repa i red with either c l i ps, a bsorba b le  
loop l igatures, or  sutures. A Veress need le can be p laced i nto the peritonea l  cavity i n  the upper  a b
domen to vent the pneumoper itoneum and  reesta b l ish v isua l i zat ion in the extra peritonea l  space. 
I n a b i l ity to contro l the peritonea l  gas leak may necessitate convers ion to a TAPP a pproach . 

• Dissect ion of Cooper's l i ga ment often exposes a berrant obtu rator vessels  a n d  the corona mortis 
venous p lexus. G reat ca re should be taken to avo id  i nj u ry to these structu res as  hemostas is  ca n be 
cha l l eng ing .  Addit iona l ly, these structu res shou ld  be taken i nto cons ideration when mesh fixat ion 
is  used adjacent to Cooper's l i ga ment.  

• With l a rge d i rect sacs, identif ication of Cooper's l i ga ment can often be cha l l eng ing .  When a 
s izab le  d i rect hern ia  is encou ntered, the sac is red uced ear ly in the d i ssect ion to identify Cooper's 
l i g a ment.  

• Reduction of a l a rge ind i rect hernia sac is one of the most cha l leng ing maneuvers i n  laparoscopic  in
gu ina l  hern ia repa i r. Often, med ia l  and latera l retraction of the sac can he lp  fac i l itate d i ssection of the 
sac away from the cord structu res and i nfer ior epigastric vesse ls. Manua l  red uction (externa l ly with 
f ingers) can sometimes he lp  d i ssect the entire sac back i nto the true pelvis. If complete reduction is  un
ab le  to be achieved, transection of the sac ca n be performed. The testicu lar  vessels and vas a re clearly 
identified and separated from the tenacious sac. Lapa roscopic c l i ps are used to cl ip the proxima l  aspect 
of the sac and the sac is d ivided, a l lowing the open d i sta l aspect of the sac to "parach ute" back i nto 
the ingu ina l  cana l .  The sac ca n then be mobi l ized in the sta ndard fash ion to fac i l itate mesh p lacement. 

POSTOPERATIVE CARE • Men with bilateral hernias should be counseled regarding 
the slightly increased risk of decreased fertility associated 
with bilateral laparoscopic inguinal hernia repairs .7  • In addition to the typical postoperative monitoring for hy

dration and adequate analgesia, it is important that the pa
tient be monitored for urinary retention in the immediate 
postoperative period and a Foley catheter inserted, if needed. 

• Diet can be advanced quickly within 12 hours postopera
tively. Ambulation can resume once appropriately recovered 
from anesthesia. Patients are typically ready for discharge on 
the day of surgery. 

• Constipation and straining should be avoided postopera
tively. Light activity can be resumed within 1 day of surgery. 
Patients should be advised to avoid strenuous activity for at 
least 3 to 4 weeks postoperatively. 

OUTCOMES 
• Recurrence after TAPP appears to be equivalent to open re

pair, and TEP has a slightly higher risk of recurrence.4 
• Overall, TEP and TAPP have been associated with less 

chronic pain than open repair.4 

COMPLICATIONS 
• Complications after inguinal hernia repair (whether open 

or laparoscopic) include surgical site infection, seroma or 
hematoma, mesh infection (all < 1  % ) ,  hernia recurrence 
(2% to 5% for primary inguinal hernia; around 1 0 %  for 
recurrent hernia) ,  and chronic groin pain (around 0.5 % ) .  

• TAPP has been associated with a n  increased risk o f  intraab
dominal and vascular injury, although this risk is low ( < 1  % ) .  

• Laparoscopic repair (TAPP and TEP) carries the risk o f  port 
site hernias (approximately 0 . 1 %  to 2 % ) .  
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DEFINITION 
• An incisional hernia is a defect in the musculoaponeurotic 

layer of the abdominal wall occurring at the site of a prior 
incision. The sine qua non of any hernia is the presence of 
a fascial defect. Typically, a hernia is a protrusion of intra
peritoneal abdominal contents through the defect, usually 
contained within a "sac "  of peritoneum and covered with 
skin and perhaps subcutaneous fat. In certain circumstances 
such as the sequelae of an open abdomen, there may not be 
a true peritoneal sac nor a cutaneous cover. 

• There are certain circumstances in which a pseudohernia 
can mimic a true hernia. Flank incisions can denervate the 
lateral abdominal wall, causing flaccidity and an outward 
bulge appearing to be a "hernia, " even though the musculo
aponeurotic layers are intact. Diastasis of the rectus muscles 
will also lead to a bulge especially on straining, but in both 
these circumstances, there is no actual defect in this muscu
loaponeurotic layer. 

• lncisional hernias are classified as incarcerated when the 
contents of the hernia sac cannot be reduced back into the 
confines of the peritoneal cavity and strangulated when 
incarceration leads to vascular compromise and ischemia of 
the incarcerated contents . Strangulated contents may be sal
vageable if reduction can be accomplished prior to irrevers
ible ischemia and necrosis. 

• Incisional herniorrhaphies are designed to obliterate the 
musculoaponeurotic defect and restore continuity to the 
abdominal wall. This process may be accomplished in a 
number of ways but fall into three basic categories: ( 1 )  A 
primary repair with reapposition of the separated muscu
loaponeurotic edges is the simplest type of repair; (2) syn
thetic and biologic prostheses to restore abdominal wall 
continuity without primary apposition of the musculoapo
neurotic layers, covering the defect in a bridging fashion 
with a "patch . "  Generally, repairs in this fashion are per
formed as an underlay or overlay with a substantial amount 
of overlap beyond the musculoaponeurotic edge (usually 
::=:5 em) because sewing the prosthesis directly to the edges 
leads to an unacceptably high rate of hernia recurrence; and 
( 3 )  a component separation technique, which are extensive, 
anterior or posterior lateral relaxing incisions to allow for 
greater tissue mobility, medialization of the rectus muscles, 
and decreased tension. The component separation is often 
reinforced using synthetic or biologic prostheses as under
lays or overlays. 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis of incisional hernias involves any

thing else that could cause a mass effect of the abdominal 
wall. 

Pseudohernias arising from flank incisions and diastasis 
recti may be mistaken for true hernias. Diastasis recti is 

usually seen in the absence of a previous midline incision. 
Flank pseudohernias may require imaging such as com
puted tomography (CT) of the abdomen to demonstrate 
that the musculoaponeurotic layers of the abdominal wall 
are intact. 
Neoplastic masses, such as desmoid tumors or other soft 
tissue tumors, such as lipomas and sarcomas, can poten
tially be mistaken for hernias, especially an incarcerated 
hernia, because they do not change with straining or 
coughing and obviously cannot be reduced. 
Infections causing fluid collections, such as an abscess or 
seroma formation after prior herniorrhaphy or abdomi
noplasty, can cause bulging that could be mistaken for a 
hernia and can occur or become evident weeks to years 
after the herniorrhaphy. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• The most common symptom is discomfort or pain directly 

over the site of the hernia, especially when standing or other
wise increasing intraabdominal pressure; referred pain like a 
radiculopathy is rare . Patients will complain of a bulge, loss 
of abdominal wall support (often with back pain) ,  or a feel
ing that they are "falling out" if the hernia is large. Patients 
often find the hernia cosmetically unacceptable. Localized 
borborygmi may also be evident to the patient, as may vis
ible peristalsis . 

• Hernias may cause varying degrees of intestinal obstruction
acute, chronic, or intermittent. Predisposing factors include 
chronic or acute incarceration and a small hernia neck, 
especially with a relatively large protrusion of intraabdomi
nal content relative to the neck size. Intermittent, partial small 
intestinal obstruction may manifest as cramping, abdominal 
pain, or emesis, and patients may have learned to massage 
the hernias to provide relief. Acute or chronically incarcer
ated hernias may cause more severe obstructive symptoms, 
including acute, complete small intestinal obstruction or 
chronic, partial obstruction. Although much less common, 
large bowel obstruction may occur and manifest as constipa
tion or acutely as obstipation. 

• Examination of the patient with an incisional hernia 
should be performed in both the supine and erect positions . 
This approach may provide valuable information to the 
examiner-reducibility, the extent to which the hernia pro
trudes, and to what extent the abdominal domain has been 
lost. The two most prevalent findings on physical exam are 
the presence of a bulge over or lateral to the prior incision 
and a palpable fascial defect. If the hernia reduces spon
taneously in the supine position, the examination can be 
aided by having the patient perform a Valsalva maneuver, 
standing, or both. Usually, the hernia can be elicited merely 
by having the patient lift his or her head off the examina
tion table. Subtle and smaller hernias can be difficult to 
detect and may manifest during examination as a gentle, 
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slowly developing bulge under the examiner's fingers; in the 
obese patient, small hernias may be difficult or impossible 
to appreciate. 

• The edges of the hernia defect should be determined circum
ferentially by palpation with the patient supine and relaxed. 
The dimensions are important in determining whether mus
culoaponeurotic apposition will be possible at the time of 
repair. Beware the possibility of a " Swiss cheese" hernia, 
that is, small multiple defects along the fascial incision, espe
cially when the fascia had been closed previously with inter
rupted sutures; smaller defects may not be palpable. 

• As noted previously, an incarcerated hernia must raise other 
possibilities in the differential diagnosis, such as seromas, 
abscesses, and both benign and malignant abdominal wall 
masses. 

• The examiner should palpate carefully over any prior port site 
after a laparoscopic procedure for a subtle defect or "mass . "  

• Intramural hernias, where at  least the most superficial mus
culoaponeurotic layer remains intact, can occur after lateral 
celiotomies where the abdominal wall has several layers. 
Spigelian hernias can present as intramural hernias. Intra
mural hernias are rare and can be difficult to diagnose and 
often impossible to feel. A Valsalva maneuver during CT 
or even ultrasonography may be diagnostic when physical 
exam and even a passive CT cannot demonstrate the hernia. 

• For very large hernias that remain evident with the patient su
pine, an estimation should be made as to the extent to which the 
herniated contents have lost domain; that is, there is no longer 
adequate room within the abdominal cavity to accommodate 
the extruded contents after attempted reduction back into the 
coelomic cavity. CT of the abdomen is also particularly helpful 
in this regard. Loss of domain can preclude fascial apposition, 
even with concomitant component separation or relaxing inci
sions. Substantial loss of domain will cause undue tension in 
repairs, respiratory compromise, and an increased risk of recur
rence after repair. Severe loss of domain precludes repair. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The best imaging technique for incisional hernia is CT. CT 

provides excellent and actionable information regarding the 
size and configuration of the hernia defect, can provide a 
visual estimate of loss of domain and other potential pathol
ogies in the differential diagnosis, and will aid in planning 
of the operation. In large, complex hernias, the information 
can assist with decisions regarding the procedure of choice 
as well as the potential for adjunctive measures such as tis
sue ( skin surface area) expanders .  For flank hernias, CT can 
rule out a pseudohernia and is important to define the status 
of the oblique muscles cranial and caudal to the defect, as 
well as the paraspinal muscles, which will need to serve as 
fixation points for the hernia prosthesis. 

• Routinely obtaining a CT to define the hernia defect, posi
tion, and size is controversial. For straightforward incisional 
hernias easily felt and defined at examination, CT has little 
benefit. For large, complex, or recurrent hernias, especially 
after prior repairs, CT can provide a wealth of information to 
define size and conformation, position of any prior prosthet
ics, issues of abdominal domain, unappreciated additional 
defects, and the status of the abdominal musculature such as 

loss or atrophy of specific muscle layers-critical information 
when planning a concomitant component separation. 

• Magnetic resonance imaging (MRI) is acceptable but pro
vides no more information than CT while being more expen
sive, time consuming, and difficult for the patient (and for 
many physicians as MRI is more difficult to interpret) .  Ultra
sonography can be helpful, especially with the diagnosis of 
intramural hernias but is not generally useful and provides 
far less information than CT. 

SURGICAL MANAGEMENT 
Timing of Operation 

• Although most incisional herniorrhaphies are elective opera
tions, acutely incarcerated hernias are surgical emergencies, 
particularly when strangulation is suspected. Signs of strangu
lation may include: nausea and vomiting; peritonitis; acutely 
inflamed, indurated skin overlying the hernia; new onset of 
constant severe hernia pain; and the signs and symptoms of 
local or systemic sepsis. 

• As a general rule, elective incisional herniorrhaphy should be de
layed until optimum conditions for repair have been achieved; 
this approach will decrease recurrence rate. Timing of repair, 
however, is relative to the patient and the hernia; for example, 
a small-necked hernia considered at high risk for incarcera
tion would prompt an earlier repair especially if symptomatic, 
whereas a patient with multiple, potentially remediable risk 
factors for recurrence, such as obesity, poorly controlled diabe
tes, tobacco use, malnutrition, constipation, or chronic cough, 
would argue for a delayed approach until these issues are ad
dressed. More immediate concerns that should delay repair for 
the shorter term would include, open wounds on the abdominal 
wall, cellulitis, panniculitis, or cutaneous candidiasis; distant 
infections such as pneumonia or urinary tract infection; and 
uncontrolled, potentially reversible medical conditions such as 
diabetes, congestive heart failure, and chronic obstructive pul
monary disease (COPD).  A nonmature ( "nonpinchable" )  split 
thickness skin graft overlying the hernia is a relative indication 
for delay, as is waiting to receive recoverable operative notes 
from prior abdominal operations prior to operation. 

Open versus Laparoscopic Repairs 

• The topic of open versus laparoscopic repairs is controver
sial. Each has advantages and disadvantages, and the data 
regarding hernia recurrence, pain, and postoperative com
plications are roughly comparable. There are factors that 
may predispose toward one or the other approach in a par
ticular patient; a surgeon routinely performing hernia repairs 
should be conversant with both. A recent Cochrane review 
examined 10 randomized controlled trials with a total of 
880  patients comparing laparoscopic versus open ventral 
hernia repairs. They did not note any difference in recurrence 
rates or postoperative pain intensity. Laparoscopic repairs 
carried a greater risk of enterotomy and incurred greater in
hospital costs, but they were associated with a decreased risk 
of wound and mesh infection and shortened hospital stay. 

• Factors favoring open repair: Theoretically, returning the ab
dominal musculature to its normal position of continuity could 
be expected to restore optimal anatomic and physiologic func
tionality of the mechanics of the abdominal wall, although 
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this remains unproven. Apposition of the musculature in its 
anatomic position is more easily accomplished in an open 
procedure. Although fascial apposition can be accomplished 
laparoscopically, as can a limited component separation, these 
are performed more efficiently and completely in an open pro
cedure, and more complex component separations including 
the rectus sheath rollover technique can be accomplished. The 
fascial apposition performed laparoscopically usually leaves 
a cosmetically undesirable ridge of skin and subcutaneous 
fat above the repair. Dense adhesions, especially those result
ing from an open wound and subsequent split thickness skin 
grafting, make a laparoscopic repair difficult or impossible. 

Preoperative Planning 

• Several factors can affect the recurrence rate of incisional 
hernia repair. With a recurrence rate of 1 0 %  to 30% or 
greater, attention to the factors that adversely affect recur
rence rate in the preoperative phase is warranted. 

Weight loss: If patients are substantially overweight, cer
tainly if they meet medical criteria for severe obesity, an 
attempt at weight loss prior to repair is warranted. If the 
patients are not able to lose weight successfully after a 
reasonable period of time, however, it may be reasonable 
to proceed with repair. 
Tobacco use: Experts in abdominal wall reconstruction are 
in general intolerant of tobacco use prior to hernia repair, 
certainly within 6 weeks prior to the repair and especially 
if a components separation is planned. The adverse effects 
of tobacco use on wound healing are well documented in 
the medical literature. It is worthwhile noting that nico
tine substitutes such as gum would be expected to cause 
the same vasoconstriction and tissue ischemia as inhaled 
and oral tobacco products. 
Abdominal wall strain: Voluntary and involuntary abdom
inal wall contractions can place an immense strain on a 
fresh abdominal wall reconstruction-coughing, constipa
tion, emesis, and straining to urinate all place stresses on 
the abdominal wall that could have an adverse effect on 
herniorrhaphy. Any remediable causes of these problems 
should be addressed prior to operation. 
Routine screening: It is worthwhile to make certain that 
patients are up-to-date with routine medical maintenance 
and screening such as colonoscopy so that other necessary 
intraabdominal conditions can be treated concomitantly, 
beforehand, or sequentially with the herniorrhaphy as 
appropriate. 
Routine health maintenance: A general preoperative clear
ance is useful to make certain the patient is medically 
optimized for operation. Common diseases, such as hy
pertension, diabetes, COPD, and coronary artery disease, 
should be evaluated and optimized prior to operation to 
minimize perioperative risk. 
Incisional hernia repair is usually a clean case. Because enter
otomies can occur and repairs usually entail the placement 
of either a synthetic or biologic prosthesis, perioperative 
prophylactic antibiotics are indicated. Bowel preparation 
is not indicated. A preoperative shower with chlorhexidine 
gluconate (Hibiclens®) is prescribed at the preference of 
the surgeon. Adhesive drapes, such as Ioban™ (3M Corp, 
Minneapolis, MN) and Steri-Drape™ (3M Corp) ,  are used 

frequently for the theoretic purpose of " isolating skin bac
teria" from the wound and any prosthesis used, but strong 
evidentiary studies to support their use are lacking. 
Many hernia cases will require advance notice to ensure 
that necessary materials and equipment are available. 

Planned fixation of the prosthesis to the pubis or an
terior iliac spine may require the use of a bone drill or 
bone anchors. 
Specialized, procedure-specific equipment such as a 
Reverdin needle 
Biologic prosthetics ( fetal bovine, porcine, or human 
dermis and others) are expensive and may be stocked 
in limited supply. Be certain that the prosthesis required 
in size, thickness, and type is in stock and available the 
day of operation, as well as alternatives should the orig
inally planned material not be usable as planned. 

Positioning 

• Most incisional hernias can be repaired with the patient 
supine; the drapes should extend at least 10 to 15 em above 
and below the extent of the previous incision. There may be 
unappreciated defects discovered at the time of operation 
along the entire extent of the previous incision. 

• For flank hernias, adequate exposure is paramount. Depend
ing on the incision, a vertically placed bump under the spine 
providing lateral position may give sufficient access, whereas 
for more lateral incisional hernias, a complete lateral position 
may be necessary. See the following "Techniques" section. 

Varieties of Repair 

• The optimal repair of an open incisional hernia is a contro
versial topic. We will present our choices for what we con
sider the acceptable and optimal repairs, as well as general 
considerations that are valid regardless of the other techni
cal details. For most purposes, we consider fascial apposition 
with a prosthesis underlay in the retrorectus or preperitoneal 
position to be the best repair for most open incisional hernias. 

Choice of Mesh 

• In general, the synthetic (alloplastic) meshes are preferable 
when there is no contamination precluding their use, whereas 
biologic prostheses are preferable when microbial contamina
tion is present. There are innumerable choices for both synthetic 
and biologic prostheses and little to support the superiority of 
one particular type over another within their respective classes. 
It is useful to categorize broadly the various products by func
tional use. The most important distinction is synthetic versus 
biologic. The biologic prosthetics are in general more resistant 
to bacterial colonization and infection and may be chosen in 
a contaminated field, but they may remodel and weaken over 
time, especially when used in a bridging fashion. The synthet
ics are stronger than the biologic meshes and do not remodel, 
although a varied extent of shrinkage does occur, depending 
on the prosthetic material. The synthetics may be further sub
divided into barrier and nonbarrier meshes. Barrier meshes are 
designed to allow them to be apposed to the abdominal viscera 
are in theory minimize adhesions to the side facing intracorpo
really. Nonbarrier synthetics should only be used in a protected 
space, such as the preperitoneal or retrorectus spaces. 
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Procedure Categorization 

Open 
Laparoscopic 
• Prosthesis underlay 

• Fascial apposition alone 
Suture fixation with tacks 
Tack fixation alone 

• Fascial apposition with prosthesis underlay 
Protected space mesh placement (preperitoneal and 
retrorectus) 

• Fascial apposition 
• Components separation 

Intraperitoneal mesh placement 
• Fascial apposition with prosthesis overlay 
• Components separation 

A 

WIDE ONLAY TECHNIQUE OF INCISIONAL 

HERNIORRHAPHY 

• The concept beh ind  th i s  wide on lay repa i r  is that the pro
ced u re can rem a i n  fu l l y  extra peritonea l ,  and the meshed 

may be accompl ished purely by b lunt d i ssection, but if the 
i nterface of sac and subcutaneous tissue is sca rred, sharp 
d issection may be req u i red (FIG 1 8) .  

Creation of Space for Prosthesis 

prosthesis provides a l a rge  su rface a rea for transg rowth • The sk in  and  su bcuta neous tissue f l aps a re mob i l ized for 
at least 5 to 7 em latera l to the edge of the hern ia  d efect. 
Th is  p l ane  is  created just anter ior to the abdom i n a l  wa l l  
fascia (anter ior  rectus fascia a n d  poss ib ly  o u t  t o  t h e  ex
tern a l  ob l i que  fascia or aponeurosis more latera l ly) to 
a l l ow a wide, l atera l over lap  of the prosthesis .  A 5- to 
7-cm skin and su bcuta neous flap is  mob i l ized off the 
m i d l i n e  fascia past the cra n i a l  and ca u d a l  extents of the 
hern ia  defect (FIG 1 C) .  

through the m e s h  and  thus a wide t issue fixat ion .  

Placement of Incision 

• The ent i re pr ior  sk in  i nc i s ion is exc ised a long with any 
u nder ly ing f ibrosis back  to hea lthy ep idermis  a n d  su bcu
ta neous fat i n  attem pt to m i n i m ize i nfect ion (FIG 1A) .  

• Dissection proceeds d i rectly down to the hernia sac, being 
carefu l not to enter the sac .  If the i ncis ion is longer than 
the hernia defect, on ly the skin and subcuta neous tissues 
that a re chronica l ly scarred with concerns for hea l i ng need 
be excised . This type of repa i r  ca n be accompl ished tota l ly 
extra peritoneal ly. The latera l aspect of the hernia sac is mo
b i l ized med i a l ly back to the fasc ia l  defect. This maneuver 

Prior incision 

Incision 
used in 
repair 

Reapproximation of Fascia Edges 

• A dec is ion needs to be made whether and  how the fas
c ia l  edges of the defect ca n be rea pproxi m ated (FIG 

2A) or  o n ly bridged or " patched " by the prosthesis 

Skin incision 

Underlying 
fascial defect 

Hernia sac 

B 

FIG 1 • I nc i s ion and  mob i l izat ion of hern ia  sac. A. The i nc is ion is centered over the hern ia  exc i s ing the pr ior  i nc is ion;  a l l  
su bcuta neous sca rs shou ld  b e  excised back t o  hea lthy, vascu la r ized su bcuta neous t issue. B. T h e  hern ia  s a c  i s  m o b i l ized latera l ly 
to the med i a l  edge of the hern ia  defect; try to not v io late the hern ia  sac. (continued) 
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External 
obl ique 
muscle 

Fascial defect 

Mobi l ized 
hernia sac 

Edges of fascial 
defect being 
sutured together 

� 

Fascial 
defect 

Space cleared 
from anterior 
abdominal wall 

FIG 1 • (continued) C. The anter ior su rface of the abdomina l  
wa l l  m u scu lature i s  m o b i l ized c i rcu mferent ia l ly at least 5 to 
1 0  em from the edges of the hern ia  defect to provide a wide 
su rface a rea to a l low transg rowth through  the on  lay m eshed 
prosthesis for a sta b le  t issue i ncorporat ion/fixat ion .  

External obl ique muscle 

Internal obl ique 
muscle 

B 

:: 

FIG 2 • Closure of hern ia  defect pr ior  to p lacement of meshed prosthesis .  A. Primary reapproximation-when poss ib le, the med i a l  
edges o f  t h e  d efect a re rea pprox imated with a ru n n i n g  suture c losure .  B. Anter ior  components sepa rat ion-when t h e  d efect 
ca n n ot be approxi m ated pr imar i ly, the externa l  o b l i q u e  m uscle/aponeurosis can be inc i sed 1 to 2 em l atera l to the l atera l border of 
the rectus m uscle to a l l ow med i a l izat ion of the rectus m uscle for pr imary c losure of the defect. (continued) 
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Anterior 
reoW• fMo i• \ Fascial defect 

Rectus muscle 

c 

--

--
----

FIG 2_ • . (continued) C. Rectus rollo_ver-a nother a lternat ive to the a nter ior  latera l " re lease" or " re lax i n g "  i nc is ion i n  B fig u re 
IS to I nC ISe the a ntenor rectus fasc 1a  a n d  mob l l �z� the fasc ia  med i a l ly to a l low it to " ro l lover" med i a l ly for pr imary fasc ia l  
c losu re-note, th 1 s  tech n 1 q u e  does not  fu l ly med 1a hze the rectus m uscles but d oes a l low fasc i a l  a pproxi mation over the hern ia  
defect (see I nsert) . 

(FIG 28) (see Part 2, Chapter 5) .  If the fasc ia l  edges are 
to be sutu red together, some d i ssect ion under the fas
c ia l  edges may be necessary to p lace the fasc i a l  sutu res 
safely. M ost su rgeons be l ieve that rea pproxi mation of 
the fasc ia l  edges rei nforced by a prosthesis prov ides a 
super ior  outcome compared to a br idge or patch of a 
persistent fasc ia l  d efect. If the defect is wide a n d  wou l d  
req u i re a more com p l i cated abdom i n a l  wa l l  reconstruc
tion, the adva ntages and d i sadva ntages shou ld  be con
s idered .  I n  this s ituat ion, the skin flaps can be d i ssected 
further latera l l y  beyond the latera l border of the rectus 
m uscle; then the externa l  ob l i que  fascia and  m uscle can 
be tra nsected being ca refu l not to d isrupt the i ntern a l  
ob l i que  m uscle/fascia-a form o f  anter ior components 
separation-th i s  maneuver a l l ows the rectus m uscle to 
be " med ia l ized " and  the med i a l  edges of the fascia to be 
sewn together (FIG 2C) (see Part 2, Chapter 5, for more 
i n-depth descr ipt ion) .  Th is  maneuver a l lows 4 to 6 em of 
m ed i a l izat ion of the rectus m uscles on both s ides .  An
other  option to "approximate" the fasc ia l  edges of the 
d efect i s  a rectus ro l l over tech n i q u e  (FIG 2C) . With th i s  
tech n i q ue, the a nter ior rectus fascia is  i nc ised just med ia l  
to i ts  latera l border, mob i l ized off the u nder ly ing rectus 
m uscle, and  " ro l l ed"  med ia l ly. These edges of the ro l led 
anter ior rectus fascia can be sutu red together i n  the 
m i d l i n e .  N ote that the rectus m uscles a re not med i a l ized 
with th i s  tech n i q u e .  

Placement of Prosthetic Mesh 

• A la rge sheet of prosthetic mesh is then s ized to cover the 
a nter ior abdom i n a l  wa l l  hern ia  d efect and  to extend a 
further 5 to 7 em from the hern ia  defect (so-ca l led "wide 
on  lay") on a l l  s ides of the d efect. The latera l edges of the 
prosthesis are sewn to the a nter ior  abdom i n a l  wa l l  fasc ia  
c i rcumferent ia l ly w ith  #0 or  no .  1 suture mater ia l  (e .g . ,  0 
or no .  1 po lyd ioxanone) (FIG 3) .  The use of a bsorbab le  
versus permanent sutu res is  controvers i a l .  Proponents 
of permanent sutu res be l ieve that permanent sutu res 
m i n i m ize the poss i b i l ity of l ate m i g rat ion or  d is lodge
ment of the prosthesis, whereas those surgeons favor ing  
the longer  last ing a bsorba b le  suture (such as polyd ioxa
none) be l ieve that permanent sutu res can lead to suture 
g ra n u lomas and  u lt imately conta m i nat ion and  i nfect ion 
of the prosthesis .  Although there i s  no  good evidence 
support ing  e ither a rg u m e nt, we prefer the a bsorbab le  
suture provided there w i l l  be a l a rge su rface a rea for 
mesh transg rowth .  

• In prog ressively sma l le r  concentric c i rcles, one or two ad
d it iona l  sutu re fixat ion of the prosthesis to the underly
ing a nter ior a bd o m i n a l  wa l l  ca n a l so be p laced (FIG 3A) .  

If  the repa i r  i s  a b r i d g e  repa i r, these concentric c i rc les 
should not extend media l  to the edges of the fasc ia l  de
fect because the u nder ly ing hernia sac and viscera can 
be in jured .  A porous synthetic prosthetic and  not a so l i d  
prosthetic (ePTFE) is  used t o  ach ieve the g o a l  to provide a 



Underlying 
fascial closure 

A 

• 

• 

• 

wide surface a rea for tra nsg rowth through the mesh for 
t issue fixat ion .  
If a n  a nter ior components separation is  performed, the  
prosthesis extends l atera l ly to the latera l tra nsected edge 
of the externa l  ob l i que  aponeurosis (a  very wide on lay 
repa i r) or  just 5 to 7 em l atera l to the med i a l  edge of the 
hernia d efect which is usu a l ly to the l atera l edge of the 
rectus m uscle.  
If a rectus ro l l over is  performed, the prosthesis shou ld  
extend 5 em l atera l to the site of i nc is ion i n  the a nter ior 
rectus fascia to provide so l i d  po i nts of fasc i a l  fixat ion of 
the prosthesis .  
For s ituat ions where there is bacter ia l  conta m i n at ion 
(c lea n-conta m i nated cases) or  active i nfect ion,  a l beit 

RECTRORECTUS SUBLAY REPAIR: 

MODIFIED RIVES-STOPPA REPAIR 

• M a ny be l ieve that th i s  repa i r  has the best resu lts of a l l  
cu rrent inc i s iona l  hern iorrhaph ies.  Whether i t  is  bet
ter than a wide, i ntraperitonea l  sub lay ( IPOM) can be 
debated, but there a re no stud ies compar ing  the two 
repa i rs .  Th is  mod if ied R ives-Stoppa repa i r  is based on 
the pr inc ip le  of wide su rface a rea of a meshed synthetic 
prosthesis p laced in a very vascu l a r  f ie l d-the retrorectus 
space (to a l low a sta b le, re l i a b l e  a nter ior  and poster ior  
tra nsg rowth for mesh fixat ion) .  I m portantly, the pros
thesis i s  ne ither in the less vascu la r  su bcuta neous space 
where the r isk of i nfect ion a n d  seroma is g reater nor  is  
the prosthesis d i rect i n  contact with the i ntraperitonea l  
viscera. M oreover, i n  m ost patients, the repa i r  can be 
acco m p l ished extra peritonea l ly. 
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FIG 3 • I m p l a ntat ion of meshed prosthesis .  A. The prosthesis 
is  sutu red to the a nter ior  surface of the fasc ia  of the anterior 
abdomina l  wa l l .  Severa l concentric c i rc les of suture fixat ion can 
be performed.  B. Pleating of subcutaneous space- i n  a n  attem pt 
to ob l iterate dead space, the poster ior  aspect of the latera l sk in/ 
su bcuta neous f lap created to a l low a wide on lay repa i r  can be 
sewn to the a nter ior abdom i n a l  wa l l  fasc ia .  Pr ior  to c los ing the 
sk in ,  severa l c losed suct ion drains a re p laced i n  th i s  su bcuta neous 
space and brought out cra n i a l ly (sk i n  i s  c leaner cra n i a l ly than 
ca uda l ly) latera l to the latera l edge of the mob i l ized sk in/ 
su bcuta neous f laps (not shown). 

treated, a synthetic mesh i s  contra i n d i cated, and a bio
prosthesis wou l d  be a better cho ice .  

Wound Closure 

• M ost surgeons p l ace one or two c losed suct ion dra ins  i n  
t h e  l a rge su bcuta neous space t o  prevent a seroma .  When 
the dra ins should be removed is  controvers ia l ;  for a b io
prosthesis, dra ins  a re mandatory to prevent a seroma . 

• Pr ior to c los ing the sk in ,  a p leat ing tech n i q u e  may be 
used, whereby the poster ior  a d i pose surface of the sk in/ 
subcuta neous f laps can be sewn to the anter ior surface 
of the prosthesis in attem pt to m i n i m ize the "dead 
space " and  the poss i b i l ity of seroma (FIG 38) .  

Placement of Incision 

• As with other  repa i rs, the i nc is ion shou ld  be made 
d i rectly over the hern ia  defect with  resect ion of the sk in  
i nc is ion and  the underly ing,  poor ly  vascu la r ized sca r t is
sue.  The sk in  i nc is ion prefera b ly shou ld  not extend a l l  the 
way u p  to the x iphoid or a l l  the way d own to the pub i s  
but  rather  stay 5 to 8 em away f rom x ipho id  and  pub i s .  

Mobilization of Retrorectus Space 

• As described in the fi rst tech n ique (wide onlay technique 
of incisional herniorrhaphy), the subcuta neous hernia sac 
is mobi l ized back to the hernia defect for the entire c i rcum
ference of the defect. The hernia sac, though, is  neither 
i ncised nor opened un less a concom ita nt, "c lea n "  i ntraperi
toneal  procedure is p lanned-for examp le, adhesio lysis, in
sertion of an  adjustab le gastric band, and so forth. It cou ld  
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FIG 4 • Dissect ion of retrorectus space. A. An anter ior rectus fasciotomy is made at the med i a l  edge of the rectus m uscle (at l atera l 
edge of the hern ia  defect) a l lowing access to the avasc u l a r  retrorectus space. B. Latera l d i ssect ion is fac i l itated by retract ing the 
med i a l  edge of the anter ior rectus fasc ia  anter ior ly and  the med i a l  edge of the poster ior  rectus fasc ia  med i a l ly a n d  poster ior ly. M uch 
of th is  d i ssect ion ca n be b l u nt. 

• 

• 

• 

be argued that c lean--<ontaminated procedures, such as 
an  e lective cholecystectomy or hysterectomy do not pose 
a c l i n ica l ly s ign ificant bacter ia l  conta m i nation load despite 
being c lean--<ontaminated procedu res, but consider ing the 
morbid ity and req u i rement for at least one addit ional  pro
cedu re in  the event of mesh i nfection, the a uthors tend 
to refra in  from performing even these m i n i m a l ly conta mi
nat ing procedu res concom itantly i n  most c i rcumstances. 
Certa i n ly, other "c lean--<onta m i nated" proced u res such as 
gastrectomy, sma l l  or large bowel resections, a ppendec
tomy, b i l i a ry dra inage procedu res, or most bariatric opera
tions other than a band wou ld  be considered by most to be 
an  ind ication to use a b ioprosthesis rather than a perma
nent synthetic mesh. 
Next, the m ed i a l  edge of the anter ior rectus fascia is  
i nc ised at the latera l edges of the hernia defect, thereby 
exposing  the verti ca l fi bers of the u nder ly ing rectus m us
cle (FIG 4A) .  The rectus m uscle i s  d i ssected and retracted 
a nterol atera l ly to expose the f irm, wh ite su rface of the • 
poster ior  rectus fascia (FIG 48) .  

There a r e  m i n ima l ,  if any, adhes ions between t h e  poste
r ior surface of the rectus m uscle and  the anterior su rface 
of the poster ior  rectus fascia, except med i a l ly where the 
transfasc ia l  sutu res from the or ig i n a l ly fasc ia l  c losure had 
been p laced. The benefit of th is  retrorectus space is that • 
it is v i rtua l ly avascu lar  to d i ssect and  very eas i ly mob i l ized.  
Ca re m ust be taken to prese rve the i nfer ior  ep igastr ic 
vessels  (a rtery and  ve in )  cra n i a l ly near  the xiphoid where 
they w i l l  cou rse from med i a l ly nea r the x ipho id  to the 

m i d rectus m uscle anter ior to the poster ior  rectus fasc ia 
before enter ing the rectus m usc le .  Ca uda l ly, the deep 
i nfer ior  ep igastric vessels  ar ise from the externa l  i l i ac  
vessels m ed i a l  to the i ntern a l  i n g u i n a l  r ing a n d  cou rse 
cra n i a l ly in the preperitonea l  space ca uda l  to the sem ic i r
cu l a r  l i n e  a n d  then on the anter ior su rface of the poste
r ior  rectus fascia before enter ing the rectus m uscle with 
one or  more branches.  Th is  infer ior ep igastr ic a rcade 
is  i m porta nt to preserve because it provides the b l ood 
supp ly  to the rectus m uscles and e q u a l ly i m porta nt from 
the rectus m uscles to the over ly ing skin and su bcuta ne
ous t issue v ia the " perforator vesse l s . "  One advantage of 
the recto rectus repa i r  ( i n  contrast to the wide on lay tech· 
n i q ue) is  that m o b i l izat ion of a latera l sk i n/su bcuta ne
ous flap (a nd the ob l igate transect ion of the i m porta nt 
perforators) is  not necessa ry, maxi m iz ing  the b l ood sup
p ly  to the sk in  edges a n d  m i n i m iz ing  the su bcuta neous 
"dead space . "  
T h e  retrorectus space shou ld  be mob i l ized to the l at
era l  border of the rectus m usc le, the cra n i a l  and  ca uda l  
extent of  the hern ia  defect/hern ia  sac  (FIG S) . The a nte
rior rectus fascia and the l i nea a l ba need to be preserved 
cra n i a l ly and ca uda l ly to the hern ia  defect to a l l ow for 
fixat ion of the prosthesis .  
The cra n i a l  edge of the i ntact m i d l i n e  fascia i s  g rasped 
with a Kocher c l a m p  a n d  retracted a nter ior ly to a l low 
cra n i a l  m o b i l izat ion of a space ( if  possi b l e  preperitone
a l ly) for at least 7 em or  up to the x ipho id  (FIG GA) .  This 
req u i res transect ion of the i n sert ion  of the poster ior  
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Transacted 

FIG S • Extent of retrorectus space. Latera l d issection 
is  carried out to the latera l edge of the rectus m uscle, 
cra n i a l ly if necessa ry up to and a nterior to the costa l 
marg i n, and ca uda l ly if necessa ry down to the p u bis, 
a lso exposing  Cooper's l i gaments if extensive fixat ion 
is  necessa ry. 

Anterior rectus fascia 

posterior Rectus muscle 

Xiphoid process 

Retroxiphoid 
triangu lar fat pad rectus fascia 

Transacted posterior 
rectus fascia 

FIG 6 • Cra n i a l  d i ssect ion of retrorectus space. A. The cra n i a l  d i ssect ion is a ided by p lac ing  a c l amp on  the m i d l i n e  fasc ia  at the 
cra n i a l-most extent of the hern ia  defect. Next, the med i a l  i nsert ion of the poster ior  rectus fascia i nto the anter ior rectus fascia is 
transected, be ing ca refu l not to d is rupt the conti n u ity of the a nter ior rectus fascia with l i nea a l ba cra n i a l ly. This ca n often be com p l eted 
extra peritonea l ly. B. When it is necessary to mob i l ize fu l ly up to the x ipho id ,  the med i a l  fasc i a l  i nsert ions of the poster ior  rectus fasc iae 
to the l atera l x ipho id  a re transected and  the tri a n g u l a r  fat pad poster ior  to the x ipho id  i s  mob i l ized poster ior ly off the poster ior  
su rface of the x ipho id ,  a l lowing creation of a subd iaphragmatic space 3 to 5 em behind the x ipho id/d ista l stern u m .  (continued) 
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FIG 6 • (continued) C. F u l ly m o b i l ized retrosterna l  space, 
a l lowi ng the m esh to cross the m i d l i n e  beh ind  the x ipho id .  

rectus fascia at the m ed i a l  edge of the rectus m usc le 
b i l atera l ly, being ca refu l not to d i s rupt conti n u ity 
of the a nter ior  rectus fasc iae  with the l i nea a l ba; th i s  
maneuver may be performed tota l ly i n  the p reper ito
nea l  space. If the pr ior  ce l i otomy inc i s ion  extends  cra n i a l  
t o  t h e  e d g e  o f  t h e  h e r n i a  defect, t h e  s u rgeon shou ld  
pa l pate further  cra n i a l ly for  a reas of  Swiss cheese de
fects or  a reas of  fasc i a l  weakness; if  found ,  then the ret
rorectus space needs to be extended beyond the u p per  
most d efect. Th i s  maneuver may req u i re be ing  i ntraper i -

transected u p  to its j u nct ion  with the x iphoid (FIG 68) .  

Also, the preper itonea l  "tr ia n g u l a r "  f a t  pad poster ior  t o  
the x ipho id  n e e d s  to be m o b i l ized poster ior ly  off t h e  
u ndersurface of the x ipho id  f o r  5 em cra n i a l ly-th i s  is  
easy and i s  a n  avascu l a r  p l ane; th i s  maneuver wi l l  a l low 
the prosthes is  to extend under  the x ipho id  a n d  d i sta l  
ste rnum to maxi m i ze the cra n i a l  su rface a rea for t i ssue 
i n g rowth/fixat ion  (FIG 6C) . 

• A s i m i l a r  maneuver is performed ca uda l ly (FIG 7) .  Ca u d a l  
t o  the sem ic i rcu l a r  l i ne, the poster ior  rectus fasc ia  d isap
pea rs, and further ca u d a l  mob i l izat ion of the retrorectus 
space now becomes preperitonea l .  If the pr ior  ce l i otomy 
inc i s ion did not extend ca u d a l  to the ca u d a l  extent of 
the hern ia  defect, then this ent i re maneuver can often 
be done extra peritonea l ly. If the prior fasc i a l  i nc is ion ex
tends further ca u d a l ly, the peritonea l  cavity may need to 
be entered . N ote, any red u n d a nt peritoneum a n d  a// the 
hern ia  sac should be preserved to a l l ow the peritoneum 
to be c l osed deep to the prosthesis ca u d a l ly. Th is  space 
shou ld  be m o b i l ized at least 7 em, if not 1 0  em, be ing 
certa i n  aga in  that the over ly ing fascia is  ne ither  wea k 
nor  has any Swiss cheese defects. If necessa ry, m o b i l ize a l l  
t h e  way t o  t h e  p u b i s  (a nd  maybe even mob i l ize postero
latera l l y  to Cooper's l i gaments fo r a d d it iona l  bony poi nts 
of fixat ion of the prosthesis if  the m u scu l ofasc i a l  t issue 
of the anter ior abdom i n a l  wa l l  i s  weak or  attenuated . 
N ote, as d i scussed previous ly, the latera l mob i l izat ion of 
the retrorectus space here shou ld  be acco m p l ished fu l ly 
under  v is ion because it is here that the deep i nfer ior ep i -
gastr ic vesse ls  a re most freq uently i nj u red .  

tonea l if  the preper itonea l  space was transg ressed previ- • Severa I caveats: First, the retrorectus space extends cra
n i a l  and a nter ior to the costa l marg in ;  the rectus m us-ous ly. I f  there is  not, 7 em of good, so l id ,  a nter ior  rectus/ 

l i nea a l ba cra n i a l  to the d efect or if the d efect extends  
to the x ipho id ,  then the i n sert ion  of the poster ior  rec-
tus fascia onto the a nter ior  rectus fascia wi l l  have to be 

Anterior 
rectus sheath --------.. 

Bladder 

cle does not insert on the costa l marg i n  but rather on 
the ribs 3 to 5 em cra n i a l  to the costa l m a rg i n .  Second, 

the i ntercosta l  nerves that supp ly  the rectus m uscle a n d  

Pubis 
Pubic tubercle 

Hernia sac 

Femoral nerve 

FIG 7 • Dur ing  ca uda l  d i ssect ion of retrorectus space past the semic i rcu l a r  l i ne, the poster ior  rectus fasc ia  tra ns it ions to the 
peritoneum,  and  now, further ca u d a l  d i ssect ion is  i n  the avasc u l a r  preperitonea l  space. B l u nt d i ssect ion conti n ues d own to and 
poster ior  to the pubis if necessa ry, and l atera l to expose Cooper's l i gaments med i a l  to the externa l  i l i ac  vesse ls .  Ca re m ust be 
taken to protect the i l iac  vesse ls  and especia l ly the deep i nfer ior ep igastric a rtery and ve in ,  which are at the l atera l aspect of 
the rectus m uscles poster iorly; th i s  maneuver shou ld  be done under  v is io n .  



overlyi ng sk in  cou rse on/near the anter ior surface of 
the i nterna l  o b l i q u e  m uscle l atera l to the rectus m uscle 
but perforate i nto the retrorectus space at the latera l
most border of the poster ior  rectus fascia-these nerves 
shou ld  be preserved .  Third, i f  there has been l oss of rec
tus m uscle and  the retrorectus space is  na rrow, the space 
can be extended to the space poster ior  to the i ntern a l  
ob l i que  m uscle b u t  a nter ior t o  the tra nsversus musc le .  
Th is  wi l l  p reserve the i n nervat ion of the rectus m uscle by 
the i ntercosta l nerves which run on/with i n  the i ntern a l  
ob l i que  m usc le .  A poster ior  component separation ca n 
be performed if necessa ry (see Part 2, Chapter 5) .  

• F u l l  m o b i l izat ion of the retrorectus space shou ld  extend 
5 to 7 em cra n i a l  to the hernia defect, 7 to 10 em to the 
hernia defect, and to the latera l edge of the retrorectus 
space. 

Reconstruction of the Continuity of the 
Posterior Rectus Fascia across the Midline 

• Every attem pt s h o u l d  be m a d e  to rea p p roxi m ate the 
poste r ior  rectus fasc i a  i n  the m i d l i ne, not on ly  to i so late 

Closed posterior 
rectus fascia 

FIG 8 • Closure of the poster ior  rectus fasc ia .  The med ia l  
edges  of  the poster ior rectus fascia a re approxi m ated i n  the  
m i d l i ne, whereas the sti l l - i ntact hern ia  sac  is  pushed  poster ior  
to th i s  c losure .  I f  the peritonea l  sac is  d isrupted and  the 
poster ior  rectus fasc ia  can not be approximated i n  the m i d l i ne, 
an i n lay of a bsorba b le  synthetic mesh (Vicry l  mesh, Eth i con,  
I n c) can be used to sepa rate the i ntraperitonea l  content from 
the permanent mesh to be p laced i n  the retrorectus space.  
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the retrorectus  space from the viscera but a l so to serve 
as  the deep fasc i a l  layer " c l os i n g "  the hern ia  defect 
(FIG 8) .  Th i s  m a n euver may be d iffi cu l t  at the cra n i a l  
a n d  ca u d a l  extent o f  t h e  retrorectus space or  with 
very wide hernia d efects. I f  not poss i b l e  to rea pproxi
mate the poste r ior  rectus  fasc iae or  to cover the ex
posed i ntra a b do m i n a l  viscera l with a utog enous  t i ssue 
(red u n d a nt sac, per itoneum,  or  rare ly omentu m), then 
cons iderat ion  shou ld  be g iven to br idg ing t h i s  defect 
with a n  a bsorba b l e  p rosthet ic  such as po lyg lyco l i c  ac id  
(Vicry l® mesh ,  Eth i con ,  I n c  or  Dexo n ®  mesh ,  Cov id ien ,  
I n c) poster ior  to the synthet ic  mesh .  Use of  the expen
sive b i o p rosthetics for this  " b r idge"  i s  not i n d i cated, 
because this b r idge  w i l l  not be the sta b l e, d u ra b l e  part 
of the hern ia  repa i r. 

Insertion of the Prosthesis 

• This  repa i r  is best acco m p l ished with a meshed p ros
thes is .  We prefer a l a rge-pore, l i g htweight  type, such 
as U LTRAPRQTM (polypropylene, Eth icon,  I n c), u n l ess 
the patient i s  a l a borer or a h i g h-performa nce ath l ete, 
in which case we choose a heavyweight mesh, such as 
Pro lene® mesh (Ethicon,  I nc) . Th is  repa i r  is  des igned 
for a meshed prosthesis and ,  because the repa i r  is  fu l ly 
extra peritonea l ,  there is no i n d icat ion  for ePTFE or  
a " coated " m esh-transg rowth f rom both the a nte
r ior  a n d  poster ior  su rfaces of the retrorectus space is 
encouraged.  

• 

• 

• 

We posit ion a 1 2  x 1 2- in sheet of meshed prosthesis 
d iagona l ly-th is  i ncreases the cra n ioca u d a l  length ava i l 
ab le .  T h i s  or ientat ion a l l ows a r a p i d  and  re l i a b l e  fixat ion 
of each corner of the prosthesis to he lp  i n  determ i n i n g  
t h e  a ppropr iate s i z i n g  o f  t h e  mesh.  
The mesh is  f ixed cra n i a l ly a n d  ca u d a l ly. Cra n i a l ly, a 1 -cm 
hor izonta l  m attress stitch i s  p l aced through the mesh 
j ust l atera l to the m i d l i n e  after d o u b l i ng back the corner 
of the mesh onto itse lf. We use a no .  1 polyd i oxanone 
suture for  n o n bony po i nts of fixat ion .  A suture  passer 
i s  i nserted through a sta b wou n d  i n  the skin i nto the 
retrox ipho id  space (we p refer to use the more b l u nt, 
d isposa b l e  Endo C loseTM [Cov id ien ,  Inc ]  or  the Reverd i n  
need l e  rather  t h a n  t h e  non-d isposa b l e  meta l Ca rter
Thom ason device).  The su rgeo n 's h a n d  is  posit ioned 
between the entry s i te  of the suture passer  a n d  the 
per itoneum to prevent i nadvertent puncture i nto the 
per itonea l  cavity (FIG 9A) .  One  end of the suture p revi
ously p l aced in the mesh i s  g rasped by the suture passer 
and p u l led back out the sta b wou n d  (FIG 98); this pro
cess i s  repeated to withd raw the other  end of the su
ture (FIG 9C) be ing certa i n  to i nsert the suture passer 
through the fascia a bout 1 em from the fi rst pass such 
that when t ied together, there i s  at least a 1 . 5 em a rea 
of fascia i ncorporated in the knot. An ident ica l  suture 
fixat ion i s  performed on  the other  s ide of the m i d l i ne .  
If the mesh  extends poster ior  to  the x ipho id ,  we  use  two 
permanent sutu res (no.  1 polypropylene).  After p lac ing  
a hor izonta l stitch through the mesh ,  the suture passer 
is  i n serted through the m ost ca uda l  part of the stern u m  

299 
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FIG 9 • Fixation of prosthesis i n  retrorectus space. A. Latera l ly, a 
3-mm sta b wou nd is made in the sk in  over ly ing the latera l-most 
aspect of the retrorectus space. Then,  the a ppropr iate spot in the 
prosthesis is  chosen before exc is ing any red undant prosthesis .  
A 1 -cm hor izontal  mattress suture i s  p laced through the prosthes is, 
leavi ng the ends long (-20 em).  Next, a suture passer is p laced 
i nto the sta b wou nd and advanced through the su bcuta neous fat, 
a nter ior rectus fascia, and  l atera l rectus m uscle i nto the retrorectus 
space. B. One l i m b  of the suture is  then engaged i n  the suture 
passer and p u l led back out the sta b wou n d .  C. This  maneuver i s  
repeated, be ing cog n izant of i nsert ing the suture passer through 
the anter ior rectus fascia at least 1 . 5 em away f rom the pr ior  suture 
path . M u lt ip le  a reas of fixat ion (;;,: 7) on each s ide a re acco m p l ished 
i n  s i m i l a r  fash ion .  None a re t ied unt i l  a l l  the po i nts of fixat ion a re 
acco m p l i shed .  

• 

• 

rather than just through the cart i l ag i nous x ipho id ;  th is  
maneuver req u i res some force to push the suture passer 
through the bony stern u m .  
T h e  mesh i s  fixed a t  t h e  ca uda l  e n d  o f  t h e  retrorec
tus space. The mesh shou ld  be m i n i m a l ly taut but not 
under  tens ion because some a m o u nt of mesh shr inkage 
is  expected-more if  the heavyweig ht/sma l l -pore mesh 
is  used . 
If the p rosthes is  extends to the pu b i s, a permanent  
suture i s  used for mesh fixat ion  to the p u b is, l eav
i n g  a bout 3 em of mesh that wi l l  extend poster ior ly  
between the b ladder  a n d  the pub i s .  A n o .  1 po lypro
py lene  suture on  a heavy need l e  i s  fi rst passed through 
the mesh a n d  then i nto the bone of the p u b is a n d  back  • 
out 1 to 2 em from the i nsert i o n .  Th i s  suture fixat ion  i s  

not to the per i oste u m  but rathe r  i nto the bony p a rt of  
the p u b i s .  The need l e  i s  then  passed back through the 
mesh 1 em from the other  end  to g ive 1 em of mesh 
between the entry and exit po i nts of the mesh .  We 
use a m i n i m u m  of fo u r  to five suture fixat ions  through  
the p u b i s  a n d  p u b i c  tuberc le  a n d ,  o n  occas ion ,  two o r  
th ree s i m i l a r  sutu res to the m ed i a l  aspect o f  Coope r's 
l i g a m e nts b i latera l ly. As a n other  a lternative, M itek 
bone a n c h o rs (DePuy, N o rwood, M A) may be used or  a 
sma l l  passage t h ro u g h  the p u b i s  can  be created us i ng  
a bone d r i l l .  Use of a l a p a rosco p i c  tacker  i s  not recom 
mended a n d  s h o u l d  be avoid ed-the fixat ion  i s  not 
d u ra b l e  e n o u g h .  
O n c e  the prosthes is  i s  sutu red cra n i a l ly a n d  ca u d a l ly, 
the fixat ion  beg i n s  l atera l ly. We p l ace a Kocher c l a m p  
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on the med i a l  edges of the a nter ior rectus fascia and  • Pr ior  to tyi ng down the transmura l  sutu res, the excess 

prosthes is  i s  excised . As the sutu res a re tied down, the 

knot i s  pushed through  the subcuta neous t issue to l i e  

on  the a nter ior  su rface o f  the fasc i a .  The su rgeon's 

hand  shou ld  be p laced i n  the retrorectus space to be 

certa i n  that the mesh is p u l led u p  f i rm ly  when the knot 

is t ied .  

br ing  the two s ides  i n  oppos it ion to a l l ow a n  accu rate 

measurement of the l atera l d i stance from the m i d l i n e  

f o r  t h e  l atera l po int  o f  m e s h  fixat ion .  T h e  mesh shou ld  

be fl at, without wri nk les .  Sta rt w i th  the m idd le  of  the  

retrorectus  space.  The corners of the mesh  shou ld  be the  

m i d d l e  of  the d i stance f rom the cra n i a l  a n d  cauda l  ex-

tent of the repa i r. A 3-mm sta b wound is  then made on • Once the mesh is fixed in p lace (FIG 1 0A) , we put one 

or  two c losed suct ion dra ins  i nto the retrorectus space 

a nter ior to the mesh but poste r ior to the rectus m uscle .  

The drains exit the abdom ina l  wa l l  cra n i a l ly rather than 

ca uda l ly where there a re more sk in  bacter ia (FIG 1 08) .  

The  dra ins  a re  removed the next day and  a re there on ly 

to evacuate a ny b lood or f l u id  that forms in the fi rst 

24 hours postoperative ly. Because th i s  retrorectus space 

i s  compressed both anteriorly and poster ior ly, seroma 

formation is  rare. 

the a nter ior abdom i n a l  wa l l  about 2 or  3 em l atera l to 

the l atera l edge of the retrorectus space-th i s  p rovides 

a b it  more " l atera l "  p u l l  and i s  easier to pass the suture 

passer i nto the retrorectus space.  The mesh is fo lded 

over  on  itse lf  to provide  a two-layer fixat ion  po int i n  

t h e  mesh, and  a hor izonta l sutu re is  p l aced . T h e  two su

tu res are p u l led out the sta b wound  i n d iv id u a l ly be ing 

certa i n  that the two i nsert ions  of the sutu re passer a re 

at least 1 em apart on the fasc i a .  The i nsert ion of the 

sutu re passer shou ld  be done fu l l y  under v i s ion to be 

certa i n  that the i nfe r ior  ep igastr ic  a rtery/ve i n  com p lex i s  

not i nj u red, that the sutu re passer  does not go through  

the poster ior  rectus fasc ia ,  and  that  a n  exposed nerve i s  

not i ncorporated i n  the hor izonta l suture .  

Cra n i a l ly and  cauda l ly, th ree add it iona l  transmura l  fixa-

tion sutu res a re p laced per s ide .  

Special Situations 

• Special situation 1. If the med ia l  aspect of the rectus 

m uscle has been resected or  has atroph ied, the mesh 

ca n be p laced l atera l to the rectus m uscle by deve lop

i ng  a p l ane  poster ior  to the i nterna l  ob l ique m uscle and 

Rectus muscle 

Reapproximated 
posterior rectus fascia 
(behind mesh) 
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7'-I��J..'I Cooper's l igament / 
A Pubis 

FIG 10 • Circumferent ia l  fixation of the prosthesis. 
A. The prosthesis is fixed at the latera l, cran ia l ,  and 
cauda l  edges of the retrorectus space. If necessary, 
the prosthesis is sewn/fixed to the d ista l sternum 

and pubis .  If the security/strength of fasc ia l  fixation 
is questionable cran ia l ly, the prosthesis can be 

sewn to the costal marg in  and cauda l ly to Cooper's 

l igaments. The prosthesis should be flat and 

without wrink les but should not be taut because 
some shr inkage is inevitable.  (continued) 
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Drains Stab wounds 
g lued 

anter ior to the tra nsversa l i s  m uscle (or even tru ly  pre

per itonea l  if that p l ane  can be deve loped) .  In this case, 

the transm ura l  sutu res are passed m uch more l atera l ly 

through the externa l  ob l i que  m uscle/aponeurosis and  

i ntern a l  ob l i que  m usc le .  

B 

FIG 1 0  • (continued) B. One or two closed suction dra ins a re 
p laced a nterior to the prosthesis and brought out cran ia l ly. 

INTRAPERITONEAL SUBLAY 

REPAIR (ALSO REFERRED TO AS 

INTRAPERITONEAL ONLAY MESH) 

Placement of Incision 

• The i nc is ion shou ld  be centered over the defect, resect

i ng  the pr ior  i nc is ion and  associated su bcuta neous sca r

r ing .  Because the p lacement of the prosthesis w i l l  be 

i ntraabdomina l ,  the length of the i nc is ion needed wi l l  

b e  determined b y  t h e  amount o f  i ntraperitonea l  adhe

s ions and  the a b i l ity to work through the i nc is ion created 

to p lace the prosthesis safe ly. 

Creation of Space for Prosthesis 

• Because the prosthesis w i l l  be p laced i ntraperitonea l ly, 

there is no need to mob i l ize sk in  and  subcuta neous f laps 

u n l ess a concomitant components separat ion i s  p l an ned; 

• Special situation 2. If the retrorectus space extends a nte

rior to the costa l marg in ,  we extend the mesh i nto th i s  

space to maxi m i ze over lap .  On occas ion,  the mesh can 

be f ixed to the costa l marg i n  for added support us ing a 

no .  1 polypropylene suture.  

Closure of the Wound 

• Once the mesh is secu red, the med i a l  borders of the an

ter io r  rectus fascia a re rea pproxi mated a nter ior  to the  

p rosthes is  w i th  a runn ing  no .  1 polyd ioxanone suture .  

Idea l ly, the rectus fasc iae  a re sutu red over the mesh, 

even if under moderate tens ion .  I f  the fascia ca n n ot be 

reapproxi mated, then cons iderat ion shou ld  be g iven 

to perform ing  a components sepa rat ion tech n i q u e  to 

a l low a uto logous t issue c losure over the mesh . We try 

not to br idge a fasc i a l  defect with a retrorectus repa i r  

(and t h u s  expos i ng  t h e  mesh t o  t h e  su bcuta neous space) 

u n less there a re exte n u at ing  c i rcu msta nces preventi ng  

e i the r  a n  i ntraper itonea l  sub l ay (covered a nter ior ly 

with the per itoneum or  the hern ia sac or  the a b i l ity to 

add a components sepa rat ion tech n i q u e  to a l low m id 

l i n e  fasc i a l  c losu re) (see Part 2, Chapter 5 ) .  

• 

• 

• 

• 

The su bcuta neous t issue is c losed with a ru n n i ng 2-0 

polyg lyco l i c  acid suture and the skin with a derma l  (sub

cuticu l a r) 3-0 po lyg lyco l i c  acid suture.  The sta b wounds  

a re g l ued w ith  DermabondTM (Ethicon, I nc) . 

safe ly) . The hern ia  sac shou ld  not be further mob i l ized 

or  resected at th is  t ime; it w i l l  be used as a n  a utogenous 

t i ssue barr ier to c lose over  the i ntraperitonea l  prosthesis 

(as described l ater) .  

If there a re no concerns a bout obstruct ing  adhes ions 

(obstructive sym ptoms preoperatively), the d i ssect ion 

shou ld  free the i ntraperitonea l  viscera off the poster ior 

su rface of the abdo m i n a l  wa l l  for 5 to 7 em from the 

hern ia  defect c i rcumferentia l ly (FIG 1 1 ) .  

If t h e  hern ia  defect extends t o  t h e  x ipho id ,  a space i s  

created u n d e r  t h e  x ipho id  b y  mob i l i z ing  t h e  u nder ly ing 

tr i angu l a r  fat pad cra n i a l ly for 5 em .  

If the hern ia  defect extends to the pub i s, then the pre

peritonea l  space poster ior  to the pub is is  d issected by 

mob i l i z ing  the space a nter ior to the b ladder  to a l l ow fix

ation of the prosthesis to the bony pub is .  For l a rge her

n ias, th i s  retropub ic  preperitonea l  space can be further 

mob i l ized to a l low a broader fixat ion of the prosthesis to 

Cooper's l igaments on  both s ides. 

thus, the peritonea l  cavity shou ld  be entered d i rect ly • Whenever poss ib le, the omentum shou ld  be preserved 

and posit ioned between the poster ior su rface of the through  the hern ia  sac (provided this can be done 



A 

// 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

prosthesis and  the i ntest ine-th is maneuver w i l l  m i n i 

m i z e  adherence o f  t h e  bowe l t o  e ither the prosthesis .  

Choice of Prosthetic 

• The prosthetic should a l low transgrowth from abdomina l  

wa l l  but  not  adherence to the i ntraperitoneal contents. Sev

eral choices are ava i lab le .  Prostheses made from ePTFE have 

been used, and there wi l l  be no adherence of the viscera to 

its posterior surface, but there wi l l  a lso be no transgrowth 

i nto its anterior surface-therefore, we do not suggest 

using an ePTFE prosthesis. Several "composite-type" pros

theses are ava i lab le; these prostheses have two panels that 

are bound together-the anterior panel is a meshed syn

thetic prosthetic (usua l ly  polypropylene or polyester) that 

a l lows transgrowth, whereas the posterior panel is a th in 

layer of ePTFE that wi l l  prevent adherence of the i ntraab

domina l  viscera. The th i rd type of prosthesis is a meshed 

synthetic prosthetic (polypropylene, Dacron, or polyester) 

with its underside coated ("protected") with a nonadhe

sive, proprietary barrier designed by the manufacturer to 

be hydrolyzed or reabsorbed in the fi rst severa l days or 

weeks postoperatively; in so doing, this barrier is designed 

to prevent the intraabdomina l  viscera from adhering to the 

posterior surface of the synthetic mesh. I n  contrast, the an

ter ior surface of the meshed prosthesis a l l ows transgrowth 

from the posterior su rface of the abdomina l  wa l l .  

Placement/Fixation of  the Prosthesis 

C h a p t e r  3 INC IS IONAL HERN IA: Open Approaches 

Omentum Skin 

B 

FIG 1 1  • I ntraperitoneal  mob i l izat ion.  The poster ior surface of 
the anterior abdomina l  wa l l  is d i ssected free of any attachments 
of i ntraperitoneal  content (bowel, omentum, l iver) (see B). An 
i ntraperitoneal  free space is  d i ssected 5 to 7 em cran ia l, latera l, 
and cauda l  past the edges of the fasc ia l  defect. 

• 

• 

• 

of the prosthesis w i l l  va ry depend ing  on whether the fas

c ia l  edges of the defect w i l l  be ab le  to be sewn together 

or whether the defect wi l l  be br idged or patched; now is 

the t ime to determine  th i s  before mesh fixation .  

The  mesh  i s  sewn i n  p lace with m u lt ip le  transmura l  

sutu res and  not  j ust by sewing the prosthesis to the  

poster ior fasc ia l  l ayers of the abdom i n a l  wa l l .  It i s  best to  

sta rt with  the fou r  "corners" to s i ze  the prosthesis .  A stab 

wound is made at least 7 em latera l to the edge of the 

defect. Sutures a re then passed through the abdom ina l  

wa l l  u s i ng  some  form of suture passer. See  the  deta i l s  for 

suture p l acement as described for the retrorectus repa i r  

(see F I G  9) .  T h e  points o f  fixat ion req u i re a n  i ntact fasc ia  

and  not just m uscle or fat through which the suture i s  

passed. 

Attem pts to fix the prosthesis to the undersurface of the 

abdom ina l  wa l l  from with i n  the peritonea l  cavity a re 

not as re l i ab l e; such attem pts are relatively b l i nd, and  

a lthough the  poster ior  rectus fasc ia can be caught i n  the 

suture re l i ab ly, sutu res p laced l atera l to the rectus m uscle 

may on ly inc lude the transversus abdom in i s  and  i nterna l  

ob l ique fasc iae (and not the externa l  ob l ique fasc ia l  a po

neu rosis) which a re not as strong or re l i ab le  for poi nts 

for fixat ion .  

We p l ace transmura l  sutu res at 1 - to 2-cm i nterva ls  c i r

cumferentia l ly (FIG 1 2) .  As a genera l  ru le, the d istance 

between the sutu res shou ld  be rough ly equ iva lent to 

the width of the horizonta l mattress suture b ites in the 

prosthesis .  

• The prosthesis is fash ioned to provide 5 to 7 em of exten- • 
s ion beyond the hern ia  defect c i rcumferent ia l ly. The s ize 

The goa l  of the suture fixat ion is  twofo ld-fi rst, to im

mob i l ize the prosthesis w i th  a strong, stab le  a nter ior 

303 
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FIG 1 2  • P lacement of prosthesis .  Us ing  sta b wounds and  the 
suture passer (see FIG 9), m u lt ip le  stab wounds a re p laced at 
1 . 5-cm i nterva ls  for p lacement of transmura l  suture fixat ion .  
Beca use the prosthesis is  i ntra peritonea l ,  many more a reas 
of fixation are necessa ry to prevent i ntraper itonea l  content 

from s l i pp i ng  a nter ior to the mesh between the poi nts of 

fixat ion .  

• 

permanent sutu res in th i s  reg i o n .  These fixat ion  sutu res 

wi l l  fixate the prosthes is  so l i d l y  and  d u rab ly  under  the 

x iphoid,  m i n i m iz i ng  sutu re p u l lout .  Tech n ica l ly, th is  

may be acco m p l i shed i n  a n u m ber  of ways .  The Endo 

C loseTM (Covid i en  S u rg ica l )  sutu re passer may be used,  

a lthough it may become d u l l ed or  the t i p  bent and  may 

need to be rep laced . Suture with a CTX or  l a rger  need le  

ca n be part i a l ly stra ig htened a n d  passed through  the  

d i sta l stern u m  w ith  some effort . The Reverd i n  need le  

i s  a n  exce l lent a lternative, a l lowi ng passage of suture 

from the interna l  to externa l  d i rect ion ;  the sharpness 

and  heavy body of the i nstrument fac i l itate its use for 

th i s  purpose. Aga i n, avo id  the too-sharp non-d i sposa b le  

meta l Ca rter-Thomason  sutu re passer . 

When the hern ia  extends cau d a l ly down to or with i n  

5 em o f  t h e  pu b is, t h e  prosthesis s h o u l d  b e  sewn t o  the 

pub is .  We use at l east fou r  separate no.  1 polypropy lene 

sutu res on a l a rge, heavy need le .  The need le  shou ld  be 

passed through  the bone of the pub i s-not ju st the peri

osteum .  If the tissues a re too dense to a l l ow passage of 

the need le, a penetrat ing  towe l c l amp can be used to 

create a sma l l  passage through the bone or  a bone d r i l l  

m a y  be needed . Alternative ly, M itek b o n e  a nchors may 

be used.  Use of the lapa roscop ic  tackers i s  not recom

mended-these l i m ited po ints of fixat ion a re not re l i 

ab le .  An add it iona l  3 to 4 em o f  t h e  prosthesis c a n  b e  

posit ioned poster ior ly between t h e  b ladder  and  t h e  pos

ter ior  su rface of the pub i s .  

• Addit iona l  med i a l  transabdom ina l  fixat ion sutu res can 

be p laced c i rcu mferent i a l ly if there is  concern a bout sta

b i l ity of the latera l fixat ion sutu res. 

Closure of the Wound 

• We p lace one or two tem porary, c losed suct ion dra ins  an 

ter ior  to  the prosthesis to encourage close a p posit ion of 

the peritoneum to the prosthesis .  

• The peritoneum and/or the preserved hern ia  sac is c losed 

a nter ior to the mesh, provid i n g  a n  a utologous l ayer of 

tissue on top of the mesh . 

fixation and  second,  to ob l iterate comp letely any space • The fasc ia l  edges of the hern ia  shou ld  be rea pproxi

mated . If there i s  tens ion,  re lax ing i nc is ions or  com po-between points of fixat ion where a loop of bowe l can 

s l i p  between the anter ior su rface of the prosthesis and  

the poster ior su rface of  the abdom i n a l  wa l l .  We stress 

that the transmura l  sutu res shou ld  be p laced c lose 

enough that there i s  no poss i b i l ity that a loop of bowe l 

can " hern iate " between these transmura l  sutu res. An 

a lternative techn ique  is  to p lace severa l  l aparoscopic  

ports l atera l ly to a l l ow access after the wound is  c losed; 

then a l aparoscop ic  tacker can be used to tack down the 

edges of the mesh between points of suture fixat ion, 

s im i l a r  to the l aparoscop ic  repa i r. We do not cons ider 

the use of a l aparoscopic  tacker a lone without the use of 

m u lt ip le  c losely spaced transabdom ina l  sutu res to pro

v ide a n  adeq uately f ixed, d u rab le  repa i r. 

• For hern ias  that extend u p  to or with i n  5 em of the 

x ipho id, the transmura l  fixat ion  needs to pass d i rectly 

throug h-not the x ipho id-but the d i sta l stern u m  i nto 

the retrostern a l  i ntraper itonea l  space. We use two 

nents separation shou ld  be contemp lated to a l l ow for 

fasc ia l  c losure .  To restore a natomic  posit ion  of the a b

dom ina l  wa l l  m uscu latu re, c lose the fasc ia l  defect, and  

prov ide another layer of  a utogenous t issue over the  

prosthesis .  Alternatively, a more  "c losed " type of  com

ponents separation, e ither " laparoscop ic"  or  " m i n i m a l  

inc i s ion ,"  perforator-spar ing type c a n  b e  performed u n 

derstand ing  that these approaches w i l l  o n ly y ie ld  3 to 

4 em of a med ia l  advancement on  each s ide (see Part 2, 

Chapter 5) .  If the edges of the fasc ia cannot be rea p

proximated, one can br idge the defect with a n  i n lay of 

a bsorbab le  mesh of polyg lyco l i c  acid us ing DexonTM (Co

v id ien  Su rg ica l )  with the a i m  of tem porar i ly  re l ievi ng the 

tens ion on the latera l fixat ion po ints. Use of second l ayer 

of a permanent synthetic prosthetic is  not i nd icated be

cause the hern ia  repa i r  has a l ready been accomp l ished 

with the i ntraperitonea l  permanent prosthesis .  Use of 



the expensive b ioprostheses is d i scouraged beca use of 

proh ib itive cost (versus the temporary a bsorba b le  mesh) 

and the lack of defi ned efficacy either i n  rel ievi ng lat

eral tens ion or equa l l y  i m porta nt as provid i n g  a d u ra b le, 

o n lay-type patch repa i r. 

COMBINED RECTUS ROLLOVER/ 

COMPONENT SEPARATION WITH 

PROSTHESIS UNDERLAY 

General Considerations 
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• 

• 

The i nc is ion is then c losed with a runn ing  2-0 polyg lyco l i c  

suture and  the ski n  w i th  a runn ing  3 -0  po lyg lyco l i c  ac id  

derma l  sutu re .  The sta b wounds a re g l ued w ith  Derma

bondTM (Ethicon, I n c) .  

Once a l l  sutu res have been  p laced, the prosthesis i s  

snugged u p  to the abdom ina l  wa l l .  I f  the prosthesis i s  

p laced i ntraperitonea l ly, the prosthesis is  ca refu l ly exam

i ned to make certa i n  no  i ntraabdom ina l  contents have 

s l i pped between the sutu res; this is  done repeated ly as 

the sutu res a re p u l led u p  and  t ied .  

• This  is a combinat ion of severa l techn iq ues to provide • The fascia is then approximated in the m i d l i ne  us ing a 

maxi m a l  med i a l  rea pprox imat ion of the m uscu loapo

neuroti c  wa l l s .  It is  part icu lar ly  usefu l for l a rge m i d l i n e  

defects w h e n  t h e  abdom i n a l  wa l l  m uscu lature is  l a rge ly 

i ntact. C losure of defects u p  to 1 5  em i n  width a re pos

s ib le  with th i s  combi nat ion techn ique .  

• The rectus ro l lover is a mod ification of a components 

separation techn ique .  The anterior rectus sheaths a re 

i ncised vertica l ly just med ia l  to their latera l borders 

a long their entire length. The anterior rectus sheaths 

are then dissected off the m uscle to a point 2 em lat

eral to the med ia l  edge of the rectus muscles. During 

sutu ring, the sheath is ro l led anteromed ia l ly (FIG 13) .  
• The externa l  ob l i que  can be i ncised vert ica l ly j ust 

l atera l to the rectus sheath as done for components 

separation  (see Part 2, Chapter 5). 

• An u nder lay prosthesis is p laced i ntra peritonea l ly, 

preperitonea l ly, or retrorectus and  secu red with 

i nterrupted, transabdomina l , hor izontal  mattress 

sutu res. 

• Ski n f laps a re ra ised off the m uscu loaponeu rotic wa l l s  

b i l atera l ly as fo r  the  w ide  on l ay  techn ique .  Ca re m ust be  

taken to  not  inc i se or  buttonho le  the  fascia l  l ayers, but 

no fat shou ld  rem a i n  on the m uscu loaponeurotic wa l l .  
• A vert ica l i nc i s ion is made in the a nter ior rectus sheath, 

a bout 1 em med ia l  to the l atera l border (see FIG 1 3) .  

The  a nter ior rectus sheath is  mob i l ized off the a nter ior 

su rface of the rectus abdomin i s  with e lectrocautery pro

gress ing  i n  a media l  d i rect ion to a bout 2 em latera l to the 

med i a l  border of the rectus m uscles. 
• A components sepa ration  d iv is ion of the externa l  ob l i que  

can then  be created latera l l y, if  needed, us ing a vert ica l 

i nc i s ion of the externa l  ob l i que  a bout 1 to 2 em l atera l 

to the l atera l border of the rectus sheath (see Part 2, 

Chapter 5) .  

• An u nder lay prosthesis is chosen based on the pr inc ip les 

outl i ned ear l ie r  in th i s  cha pter. S i z ing  is to provide a n  

over lap  o f  at l east 5 em c i rcumferent ia l ly; idea l ly, the 

prosthesis wi l l  be sutu red ju st outs ide the l atera l bor

der of the rectus sheath.  Horizonta l mattress sutu res a re 

p l aced us ing a l a rge need le  such as a CTX or a sutu re 

passer. The width of the hor izontal  mattress sutu res 

shou ld  be a bout 1 . 5 em, and  the spac ing of the sutu res 

shou ld  be the same.  

ru n n i n g  hor izonta l mattress sutu re; we prefer a no .  1 

looped polyd ioxanone suture for th i s  step .  B ites a re taken 

after med i a l i z ing  the a nter ior rectus sheath (FIG 1 3); 

they shou ld  rea pproximate the ro l led-over edges of the 

a nter ior rectus fasc ia i n  the m i d l ine .  When comp leted, 

very near norma l  anatomy is restored, a lthough the rec

tus m uscles w i l l  not be approximated (FIG 1 3) .  

Anterior rectus 
fascia rol led over 

Rectus muscle 
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FIG 1 3  • Comp leted i ntraperitonea l  sub lay with anter ior 

rectus ro l l over fasc ia l  c losu re. Note media l  edges of rectus 
muscles not approximated . 
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FLANK HERNIAS 

General Considerations 

• F l a n k  hern ias  (afte r a f l a n k  i nc i s ion ,  such as k i d n ey/ 

u reter or a nter ior  s p i n a l  access procedu res) a re d i ffe r

ent funct iona l l y  from most i nc i s iona l  hern ias,  as they 

have h i g h e r  recu rrence rates .  F l a n k  pseudohern ias  a re 

bu lges in the m uscu l ofasc i a l  com ponents of the l atera l 

abdom i n a l  wa l l  secondary to denervat ion  a n d  s h o u l d  

be noted pr io r  to operat ion w i t h  a C T  because su rg i ca l  

bo l ster ing  of  pseudohern i a  h ave n ot y ie lded  sat isfac

tory resu Its .  

• Repa i r  of a f la n k  hern ia  is not as stra ig htforward as repa i r  

o f  m i d l i ne inc i s iona l  hern ias; t h e  po ints o f  fixat ion o f  the 

prosthesis a re not as re l i ab le .  Although on l ays and sub

l ays ( intra m u ra l  or i ntraperitonea l )  have been described, 

we be l ieve strong ly  that for these d ifficu lt hern ias, an 

i ntra m u ra l ,  synthetic mesh-based repa i r  is  best because 

it provides the most d u rab le  and re l i ab le  fixat ion of the 

prosthesis .  

Step 1: Patient Positioning 

• If the hern ia  is l ocated more med i a l ly and  does not ex

tend past the anter ior axi l l a ry l i n e, the patient is p laced 

i n  a " mod if ied l atera l "  position with the i ps i l atera l s ide 

rotated med i a l ly to a l low free access to as far poster ior ly 

as the poster ior axi l l a ry l ine (FIG 14A) .  

J I I 

B 

• If the hern ia  extends further l atera l ly, then a fu l l  latera l 

posit ion (FIG 148) is necessa ry to a l low access to the pos

ter ior m idclavicu l a r  l i ne poster ior ly. 

Step 2: Development of Intramural Space 

• The pr ior  sk in  i nc is ion shou ld  be excised down to the 

hern ia  sac. U n l ess necessa ry, try to stay extra peritonea l .  

• Next, a p lane  is deve loped poster ior to the i nterna l  

ob l i que  m uscle but  anter ior to  the transversa l i s  m uscle 

(FIG 1 5) .  Attem pts to stay i n  the preperitonea l  space cra

n i a l ly can be d ifficu lt; ca uda l ly, this space i s  m uch eas ier 

to deve lop .  The goa l  i s  to create a space with a l a rge  

su rface a rea i n  wh ich  to p lace a synthetic, meshed pros

thesis .  The space i s  mob i l ized to the costa l  marg i n  cran i 

a l ly, as  fa r latera l l y  as poss ib le  (poster ior  axi l l a ry l i ne), to 

the a nter ior super ior  i l i ac crest ca uda l ly and  to the latera l 

edge of the rectus m uscle med ia l ly. 

• If the hern ia  extends to the l atera l edge of the rectus 

musc le, then the retrorectus space can be entered and  

mob i l ized to  the  m i d l i ne .  The prosthesis l i es between the  

very vascu l a r  i nterna l  ob l i que  and  transversa l i s  m uscles 

to maxi m ize transg rowth .  This space is  better vascu l a r

ized than the preperitonea l  space. 

Step 3: Fixation of Prosthesis 

• Once the intram ura l  space has been mob i l ized with at 

least a 7- to 1 0-cm marg ins  from the hern ia  defect, the 

J 
FIG 14 • Posit ion ing  of patient 
for a f la n k  hern iorrhaphy. A. 
When the hern ia/bu lge  does not 
extend latera l to the a nter ior 

axi l l a ry l i ne, the patient is  p laced 
i n  a "s loppy"  l atera l posit ion 

a l lowi ng access to the poster ior  
axi l l a ry l ine .  B. For defects 
extend ing  to the m idaxi l l a ry 

l i ne, a true l atera l posit ion is  
necessa ry to a l low access to the 
poster ior  m idc lav icu l a r  l i ne .  
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FIG 1 5  • Dissect ion of i ntramura l  space. The space between the i nterna l  ob l ique 

m uscle and the transversa l i s  muscle/fasc ia (see i nsert) is  created u p  to the costa l 
marg i n  cran i a l ly, l atera l ly  at least 7 to 1 0  em, cauda l ly to i l iac crest, and med i a l ly to 

latera l border of the rectus m uscle .  

meshed prosthesis is  fixed with transm ura l  sutu res. As 

described for ventra l i nc i s iona l  hern ia  repa i rs previous ly, 

m u lt ip le  hor izonta l sutu res of no .  1 polyd ioxanone a re 

p laced a long the edge of the prosthesis .  Sta b wounds 

a re posit ioned at the extent of the space mob i l ized • 
(FIG 1 5) .  Us ing a sutu re passer, the ends of the sutu res 

a re separately g rasped and  tied down onto the surface 

of the abdom ina l  wa l l  fasc ia .  Beca use the mesh is p laced 

i ntram ura l ly, there is  no concern for bowel becoming  en

trapped between these sutu res, thus the n u m ber  of su

tu res shou ld  be determi ned by the qua l ity of the tissue. If 

the a nterior fascia is  weak or  attenuated, the space needs 

to be deve loped further (see later "Speci a l  S ituat ions") .  

Step 4: Closure of the Wound 

• A closed suct ion dra in  is p laced a nter ior to the mesh 

brought out cra n i a l ly. 

• The m uscle and/or weakened fasc ia l  l ayers anter ior to 

the mesh a re reapproxi mated with a ru n n i n g  a bsorb

able sutu re; the su bcuta neous t issue and skin i nc is ion a re 

c losed with a bsorba b le  suture.  A l l  the stab wounds ca n 

be g l ued with DermabondTM (Ethicon, I nc) . 

Special Situations 

• Fixation to costal margin: When the m uscu lofasc ia l  t issue 

cra n i a l  to the defect i s  attenuated or the over lap  is  not 

• 

at least 5 to 7 em, the prosthesis can be sewn to the cos

tal marg i n  (FIG 1 6) .  We use no. 1 polypropylene sutu res 

through and  not around the rib; th i s  provides a sta b le  

cra n i a l  fixat ion .  

Fixation to iliac wing: A more common prob lem is 

when the m uscu lofasc i a l  t issue cauda l  to the defect i s  

attenuated or  retracted such that the over lap  i s  inad

equate; i n  th i s  s i tuat ion ,  we sew the edge of the pros

thesis to the a nter ior i l i ac  sp ine  and the more med ia l  

"w ing"  of  i l iac bone  w i th  no .  1 polypropy lene sutu res; 

these sutu res pass through the bone and  not j ust in the 

per iosteum (FIG 1 6) .  The sutu res can be p l aced from 

with i n  the space created for the prosthesis; but this 

maneuver takes a b it  of force.  For very young or  l a rge 

men,  we have made a n  inc i s ion i n  the sk in  d i rectly over 

the anter ior i l i ac  sp i ne, d i ssected down to the bone, and  

u sed  a bone  d r i l l  through  th i s  bone  and  i nto the i ntra

m u ra l  space. 

Inadequate tissue medially and caudally: Ofte n,  the 

a rea m ed i a l  to the  a nter ior  i l i a c  s p i n e  i s  very atten u 

ate d .  I n  t h i s  s i tuat ion ,  w e  wi l l  d i ssect i nto the  p re

per i to n e a l  space d own to Cooper's l i g a ment  and the  

pub ic  t u berc le  be h i n d  the  i n g u i n a l  ca n a l .  These bony 

a reas  can se rve as  very  sta b l e  po i nts of m e d i a l  and 

ca u d a l  f ixat i o n  of the  prosthes is ,  a g a i n  with n o .  1 

po lypropy lene  sutu res i nto a n d  t h ro u g h  the  bone 

(F IG 1 6) .  
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FIG 1 6  • F ixat ion of prosthesis .  The prosthesis is fixed to the 

a nter ior fasc ia  at the edges of the i ntra m u ra l  space created, 
aga in  us ing m u lt ip le  sta b wounds and a sutu re passer. The 
prosthesis can a lso be sewn to the costa l  marg i n  cra n i a l ly 
and  the i l i ac crest ca uda l l y  for a more secu re fixation .  For 

l a rge f lank hernias extend ing  med i a l  to the l atera l edge of 
the rectus m uscles, the retrorectus space can be opened to 

com m u n icate with the i ntra m u ra l  space created latera l ly. The 
cra n i a l  and cauda l  edges of the fasc ia l  defect are then sewn 
together to cover the prosthesis .  

PEARLS AND PITFALLS 
I nd ications 

Cho ice of prosthetic 

• Desp ite lack of system i c  symptoms, a n  acute, non red uc ib le, i n ca rcerated inc i s iona l  hernia is  an 
i nd i cat ion for u rgent exp lorat ion/repa i r. 

• Review a l l  p revious operative notes-surprises in the operati ng room (OR) a re usua l ly not 
welcome. 

• When repa i ri ng  a f lank hernia, warn the patient that there may sti l l  be a bu lge .  Even with a 

"successfu l "  repa i r, these patients can be the least happy postoperatively of a l l  patients after repa i r  
o f  a n  inc i s iona l  hern i a .  

• Heavy laborers or  h ig h-performance ath letes w i l l  do  better with abdom i n a l  wa l l  reconstruct ion 

(restoration of m uscu lofasc ia l  conti n u ity) rather  than a l aparoscop ic  patch repa i r. 
• For patients with l ung  d isease or those with a h i story of pa in  i nto lera nce, cons ider postoperative 

ep idu ra l  ana lges ia or a "one-shot" i ntratheca l ana lges ia .  

• Cu rrently, there a re no b io log ic  prosthetics that provide as good a long-term outcome as a synthetic 

prosthetic .  
• Large pore/l i ghtweig ht, sma l l  pore/heavy weig ht, and ePTFE a l l  have their advantages/d isadvantages. 

There i s  l itt l e, if  any, ro le  for ePTFE for on  lay or R ives-Stoppa sublay repa i r. A protected or  "covered " 
meshed prosthesis of polypropylene, Dacron, or polyester with a layer of e ither a ra p id ly a bsorbab le  

b io log i c  bar r i e r  substa nce (to prevent v iscera l adherence) or  ePTFE fac ing the viscera for  an  i ntraperito
neal repa i r  is  p referab le to a pu re ePTFE beca use there is no  functiona l  i ng rowth i nto ePTFE .  The c lass ic 

ro le for ePTFE is  when the prosthesis needs to be watert ig ht-for examp le, i n  the very rare patient 
with ascites. 

• For la borers or  serious ath letes, the sma l l -pore/heavyweight prostheses w i l l  g ive more support, but 

plan for 25 %-30% shr i nkage i n  s ize of the mesh. 
• If the patient has deve loped sutu re g ra n u lomas i n  the past to permanent sutu res, avo id  their use

suture g ra n u lomas pred ispose to super i nfect ion .  
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• When an u nexpected sutu re g ranu loma is encountered d u ring the i ncis ion, consider abort ing the pro
ced ure for worry of indo lent, inactive bacter ia l  co lon ization un l ess you can excise the entire a rea ( i .e . ,  

the sutu re, the associated b iofi lm,  and the cavity/wa l l  a re i ntact) . Remove al l  fore ign sutu res, cu lture the 
a rea, and use a 2-week course of focused ant ib iotics postoperatively-we acknowledge that we have no 

evidence that th is  treatment is effective. 

• Always look for a Swiss cheese defect a long the prior fasc ia l  i nc is ion d i stant from the presumed 
" iso lated " hern ia  defect. 

• When perform ing a Rives-Stoppa, retrorectus sub lay repa i r  in a patient who has had a pr ior enterostoma l  
takedown (e.g ., after takedown of  a Hartmann  procedu re), be aware that  a knuck le  of  bowel may pro
trude through a defect i n  the poster ior rectus fasc ia .  

• If the pat ient has had a recent h i story of recu rrent part ia l  sma l l  bowel  obstruct ion,  cons ider a n  i ntra
peritonea l  adhes io lysis i n  add it ion to the hern ia  repa i r. 

• Weeks to severa l months after a pr ior inc is ional  herniorrhaphy, point tenderness latera l ly  may be secondary 
to a suture granu loma at a fixation point. If poss ib le, i nject a loca l anesthetic to "buy t ime" and wait for 
the suture to be reabsorbed. If symptoms persist, loca l ly exp lore that area and remove the suture. 

• Shou ld  a sym ptomatic seroma deve lop with i n  the fi rst postoperative month, repeated percuta neous 
asp i rat ion may prevent rupture through the i nc is ion and  su bsequent r isk of su peri nfect ion of the 
prosthesis .  If the seroma persists, then cons ider a percutaneous d ra i n .  Nonreso lv ing "seromas" usua l ly 
represent the deve lopment of a pseudobursa l i ned with mesothe l i a l  ce l l s  that prod uce f lu id-if l a rge  

and  sym ptomatic, these requ i re operative exc is ion of the ent i re l i n ing .  If the seroma is asym ptomatic, 
cons ider not i nterven ing .  

• When p l a c i ng  l atera l fixat ion sutu res, it is  poss ib le  to  enc i rc le  a somatic nerve-the resu lt ing ear ly 
( 1  day postoperatively) and persistent pain wi l l  fo l l ow the dermatome or  the d istr ibut ion of the 

nerve-for exam p le, i ntercosta l ,  gen itofemora l ,  or  c ircumflex i l iac  nerve-and may req u i re ear ly 

remova l of the offend ing  sutu re, even pr ior  to d ischarge. 

• For i ntraperitonea l  sub lay repa i rs, the surgeon should ALWAYS have h i s/her hand between the pos
ter ior  su rface of the prosthesis and the abdom i n a l  v iscera when the sutu res a re t ied .  L i kewise, there 
shou ld  be NO l axity or space between fixation sutu res or tacks. 

POSTOPERATIVE CARE • Early or late (even years later) infection of the prosthesis 
occurs in -3 % of patients . Prior wound infections, usu
ally with Staphylococcus species and especially methicillin
resistant Staphylococcus aureus (MRSA),  appear to increase 
the risk of prosthetic infection. Whether preoperative clear
ance of nasal, vaginal, and rectal MRSA colonization is 
effective is unproven. 

• Most patients will not need a nasogastric tube, but in ex
tended complex repairs, especially with an accompanying 
adhesiolysis, gastric decompression may be advisable. 

• The timing of removal of subcutaneous drains is contro
versial-drains serve as sites of potential bacterial con
tamination, yet drains may minimize formation of seromas/ 
pseudo bursa .  When placed intra peritoneally on the anterior 
surface of prosthesis or in the retrorectus space, they should 
be removed early ( 1 st postoperative day) .  When placed sub
cutaneously after an extensive, subcutaneous flap mobili
zation, one must weigh the risk of infection versus that of 
seroma when deciding to remove the drains. No evidence
based suggestions can be offered. 

OUTCOMES 
• Recurrence rates with these types of elective repair for ante

rior abdominal wall hernias (midline or transverse incisions) 
should be less than 1 0 %  to 1 5 %  range. Many factors ad
versely affect recurrence rates, such as multiple prior repairs, 
hernia size, impaired healing ( steroid use, active smoking, 
chemotherapeutic agents, obesity, etc ) .  "Recurrences " for 
flank hernias are greater-note the recurrence to the pa
tient may be a " bulge" rather than a true musculofascial! 
prosthetic defect-preoperative counseling of this possibility 
and intraoperative planning of the appropriate tension and 
secure placement of fixation of the prosthesis will minimize 
this possibility. 

• Postoperative, subcutaneous wound infections require im
mediate, aggressive treatment to prevent underlying infec
tion of the prosthesis, even if there is autogenous tissue 
between the prosthesis and the subcutaneous space. 

• A nonreducible bulge/mass that develops directly under 
the incision with the first 6 weeks is likely a seroma and 
often does not require further investigation; ultrasonog
raphy will differentiate seroma from recurrence .  Not all 
seromas require intervention, and many will reabsorb 
over time . Cognizance of this possibility will prevent un
necessary aspiration or especially placement of a drain, 
both of which can introduce bacteria and secondary infec
tion. Fever, pain, increase in size, or nonresolution war
rant aspiration. 

COMPLICATIONS 
• Bleeding/hematoma-usually contained 
• Seroma-appears within first several weeks postoperatively; 

if persistent for weeks or months, suspect formation of a me
sothelial-lined pseudobursa. These are more common with 
an onlay prosthesis, especially ePTFE or when the hernior
rhaphy is combined with an abdominoplasty. 
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• Subcutaneous wound infection--2 % to 5 %  but depends 
on extent of lateral dissection 

• Skin necrosis at medial edge of incision after wide lateral 
mobilization of a skin/subcutaneous flap; with an abdomi
noplasty, minor wound problems may approach 40%.  

• Prosthetic infection, both early (first 2 months) or  late (months 
to years later)-3 % 

• Recurrence-approximately 1 0 %  to 1 5 % ;  often, the recur
rence is at the cranial or caudal end of the prior hernia defect 

• Radiculopathy from a somatic nerve trapped by a fixation 
suture, though rare, can complicate an abdominal wall 
reconstruction. 

• Suture granuloma at fixation site 
• Small bowel obstruction from the intraperitoneal part of the 

hernia mobilization and prosthetic placement of the pros
thesis; the obstruction is either related to adhesions or rarely 
between adjacent fixation points if the space left was too 
large or too loose. In theory, the fixation suture can trap a 
loop of bowel within the suture-this should lead to a very 
early obstruction 1 or 2 days postoperatively. 

• Unrecognized enterotomy at the time of hernia repair 
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Chapter 4 lncisional Hernia: 
Laparoscopic Approaches 

1----------------------------------------------------- .... 

Todd Heniford Kristopher Williams 

DEFINITION 
• Incisional hernia is defined as any abdominal wall defect 

occurring at the site of previous operation or scar. Lapa
roscopic incisional hernia repair uses prosthetic mesh re
inforcement, much like as originally described by Stoppa, 1 
applied through minimally invasive operative techniques 
with reliable success.2 

• Incidence of incisional hernia following laparotomy exceeds 
20% with over 2 million laparotomies performed in the 
United States annually, a factor contributing to the estimated 
348,000 ventral hernia repairs in 2006.3•4 

• Recurrence rates for primary suture hernia repair have been 
reported to be as high as 54%,S which have been reduced by 
more than half with the use of mesh reinforcement.6•7 

DIFFERENTIAL DIAGNOSIS 
• Diastasis recti 
• Seroma 
• Hematoma 
• Abdominal wall abscess 
• Hypertrophic scar 
• Desmoid 
• Abdominal scar endometrioma (at sites of previous cesarean 

or hysterectomy incisions) 
• Soft tissue sarcoma 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A detailed general health history should be obtained in

cluding past medical history, current medications, allergies, 
social habits (alcohol, illicit drug use, smoking history) as 
well as previous adjuvant treatments, which may impact any 
attempt at operative repair (e .g. ,  previous pelvic or abdomi
nal radiation) .  Consideration of other common abdominal 
pathology, such as symptomatic cholelithiasis or colon can
cer, may need evaluation prior to hernia repair and results 
should be documented. 

• A detailed history regarding obstructive symptomology 
(nausea, vomiting, passage of flatus, bowel frequency, 
abdominal pain) the patient may have experienced in the 
recent or distant past should be recorded. 

• For all patients undergoing evaluation of incisional hernia, 
medical records should be obtained and reviewed, empha
sizing surgical history and operative reports from previous 
pertinent surgeries and hernia repairs. Attention should be 
directed toward specifics of previous abdominal operations, 
especially hernia repairs: anatomic location of initial her
nia defect, previous attempts at hernia repair, presence and 
type of previously placed mesh, location of any previously 
placed mesh ( intraperitoneal, preperitoneal, retrorectus, 
fascial onlay, etc . ) ,  method of mesh fixation, and previous 

operative complications . Also, the extent of previous skin 
and subcutaneous dissection and the presence and extent of 
a components separation can be very helpful. 

• The presence of comorbidities known to be associated with 
increased risk of postoperative wound complications or 
recurrence (current or smoking history, obesity, diabetes, 
immunocompromised status, cirrhosis, chronic obstructive 
pulmonary disease [COPD],  current or chronic infections 
such as urinary or pulmonary infection, history of previous 
mesh or other methicillin-resistant Staphylococcus aureus 
[MRSA] infections) ,  as well as any history of previous or 
current wound infections and any current abdominal wall 
wound issues should be noted. 

• A complete physical exam should be performed paying 
particular attention to the existence and location of ab
dominal scarring, nonhealing wounds, erythema that may 
indicate deeper pathology, identification of any abdomi
nal wall defects ( either incisional or primary) ,  presence 
and nature of hernia contents within defects, reducibility 
of hernia contents, and tenderness to palpation of noted 
defects. Fascial defect size should be estimated to aid in 
preoperative planning. 

• Other physical findings or review of symptoms points may 
alert a surgeon to medical issues that require workup prior 
to surgery, such as heart failure, COPD, vascular disease, 
liver or kidney disease. 

• A thorough examination should be performed looking for 
the existence of other potential hernia sites (umbilical, ingui
nal, femoral, parastomal, etc . ) ,  which may be addressed at 
the time of surgery. By neglecting other potential hernias, the 
opportunity to repair them at the same time as the primary 
hernia may be lost. 

• The presence of a gastrointestinal stoma, active wound 
infection, or chronic draining sinus tracts should also be 
taken into account, as these situations influence operative 
planning, risk counseling, and may influence an open ver
sus a laparoscopic repair. A laparoscopic repair with syn
thetic mesh placement is not appropriate for an actively 
infected field. 

• The presence of peritoneal signs (abdominal rigidity, guard
ing, rebound tenderness) should alert the surgeon to the 
likelihood of intraabdominal issues and may mandate an 
emergent laparotomy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Although physical exam is the gold standard of diag

nosis, obese body habitus, abdominal scarring, and the 
presence of previously placed mesh may preclude physical 
diagnosis of an incisional hernia. For these reasons, com
puted tomography ( CT)  is a valuable tool for diagnosis 
and operative planning in cases of a suspected incisional 
hernia ( F IG 1 ) .  
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FIG 1 • CT inc i s iona l  hern i a .  A 5 1 -year-o ld fema le  with m u lt ip le  
gastr ic revis ions s i nce undergo ing or ig i na l  gastr ic bypass, 
eventua l ly resu lt ing in comp let ion gastrectomy. CT shows 7-cm 
inc i s iona l  hern ia  defect conta i n i n g  norma l-ca l i ber sma l l  bowel 
with i ntra l u m i n a l  contrast .  

• Advantages of CT imaging for the evaluation of incisional 
hernias are multifactorial: accurate diagnosis in cases of 
obscure or small defects; proper identification of hernia 
contents ( small bowel, colon, solid organs, omentum, etc . ) ;  
definition of defect size; location of previously placed mesh; 
distinction from other or concomitant potential diagnoses 
( seroma, abscess, hematoma, etc . ) ;  identification of bowel 
incarceration; obstruction or possible ischemia, necrosis, or 
perforation; and planning of where to enter the abdomen 
safely. 

• When feasible, it is helpful for the operating surgeon to 
review the actual CT images, as the information discussed 
earlier may not be included in a radiologist's reading of the 
films. It is also helpful to have CT images available to be 
viewed intraoperatively as they can serve as a reference dur
ing the operative procedure. 

• Colon cancer screening with colonoscopy or other appro
priate means is often considered for those patients who 
have reached appropriate age for screening, have a sig
nificant family history, or other colonic symptoms prior to 
hernia repair. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• For elective procedures, in the weeks leading up to repair, 
attempts should be made at optimization of preoperative 
patient factors associated with increased risk of postopera
tive wound complications: smoking cessation, evaluation 
and maximization of nutrition status, tight blood glucose 
control, weight loss in the obese, or elimination of open 
wounds through local wound care. 8 

• Appropriate intravenous antibiotic prophylaxis should be 
administered prior to incision and repeated as needed to pro
vide adequate prophylactic coverage depending on length of 
procedure and drug half-life.9 

• Venous thromboembolism prophylaxis should be provided, 
such as lower extremity serial compression devices or sub
cutaneous prophylactic dose heparin prior to induction of 
anesthesia, assuming no contraindications.9 

• Following induction of anesthesia, the abdominal wall is 
reexamined to confirm the borders of the defect in question 
and to identify the presence or location of previous mesh, 
signs of infection, or other issues. 

• Intraoperative urinary and gastric decompression are 
recommended .  

• Iodophor-impregnated adhesive skin drape may be  used 
to minimize mesh contact with skin surfaces and therefore 
reduce the risk of mesh infection, although this has not been 
proven in randomized clinical trials. 

Positioning 

• The patient should be positioned supine with arms adducted 
and tucked at sides of body with adequate padding of pres
sure points to avoid neurologic pressure injury. This allows 
movement of the surgeon and the assistant on each side of 
the table during the operation ( FIG 2 ) .  

• Semilateral o r  lateral decubitus position may b e  favored for 
repair of flank or lumbar hernias. 

• The patient should be secured to the operating table to allow 
steep positioning or rolling of the table as required during 
the procedure. 

• Laparoscopic monitors should be positioned over the work
ing space to allow direct vision by both the primary surgeon 
and assistant. 

FIG 2 • Patient posit ion i ng .  The patient is  p laced sup ine  on the 

operati ng ta b le  with arms add ucted and  mon itors posit ioned 

toward the head of the table.  The surgeon sta nds on e ither s ide 
of the patient, depend ing  on hernia location, with the assistant 
d i rect ly opposite. 
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INITIAL ACCESS 

• A safe window of i ntraperitonea l  access is usu a l ly ava i l 

ab le  in a reas d i stant from site(s) of previous surgery, 

a lthough a n  open, "cut-down "  tech n ique  can be per

formed near or with i n  a hern ia  if the surgeon prefers. 

• Often, safe entry is found  j ust i nfer ior to the t ip  of the 

1 1 th r ib, between m idclavicu l a r  and a nter ior axi l l a ry 

l i nes (FIG 3) .  
• Open cut-down tech n ique  is most often performed 

Sites of inital port placement 

with identif icat ion of i n d iv i d u a l  abdo m i n a l  wa l l  l ayers Hernia defect -+-----

as each is entered, but some surgeons use a port that 

a l l ows v i sua l i zat ion of the a b d o m i n a l  wa l l  l ayers with 

the l apa roscope as the troca r i s  s lowly advanced i nto 

the abdomen .  
• Pneumoperitoneum is esta b l ished at 1 2  to 1 5  m m H g .  

F IG  3 • I n it i a l  port p lacement. Safe a reas o f  i n it i a l  troca r 
p lacement v ia  the cutdown tech n ique  are often found j ust 
i nfer ior to the 1 1 th  r ib  between the m idclavicu l a r  l i n e  and  the 
a nter ior axi l l a ry l i ne .  

PLACEMENT OF WORKING PORTS 

• Us ing  an ang led (30- or 45-deg ree) scope, a brief genera l  

i nspect ion of the abdom i n a l  cavity checki ng for organ  

i nj u ry, which may have occurred d u ring  i n it i a l  access, is  • 
performed.  

• Working port p l acement is based on ta rget defect loca- • 
t ion,  opti m i zat ion of work ing space, and  tri angu l at ion 

of work ing  instruments, if poss ib le .  Ports that are too fa r 

ca uda l  or cepha lad  may l i m it freedom of motion of the • 
port due  to the h i p  or r ib  cage (FIG 4) .  

• Idea l  port p lacement a l lows suffic ient work ing  space 

between ports and  ta rget defect. The d istance between 

A 

i nd iv idua l  ports shou ld  a l low a ra nge of motion that 

prevents ports from co l l i d i n g  or l i m it ing mot ion .  Ports 

shou ld  not be too c lose to the hern ia  defect as th i s  l i m its 

v isua l i zat ion for mesh p lacement or mesh fixat ion .  

Add it iona l  5-mm troca rs a re p laced under  d i rect v isua l 

ization (FIG S) .  

Often, two 5 -mm troca rs a re p l aced latera l l y  on  same 

s ide  as i n it i a l  access port, usu a l ly between a nter ior and  

m idaxi l l a ry l i nes.  

One or two 5-m m trocars can be p laced on  the contra

latera l side of i n it i a l  access port for ad hes io lys is  or  to 

fac i l itate mesh fixat ion .  

FIG 4 • Working port tr i angu l at ion .  F igu re A shows d iagrammatic representation of work ing tr ia ngu l at ion to ta rget defect. 

F igu re B i s  an i ntraoperative v iew of work ing ports. 
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LYSIS OF ADHESIONS AND DEFINITION 

OF HERNIA DEFECT 

• Pneumoperitoneum assists in d i ssect ion as countertrac

tion is  provided by weight of dependent omentum and  

bowel to  expose safe t issues p l anes (FIG 6) .  
• Meticu lous lysis of adhes ions is performed us ing sharp 

d i ssect ion with m i n i m a l  j ud ic ious e lectroca utery to avo id  

therma l  spread and  bowel in jury (FIG 7) .  

F I G  6 • Lys i s  o f  ad hes ions .  Pneumoper itoneum assists i n  

d i ssect ion .  

FIG S • Port s i zes  and  posit ion .  Position ing  of i n it i a l  1 0-mm 
port and  5-mm work ing  ports for  m id l i ne  per i umb i l i ca l  
inc is iona l  hern i a .  Two 5-mm ports a re p laced on  the ips i l atera l 
s ide of i n it i a l  access and  a s i ng le  5-m m port is p l aced on the 
contra l atera l s ide.  

• 

• 

The major ity of operative t ime is often spent perform ing  

the adhes io lys is .  An enterotomy can increase the r i sk  of  

mesh  i nfect ion and,  i n  cases of g ross sp i l l age, p lacement 

of prosthetic mesh is contra i nd icated .  A bowe l i n ju ry 

may resu lt  in the need for convers ion to a n  open pro

ced u re, may necessitate the use b io log ic  mesh or  hern ia  

c losure without mesh,  or  the need for staged repa i r. 

Free ing  the adhes ions a long the ent i re length of inc i 

s ion often a l l ows the surgeons to identify a l l  defects 

FIG 7 • Lys i s  of adhes ions .  Meticu lous  adhes io lysis performed 
to expose ent ire length of inc i s ion .  
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FIG 8 • Swiss cheese defect. M u lt ip le  defects can be seen 
fo l lowi ng comp lete exposure of i nc is ion length.  

{ 

FIG 9 • Externa l  manua l  reduction .  Externa l  pressu re app l ied 

to abdom ina l  wa l l  can a i d  i n  i ntraoperative reduct ion of 
hern ia  contents. 

(" Swiss cheese" or  buttonho le  abdom i n a l  wa l l  defects), 

which otherwise may have gone u nnoticed and  there-

fore u n repa i red (FIG 8) .  • 
• Hern ia  contents can be red uced by app ly ing gentle trac

tion us ing nontra u m atic g raspers. 

• 

• 
• 

A 

S imu lta neous externa l  manua l  compress ion of the hern ia  • 
sac is he lpfu l  in red uc ing contents (FIG 9) .  

T h e  hern ia  s a c  i s  l eft i n  s itu . 

The hern ia  defect edges are measu red externa l ly and  • 
marked on patient's sk in .  

Length and  width of the abdom ina l  wa l l  defect is  pre

cisely measured i ntraabdo m i n a l ly using a na rrow p last ic  

d isposab le  ru ler  i ntroduced through a port. 

A sp ina l  need le  is  used to penetrate the abdom ina l  wa l l  

a long t h e  i nterna l ly visua l i zed defect edges t o  accu rate ly 

defi ne boundaries (FIG 1 0) .  

The  fa lciform l iga ment and  umb i l i ca l  l i gaments may be  

taken down to a l l ow f l u sh  p lacement of  mesh  aga i nst 

a nter ior abdom ina l  wa l l .  

B 

FIG 1 0  • Measurement of defect. F igu re A shows d i ag ram matic representat ion of defect measurement us ing a na rrow 
d isposab le  ru ler  and sp ina l  need les to defi ne exact borders. F i gu re B shows i ntraoperative defect measurement. 

MESH PREPARATION AND 

INTRAPERITONEAL INTRODUCTION 

• An appropr iately s ized sheet of mesh is chosen and  

ta i lored to over lap  defect edges by  m i n i m u m  of  4 to  6 em 

c i rcumferent ia l ly. Proper mesh  to  fascia over lap a l l ows 

• 

for even d i str ibut ion of i ntraabdom ina l  forces across 

peritonea l  surface of the mesh and a ids  in ho ld ing  the 

mesh i n  p lace accord ing  to Lap lace's law (FIG 1 1 ) . 1 0  

Use  of  a mesh  product constructed with a viscera l ad he

s ion barr ier  to prevent the formation  of futu re adhes ions 

is  h i g h ly recommended .  

31 5 
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Hernia defect 

FIG 1 1  • l ntraabdom i n a l  forces on mesh.  The i ntra peritonea l  
mesh is  he ld  i n  p lace by the i ntraabdom i n a l  forces act ing  to 
push the mesh aga i nst the abdom i n a l  wa l l  as  long as suff ic ient 
mesh/defect over lap  of 4 to 6 em is obta ined .  

• For l a rge s ing le  defects, g reater mesh to fascia over lap  is  • S ize 0 or 1 permanent, monofi l ament sutu res are p laced 

at the m i d po i nts of each side of the ta i lored mesh 

(FIG 1 28) .  

recommended to  resist i ntraabdom ina l  forces act ing to 

push the mesh through the defect. 
• It may be necessa ry to sew mu lt ip le sheets of mesh together • Correspond ing poi nts of reference are marked on the ex

terna l  abdom ina l  wa l l  to a l l ow proper or ientat ion once 

the mesh i s  p laced i ntraabdomina l ly (FIG 1 3) .  

i n  order t o  fashion a s ing le sheet large enough t o  provide 

adequate defect coverage (FIG 1 2A). 

A 

B 

FIG 1 2  • Ta i lor ing  of mesh.  Mesh is fash ioned to prov ide 4 to 
5 em of mesh/defect over lap  and  permanent sutu res a re p laced 
at the m i dpoints of mesh edges. M u lt ip le  p ieces of mesh may 
be stitched together to obta i n  a f ina l  mesh of suff ic ient s ize 
as seen i n  F igure A. F igure B shows the p l acement of m i d point  
sutu res a long the edges of the mesh .  

A 

B 

FIG 1 3  • Orientation of mesh. F igure A shows how the external  

abdomina l  wa l l  is marked to ensure proper orientation of mesh 
p laced i nside the abdomina l  cavity. F igure B shows the mesh 

overlying the marked externa l abdominal  surface. 
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FIG 14 • Rol l i ng  of mesh . Mesh is rol led i n  a scro l l - l i ke fash ion 

from opposite s ides i nward to a l l ow passage through trocar site. 

FIXATION OF MESH 

• The mesh is properly or iented based on previously marked 

points of reference. 

• Previous ly p laced sutu res (at m i d po i nts a long edges of 

mesh) a re brought through the abdom ina l  wa l l  us ing 

a suture passer  dev ice under  d i rect l aparoscopic  v i s ion .  

Through the same sk in  i nc is ion,  the suture passer enters 

the fasc ia  in two locations a cent imeter a pa rt to create 

a fasc ia l  br idge between the ta i l s  of suture resu lt ing in a 

fu l l -th ickness abdom i n a l  wa l l  " b ite" (FIG 1 6) .  
• It is recommended that the fi rst suture to be passed transfas

cia l ly be the one closest to a structure of potentia l  concern 

(xiphoid, pubis, i l iac crest, costa l margin, stoma, etc.) to 

a l low for opt imal  view of the structure(s) in question.  

• Mesh is then ro l led from opposi ng edges in scro l l - l i ke 

fash ion (which fac i l itates i ntraabdom ina l  unfo ld i ng) and  

com pressed to  a l low passage throug h  trocar site (FIG 14) .  

• Us ing a g rasper from the contra lateral port site, the ro l led, 

com pressed mesh can then be pu l led i ntraabdomina l ly 

(FIG 1 5) .  
• Us ing two g raspers, the mesh is u nfur led with in  the per i

tonea l cavity. Th is  is  s imp l if ied by ho ld ing  the center of 

the mesh with one g rasper whi le pushing the ro l l ed edge 

with second grasper. 

FIG 1 5  • I ntroduct ion of mesh.  Ro l led mesh can be pu l led 
i ntraabdom i n a l ly from the contra latera l 5-mm port s ite. 

• 
• 

• 
• 

• 

Each suture is passed with ident ica l  tech n ique  . 

The tra nsfasc ia l  sutu res a re pu l led taut to confi rm accu

rate mesh posit ion ing, defect coverage, and to ensure 

that the mesh is taut aga inst the abdom i n a l  wa l l  at the 

t ime of fixat ion .  Reposit ion ing  of previous ly marked ref

erence po i nts may be req u i red to ensure proper mesh 

p lacement. It i s  very i m portant that the mesh be t ightly 

stretched across the abdom i n a l  wa l l ;  if  the mesh i s  l oosely 

app l ied, it wi l l  ba l l oon out i nto the defect and resu lt  in 

the appearance of a recu rrence. 

The i n it i a l  two transfasc ia l  sutu res a re t ied . 

The posit ion of the mesh is rechecked pr ior  to tying  the 

rema in i ng  sutu res. 

Using a 5-mm laparoscopic tacking device, the mesh 

perimeter is stretched out and secured into p lace by plac ing 

FIG 16 • Suture passer tech n ique .  Previous ly p laced 

permanent sutu res a long the mesh edges a re brought 
through the abdom i n a l  wa l l  us ing a suture passer device. 
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tacks no further than 1 em apart to prevent bowel hernia- • 
tion between the mesh and abdomina l  wa l l .  The tacks a re 

a lso close enough to the mesh edge to prevent fold ing of 

the mesh. Placement of tacks is  fac i l itated by external  man-

ua l  pa lpation of the t ip of the tacking device (FIG 1 7A) .  
• A second row of tacks p laced j ust ins ide  the fi rst row • 

( "doub le  crown " tech n iq ue) is used by some surgeons to 

ensure there is no sagg ing  of the mesh and  to e l i m inate 

"dead space" between the mesh and abdom i n a l  wa l l  

B 

(FIG 1 78) .  • 

Addit iona l  fu l l -th ickness 0-0 tra nsfasc ia l  sutu res a re 

p laced every 4 to 8 em c i rcu mferent ia l l y  us ing the suture 

passer device (FIG 1 8) .  Larger defects req u i re add it iona l  

sutu re fixat ion to l i m it the mesh from eventrat ing  i nto 

the fasc ia l  defect. 

After i nd iv idua l  sutu res a re t ied, the su bcutaneous tissues 

and sk in  over ly ing the transfascia l  suture knots shou ld  be 

released using u pward tract ion with a hemostatic c l amp 

to  avo id  d imp l i ng  of  the sk in .  

Laparoscopic  i nspect ion of  the abdom i n a l  cavity is  per

formed to ensure adequate defect coverage (proper 

mesh posit ion, attachment, and mesh/fascia over la p), 

hemostas is  at a reas of adhes io lysis, and that no bowel 

i nj u ry occurred.  

FIG 17 • Tack ing tech n i q ue .  Accu rate p lacement of tacks is  
fac i l itated by externa l  pa l pation of the tacker t ip  as seen in 
F igure A. F igure B shows comp leted defect coverage with two 
rows of tacks in p lace to e l i m inate sagg ing  of the mesh.  

FIG 18 • Fu l l -th ickness suture tech n i que.  Addit iona l  fu l l 

th ickness transabdom ina l  sutu res a re p laced every 4 to  6 em 
along the edge of the mesh us ing the suture passer device.  

CLOSURE 

• Fascia for a l l  s ize 1 0-mm or larger port s ites is closed with an  

adequate absorbable suture either externa l ly or by  us ing 

the suture passer device and laparoscopic visua l i zation .  

• Sk in  i nc is ions over ly ing a l l  port sites are often c losed 

with s ize 4-0 a bsorba b le  suture and covered with ster i le  

d ress ings or sk in  adhesive. 

PEARLS AND PITFALLS 
Preoperative imag ing  

Port p lacement 

• Preoperative ly, review CT i mages as ava i l ab le .  
• I mages shou ld  be ava i l ab le  for reference d u ri ng  procedure .  

• I mproper t r iangu lat ion of work ing  ports to ta rget defect leads to i neffic ient work ing 
space and  i ncreases leve l  of proced ura l  d ifficu lty. 

• P lac ing ports too close to the hern ia  leads to added d i fficu lty in mesh placement and  may 
resu lt i n  mesh cover ing worki ng ports. 
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Bowel i nj u ry d u r ing procedure • G ross conta m i nat ion or l a rge enterotom ies l i ke ly req u i res convers ion to open proced ure 
and  poss ib ly  the need for a staged repa i r  or the use of b io log ic  or b iosynthetic mesh.  

• If l itt l e  or  no conta m i n at ion i s  p resent and  the enterotomy is smal l ,  p r imary l aparoscop ic  
repa i r  may be acceptab le  with  e i ther  i m m ed iate (no conta m i nation) or  de layed 
(s ign if icant conta m i nation) hern iorrhaphy. 

Mesh p lacement • I nadequate fixat ion of mesh edges r isks fo ld i ng  of mesh and  su bseq uent recurrence. 
• I nsuffic ient mesh/defect over lap (4 to 5 em) or lack of a ppropr iate fixat ion may lead to 

repa i r  fa i l u re .  
• Not fixati ng the mesh so that  it is  taut  across the abdom ina l  wa l l  r isks eventrat ion of  

mesh i nto the hern ia  sac  after desuff lation .  

U n recogn ized bowel in jury • Exa m i nat ion of patients to d iag nose an u n recog n i zed bowel i nj u ry ear ly in the post
operative course 

Fa i l u re to c lose l a rger port s ites 
( 1 0  mm or g reater) 

• Risks futu re port site hern ia  and  poss ib le  bowel i ncarcerat ion 

POSTOPERATIVE CARE 
• Patients are monitored postoperatively as for standard 

laparoscopic procedures and either discharged same day or 
admitted, depending on presence of significant comorbidi
ties, recovery from anesthesia, and adequate pain control .  

• Pain control measures should be initiated in the imme
diate postoperative period and continued 1 to 4 weeks 
following surgery as dictated by clinical assessment during 
follow-up. 

OUTCOMES 
• In a large series of 850  laparoscopic ventral hernia re

pairs performed spanning 9 years and an average of 
20.2 months of follow-up, an overall complication rate 
( 1 3 .2 % )  was observed; the most common of which being 
prolonged ileus ( 3 % )  and seroma (2 .6 % ) .  A recurrence 
rate of 4. 7% was seen and was associated with large 
defect size, obesity, previous open repairs, and postopera
tive complications.2 

• In the largest quality-of-life outcomes study to date com
paring laparoscopic and open ventral hernia repairs from 
a multinational, prospective, self-reported database at 1- ,  
6-, and 1 2-month follow-up, laparoscopic repair was asso
ciated with decreased quality of life (pain and movement 
limitation) in the short term ( 1 -month follow-up) but was 
equivalent to open repair at 6 and 12 months. An overall 
recurrence rate of 5 .7% was observed at 1 year; 5 .2% recur
rence for laparoscopic versus 6 .0% for open. There was also 
no difference in overall complications (deep venous throm
bosis [DVT] , ileus, urinary problems, pneumonia, fistula 
formation, and reoperation) .  However, laparoscopic ventral 
hernia repair was associated with decreased hospital length 
of stay of almost 2 days and fewer surgical site infections 
compared to open repairs (0 . 3% for laparoscopic versus 
3 . 0% for open) .U  

• Laparoscopic incisional hernia repair has  proven to  be a safe 
and effective option for hernia repair and may actually be 
favored in certain patient populations, such as the morbidly 
obese, due to decreased rates of wound complications as 
compared to open ventral hernia repair. 12 

COMPLICATIONS 
• Prolonged postoperative ileus 
• Seroma 
• Hematoma 
• Prolonged transfascial suture site pain 
• Mesh infection 
• Bowel or bladder injury 
• Recurrence 
• DVT 
• Cardiac or pulmonary problems 
• Anesthesia complications 
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Chapter 5 lncisional Hernia Repair: 
Abdominal Wall 
Reconstruction Options 
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t Michael J. Rosen 

DEFINITION 
• The field of abdominal wall reconstruction has seen sig

nificant advances in the past decade. A resurgence in the 
concept of recreating a functional dynamic abdominal wall 
through reconstructing the linea alba and restoring normal 
anatomy of the abdominal wall unit has fostered several 
innovative techniques to achieve these goals. The foun
dation for much of our understanding of abdominal wall 
reconstruction can be linked to pioneering surgeons such as 
Oscar Ramirez, Renee Stoppa, and Jean Rives. These recon
structive surgeons brought forth the concepts of performing 
fascial releases of the anterior abdominal wall compartments 
to provide advancement of the midline fascia. Although each 
of these surgeons and several of the newer techniques that 
will be described in this chapter differ in the exact mecha
nism in which fascial advancement is obtained, the underly
ing concept of achieving fascial advancement to reconstruct 
the midline is a constant. 

• When considering which approach is indicated for recon
structing the abdominal defect that the surgeon is faced 
with, it is helpful to provide general categories of the various 
abdominal wall reconstructive techniques. In the authors' 
opinion, the most clinically relevant classification scheme is 
based on preservation of the anterior abdominal wall neu
rovascular blood supply and the need to raise large lipocu
taneous flaps to gain access to the lateral abdominal wall. In 
general, minimally invasive approaches preserve the abdom
inal wall blood supply and avoid large skin flaps. Examples 
of such techniques include endoscopic component separa
tion, posterior component separation, and periumbilical 
perforator sparing approaches, whereas, the standard open 
approach does not typically preserve the anterior abdominal 
wall blood supply. 

• This chapter will focus on some of the more advanced recon
structive techniques to repair large abdominal wall defects. 
Prior to discussing each of these approaches, it is imperative 
to understand that not all ventral hernia repairs will require 
these approaches. In fact, most abdominal wall defects less 
than 10 to 15 em in maximal width can be repaired using a 
standard Rives-Stoppa-Wantz approach. This technique will 
be described in detail in another chapter in this textbook. In 
the authors' opinion, this approach should always be initially 
considered prior to moving on to more advanced techniques. 

DIFFERENTIAL DIAGNOSIS 
• When planning an abdominal wall reconstruction, the most 

important first step is to clarify patient's expectations for a 
successful outcome as well as the surgeon's . Not all defects, 
particularly in the setting of contamination or infection, can 
or should be repaired in a single setting. Often, the initial 
attempt at clearing the infectious source or reconstructing 
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the gastrointestinal ( Gl) tract takes precedence and formal 
reconstruction should be delayed. In these cases, the patient 
should understand that they will likely have a ventral hernia 
at the end of the procedure that eventually will need to be 
repaired. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Basic cardiac and pulmonary risk stratification are essential. 
• Skin preparation is critical, and an experienced wound care 

nurse is invaluable. Treating any subcutaneous cellulitis or 
breakdown can significantly improve soft tissue coverage at 
the time of formal reconstruction. 

• Optimization of nutritional status is also important. This can 
include supplemental, enteral, or parenteral feeding when 
necessary. It is also important to point out that patients with 
an ongoing infectious nidus, particularly infected synthetic 
mesh, can be very difficult to obtain a positive nitrogen 
balance. 

• Many patients with large ventral hernias also suffer from 
morbid obesity. The ideal approach to managing obesity in 
the setting of a complex ventral hernia is challenging. No 
doubt, substantial weight loss prior to surgical interven
tion is optimal.  However, the best approach is unclear, but 
options include medically supervised weight loss or bariatric 
surgery. This can be particularly challenging in symptomatic 
incarcerated hernias in which there is little time to achieve or 
obtain clearance for weight loss surgery. 

• Preoperative smoking cessation is mandatory in our practice 
prior to complex abdominal wall reconstruction. Smoking 
has been clearly linked to impaired wound healing and in the 
author's opinion is an absolute contraindication to complex 
abdominal wall reconstruction. 

• Obtaining and reviewing all old operative records is 
extremely important. Understanding what type of mesh and 
in what layer in the abdominal wall it was placed can help 
guide your approach. In addition, it is important to clarify 
if one of the lateral abdominal wall muscles were already re
leased because it can lead to lateral abdominal wall laxity if 
it is rereleased. Likewise, the surgeon might choose another 
muscle to release to access an undissected plane. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Routine radiologic imaging with an abdominal-pelvic com

puted axial tomography (CAT) scan is particularly useful 
in complex ventral hernia repairs. These scans can provide 
valuable information as to the size of the defect and presence 
of loss of domain, the absence or destruction of important 
components of the abdominal wall, and the presence of 
remnant prosthetic materials. 

-
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• More advanced radiologic imaging such as magnetic reso
nance imaging (MRI) or angiogram to look for periumbilical 
perforator vessels is not routinely performed in our practice. 

• Preoperative antibiotic and deep venous thrombosis pro
phylaxis is routinely given. Typically, a first-generation 
cephalosporin will suffice, but in cases of prior or active 
methicillin-resistant Staphylococcus aureus (MRSA) infec
tion, Vancomycin is added. 

• Nasogastric tube decompression and Foley catheters are 
routinely inserted. 

• Perioperative anesthesia management is critical to success in 
large abdominal wall reconstructions. It is important that the 
patient remains completely relaxed during the procedure as 
this greatly improves exposure of the abdominal wall. In ad
dition, in larger abdominal wall reconstruction, there is often 
some level of compartment syndrome at the conclusion of the 
procedure. It is important to keep these patients intubated for 
a 24- to 48-hour period until their airway pressures normalize. 

SURGICAL MANAGEMENT 
• As with any hernia repair, it is critically important that 

the surgeon has a firm understanding of the anatomy of 
the abdominal wall prior to manipulation. The abdominal 

Lateral cutaneous 
branches of intercostal 

nerves T2-T1 1 

Lateral cutaneous 
branch of subcostal 

nerve T1 2 

Ventral rami of subcostal 
nerve T1 2 

T1 

wall is basically composed of the two rectus muscles run
ning longitudinally and the three lateral muscles on each 
side of the abdominal wall .  Each performs a valuable 
function for the abdominal wall, and any disruption can 
cause impairment in core physiology. Understanding the 
neurovascular anatomy of the anterior abdominal wall is 
particularly important for optimizing the results of each 
of these approaches .  The rectus muscle receives its inner
vation from the T7-Tl l intercostal nerve routes .  These 
nerves run above the transversus abdominis and below 
the internal oblique muscles in the lateral abdominal 
wall .  They penetrate the linea semilunaris and segmen
tally innervate the rectus muscle .  It is very important to 
preserve these nerves in any reconstruction; otherwise, 
the rectus muscle will atrophy and prevent any hope for 
a functional abdominal wall (FIG 1 ) .  One important con
sideration for a posterior component separation is that 
the transversus abdominis muscle actually forms the pos
terior sheath of the rectus muscle in the upper two-thirds 
of the abdomen. 

• The blood supply of the anterior abdominal wall is slightly more 
complex (FIG 2) .  The rectus muscle receives its blood supply 
both laterally from the intercostal vessels and from a superior 
and inferior branch of the inferior epigastric vessel. The blood 

1--� ...... �---------- Ventral rami of intercostal 
nerves T1 -T1 1 

Posterior layer of 
rectus sheath 

Transversus abdominis 
muscle 

Internal oblique muscle 

Anterior branch of 
subcostal T1 2 

I l iohypogastric nerve L 1 

I lioinguinal nerve L 1 

Overlying semilunaris 

FIG 1 • Innervation of the anterior abdomina l wa l l .  N ote the intercosta l  nerves run in the l atera l abdomina l wa l l  in between the interna l 
ob l ique and transversus abdominis musc le .  
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------- Internal thoracic 
{mammary artery) 

Diaphragm 

Muscu lophrenic artery 

Lower intercostal 
and lurnbar arteries 

External obl ique muscle 
{removed) 

!.........------ Internal obl ique muscle 
{removed) 

--r------- Transversus abdominis 
muscle 

Ascending branch of 
deep circumflex 
i l iac artery 

Inferior epigastric artery 

Inguinal l igament 

External i l iac artery 

FIG 2 • B lood supp ly  to the anter ior abdom ina l  wa l l .  Note locat ion of the med i a l  row of perforators off the i nfer ior  ep igastr ic provid i ng  
b lood supp ly  to the med ia l  aspect of  the sk in .  

supply to  the skin and subcutaneous tissues of  the midline is 
also important to understand to limit ischemic problems during 
reconstruction. The skin does receive some limited supply from 
the lateral intercostal vessels, but the majority comes from deep 
inferior epigastric perforator vessels. These vessels typically lie 
within 5 em cephalad and caudad to the umbilicus. This rela
tionship is particularly useful when performing a periumbilical 
perforator sparing component separation. 

INCISION 

• The surg ica l i nc i s ion is typica l l y  performed in a m i d l i n e  

fash ion and  a l l  other o ld  sca rs or sk in  u l cerations a re 

comp letely excised . 

ADHESIOLYSIS 

Positioning 

• Regardless of the abdominal wall reconstructive technique 
chosen, some basic technical aspects remain constant. 
A wide surgical preparation including the entire abdomen, 
lower chest, and upper legs is performed with a chlorhexi
dine solution. All stoma sites are oversewn to minimize spill
age. An iodine-impregnated dressing is routinely applied to 
cover the entire abdominal wall. 

• The abdom ina l  cavity is entered and  a comp lete ad he

s io lysis is  performed to free u p  the enti re abdom ina l  wa l l  

a l l  t h e  way t o  t h e  gutters. Th is  step is  cr it ica l ,  a s  t h e  a b

dom ina l  wa l l  wi l l  be l i m ited in its mob i l ity if it rema ins  

fixated to  the viscera . 
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CONCOMITANT PROCEDURES AND 

REMOVAL OF ALL FOREIGN MATERIAL 

• Any concom itant G l  su rgery is comp leted and  a l l  pr ior  

synthetic mater ia l  i s  removed from the abdom ina l  wa l l .  

I n  our  op in ion,  remov ing pr ior  synthetic mater ia l  a l l ows 

POSTERIOR COMPONENT SEPARATION 

TECHNIQUE 

• 

• 

• 

• 

A poster ior component separation is basica l ly a n  extens ion 

of the standard Rives-Stoppa-Wantz repa i r. 

The i n it ia l  procedure beg ins  in a s im i l a r  fash ion .  The l i nea 

alba is identified and g rasped with Kocher c lamps. To avoid 

confusion and m is identification of appropriate p lanes, the 

c lamps m ust be p laced on the media l  edge of the rectus 

muscle and not on the hernia sac. If the c lamps are on the 

hernia sac, the d i ssection wil l  proceed i n  a subcutaneous 

plane. Next, an  i ncis ion of the posterior sheath is  made 

approximately 1 em off the l i nea a l ba .  It is  i m portant to 

identify the rectus m uscle, which wil l  avo id creating a sub

cutaneous or preperitoneal  p lane of d issection (FIG 3) .  

The poster ior  rectus sheath is  then sepa rated off the 

rectus m uscle us ing e lectrocautery, ca refu l ly preserv ing 

the i nfer ior  ep igastric vesse l .  Th is  d i ssect ion p lane  is  fa

c i l itated by p lac ing u pward tract ion on the rectus m uscle 

and med i a l  tract ion on the poster ior sheath with Kocher 

c l amps. Typ ica l ly, sma l l  poster ior branches off the ep igas

tr ic vessels can be coagu lated . 

The latera l extent of this d issection conti nues unt i l  the per

forat ing i ntercosta l nerves and vessels  a re identif ied. These 

nerves as mentioned are critica l to preserve to ma inta in  

a funct ional  innervated rectus muscle. They a lso a re the 

landmark of the l i nea sem i l unaris, that is, the latera l extent 

of the rectus muscle. In a standard Rives-Stoppa-Wantz re

pa i r, the d i ssection is  completed at th is  point (FIG 4) .  

• 

• 

• 

• 

• 

the new prosthetic to actua l ly g row i nto the abdom ina l  

wa l l  and  red uces seromas and  mesh  i nfect ions .  After the  

i ntraperitonea l  port ion of  the  procedure i s  comp leted, a 

counta b le  towe l is p laced over the abdom i n a l  v iscera to 

prevent i nadvertent in jury dur ing  d i ssect ion of the a b

dom ina l  wa l l .  

I f  more advancement i s  needed t o  prov ide mob i l izat ion 

for the poster ior  sheath or  a nter ior  sheath, or  provide 

a l a rger  compartment for a n  adequate-s ized p iece of 

mesh, then a poster ior  component sepa ration  i s  per

formed .  

Th is  d i ssect ion is  usua l ly sta rted i n  the upper  th i rd of 

the abdomen.  In th is  l ocat ion,  the tra nsversus abdomi 

n i s  m uscle actua l ly forms the poster ior sheath and  does 

extend med i a l  to the l i nea sem i l u na ris .  The i nc is ion i s  

beg u n  approximately 0 .5  em med ia l  to the i ntercosta l 

nerves. The i n it i a l  i nc is ion shou ld  i nvolve the fasc ia l  cov

er ing of the m uscle, and  it is  extended throughout the 

length of the poster ior rectus sheath.  When performing 

th i s  release, it is  a lways i m portant to confirm that  it i s  not 

d i srupt ing  the i ntercosta l  nerves. 

Next, the transversus abdomin i s  m uscle is  released me

d i a l  to the l i nea sem i l u n a ris .  This i s  fac i l itated by the use 

of a r ight-a ng le  c l amp i n  the upper th i rd of the abdomen 

under  the m uscle (FIG S) .  Be low th i s  m uscle i s  the per ito

neum and can be q u ite th i n  on the med i a l  s ide .  

As the d i ssect ion conti nues ca uda l ly, the m uscle be l ly  

of the transversus abdom i n is is  rep laced with a fasc ia l  

layer. This  l ayer is  a lso i ncised, leav ing the tra nsversa l i s  

fasc ia  and  peritoneum i n  the lower th i rd of  the abdomen 

(FIG 6) .  

Once the enti re tra nsversus abdomin i s  is  released, the d is

sect ion is  conti n ued latera l ly. Aga i n, th i s  d i ssect ion p lane  

is  be low the transversus abdom in i s  m uscle and  a bove the  

peritoneu m/retroperitoneum.  The  latera l extent of th i s  

Incision of  posterior 
rectus sheath FIG 3 • The poster ior rectus sheath is 

i ncised 1 em latera l to the l i nea a l ba to 
ga i n  access to the retrorectus space. 
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Anterior rectus sheath 

Linea sem ilunaris 
(anterior and posterior 
rectus sheath junction) 

Dissection of 
retromuscular space 

FIG 4 • The poster ior rectus sheath is 
separated off the rectus m uscle unt i l  the 

latera l edge of the rectus is  identif ied 
by the presence of the perforating  
i ntercosta l nerves. 

d i ssect ion is  the latera l edge of the psoas m usc le .  Th is  

p l ane  can be extended cepha lad  to the costa l marg in ,  

sweep ing  the peritoneum off the d i aphragm .  • 
• The poster io r  sheath is i n c i sed at its i nsert ion  i nto the  

l i nea  a l ba to conn ect each s i de  of the  a b d o m e n .  Th i s  i s  

cont i n u ed at least 5 em a bove the  i nc i s ion  a n d  typ i ca l l y  • 
can  be performed to the  x i p h o i d  process .  I n  u pper  ab

d o m i n a l  h e r n i as, the  i n se rt ion  of the  poste r io r  sheath 

i s  re leased from the  x i p h o i d ,  and the  d i ssect ion  i s  con- • 
t i n ued  to the  fatty tr i a n g l e  u n derneath the  stern u m  

a n d  towa rd t h e  centra l tendon o f  t h e  d i a p h ra g m .  

• I nfer ior ly, the b ladder  is sepa rated off the a nter ior a b

dom ina l  wa l l .  In suprapub ic  hern ias, the pelvis is ex-

posed, i nc l ud ing  the pu bis, Cooper's l i gaments, and  the • 
space of Retz ius .  

• The poster ior  sheath, peritoneum,  and  tra nsversa l i s  fas- • 
c ia a re reapproxi mated in the m i d l i ne, comp letely ex

c l ud ing  the mesh from the bowe l .  Any fenestrat ions a re 

Transversus abdominis 
release (TAR) 

sutu red c losed . I n  cases of l a rge defects of the poster ior 

sheath,  Vicryl  mesh can be used . 

It is very i m portant that the poster ior sheath is c losed 

safe ly beca use bowe l can hern iate through the poster ior 

c losure and  become i nca rcerated be low the mesh.  

A l a rge sheet of unp rotected med ium-weight l a rge-pore 

polypropylene mesh i s  typ ica l ly p laced i n  the retrorectus 

space.  

Severa l transfasc ia l  sutu res a re p laced at the l atera l edge 

of the mesh . The sutu res a re p laced under tension so as 

to a l low the m id l i ne  c losure to be off weighted . These 

sutu res a l so set the tension on the mesh that prevents 

buckl ing  when the m id l i ne  is  c losed over the mesh (FIG 7) .  

Drains a re  p laced over the  mesh and below the  rectus m us

c le and removed when less than 30 ml per day of output. 

The m i d l i n e  fasc ia is  reapprox imated with run n i n g  or in

terru pted s lowly a bsorbab le  monofi l ament sutu res. The 

skin is  c losed i n  layers .  

FIG S • The tra nsversus abdom i n i s m uscle 
i s  inc i sed to expose the peritoneum below. 

Note the i ntercosta l nerves a re preserved 
as this release occurs med i a l ly. 
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Peritoneum Developed 
preperitoneal 

plane 

Mesh as sublay in 
retromuscular space 

Division of posterior 
rectus sheath 

COMPONENT SEPARATION TECHNIQUE 

• Anter ior  com ponent separation is typ ica l ly performed 

if the sk in  wi l l  requ i re underm i n i n g  to gain adva nce

ment for c losure.  In add it ion, if  the retrorectus space or 

the preperitonea l  or  retroperitonea l  space cannot be 

accessed, an a nter ior component separat ion can be per

formed with i ntraperitonea l  mesh p l acement. 

• Placing Kocher c lamps on the l inea a lba provides media l  re

traction, whereas rake retractors are placed on the dermis 

and retracted superiorly. Us ing electrocautery, the subcuta

neous tissues a re undermined to the latera l abdomina l  wa l l .  
• These l ipocutaneous f laps a re created to the ingu ina l  l iga

ment and several centimeters above the costa l marg in .  I n  a 

standard open component separation, a l l  of the med ia l  row 

perforator vessels a re sacrificed . Therefore, the skin f lap is 

suppl ied by the i ntercostal vessels approach ing latera l ly. 

• 

• 

FIG 6 • I n  the lower th i rd of the abdomen, 
the transversus abdom i n i s is m a i n ly fasc ia 
and  is  re leased to expose the peritoneum.  

FIG 7 • Mesh  is  p laced as a sub lay  with 

latera l tra nsfasc ia l  sutu res and the m i d l i n e  
c losed without buck l i ng  o f  the mesh.  

The re lease i s  performed by inc i s ing the externa l  ob l i que  

m uscle .  It i s  i m perative that  th is  i nc i s ion does  not  vio

l ate the l i nea sem i l u na ris .  Th is  can occur  if the release 

is  begun  too med i a l ly and w i l l  resu lt  i n  a fu l l -th ickness 

defect in the latera l abdom ina l  wa l l ,  which i s  very cha l 

l eng ing  to repa i r. There are no c lear  a nter ior a natomic  

l andmarks to defi ne  the l i nea sem i l u nar i s  or  the externa l  

ob l ique .  It is  he lpfu l  to g r ip  the rectus m uscle i n  between 

the thumb and  f ingers and  fee l the indentat ion at the 

latera l extent of the rectus m uscle (FIG 8) .  The i nc is ion 

i n  the externa l  ob l ique should be p laced approximately 2 

em latera l to the identif ied l i nea sem i l u n a ris .  

A 1 -cm inc is ion is  made para l le l  to the l i nea sem i l una ris . 

The or ientat ion of the m uscle fi bers below shou ld be con

firmed. If the fi bers a re or iented i n  a vertica l d i rection, 

it is  l i ke ly that the anterior rectus sheath has been i ncised . 
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Linea semilunaris 

Rectus 
muscle 
displaced 

Lateral edge of I rectus muscle 

In itial external 
obl ique aponeurosis 
incision 
(1 em craniocaudal 
d i rection) 

External 
obl ique 
muscle 

�----- Internal 
obl ique 
muscle 

Transversus 
abdominis 
muscle 

FIG 8 • B i m a n u a l  pa l pation to confi rm 

the l i nea sem i l u nar i s  locat ion .  

To confirm, a r ight-ang le  c lamp can be p laced below the 

externa l  ob l ique m uscle and passed med ia l ly. If i n  the  

correct p lane, the t ip  of  the i nstrument wi l l  not  be ab le  

to traverse the l i nea sem i l una ris . If the inc i s ion  was erro

neously p laced on the anterior rectus sheath, the c lamp 

wi l l  not meet resistance, and the inc i s ion  shou ld be closed 

and the d i ssect ion continued latera l ly. 

sk in  shou ld be read i ly excised. This wi l l  l i m it the dead 

space and remove the most ischemic  area. I n  certa i n  cases, 

th is  can requ i re a forma l  pann icu lectomy. However, most 

cases can j ust be performed us ing a vertica l ly  oriented e l 

l i pt ica l  i nc is ion .  Some a uthors have advocated q u i lt ing su

tu res, secu r ing the f laps to the a nterior abdomina l  wa l l .  

• 

• 

• 

The externa l  ob l i que  is then released from the i n g u i n a l  

l i gament t o  3 t o  4 em above t h e  costa l marg i n .  T h i s  can 

typica l ly be performed with e lectrocautery (FIG 9) .  It i s  

i m portant to avo id  in jur ing  the i nterna l  ob l ique fascia or  

m uscle comp lex be low to avo id  b u l g i ng and  hern iat ion .  

A com ponent separat ion i s  more than a fasciotomy of 

the externa l  ob l ique m uscle .  After the m uscle is  released, 

the externa l  ob l i que  m uscle is  d i ssected i n  the avascu l a r  

p l ane  i n  between the externa l  and  i nterna l  ob l i que  to 

the poster ior axi l l a ry l i ne .  Th is  d i ssect ion a l l ows the rec

tus comp lex to s l i de  med ia l ly. 

A component separation shou ld  typ ica l ly be performed 

b i l atera l ly to a l low for equal red istr ibut ion of forces on 

the eventua l  repa i r. I n  certa i n  c i rcumstances, such the 

presence of a stoma or a pr ior  transverse i nc is ion,  u n i l at

era l  releases can be performed.  

• If further advancement is necessa ry, the poster ior rec

tus sheath can be separated off the rectus m uscle .  Th is  

i nc i s ion i s  made approximately 1 em l atera l to the l i nea 

alba on  the poster ior  rectus sheath . The poster ior rec

tus sheath can be sepa rated off the rectus m uscle to the 

l i nea sem i l u na ri s  if  necessa ry. 

• 

• 

An appropr iately s ized mesh is p laced as a sub lay. Typ

ica l ly, th i s  i s  p laced in the i ntraperitonea l  posit ion .  

Depend ing  on  the i nd icat ions of the case, a synthetic or  

b io log ic  mesh  m i g ht be appropr iate. 

One of the major d rawbacks of the anterior component 

separation is  sk in flap ischem ia  and wound breakdown. 

There a re severa l techn iques to m i n i m ize th is  r isk. F i rst, 

the sk in f lap shou ld on ly  be created as fa r latera l as 

needed to access the externa l  ob l ique release and not a l l  

t h e  way t o  t h e  poster ior axi l la ry l i n e .  Second, redundant 

Bi lateral 
d ivision of 
external 

obl ique fascia 

Healthy edges 
of anterior 

rectus fascia 

Internal 
obl ique 
fibers 

\Skin graft/ 
scar 
remnants 

Inguinal 
l igament 

FIG 9 • B i l atera l open com ponent separation proced u re 

comp leted. 
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PERIUMBILICAL PERFORATOR SPARING 

COMPONENT SEPARATION 

• The rat iona le  for preserv ing the per i u m b i l ica l perforator 

vessels i s  to decrease the risk of skin flap necrosis, i nfec

t ion,  and  deh iscence. Th is  tech n ique  ta kes advantage of 

the fact that the major ity of the perforator vessels sup

p ly ing the med i a l  aspect of the sk in  or ig inate with i n  

5 em o f  t h e  u m b i l icus .  T h i s  approach m ig ht b e  part icu

l a r ly usefu l  i n  h i gh-r isk patients such as those with obe

s ity, d i abetes, or concom itant stomas .  

• The per i u m b i l ica l  approach is i nd i cated in any patient 

u ndergo ing a com ponent separat ion .  However, i n  cases 

that req u i re extens ive su bcutaneous skin d i ssect ion,  it 

is  often not feas ib le  to perform.  When remov ing an in 

fected on lay mesh ,  or  if  s ign if icant sk in  advancement is  

necessa ry, a sta ndard a nter ior open component separa

tion as previous ly described is  i nd icated .  

• The peri u m b i l ica l  component separation tech n ique  is  

performed by creat ing  su bcuta neous tunnels to access 

the a nter ior aspect of the externa l  ob l i que  m uscle .  

• The d i ssect ion is beg u n  i n  the ep igastric a rea .  A l i g hted 

retractor can be very he lpfu l  to m i n i m ize the s ize of the 

tunne l  wh i l e  provid i n g  exposu re (FIG 1 0) .  The sk in  and  

subcutaneous tissues a re d issected off the anter ior rectus 

Left 
subcostal 

Anterior rectus 
sheath fibers ,.--+---l:.'!�:.._ __ ;__ 

• 

• 

• 

• 

• 

• 

sheath to a po int 2 em latera l to the l i nea sem i l u na r is .  

Th is  can be confi rmed by manua l  pa l pat ion as descr ibed 

i n  the anter ior open release. Once th i s  l atera l po int is  

reached, the d i ssect ion conti n ues i nfer ior ly. The d i ssec

t ion shou ld  extend to a po int severa l  cent imeters a bove 

the u m b i l icus .  

The suprapub i c  d i ssect ion is  carr ied out i n  a s im i l a r  fash

ion. Once the l atera l extent i s  reached, the tunne l s  are 

connected i n  the l atera l abdomina l  wa l l .  

I t  is  important t o  understa nd that there i s  a fa i r ly l a rge 

amount of su bcutaneous t issue that rema ins  attached to 

the m i d l i n e  (FIG 1 1 ) .  If the per i u m b i l i ca l  perforator ves

sels a re skeleton ized, they often w i l l  throm bose. 

Once the tunne l s  are connected and the externa l  ob l i que  

identif ied, it is  i ncised s im i l a r  to  a sta ndard open  compo

nent sepa ration .  It is  a lso separated off the under ly ing 

i nterna l  ob l ique m uscle .  

Add it iona l  advancement can be obta ined from d iv is ion 

of the poster ior rectus sheath . If feas ib le, the mesh can 

be p laced i n  th i s  retrorectus space, with the latera l l i m it 

be i ng  the l i nea sem i l u n a r is .  

If not feas ib le, a n  appropr iately s ized mesh can be p laced 

i ntraperitonea l ly. 

The m i d l i n e  fascia i s  then rea pproximated and  the sk in  

c losed . Dra i n s  shou ld  be p laced i n  the l atera l tun nels .  

Linea semilunaris 

Umbi l icus intact 

I ntact periumbi l ical 
perforator branches 

Left 
suprapubic 

tunnel 

•--- Left suprapubic 
flap creation 

FIG 10 • Use of l i g hted retractor to beg i n  

t u n n e l  t o  t h e  l atera l abdom i n a l  wa l l  wh i l e  

preserv ing the per i u m b i l ica l perforator 
vessels .  

327 



328 P a rt 2 OPERATIVE TECHNIQUES IN GASTROINTESTINAL SURGERY 

External obl ique muscle 

Dissection above 
costal margin 

External obl ique 
muscle release 

�<-__.t:--_, _____ Dissection to and 
through external 
ingu inal ring 

Inguinal l igament 

Preserved 
i l iohypogastric and 
i l ioinguinal nerve 

FIG 1 1  • Comp leted per i u m b i l i ca l  release 
with i ntact med ia l  row of perforator 
vesse ls .  

PEARLS AND PITFALLS 
Operative p l a n n i ng 

D ifficu lt anatomy 

Avoid  denervation  

I nab i l ity to reapproxi mate 
the m i d l i n e  

• One o f  the most c o m m o n  p itfa l l s associ ated w i t h  abdom i n a l  wa l l  reconstruct ion i s  u n derest imat
i n g  the l i m itations  of what each of these p rocedu res can acco m p l i s h .  In pat ients with mass ively 
l a rge  defects more than 30  em i n  width and damaged, f ibrotic, fixed abdo m i n a l  wa l l s, there i s  

l itt le  hope for a def in it ive repa i r. It i s  cr it ica l ly i m porta nt that both the pat ient  and  the su rgeon 
have reasonab le  expectat ions as to what abdom i n a l  wa l l  reconstruct ion p rocedu res can actua l l y  
ach ieve. 

• Preoperative optim ization of the patient is  one of the most i m portant steps i n  pred ict ing a successfu l 
outcome.  Weight loss is encouraged; opt im ization of d iabetes control and smoking cessation a re 

mandatory. 

• The x ipho id  and  suprapub ic  reg ion can be d ifficu l t  to ach ieve maxi m a l  advancement and  shou ld  be 
avo ided ear ly in one's exper ience.  

• I n  many cases of com p lex abdom ina l  wa l l  reconstruct ion,  the u m b i l icus m ust be resected .  Patients 
must be aware of th i s  issue preoperative ly. 

• U nderstand ing  the anatomy of the anter ior abdom ina l  wa l l  is very i m portant to ensure a successfu l  
outcome .  Specia l  cons iderat ion shou ld  a lways be g iven to the i n nervation and  b lood supp ly  to the 
abdom ina l  wa l l  m uscu lature and  sk in  d u ring  m a n i p u lat ion .  

• Although  it i s  a l ways opt i m a l  to br ing  the m i d l i n e  together a n d  reconstruct the l i nea a l ba, it i s  
not a lways safe or  feas ib le .  I f  excess ive tens ion resu lts and  the pat ient  man ifest hemodyna m i c  
i n sta b i l ity o r  respi ratory emba rrassment, the c losure s h o u l d  b e  aborted a n d  a br idged repa i r  i s  
appropr iate.  

• These advanced reconstructive procedures a re not s im ply fasciotom ies. M uch of the advancement 
ach ieved i s  a resu lt  of sepa rati ng the m uscle layers from each other to prov ide advancement. 
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POSTOPERATIVE CARE 
• Abdominal wall reconstruction is a major surgical proce

dure that results in a significant physiologic impairment 
to the patient. Because many patients undergoing abdomi
nal wall reconstruction have multiple comorbidities, care
ful perioperative management is important to maximize 
outcomes. 

• Reestablishing the midline in a large defect can have 
early consequences to respiratory mechanics .  If the pla
teau pressures rise by greater than 6 mmHg after fascial 
closure, patients remain intubated overnight. Airway 
pressures are reassessed in the morning to plan for 
extubation. 

• Epidural catheters are routinely used in patients undergoing 
major abdominal wall reconstruction. These catheters are 
typically maintained for up to 5 days, depending on return 
of bowel function and level of pain. 

• Early resumption of oral intake is highly discouraged in this 
patient population. Because most of these patients have in
creased intraabdominal pressure after the reconstruction, 
some form of ileus is common. To avoid retching and po
tential breakdown of the repair, we avoid initiating a diet 
until the return of flatus. However, routine nasogastric tube 
decompression is not necessary. 

• Most patients undergoing complex abdominal wall recon
struction are hospitalized for 5 to 7 days. Depending on the 
complexity of the procedures, some patients remain in the 
intensive care unit for several days . 

• Patients are encouraged to ambulate early. 
• Because these procedures create significant dead space, 

drains are placed. Drains should be removed when the out
put is less than 30 mL per day. In patients with subcutaneous 
drains, these may remain for several weeks . 

• Perioperative antibiotics are continued for up to 24 hours, 
unless otherwise indicated. 

• Most patients are allowed to return to activity within 6 
weeks of surgery and unrestricted activity at 3 to 6 months, 
depending on the case. Abdominal binders are continued for 
the first 6 weeks and then as needed for comfort. 

OUTCOMES 
• There are very little comparative studies evaluating the out

comes of each of these approaches head-to-head. In fact, it is 
likely that these studies will never be completed, as the heteroge
neous nature of the patients who develop incisional hernias pre
cludes any one approach ever being ideal. Most series are from 
single centers with high-volume abdominal wall reconstructive 
practices. In the selected references, each article provides reason
able outcomes as to the expectations for each procedure. 

COMPLICATIONS 
• Wound morbidity is common after complex abdominal wall 

reconstruction. 
• Wound cellulitis should initially be treated with broad-spectrum 

antibiotics. In most cases, the skin does not need to be opened. If 
the erythema does not improve within 24 to 48 hours, the inci
sion should be opened, cultured, and drained. In cases with clini
cal signs of sepsis, the surgeon should have a low threshold to 
perform an abdominal pelvic computed tomography (CT) scan. 

• Skin necrosis should be treated with early debridement and 
wound care . In certain cases, delayed primary closure can be 
performed. 

• Seromas are very common after abdominal wall reconstruc
tion and most do not require any intervention. If they are 
symptomatic, they can be drained under sterile conditions. 
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DEFINITION 
• Parastomal hernia is defined as an incisional hernia which 

occurs at the site of or immediately adjacent to an existing 
ostomy. 

DIFFERENTIAL DIAGNOSIS 
• Abdominal wall mass (tumor, hematoma, abscess) 
• Eventration of the abdominal wall 

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• A thorough history should be obtained to determine the 

time frame of onset, severity of symptoms, and degree of 
size change. Patients should also be questioned about their 
satisfaction with stoma site location because relocation is an 
option for repair of parastomal hernia. 

• The most common symptoms associated with an uncom
plicated parastomal hernia include bulging near the stoma 
that worsens with activity and difficulty of adherence of the 
stoma wafer due to irregularities and bulging of the skin 
surface. The result is frequent leakages and skin excoriation. 
In addition, patients complain of the associated expense of 
increased appliance/wafer usage. Occasionally, wafer leak
age may be the presenting complaint and parastomal hernia 
should be included in the differential diagnosis. 

• Other symptoms associated with a complication of the 
parastomal hernia (obstruction, incarceration, and strangu
lation) include abdominal pain, decreased ostomy output, 
cramping, nausea, or vomiting. 

• Characteristic findings on physical exam will render the di
agnosis of parastomal hernia in most patients. Examination 
should be performed with the stoma wafer off with the pa
tient in both the supine and standing position. The patient 
should be asked to perform a Valsalva maneuver. A charac
teristic bulge adjacent to the stoma site will be present and 
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confirmed with digital palpation (FIG 1 ) .  A search for con
comitant hernias should be undertaken, especially at previ
ous laparotomy scars, because these can occur in up to 4 1 %  
o f  patients. 1 

• Abdominal tenderness or skin discoloration associated with 
a nonreducible hernia is indicative of incarceration and/or 
strangulation and requires urgent/emergent intervention. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Computed tomography ( CT) scan of the abdomen and pel

vis performed with intravenous (IV) and oral contrast can 
confirm the presence of a hernia and help guide operative in
tervention ( FIG 2A,B) .  Having the patient perform Valsalva 
during the CT may unmask a hernia and/or reveal the true 
extent of the hernia .  The use of oral contrast will assist in 
identification of partial or complete obstruction associated 
with the hernia. The CT scan will also aid in the identifica
tion of other associated hernias, that is, at the site of previ
ous laparotomy scars. The size of the neck of the hernia is 
important and is especially useful in determining the size of 
the mesh needed in cases where it will be used in the repair. 
Knowing the contents of the hernia sac (omentum, small 
bowel, large bowel) preoperatively aids in minimizing bowel 
injury during surgery because the peritoneum of the hernia 
sac and bowel serosa can appear similar during dissection. 
In addition, the planes between the hernia sac and intestine 
are often distorted by adhesions . 

• If the stoma was created for inflammatory bowel disease, 
thorough evaluation of the entire gastrointestinal ( Gl) tract 
to evaluate for active disease that may necessitate surgical 
intervention at the time of the hernia repair is warranted. In 
addition to endoscopic exams ( see below),  radiologic testing 
may include barium small bowel follow-through and cap
sule endoscopy. 

FIG 1 • A,B. Characteristic pa rastoma l  bu lge  
seen  on  phys ica l exam i n  a patient w ith  a 
pa rastoma l  hern i a .  

-
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SURGICAL MANAGEMENT 
Preoperative Planning 

• Patients should be counseled that parastomal hernia is 
the most frequent complication following the construc
tion of a stoma and can occur in up to 5 0 %  of patients 
because the stoma itself creates a weakened area in the 
abdominal wall .2 

• Patients should also be counseled on the various techniques/ 
options available for treatment. Nonsurgical options are ap
propriate for asymptomatic patients and include use of a her
nia belt (secured to the stoma wafer) or an abdominal binder. 
Surgical intervention is reserved for an enlarging hernia or 
those associated with symptoms or decreased quality of life 
because of inadequate stoma pouching. If surgical intervention 
is considered, the choice of procedure should be tailored to 
the individuals' life expectancy, operative risk/benefit analysis, 
degree of physiologic function (which often corresponds to 
the degree of weakness of the abdominal wall and ability to 
successfully sustain repair) ,  and risk of recurrence. 

• Type of surgical technique chosen is based on patient factors, 
surgeon experience, and safety of laparoscopic approach. 

• Risk of initial occurrence and recurrence after repair is as
sociated with obesity and/or weight gain, smoking, emergent 
intervention, poor nutritional status, immunosuppression, 
infection, and persistent underlying malignancy or inflam
matory bowel disease. 

• Informed consent should include a possibility of conversion 
to open in laparoscopic procedures and possible placement 
of a mesh, particularly in large hernia repairs. 

• If stoma relocation is planned, preoperative stoma marking 
for a new stoma site is an important step. Consultation with 
a stoma nurse is advised. Stoma relocation may include plac
ing the stoma in either of the upper quadrants as opposed 
to the lower quadrants because less tangential pressure is 
generated in the upper abdominal wall. This type of place
ment is also beneficial in morbidly obese patients with a 
large abdominal wall pannus. Additionally, it is important 
to explain to patients that the new ostomy site is associated 
with the same risk of hernia formation. 3 

• In morbidly obese patients, preoperative weight loss can 
assist with durability of parastomal hernia repair. 

• Colonoscopy/ileoscopy should be performed to ensure 
no concomitant lesions are present, which would require 
simultaneous surgical resection. This can be performed the 
day prior to planned hernia repair so that the patient can 
undergo a single bowel preparation. 

• After obtaining appropriate preoperative medical clearance, 
a standard bowel preparation with an isoosmotic lavage 
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FIG 2 • A,B. CT i mages demonstrat ing a 
pa rastoma l  hern ia  with bowel present i n  

t h e  hern ia  sac a t  and  below t h e  level o f  the 
colostomy. 

(polyethylene glycol solution) and oral antibiotics is used 
for parastomal hernias associated with colostomy. Bowel 
preparation is not needed for paraileostomy hernias. These 
patients are instructed to take a liquid diet the day prior 
to surgery. As with all abdominal surgery, perioperative IV 
antibiotics should be administered within 1 hour prior to 
incision and routine venous thromboprophylaxis should be 
instituted. 

Positioning 

• The patient is placed in a modified lithotomy pos1t10n 
( FIG 3 ) for all cases whether open or laparoscopic because 
of the possibility of encountering extensive adhesions, which 
may require surgeon repositioning between the patient's 
legs. The arm on the working side (opposite the stoma and 
hernia) should be abducted. Securing the patient to the op
erative table with use of a bean bag and safety strap or silk 
tape across the chest is recommended to allow for rotational 

Assistant 
Patient secured to 
table across chest 

Video 
equipment 

Paracolostomy 
hernia 

FIG 3 • Lithotomy posit ion and posit ion ing  of su rgeon and  

assista nt. 
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adjustment during the procedure if laparoscopic approach is 
planned. 

tube (NGT) and inpatient hospitalization is advocated for 
larger hernia repairs to prevent postoperative vomiting 
that may result in immediate postoperative disruption of the 
repair. 

• After induction of general anesthesia, a nasogastric and 
sterile indwelling bladder catheter are placed. A nasogastric 

STOMA RELOCATION 

Existing Ostomy 

• The new p lan ned stoma site is marked pr ior  to the pro

cedu re either dur ing  consu ltat ion with a stoma n u rse 

or  with a pen in the preoperative ho ld ing  a rea and  a n  

1 8-gauge need le  after i nd uction o f  anesthes ia .  

• A c i rcumferent ia l  pa rastoma l  i nc i s ion is made to iso late 

the stoma from the skin and su bcutaneous t issue. 

• 

• 

• 

c l amp, the previous ly mob i l ized stoma is passed v ia  the 

abdom ina l  cavity and  brought u p  through the new fas

c ia l  open i ng .  Care shou ld  be taken to ensure there is  

no twist ing,  rotation,  or undue tens ion of the bowel 

mesentery. 

If extensive adhes ions a re found  or the bowel does not 

reach the new stoma s ite, exp loratory laparotomy may 

be necessa ry. 

A Babcock c l amp shou ld  be left on the bowel at the 

new stoma s ite to prevent it from s l i pp ing  back i nto the 

abdom ina l  cavity unt i l  stoma matu ration  (fi na l  step) .  
D i ssect ion is  then carr ied down to the fascia identify ing 

the hern ia ,  red uc ing i t s  contents, and  exc i s ing the her

n i a  sac. The bowe l is p laced i nto the abdomen us ing a 

mark ing stitch to eas i ly  retrieve it when necessa ry. Hernia Repair 

Division of Adhesions 

• Lys i s  of adhes ions is performed through the stoma site 

c i rcumferent ia l l y  and under  d i rect v i s ion .  P lacement of 

a wound  protector and  use of a head l i g ht w i l l  fac i l itate 

visua l izat ion and adhes io lysis .  

• The hern ia  at the o ld  stoma site is repa i red by approxi

mating the fasc ia l  edges with i nterru pted nonabsorba b le  

sutu res (0  Eth ibond) .  Use of a prosthetic or b io log ic  mesh 

should be done to ensure adequate c losu re, espec i a l ly 

for fasc ia l  defects g reater than 4 em due  to the h i gh  fa i l 

u re rate with pr imary repa i r.3 

Relocation of the Ostomy Closure 

• Two f ingers a re now p l aced i nto the wound and  under- • 
neath the abdom ina l  wa l l  to the new stoma site. A d i sk  

of sk in  is  removed at the new stoma s i te .  The a nter ior • 
fasc ia  and  rectus m uscle is d iv ided vertica l l y, d i rect ly 

over the f ingers underneath the abdo m i n a l  wa l l .  The os- • 
tomy site is d i l ated two f ingerbreadths. Us ing  a Ba bcock 

OPEN UNDERLAY TECHNIQUE 

(MODIFIED SUGARBAKER TECHNIQUE) 

Exploratory Laparotomy and Lysis of Adhesions 

• The abdomen is prepped, and a ster i le 4 x 4 gauze is p laced 

over the exist ing stoma.  loban is  i ncl uded i n  the draping to 

keep the stoma covered but in the operative f ie ld .  

• A mid l ine i ncision is made and lysis of adhesions is performed. 

Caution should be used when dissecting i n  the vicin ity of the 

stoma (which is why it is visua l ly kept in  the operative field). 

• The stoma itse lf is not typ ica l ly mob i l i zed for th i s  proce

d u re u n l ess the patient is  u nsatisfied with the extent of 

the brook ing .  In th i s  case, the stoma can be mob i l i zed 

and  rebrooked, and  the hernia repa i r  should be per

formed with a b io log ic  mesh to reduce mesh i nfect ion .  

Hernia Repair 

• 

• 

If a m i d l i n e  lapa rotomy was made, it is c losed with run

n ing 0 polyd ioxanone (PDS) sutures. 

The skin edges are reapprox imated with runn ing  4-0 

Monocryl sutu res or skin sta ples .  

The new stoma i s  matured with i nterru pted 3-0 chromic 

sutu res and  a stoma a p p l ia nce is  p laced.  

Newark, DE,  USA) or  b io log ic  mesh is  selected based on 

the s ize of the fasc ia l  defect, ensur ing there i s  at least 

4 em add it iona l  reach on a l l  s ides .  

A precise keyho le i nc is ion is  made i n  the mesh, mak ing  

certa i n  the centra l open ing  i s  sma l l  enough to on ly a l l ow 

passage of the bowel to the stoma .  The mesh is p laced 

around the stoma on the undersurface of the abdom ina l  

wa l l  and  the  ends  secu red to itse lf (FIG 4) .  Placement 

of mesh a bove the fasc ia  (on lay techn i q ue) or i nto the 

abdom ina l  wa l l  defect ( i n lay tech n iq ue) have been aban

doned beca use of h igh fa i l u re rates.4 

The mesh is sutu red to the a nter ior  abdom i n a l  wa l l  us ing 

interrupted 0-Vicryl sutu res. Addit iona l  sutu res made of 

2-0 Pro lene may be passed through the ent i re abdomi

na l  wa l l  ensur ing no m ig rat ion of the mesh, a lthough 

th i s  is  not necessa ry because the stoma itse lf a nchors it 

i n  p lace. 

• Once the proxi ma l  bowel of the stoma is freed from sur

round ing  adhes ions, the hern ia  sac is resected and  the 
Closure 

• 
hern ia  contents a re red uced . • 
A dua l-s ided expanded po lytetraf luoroethylene (ePTFE, • 
Gore-Tex Dua i Mesh B iomateria l ,  WL G rove Associates, 

The m i d l i n e  fasc ia  i s  c losed us ing ru n n i n g  0-PDS suture. 

The skin edges a re rea pproximated with runn ing  4-0 

Monocryl sutu res or  skin stap les .  
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LAPAROSCOPIC MESH UNDERLAY 

TECHNIQUE 

Entering the Abdominal Cavity 

• A 1 0-m m su bcosta l i nc is ion is made on the s ide opposite of 

the stoma .  D i rect access is ga i ned and a port is p laced i nto 

the abdom ina l  cavity. Pneumoperitoneum is ach ieved, 

and i nspect ion of the abdom ina l  cavity is  performed to 

assess if a laparoscopic  a pproach is  both feas ib le  and  safe. 

• Two add it iona l  5-mm ports a re p laced under  d i rect v isu

a l i zat ion latera l l y  accord ing  to FIG 3. 

Lysis of Adhesions 

• Laparoscopic lysis of adhesions and reduction of the hernia 

sac and contents is  performed (FIG S) .  Carefu l d issection 

8 
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F IG  4 • A-C. Exa m p le  o f  m e s h  p lacement i n  t h e  open 
under lay tech n ique .  A prec ise keyho le  i nc is ion is  made i n  the 
mesh to ensure the centra l opening is sma l l  enough to on ly 
a l low passage of the bowel of the stoma .  The mesh is p laced 
around the stoma on the undersu rface of the abdomina l  wa l l  
a n d  secu red t o  t h e  anter ior abdom ina l  wa l l  a n d  t h e  ends 

to itself. 

should be performed sharply with gentle countertraction 

to ensure no injury occurs to the bowe l .  

Hernia Repair 

• 

• 

• 

The fasc ia l  defect is measured us ing a sp ina l  need le  

passed i ntraa bdo m i n a l ly and  by mark ing the externa l  

abdomen appropr iately. 

An ePTFE or synthetic mesh is selected based on the s ize 

of the fasc ia l  defect, ensur ing there is  4-cm add it iona l  

reach on  a l l  s ides. Permanent 0-0  sutu res a re p laced on  

a l l  fou r  s ides  and  the mesh  is  ro l led u p  and  i ntroduced 

i nto the a bdomen via the 1 0-mm port. A 5-mm camera 

shou ld  be used i n  a n  ips i l atera l port to i nsert the mesh 

under d i rect visua l izat ion .  

The mesh is  unro l led i n  the  abdomina l  cavity ensur ing cor

rect orientation .  The previously p laced sutures are brought 
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A B 

FIG S • A. Lapa roscop ic  lysis of adhes ions to reduce the contents of the parastoma l  hern ia  sac and  

defi ne the  s i ze  of the fasc ia l  defect. B. Ca refu l sha rp  d i ssect ion is  performed with gent le cou ntertract ion 
to ensure no i nj u ry occu rs to the bowel  wa l l .  

through the abdomina l  wa l l  us ing stab i ncis ions a n d  a 

suture passer. 

• A mechan ica l fixat ion device, for exam ple, Pro Tack (Covi

d ien, Mansfie ld,  MA, USA), is  used to p lace tacks around 

the ci rcumference of the mesh to ensure no bowel can her

n iate between the mesh and the abdom ina l  wa l l  (FIG 6) .  

Additiona l  Pro lene sutu res a re p laced 2 em apart through 

the abdom ina l  wa l l  around the mesh,  except for  the s ide 

of the mesh through which the bowel to the stoma passes. 

Closure 

• Once the mesh has been secu red in p lace, the ports a re 

removed under  d i rect v isua l izat ion and  pneumoperito

neum i s  released . A 0-Vicryl suture i s  used to c lose the 

fasc ia  of the 1 0-m m  port s ite. 4-0 Monocryl sutu res a re 

used to c lose the sk in  at a l l  port sites. Ad hesive tape or  

g l ue can be used on the sk in  of the sma l l  stab i nc is ions 

created to pass the sutu res. 

FIG 6 • U nder lay mesh (ePTFE) secu red to the a nter ior  

abdom i n a l  wa l l  with tackers p laced us ing a mechan ica l  
fixat ion device i n  a l aparoscop ic  approach.  The exist ing 
ostomy is v is i b le  exit ing the l atera l border  of the mesh .  

PEARLS AND PITFALLS 
I nd ications 

Preoperative p l a n n i ng 

Type of hern ia  repa i r  

Lys i s  o f  adhes ions 

Hern ia  repa i r  

• Pa rasto m a l  he rn i a  repa i r  s h o u l d  b e  u n d e rtaken o n l y  i n  pat i ents w h o  a re sym ptomat ic  a n d/ 
or with q u a l ity of l ife i ssues .  Re locat ion is rese rved for those who wish  more des i rab le  stoma 
l ocat i o n .  

• Preoperative imag ing  is  i m porta nt t o  assess t h e  extent o f  t h e  pa rastoma l  h e r n i a  as wel l  as add ress 
any confound ing  factors. 

• When consider ing relocat ing  a stoma, preoperative stoma mark ing is  essent ia l .  

• Open vs. l apa roscopic  approach without stoma relocation  is  based on surgeon exper ience and  
comfort w ith  l a pa rotomy. M i n i m a l ly i nvasive a pproach offers faster recovery and  l ess pa i n .  

• When perform ing  lysis o f  adhes ions, it is  i m portant t o  take extra caution around t h e  stoma .  

• Pr imary c losure of  the hern ia  site shou ld  on ly  be undertaken i n  hern ia s  <4 em i n  s i ze .  I n  patients 
with l a rger hern ias, use of a mesh for repa i r  w i l l  improve success rates. 

• It is  i m portant to ensure the keyho le i nc is ion made in the mesh is  exact to o n ly a l l ow passage of 

the stoma, therefore prevent ing future hern iat ion at th i s  s ite. 



POSTOPERATIVE CARE 
• Perioperative antibiotics can be administered during the first 

24 hours after surgery. 
• For small hernia repairs, diet can be resumed and the patient 

discharged after the recovery room. In most cases, however, 
the extent of the lysis of adhesions dictates at minimal inpa
tient observation and possibly an NGT until the ileus resolves. 

• Patients should be encouraged to avoid heavy lifting and 
strenuous activity for 4 weeks following surgery. 

OUTCOMES 
• Long-term durability of parastomal hernia repair is variable, 

with recurrence rates reported in up to 50% of patients .5 
Although some studies have suggested that stoma relocation 
is superior to fascial repair, both approaches carry a high 
recurrence rate ( 3 3 %  vs. 75 % )  because neither addresses the 
underlying pathophysiology driving hernia formation.3 To 
address this, use of a mesh to aid in repair has been employed 
and dramatically reduces hernia recurrence rate to 1 6 % ,  
with n o  difference between synthetic o r  biologic mesh.6•7 Ad
ditionally, mesh infection rates are similar, therefore making 
the less expensive synthetic mesh a more favorable option.7 

• Mesh repair performed in a laparoscopic approach offers the 
best results, with a low recurrence rate of 6 .6% and an ability 
to identify additional hernias not evident clinically. 1 •6•8 

• Addressing patient risk factors such as obesity, nutritional 
status, immunosuppression, and comorbid conditions can 
aid in overall repair success. 
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COMPLICATIONS 
• Postoperative wound infection 
• Ileus 
• Enterotomy 
• Obstruction 
• Recurrent hernia 
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Chapter 7 Umbilical, Epigastric, Spigelian, 
and Lu mbar Hernias 
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t Filip Muysoms 

DEFINITION 
• A primary ventral hernia is an abnormal protrusion of the 

contents of the abdominal cavity or of preperitoneal fat 
through a defect in the abdominal wall that developed spon
taneously without trauma to the abdominal wall or prior 
surgery as the cause of the hernia. 1 

• An umbilical hernia is a primary ventral hernia with its center 
at the umbilicus. 

• An epigastric hernia is a primary ventral hernia in the mid
line between the umbilicus and the xiphoid. 

• A spigelian hernia is a primary ventral hernia in the area of 
the fascia spigelian aponeurosis. 

• A lumbar hernia is a primary ventral hernia in the lum
bar area. 

• In contrast to umbilical and epigastric hernias, the hernia 
sac of a spigelian hernia or lumbar hernia is covered with an 
intact layer of abdominal wall muscle . For spigelian hernias, 
this is the external oblique muscle ( FIG 1 ) ,  and for lumbar 
hernias, the latissimus dorsi muscle. 

• Primary ventral hernias are classified according to the diam
eter of the hernia defect as shown in Table 1 .2 

DIFFERENTIAL DIAGNOSIS 
• Subcutaneous lesions at the site where primary ventral her

nias occur, like lipoma, sebaceous cysts, metastatic lesions, 
and trocar site metastasis. 

• Caveat: Epigastric lipoma: In a patient with a clinical sub
cutaneous lipoma near the midline above the umbilicus, an 
epigastric hernia should always be suspected. 

• Abdominal wall tumors: desmoid tumors (or fibromatosis ) ,  
soft tissue sarcoma, metastatic lesions. 

• Caveat: A " Sister Joseph's nodule" is an umbilical swelling 
that might be mistaken for an umbilical hernia but is the 
manifestation of intraperitoneal carcinomatosis. 

• Secondary ventral hernias: incisional hernia, trocar site her
nia, and recurrent ventral hernias after previous repair. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Symptoms can range from an asymptomatic presenta

tion to acute incarceration with bowel obstruction and/or 
strangulation. 

• Many small umbilical or epigastric hernias are asymptom
atic, and often, the patient is not even aware of having a 
small abdominal wall defect. 

• A swelling at the hernia site is often the first sign of a hernia. 
This swelling is usually present for a long time period and 
gradually increases in size ( FIG 2 } .  

• The presence of a reducible swelling, enlarging when strain
ing (Valsalva maneuver) ,  is pathognomonic for an abdomi
nal wall hernia, but not all hernias are reducible and can 
hinder the clinical diagnosis in those hernias. 

• The swelling of an epigastric hernia is often mistaken for a 
subcutaneous lipoma ( FIG 3 } .  

• Pain intensity i s  not always correlated with the size o f  the 
hernia defect. Small hernias can cause a sharp pain, whereas 
umbilical hernias can be quite large without significant pain. 
The pain is caused by herniation of abdominal contents or 
of preperitoneal fat through the defect. 

• For some hernias that are not palpable, such as spigelian 
hernias, abdominal wall pain can be the first presenting 
symptom and diagnosis might only be possible by imaging. 

• Acute pain due to incarceration of intestines or omentum 
is very intense and sharp. Incarceration can be intermittent 
and resolve by lying down and manual compression of the 
hernia sac. Reduction of an incarcerated hernia allows the 
patient to be operated on electively after appropriate pre
operative workup. If manual reduction is not possible, an 
emergency operation to reduce the hernia is indicated. 

• Intestinal obstruction and vomiting due to incarcerated small 
bowel sometimes is the primary presentation in patients who 
have a subclinical hernia. In obese patients and for spigelian 
or lumbar hernias, the incarcerated hernia is sometimes not 
clinically visible or palpable. 

Rectus abdominis 
muscle 

External abdominal 
obl ique muscle 

abdominis muscle 
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FIG 1 • Sp ige l i an  hern ias  a re defects of the i n sert ion 
of the transversus abdomin i s  m uscle and/or i nterna l  

ob l i que  m uscle to  the  l atera l border of  the  rectus m uscle 
sheath (the sp ige l i an  aponeurosis) .  The externa l  ob l i que  
m uscle covers the hern ia  sac  superfi c i a l ly. 

-
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Table 1 :  Classification of Primary Ventral Hernias 
According to the European Hern ia Society 
Classification 

EHS Primary 
Abdominal 
Wal l  Hernia 
Classification 

Midline Ep igastric 
U m b i l i ca l  

Lateral Sp ige l ia n  
Lumbar  

Diameter Small Medium Large 
em <2cm 2:2-4cm 2:4cm 

Reprinted from Muysoms FE, Miserez M, Berrevoet F, et a/. Classification of 
primary and incisional abdominal wall hernias. H e r n i a .  2009; 1 3:407-4 14. 

• Late presentation of an incarcerated hernia includes sepsis 
from bowel ischemia and intestinal perforation. This can 
evolve into peritonitis or enterocutaneous fistula. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• For diagnosis of an umbilical or epigastric hernia, clinical 

examination is sufficient for the majority of patients. Imag
ing is rarely needed for most patients. 

• Imaging with ultrasound or computed tomography ( CT) 
scan can be helpful to measure the hernia defect size in ir
reducible hernias or obese patients. Sometimes the size of 
the hernia defect will influence the therapeutic approach, for 
example, open or laparoscopic technique. 

• For spigelian and lumbar hernias, imaging with ultrasound 
or CT scan is often needed to make the diagnosis: spigelian 
hernia (FIG 4) , lumbar hernia (FIG S ) . 

• CT scan imaging of the abdominal wall allows sizing the 
defect to see the hernia sac contents and to detect signs of 
intestinal obstruction. 

SURGICAL MANAGEMENT 
• Small primary umbilical, epigastric, or lumbar hernias do not 

require an operation, unless they are painful, increase in size, 

FIG 2 • Typica l  c l i n ica l  p resentation of an u m b i l ica l  hern ia  with 
a n  u m b i l i ca l  swe l l i n g  i ncreas ing  i n  stand ing  posit ion and wh i l e  
stra i n i n g  (Va lsa lva maneuver) . 

FIG 3 • This  patient not on ly has an u m b i l ica l hern ia  but a lso 
a supra u m b i l ica l swe l l i ng from a concom itant ep igastr ic hern i a .  

or  cosmetic considerations are present. For spigelian hernias, 
a surgical repair is indicated even for asymptomatic patients 
because they hold an increased risk of incarceration com
pared to the other primary ventral hernias. 

• There is no consensus whether a suture repair for small pri
mary hernias is sufficient or if every primary ventral hernia 
should be treated by mesh reinforcement.3 For inguinal her
nias and incisional hernias, the current recommendation is 
to use mesh in all patients because of the proven decrease 
in recurrences. Therefore, recurrent umbilical or epigastric 
hernias should be repaired using a mesh prosthesis, as they 
are considered to be incisional hernias. Most surgeons agree 

A 

B 

FIG 4 • A. CT of a patient with a left-s ided sp ige l i an  hern i a .  The 
hernia defect is  located l atera l to the rectus sheath.  The hern ia  
sac conta ins  a loop of the s igmo id  co lon .  The externa l  ob l i que  

m uscle covers the hern ia  sac .  B. 1 (white) The hern ia  defect i n  
the abdom i n a l  wa l l  m uscles just l atera l to  the recuts sheath . 
2 (yellow) The hern ia  sac with a s igmoid  co lon loop 3 (red) the 
i ntact externa l  ob l i que  m uscle covers the hernia sac.  
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A 

B 

FIG S • A. CT of a patient with a r ight-s ided l u m ba r  hern i a .  The 
hern ia  defect is  located latera l to the quadratus l u m borum m uscle. 

The hernia conta ins  some retroperitonea l  fat. The latiss i mus  dors i  
m uscle covers the hern ia  sac .  B. 1 (white) The hern ia  defect i n  the 

abdom ina l  wa l l  m uscles just latera l to the quadratus l u m borum 
m uscle.  2 (yellow) The hern ia  sac with retroperitonea l  fatty 
t issue. 3 (red) The i ntact latiss imus  dorsi m uscle covers the hern ia  
sac .  Green arrows: the na mes of the d i fferent m uscle i nvolved . 

that only small (<2 em) primary ventral hernias should be 
repaired without mesh reinforcement. 

• The mesh used to repair abdominal wall hernias can be 
placed at different positions in relation to the abdominal 
wall layers. Five positions can be defined: onlay, inlay, retro
muscular, preperitoneal, and intraperitoneal ( FIG 6} . 1 

• Laparoscopic repair of ventral hernias is a technique with 
promising short-term results .4 The technique is safe but 
long-term follow-up is needed in order to elucidate whether 
laparoscopic repair of ventral hernia is efficacious .4 

Preoperative Planning 

• Based on the size and the localization of the hernia, a decision 
will be made about the preferred approach in the individual pa
tient: mesh or primary repair/open or laparoscopic technique. 

• Although some centers perform the repair of small umbili
cal or epigastric hernias under local anesthesia as a routine, 
most centers prefer a general anesthesia for the comfort of 
the patient and the surgeon. Regional anesthesia through a 
sensory blocking of the anterior abdominal wall, by a trans
versus abdominis plane block (TAP block) ,  is another less 
practiced option for postoperative pain control. 

• For incarcerated hernias with bowel obstruction, adequate 
preoperative measures with nasogastric tube suction and 
rapid "sequence intubation" should be considered to mini
mize aspiration risk. 

On lay 
I n lay 

Retromuscu lar  I ntra perito neal  

FIG 6 • D ifferent posit ions of the mesh i n  re lat ion to the 
abdom i n a l  wa l l  l ayers to repa i r  a ventra l hernia by mesh 

rei nforcement. (From :  Wink ler  M S, Gerharz E, D ietz UA. 
Na rbenhern iench i ru rg ie .  O bersicht und a ktue l l e  Trends.  Urologe. 

2008;47 :740-747, with permiss ion .) 

• Preoperative cleaning and disinfection of the umbilicus is 
helpful in decreasing the bacterial load during the operation. 

• Antibiotic prophylaxis as a routine is not indicated for most 
hernia repairs because they are clean operations with a low 
risk of wound infection. In the presence of risk factors for 
wound infection, antibiotic prophylaxis at induction of 
anesthesia should be considered. 

Positioning 

• Patients treated for primary ventral hernias are usually posi
tioned in a dorsal decubitus. Lumbar hernias are positioned 
in a 90-degree or 45-degree lateral decubitus to expose the 
lumbar region ( FIG 7} .  

• For laparoscopic approach o f  ventral hernias, the position 
of the surgeon and the video equipment is determined by the 
localization of the hernia. It is important to have a wide lateral 
accessibility of the abdominal wall, because the trocars are 
placed very laterally to obtain access to hernias on the midline. 

FIG 7 • I ntraoperative posit ion ing  of a patient with a 45-deg ree 
latera l decubitus for open approach of a l eft-s ided l u m ba r  hern i a .  



C h a p t e r  7 U M B I L I CAL, EP IGASTRIC, SP IGELIAN, AND LUMBAR HERN IAS 

SUTURE REPAIR 

Incision 

• For u m b i l i ca l hern ias, the i nc is ion of the sk in  for pr imary 

repa i r  can be with i n  the u m b i l i ca l  r im,  thus  leavi ng a 

near ly i nv is i b le  sca r postoperatively. The i nc is ion can be 

p l aced e ither cra n i a l  or cauda l ,  depend ing  on the s ite 

of the hern ia  sac. It is  recommended not to i ncise the 

u m b i l ica l r im for more than 1 80 deg rees because of the 

c 

E 

• 

• 

F 

i ncreased r isk of devascu la r izat ion of the u m b i l ica l sk in  

after further d i ssect ion of the hern ia  sac. lead ing  to sk in  

necrosis and  wou nd i nfect ion .  

For ep igastr ic, sp ige l i an ,  or  l u m ba r  hern ias, the i nc is ion 

wi l l  be d i rect ly a bove the hern ia .  

The sk in  is  retracted with sma l l  Vo lkmann  retractors 

and the su bcuta neous layer inc ised down to the fascia, 

exposing  one s ide, cra n i a l  or  ca uda l  of the hern ia  defect 

(FIG SA) .  

F IG  8 • A-F. I ntraoperative p ictu res of  a n  u m b i l ica l he rn i a  repa i r  by  open  approach . 

339 
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Dissection of the Hernia Sac 

• Sta rt ing at the latera l s ide of the hern ia  defect, the 

hern ia  sac,  usu a l ly conta i n i n g  preperitonea l  fat and/or 

omentum, is enc i rc led us ing a curved hemostat c l amp .  

The  c l amp i s  pushed through to the other s ide of the her

n i a  defect (FIG 88) .  
• The top of the hern ia  sac is d issected of the u m b i l i ca l 

• 

(monofi lament vs. bra ided sutu res; nonabsorbab le, s lowly 

absorba b le, ra p id  a bsorba b le) a re ava i l ab le .  

S im i l a r  to the recommendat ions to close m i d l i ne l a pa

rotom ies, we recommend a runn ing  suture with sma l l  

b ites ( 5  m m  from t h e  fasc i a l  edge a n d  5 m m  between 

stitches) us ing a long-term a bsorbab le  monofi la ment 

suture (FIG 98) .  

sk i n ,  ta k ing  care not  to in jure the sk in  (FIG SC) .  This  wi l l  Closure of the Skin 
expose the opposite s ide of the hern ia  defect (FIG 80) .  

Reduction of  the Hernia Sac 

• The hern ia  sac and  its contents a re red uced through 

the hern ia  defect beh ind the abdom i n a l  wa l l  m uscles 

(FIG SE) .  Ca refu l  control of hemostas is  of the preperito

neal reg ion is  performed . 
• Sometimes, the contents of the hern ia sac a re too vo lu

m i nous to be reduced through the hern ia  defect. Th i s  

is  often the case i n  u m b i l ica l hern ias  with  hern iat ion of  

omenta l fatty tissue and i n  epigastric hern ias  with  pre

peritonea l fat. In these patients, we can either resect the 

hern iated fatty tissue or we can en la rge the hern ia defect. 

• I n  patients with acute i nca rcerated hern ias, the hern ia  

sac shou ld  be opened and  the hern iated bowel inspected 

for v iab i l ity. In case of doubt, a bowel resect ion shou ld  

be cons idered.  

Closure of the Hernia Defect by Primary Closure 

• The fasc ia l  edges of the defect a re identif ied and  isol ated 

from the su bcutaneous tissue and from the preperito

neal tissue for 5 to 1 0  mm (FIG SF) .  
• We close the u m b i l i ca l  and  ep igastric hern ias  in a 

hor izontal  l i ne .  Severa l options for sutu r ing  tech

n ique  (sepa rate sutu res, runn ing  sutu re, or "vest-over

pants" p l ication sutu res) (FIG 9A-C) and  mater ia l s  

OPEN MESH REPAIR WITH A FLAT MESH 

Incision 

• This  depends on the loca l i zat ion of the hern ia .  For um

b i l i ca l  hern ias, p lac ing a f l a t  mesh w i l l  req u i re a n  i nc is ion 

that i s  l a rger  than the i nc is ion needed for pr imary c losu re 

or for p lacement of an u m b i l i ca l  ventra l patch .  Often, a 

hor izontal  omega inc i s ion (n) is chosen .  For ep igastr ic, 

sp ige l i an ,  or l u m ba r  hern ias, the i nc is ion is d i rectly over 

the hern ia  sac (FIG 1 0) .  

Dissection of  the Hernia Sac and the Hernia Defect 

• The sk in  is sutu red e ither subcuta neous ly or with separate 

su perfi c i a l  sutu res. 

A 

c 

FIG 9 • Severa l techn iq ues a re ava i l ab le  for c losure of the 

hernia defect. A. Closure with sepa rate sutures. B. Closure 
with runn ing  sutu res. C. Closure with a vest-over-pa nts 
p l ication, common ly known as the Mayo C l i n i c  tech n ique .  

i s  f rom latera l downward i n  a ±45-deg ree ang le  toward 

the m i d l ine .  The hern ia  sac is  thus exposed and con

ta ins  preperitonea l  fat. The sac is  reduced underneath 

the other abdom ina l  wa l l  m uscles and the defect is  

measured. 

Closure of the Hernia Defect and Mesh 
Augmentation 

• Usua l ly in open surgery, the mesh is used to aug ment the 

pr imary fasc ia l  c losure of the hern ia  defect. There a re 

severa l  options for posit ion ing  the mesh i n  re lat ion to 

the abdom i n a l  wa l l  as shown in FIG 6. 1 

• For u m b i l i ca l  and  ep igastr ic hern ias, th i s  is s i m i l a r  as for • On lay position: The mesh is posit ioned on top of the fas

cia underneath the su bcuta neous t issue. After c losure of 

the hern ia  defect, a d i ssect ion of the su bcuta neous p l ane  

i s  performed for  severa l centi meters around the defect 

to a l low enough over lap of the mesh beyond the mar

g in s  of the defect. 

• 
pr imary hern ia  repa i r  (FIG 88-E) .  

For  sp ige l i an  and  l u m ba r  hern ias, a n  i ntact m uscle layer 

covers the hernia sac. Th is  is  why these hernias can be

come q u ite l a rge before they become c l i n ica l ly evident. 

For a sp ige l i an  hernia, the over ly ing externa l  ob l i que  

musc le has to be opened to access the hern ia  sac .  The  • 
musc le fasc ia  is sp l it in the d i rect ion of its f ibers, which 

Inlay position: The mesh is  p laced ins ide  the hern ia  de

fect, which i s  not c losed, and  the mesh is  sutu red to the 
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I Epigastric hernia 

• Preperitoneal position: Another option is to p l ace the 

mesh behind the poster ior  rectus fasc ia,  or for latera l 

hern ias, beh ind the tra nsversus abdomin i s  m usc le .  The 

preperitonea l  space has to be created by d i ssect ing the 

peritoneum of the fasc ia of the deepest abdom ina l  m us

c le .  It is  not a lways easy to deve lop th i s  p l ane  without 

creat ing ho les or tea rs i n  the peritoneum .  These have to 

be c losed if a reg u l a r  mesh without a protective ant iad

hes ive layer is  used.  

• Intraperitoneal position: There is a consensus  that i f  

we want to p l a ce a mesh i n  the  i ntra per itonea l  pos i 

t ion ,  thus i n  contact with the i ntest i nes, we have to 

use a mesh with a p rotective ant i adhes ive l ayer. U n 

p rotected po lypropy lene  o r  po lyester meshes h o l d s  

a n  i ncreased r i s k  o f  ca us i ng  a d hes ions  a n d  com p l i ca

t ions  such  as bowe l obstruct ions, bowe l eros ions, a n d  

fistu l a .  

Fixation o f  the Mesh 

Lumbar hernia 

J:t... Umbi l ical hernia 
• Severa l  options for fixat ion of the mesh are ava i l a b le, 

depend ing  on the mesh posit ion ing .  

• 

Spigel ian hernia 

For meshes in a n  i ntraperitonea l  or preperitonea l  posi

t ion,  transabdom ina l  sutu res ca n be used.  These sutu res 

w i l l  fixate the mesh underneath the abdom ina l  wa l l  

m uscles. 

FIG 10 • I nc is ions to perform a n  open pr imary ventra l hern ia  

repa i r  wi l l  depend on  the loca l i zat ion of the hern i a .  

• Sutu r ing  the mesh to the poster ior fasc ia  or muscu la r  

layer can ho ld  the meshes i n  a retrom uscu l a r  posit ion .  

Avo id i ng  transabdom ina l  sutu res w i l l  avo id  the pa in  re-

lated to these sutu res. 

• 

• 

marg i n  of the defect. There is a l a rge consensus amongst 

surgeons that th i s  is  not a good way to perform a mesh 

repa i r  beca use of the lack of over lap between the mesh 

and  the defect. The amount of over lap  is  cons idered to 

be cr it ica l to d i m i n i sh the r isk for recu rrence. 

Retromuscular position for midline hernias: For u m b i l ica l  

and  ep igastr ic hern ias, the mesh wi l l  be p laced beh ind  

• 

• 

• 

• 

For a mesh in the on lay posit ion,  sutu res can be p laced of 

the mesh to the a nter ior fasc ia .  

F ixat ion with  g l u e  app l ied to the su rface of the mesh  is  a 

fi rst a lternative to the use of sutu res. 

Another a lternative to the sutu res a re self-fixat ing 

meshes .  These meshes have a mechan ica l fixat ion e ither 

with sma l l  gr ipp ing hooks or  by g lue impregnated i n  the 

mesh, which becomes active i n  contact with the moistu re 

of the tissues. 

The s ize of the mesh and the over lap  of the mesh be-

the rectus abdom in i s  m uscle and in front of the poste- yond the hern ia  defect a re of crit ica l i m portance to avo id  

r ior  rectus fasc ia .  To get  enough over lap, a d i ssect ion i n  recu rrences. 

this p l ane  is  needed i n  a l l  d i rect ions for severa l  cent ime-

ters. In the cra n i a l  and  cauda l  d i rect ion,  th i s  d i ssect ion Closure of the Hernia Defect 
i nvolves i nc is ion of the poster ior rectus fasc ia  to a l l ow 

p l acement of the mesh beh ind  an i ntact l i nea a lba .  The 

poster ior l ayer of the rectus fasc ia is  c losed . The f lat mesh 

is  p laced i n  the d issected retrom uscu l a r  p lane .  The a nte

rior rectus fasc ia is  c losed in front of the mesh.  

Retromuscular position for lateral hernias: For sp ige l i an  

and  l u m ba r  hern ias, the  mesh i s  p l aced beh i nd  the  in 

tact su perfic i a l  m uscle layer, the externa l  ob l i que  m uscle 

or the lat iss imus  dors i  m uscle, respectively. The mesh is  

p l aced on  top of the c losed hernia defect, on  the i nterna l  

• It is recommended that the fascia defect be c losed if pos

s ib le, which is  usua l ly the case in pr imary ventra l hern ias .  

A mesh augmentat ion rather than a br idg ing of the her

n i a  defect by the mesh is p referred . 

• The a nter ior fasc ia  is c losed over the mesh in a l l  repa i rs 

except an on lay mesh . I n  the on lay posit ion, the hern ia  

defect is  c losed before p lac ing the mesh.  

Closure of the Skin 

ob l i que  m uscle or on the quadratum l u m borum m uscle, • The sk in  is sutu red e ither su bcuta neous ly or with sepa

rate superfi c i a l  sutu res. respectively. 

341 
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OPEN MESH REPAIR WITH A 

VENTRAL PATCH 

Incision 

• The i n c i s i on  needed for repa i r  with a ventra l patch 

i s  s m a l l e r  than the  i nc i s ion  to p l ace a f lat mesh. It i s  

s i m i l a r  to the  i nc i s ion  for suture repa i r. It i s  recom

mended not to i nc i se the  u m b i l i ca l r i m  for m o re than  

1 80 deg rees beca use of the  i n c reased r i sk  of d evascu

l a r i zat ion of the  u m b i l ica l sk in after fu rther  d i ssect ion  

of the  he rn i a  sac ,  l ead ing  to sk i n  necros is  a n d  wound 

i nfect i o n .  

• The sk in is retracted with sma l l  Vo lkmann retractors and 

the subcutaneous layer i ncised down to the fascia, exposing 

one s ide, cran ia l  or  cauda l  of the hernia defect (FIG SA) .  
• The d i ssect ion of the hern ia  sac and  red uct ion of con

tents is  the same as the open pr imary repa i r  tech n i q ue.  

Dissection of the Plane to Position the Mesh Device 

• The mesh devices have an ant iadhesive layer s i m i l a r  

t o  t h e  meshes used i n  a n  i ntra peritonea l  posit ion .  Thus, 

the intraperitoneal placement is considered to be safe. 

If this is  done, we cons ider it of utmost i m portance that 

the preperitonea l  fat around the hern ia  is  d i ssected from 

the abdom ina l  wa l l  around the hern ia  defect to a l low 

contact between the mesh and the muscu l a r  fasc ia .  This 

is  most i m portant cra n i a l  to the u m b i l i ca l  hernia, where 

A 

B 

• 

the round l i ga ment of the l iver and  its fatty t issue w i l l  

h i nder  a correct f lat p lacement o f  the mesh.  

Alternatively, it is  poss ib le  i n  most patients to deve lop the 

p lane behind the poster ior  rectus fasc ia  without major 

damage to the peritoneum.  The deve lopment of the pre

peritonea l  p lane i s  done through the hern ia  defect. Th is  

a l l ows p lacement of the mesh device i n  a preperitoneal 

position and  may a l l ow for better contact between mesh 

and  fasc ia,  resu lt ing i n  better i ng rowth whi le avo id i ng  

the poss ib le  d isadvantages of  a n  i ntraperitonea l  mesh.  

When us ing a mesh device, I (personal opinion of the 

author) a lways try the preperitonea l  p lacement. O n ly i n  

cases o f  fa i l u re t o  deve lop  t h e  preperitonea l  p l ane  a n  

i ntraperitonea l  posit ion is  done .  

• The hern ia  defect can be measu red us ing Hegar  d i l ators 

to correct ly eva l uate the s ize of the defect and c lass ify 

the hern ia  accord ing ly. Because the d i ameter of the 

mesh devices does not a l l ow a l a rge over lap  beyond the 

hern ia  defect, we recommend l i m it ing  the repa i r  of ven

tra l hern ias  with mesh devices to sma l l  hern ias  not l a rger 

than 2 em (FIG 1 1 A) .  
• I solate the fasc ia  marg i n  from its u nder ly ing peritoneum, 

g rasp ing the fasc ia  edge with the sma l l  Vo lkmann  

retractors. 

• Deve lop  the preperitonea l p l ane  by b l u nt d i ssect ion with 

the finger if the hernia defect i s  l a rge enough to a l l ow 

th i s  (FIG 1 1 8) .  Sometimes, s l i ghtly en la rg ing  the hern ia  

defect i s  needed to a l l ow i ntrod uc ing a d i g it .  

c 

FIG 1 1  • A-K. An u m b i l i ca l hern ia  is repa i red 
us ing a round  mesh device (Proceed Ventra l 
PatchrM, Ethicon, Johnson & Johnson) of 6.4-cm 

d i ameter. We preferably p lace the mesh i n  a 
preperitonea l  posit ion if possi b le .  The mesh i s  
fixed with sutu res to the hern ia  defect, us ing two 
centra l fixat ion stri ps, and  we usu a l ly c lose the 
hern ia  defect on  top of the mesh.  
Note: FIG 11C and 1 1D-In this patient, a mesh 

of 6.4-cm diameter will be placed. To illustrate 

the size of dissection needed underneath the 

posterior rectus fascia, we have measured and 

drawn a circle of 6.4-cm diameter. (continued) 
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FIG 1 1  • (continued) 
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• 

• 

• 

The d i ssect ion of the preperitonea l  p l ane  is he l ped by 

i ntroduc ing a gauze in the space created .  

The preperitonea l  d i ssect ion shou ld  be extended fa r 

enough to a l low easy and  f lat app l icat ion of the mesh 

(FIG 1 1 C,D) .  

It is  i m portant to  perform a good  hemostatic  control of 

the d i ssect ion p lane  to avoid postoperative hematoma 

around the mesh. 

Introduction of the Mesh Device 

• 

• 

• 

• 

• 

• 

The mesh device is removed from the package after 

chang ing  surg ica l  g loves. 

The mesh device is  6.4 em in d i ameter and has two cen

tra l str ips a l lowing the mesh to be p u l led aga i nst the a b

dom ina l  wa l l  and  fixed to the hern ia  defect (FIG 1 1 E) .  

The  mesh i s  fo lded i n  a manner  not  to  break the i nter

na l  memory r ing at the marg i n  of the mesh and  g rasped 

with a c l amp (FIG 1 1 F) .  

Whi le  l ift i ng  the cra n i a l  fascia edge  w i th  the retractor, 

the mesh is pushed in the preperitonea l  p l ane  through 

the hern ia  defect (FIG 1 1 G) .  

With two nontra u matic forceps, the mesh  is  u nfo lded 

and  checked for a correct f lat posit ion .  

The mesh is pu l led aga i nst the abdom i n a l  wa l l  by the 

centra l stri ps, contro l l i ng for  a correct f lat  posit ion ing  of  

the mesh (FIG 1 1 H) .  

LAPAROSCOPIC MESH REPAIR 

Creation of the Pneumoperitoneum and 
Trocar Placement 

• 

• 

• 

The surg ica l  f ie ld  shou ld  be prepped and  d raped wide ly, 

with good exposure of the latera l pa rts of the abdomen .  

The trocars are p laced very l atera l ly to a l l ow for  a good 

v iew of the a nter ior abdom ina l  wa l l  and  opt im a l  ang les 

when p lac ing the tacks to fixate the mesh (FIG 1 2) .  For a 

m i d l i n e  hern ia  or for a r ight sp ige l i an  hern ia ,  the trocars 

wi l l  be p laced on the left s ide .  For a l eft-s ided sp ige l i an  

hern ia ,  the  trocars a re p laced on  the  r i ght  s ide .  

The pneumoperitoneum is created with the use of a Ver

ess need le  p laced su bcosta l ly. Alternative ly, an open ac

cess can be performed with p lacement of a b l unt troca r. 

Three trocars are p laced in the f l ank  on the anter ior axi l 

l a ry l ine  (FIG 1 2) .  When a l a rge mesh is  used,  fixat ion on  

the su rgeon's s ide w i l l  need a n  extra contra latera l trocar 

to a l low the tacks to be app l i ed .  For most pr imary ventra l 

hern ias, three troca rs on one s ide a re suffic ient.  

Adhesiolysis, Hernia Reduction, and Preconditioning 

Fixation of the Mesh Device 

• Most round mesh devices for the treatment of sma l l  ven

tra l hernias have two centra l fixat ion str ips to fix the de

vice to the margins of the hernia defect. The ca uda l  str i p  

i s  fixed t o  t h e  lower marg i n  o f  t h e  hern ia  defect with 

a U-shaped suture of a s lowly a bsorbab le  monofi la ment 

suture (FIG 1 1 1) .  
• 

• 

The str i p  is cut d i rectly a bove the sutu re, leavi ng no mesh 

materia l  a bove the fascia (FIG 1 1 J) .  

The  same is done w i th  the cra n i a l  str i p  that  is  sutu red to 

the upper marg i n  of the hern ia  defect. 

Closure of the Hernia Defect 

• 

• 

Closure of the hern ia  defect is recommended .  It sepa

rates the mesh device i n  the i ntraper itonea l  or  preper i

tonea l  posit ion  from poss ib l e  postoperative wou n d  

i nfect ions .  

As for the pr imary hern ia  repa i r, severa l opt ions  for su

tur ing tech n ique  and  mater ia l s  a re ava i l ab le :  separate 

sutu res, ru n n i n g  sutu re, or  vest-over-pa nts p l i cat ion su

tures (FIGS 9A-C and 1 1 K) .  

Closure of  the Skin 

• 

• 

• 

• 

The sk in  is sutu red e ither su bcuta neously or with sepa

rate superfic i a l  sutu res. A ster i le  bandage is  p laced.  

The peritoneum of the hern ia  sac is red uced . Ca re i s  

taken not to in jure the over ly ing sk in  wh i l e  d issect ing  the 

sac. The sk in  a bove a n  u m b i l ica l  hern ia  may be very th i n .  

It is im portant to  precond it ion or prepare the  a rea of  the 

anterior abdom ina l  wa l l  that wi l l  be i n  contact with the 

i ntraperitoneal mesh. This is a part of the operation ca l led 

"p repar ing the land ing zone" and i nvolves the remova l of 

the fatty tissue and peritoneum around the hernia defect.5 

Above the umb i l icus, the fa lciform l igament of the l iver 

wi l l  be removed from the abdom ina l  wa l l .  Be low the umbi 

l icus, the fat  between the p l ica umb i l ica l i s  mediana of both 

s ides w i l l  be d i ssected down from the abdom ina l  wa l l ,  thus 

expos ing the poster ior part of the rectus muscles. 

The defect of the hern ia  can be left open ( i .e . ,  br idg

ing  tech n i q ue :  the defect i s  covered and  " br idged " by 

the i ntraperitonea l  mesh) or  can be c losed ( i .e. , mesh 

augmentat ion :  the i ntraperitonea l  mesh i s  cover ing the 

c losed hern ia  defect) . (See video 1: closure and video 2: 
defect left open in the accompanying eBook. ) There is  

no consensus whether c losure of the hernia defect has 

advantages to the br idg ing of the defect. 

of the Abdominal Wall Mesh Placement and Fixation of the Mesh 

• Adhesio lysis, which is sometimes very d ifficult and t ime- • 
consuming in laparoscopic i ncis ional hernia repa i r, is usua l ly 

not a major issue i n  pr imary ventra l hern ias. If any adhe

sions are present, they are most often between the omen-

tum and the hernia sac. Adhesio lysis has to be performed • 
carefu l ly, avo id ing the use of cautery or other energy 

sources to m in im ize the risk of an  inadvertent bowel injury. 

The mesh used d u ring  lapa roscopic  ventra l hern ia  repa i r  

needs a n  ant iadhesive s i d e  that wi l l  b e  i n  contact with 

the viscera.  Many d ifferent meshes a re ava i l ab le  for th i s  

pu rpose s 

It is mandatory to have a good over lap of the mesh be

yond the hern ia  defect. An over lap  of at least 5 em i n  

a l l  d i rect ions is  cons idered a m i n i m u m  (FIG 1 3) .  T h i s  i s  
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• Trocar 10 mm 

• Trocar 5 mm 

Video 
equipment 

Midline hernia: 

Epigastric ---------'ll• 

Umbi lica l -------'-----:11• 

Intraperitoneal mesh 

Camera 
assistant 

Surgeon 

Scrub 
nurse 

FIG 1 2  • Drawing of the i ntraoperative sett ing 
and  trocar posit ions for a l aparoscopic  ventra l 
hern ia  repa i r. 

------ Verres needle 
+ scope 

� Right hand 

- Left hand 

FIG 1 3  • A good sym metrica l posit ion ing  of the mesh 

with amp le  over lap beyond the hernia defect i s  needed.  

345 



346 P a rt 2 OPERATIVE TECHNIQUES IN GASTROINTESTINAL SURGERY 

necessa ry beca use a l l  meshes shr ink  over t ime .  Moreover, 

it is i m portant to posit ion the mesh symmetrica l ly a round 

the hern ia  defect. Because of the sharp ang le  between 

the abdom ina l  wa l l  and  the tacker device, there is  a ten

dency to push the mesh away from the surgeon's s ide, 

resu lt ing in an asymmetric mesh p lacement. 

• Severa l  devices a re ava i l ab le  for the fixat ion of the 

mesh. 5 Some of the tackers a re a bsorba b le .  There is  no  

Intraperitoneal mesh 

1 .5-2 .0  em apart 

• • 

Hernia defects 

FIG 14 • Fixation with sutu res and  tackers d u ring  
l aparoscopic  ventra l hern ia  repa i r. 

consensus if the mesh ca n be adeq uately fixed with tack

ers a lone or  if  the add it ion of tra nsabdom ina l  sutu res is  

needed . Most reported techn i q ues i nvolve a com b i na

t ion of sutu res and  tackers ("suture and  tackers tech

n ique" )  (FIG 14) or the use of a doub le  row of tackers 

( "doub le  crown tech n ique" )  (FIG 1 S) .  Dur ing  the i n it i a l  

exper ience, the use  of  fou r  card i n a l  sutu res to  or ient and  

posit ion the mesh is  very he lpfu l  (FIG 1 6) .  

FIG 15  • " Doub le  crown " fixation d u r ing  l aparoscop ic  

ventra l hern ia  repa i r. 
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Hernia defects 

FIG 16 • Doub le  crown fixat ion with four  card i n a l  
sutu res or ientat ion f o r  l aparoscopic  ventra l hern ia  
repa i r. 
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PEARLS AND PITFALLS 
I nd icat ions • Smal l  asym ptomatic u m b i l ica l ,  ep igastric, or  l u m ba r  hern ias  do not need repa i r  and  a "watchfu l 

wait i ng"  po l i cy can be proposed . 
• Sp ige l i an  hern ias  need surg ica l  treatment because they ho ld  an increased r isk of i ncarcerat ion .  
• I n ca rcerated hern ias  shou ld  be operated i n  emergency. 

Med ica l  imag ing  • For most u m b i l i ca l  and  ep igastric hern ias, med i ca l  imag ing  is  not  necessa ry for  d iagnos is  and  
treatment p l ann i ng .  

• Sp ige l i an  and  l umbar  hern ias  can  often on ly be d iagnosed with medica l  imag ing, if they a re 

c l i n ica l ly not pa lpab le .  

Mesh  repa i r  • Suture repa i r  is  on ly app l icab le  i n  sma l l  ventra l hern ias .  
• A mesh repa i r  wi l l  decrease the r isk for recurrent ventra l hern ia .  
• Severa l mesh pos it ions and  surg ica l  approaches a re possi b le .  
• A good over lap of the mesh beyond the hern ia  defect marg i n  is  i m portant to com pensate for  

mesh shr inkage .  

Lapa roscopic  repa i r  • A mesh with ant iadhesive properties h a s  t o  b e  used f o r  i ntraperitonea l  p lacement. 
• F lat and sym m etric posit ion ing  of the mesh around the hernia defect i s  the goa l .  
• T h e  abdom i n a l  wa l l  around t h e  hern ia  i n  contact with t h e  mesh shou ld  b e  adequately prepa red 

and fatty tissue removed . 
• Severa l mesh fixat ion a lternatives exist, without a c lear  consensus on the optim a l  approach.  
• Closure of the hern ia  defect i s  opt iona l  d u r ing  l aparoscopic  ventra l hern ia  repa i r. 

POSTOPERATIVE CARE OUTCOMES 
• Repair of primary ventral hernias can most often be 

performed in an ambulatory setting. Restriction of lifting 
heavy weight and intense sporting activities for 2 weeks 
is advocated. An abdominal binder to support the hernia 
repair can have a positive impact on early ambulation and 
pain control. 

• Nationwide Danish follow-up data 41 months after surgery 
show a reoperation rate for recurrence of 4% and a total 
clinical recurrence rate of 1 5 % .6 

• From the same Danish database, we know that umbilical 
and epigastric hernia repair has a low morbidity and mor
tality but a high readmission rate mostly because of wound 
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problems, seroma formation, or pain. 7 Moreover, many 
patients complained about pain and discomfort 3 years after 
elective repair of a small umbilical or epigastric hernia. 8 

COMPLICATIONS 
• Seroma 
• Hematoma 
• Surgical site infection 
• Mesh infection 
• Recurrence 
• Chronic pain 
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Chapter 8 Vagotomy: Truncal 
and Highly Selective 
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DEFINITION 
• Truncal vagotomy is defined as the division of the anterior 

and posterior vagus nerves, which innervate the stomach 
and remainder of the gastrointestinal (GI)  tract, at the level 
of the distal esophagus. Vagotomy eliminates cholinergic 
stimulation to gastric parietal cells and decreases parietal 
cell response to gastrin and histamine, thereby reducing gas
tric acid secretion. By transecting at the entrance point into 
the abdomen, all innervation to the liver, gallbladder, pan
creas, and small intestine is also divided. Truncal vagotomy 
requires a drainage procedure due to the disruption of antral 
and pyloric muscular innervation. 

For many years, vagotomy was one of the cornerstones of 
surgical treatment of ulcers. However, with further under
standing of the role of Helicobacter pylori in ulcer patho
genesis and advancement in pharmacologic management 
including proton pump inhibitors (PPis) and histamine 
blockers, the role of surgery has changed. Of the classic indi
cations for ulcer, surgery, bleeding, perforation, obstruction, 
and intractability, vagotomy is only commonly used in those 
patients who require surgical control of ulcer bleeding. 
Level one evidence suggests that it is not necessary in the 
treatment of duodenal perforation in patients who are 
H. pylori positive/ and the number of patients requiring 
operation for gastric outlet obstruction and intractability 
has declined dramatically with the advent of improved 
pharmacologic and endoscopic therapy of peptic ulcer 
disease (PUD ) .  The incidence of definitive acid reduction 
surgery decreased by more than 50% from 1993 to 2006.2 

• Highly selective vagotomy (HSV) is defined as the division of 
the gastric branches of the nerves of Latarjet. The nerves of 
Latarjet, celiac division of posterior vagus, and hepatic divi
sion of anterior vagus are preserved. Therefore, cholinergic 
stimulation is selectively eliminated to reduce acid secretion 
by parietal cells in the body and fundus, and the innerva
tion of the antrum and pylorus, biliary tract, and small and 
large intestines are untouched. A drainage procedure is not 
required with HSV. This is also known as "parietal cell va
gotomy" or "proximal gastric vagotomy. " 

The operation was developed to avoid the need for a gastric 
drainage procedure, which is required with truncal vagot
omy, as up to one-third of patients will develop delayed gas
tric emptying following this procedure. Despite the elegance 
of parietal cell vagotomy, it is a technically demanding op
eration with a higher ulcer recurrence rate and much longer 
learning curve than truncal vagotomy. In an era when few 
vagotomies are performed, it has largely fallen out of favor.3 

• Of historical note, a selective vagotomy sections the ante
rior vagus just distal to the point where the branch to the 
gallbladder and liver and the posterior vagus just distal to 
the branch to the pancreas and small intestines. Although 
in theory this might reduce the side effects of vagotomy, it is 
unclear in practice that this had any effect on outcomes.  

DIFFERENTIAL DIAGNOSIS 
• In a patient with acute severe upper GI bleeding, the dif

ferential diagnosis includes a bleeding peptic ulcer, bleeding 
esophageal or gastric varices secondary to portal hyperten
sion, esophageal mucosal diseases such as severe esophagitis 
and Mallory-Weiss tears, gastric arteriovenous malforma
tions and Dieulafoy's lesion, and rarely, ulcerated tumors or 
hemobilia. 

• In a patient with acute abdominal pain and free air, the dif
ferential diagnosis should include a perforated peptic ulcer, 
perforated diverticulitis, perforated appendicitis, and small 
bowel perforation. 

• In the patient with gastric outlet obstruction, the differential 
diagnosis includes PUD, gastric cancer, duodenal web, func
tional delay in gastric emptying, and chronic ulcer disease 
related to nonsteroidal antiinflammatory drug (NSAID) or 
aspirin use. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The majority of operations for PUD performed now are ur

gent or emergent operations for complicated ulcer disease. 
• A thorough history and physical should be obtained with 

key focus on the duration of symptoms, previous ulcer ther
apy, NSAID or aspirin use, and smoking history. Consider 
investigation into hypersecretory and malignant etiologies in 
patients with refractory ulcer disease. 

• Patients should be specifically questioned regarding H. pylori 
status and prior H. pylori treatment including a history of 
eradication. In patients unable to stop antiinflammatory 
drug use or those with H. pylori-negative ulcer disease, it 
may be reasonable to consider performing an acid-reducing 
procedure at the time of ulcer repair. 

• Bleeding can occur in 1 5 %  to 20% of patients with PUD and 
is the most common ulcer-related complication.4 The major
ity will resolve with conservative or endoscopic treatment. In 
patients undergoing operation for a bleeding duodenal ulcer, 
the best available evidence suggests that vagotomy should 
be combined with oversewing of a duodenal ulcer.5 As such, 
the patient's H. pylori status, history of prior NSAID use, or 
prior ulcer disease will not affect the use of vagotomy in the 
management of their bleeding duodenal ulcer 

• Perforations occur in up to 1 0 %  of ulcer complications .4 
Patients that will most likely to benefit from acid-reducing 
surgical intervention during repair of a perforation include 
those that have contraindications to PPI, perforation on PPI, 
or prior eradication of H. pylori. 

• Obstruction is the least common complication of ulcer disease 
at 5% to 8 %  and occurs as a result of scarring of the pylorus.4 
Endoscopy often delineates location and degree of the obstruc
tion and also allows for therapeutic balloon dilation of the py
lorus. Surgery is reserved for failure of less invasive treatments. 
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• Intractable disease encompasses failure of medical manage
ment to heal the ulcer, relapse of disease while on current 
therapy, or multiple courses of medical therapy. Medical man
agement includes acid suppression, H. pylori eradication, and 
NSAID cessation. Symptoms should be substantiated with 
endoscopic visualization of a persistent or recurring ulcer. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• In a patient with sudden onset acute abdominal pain and 

physical exam findings of peritonitis, an upright chest radio
graph confirming the finding of free intraperitoneal air is a 
sufficient workup prior to proceeding to the operating room 
(OR) for a presumed perforated ulcer. 

• In patients with a history and physical consistent with a per
forated ulcer, but without free air on radiograph, a com
puted tomography ( CT) scan or upper GI contrast study 
using water-soluble contrast can help to make the diagnosis. 

• Testing for H. pylori is used to confirm presence of or gauge 
the eradication of disease. Antibody testing assesses overall 
exposure but is not specific for active disease. Urease breath 
test and stool antigen test can be used to confirm eradica
tion. Full treatment of H. pylori should be attempted before 
definitive acid reduction surgery is considered. 

Stool antigen testing for H. pylori should be performed 
prior to operation for PUD, as knowledge of H. pylori 
status may help determine the need for vagotomy. As men
tioned earlier, it may not be necessary to perform vago
tomy for H. pylori positive disease, but may be considered 
in treatment of H. pylori-negative ulcer disease. 

• Serum gastrin levels should be tested to rule out hypergas
trinemic syndromes. 

• Endoscopy is part of standard investigation of ulcer disease 
when symptoms persist despite medical therapy. Endoscopy 
is also used to assess ulcer healing and perform biopsies to 
evaluate malignancy, gastritis, and H. pylori infection. 

• In patients with a bleeding peptic ulcer, the surgeon should 
be present at the time of upper endoscopy to gain an accurate 
anatomic understanding of the location of the ulcer. Patients 
with gastric ulcers not caused by acid, such as ulcers along 
the lesser curvature proximal to the incisura or near the gas
troesophageal ( GE) junction, will not require a vagotomy. 
Patients with duodenal or prepyloric ulcer should undergo 
vagotomy at the time of their operation for bleeding control. 

TRUNCAL VAGOTOMY-OPEN 

Skin Incision and Retractor Positioning 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Patients undergoing emergency surgery for peptic ulcer 
bleeding will have a stomach full of blood and are at signifi
cant risk of aspiration. A nasogastric tube should be placed 
prior to induction for all vagotomy procedures, and rapid 
sequence induction should be used if possible. 

• When performing an emergency operation for bleeding, the sur
geon should ensure that blood is cross-matched and available. 

• For laparoscopic procedures, having the ability to perform 
intraoperative esophagogastroduodenoscopy (EGD) can fa
cilitate the identification of the ulcer in difficult cases. 

• With truncal vagotomy, the gastric antrum and pylorus are 
denervated and concomitant drainage procedure must be 
performed. 

Options include pyloroplasty, gastrojejunostomy, or gas
tric resection with reconstruction (see Part 2, Chapter 9 ) .  

• HSV preserves antral muscular function and the pylorus mech
anism. It is not necessary to perform a drainage procedure. 

• Transthoracic vagotomy requires double lumen intubation 
tube and separate lung ventilation; for sufficient exposure to 
distal esophagus, the left lung must be collapsed. 

• Peri operative antibiotics should be administered; cefazolin is 
standard, clindamycin plus a fluoroquinolone or aminogly
coside for penicillin allergy. 

Positioning-Open 

• Open approach: Patient is supine with the arms tucked or 
extended. 

Space is left on the patient's left side to attach a Bookwalter 
or Omni retractor to the bed rail. 

• Reverse Trendelenburg position of the table will help with 
exposure of the hiatus. 

Positioning-Laparoscopic 

• Laparoscopic approach: Patient is supine with right arm 
tucked. Surgeon stands on patient's right and assistant stands 
on patient's left. 

• Reverse Trendelenburg position of the table will help with 
exposure of the hiatus. 

Positioning-Transthoracic 

• Patient is placed in right lateral decubitus position. 

Exposure of the Esophagus 

• 

• Use a sta ndard upper m i d l i n e  i nc is ion,  from just below 

xiphoid process to level of the u m b i l icus .  

The pars f lacc ida and  the p h renoesophagea l  l i ga ment 

a re d iv ided to expose the r ight crus and anter ior esoph

ageal wa l l .  Take caut ion to recog n ize and  preserve an 

accessory left hepatic a rtery when d iv id ing  the pars f lac

c ida .  The posit ion of the esophagus ca n be verif ied by 

pa l pat ion of the nasogastr ic tube with i n  the l umen  of 

the esophagus .  

• A body wa l l  retractor b lade is p l aced on e ither s ide of the 

upper ha l f  of the i nc is ion to fac i l itate exposure .  

• Depe n d i n g  on the  s i ze  of the  l eft l atera l seg m e nt of 

the  l iver, it may be n ecessa ry to d iv i de  the  avascu l a r  

port ion  o f  t h e  l eft t r i a n g u l a r  l i g a ment  t o  a l l ow the  

l eft l atera l seg ment  to be retracted i n  order  to fac i l i 

tate v i su a l i zat ion  o f  the  a b d o m i n a l  eso p h a g u s  (FIG 1 ) .  

• I dent ify the r i ght crus of the d i a p h ragm;  gent ly  d i s

sect to expose the a nter ior  su rface of the esophagus .  

Th i s  per itonea l  i nc i s ion  shou ld  be ca r r i ed  across the 
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FIG 1 • A Bookwalter-style  self-reta i n i n g  retractor prov ides 

exce l l ent exposu re of the stomach and  duodenum for 
dra inage procedu res. P lacement of four  abdom i n a l  wa l l  
b lades, two on e ither s ide o f  t h e  upper  a n d  lower aspect of 
the wound w i l l  provide the opti m u m  exposu re .  A H arr ington 
or m a l leab le  retractor on the left lobe of the l iver can fac i l itate 
exposure.  

• 

• 

• 

anter ior  su rface of the esophagus  a n d  onto the  l eft 

crus of the d i a p h ra g m  to expose the anter ior  su rface 

of the esophagus  (FIG 2A) .  By a p p ly i ng  downwa rd a n d  

r ig htwa rd tract ion  o n  the stomach,  the surgeon ca n 

p l ace the esophagus  on tens ion to enha nce exposure 

(FIG 28) .  

Conti nue  t o  deve lop a p l a n e  between r ight crus and  the 

esophagus; extend poster ior ly to create a retroesopha

gea l  window. 

The esophagus is  then d issected c i rcumferent ia l ly and  

th is, aga in, can be fac i l itated by  pa l pat ing the nasogas

tr ic tube in the l u men of the esophagus .  

A Pen rose d ra i n  is  p laced around the G E  junct ion to assist 

with downward tract ion on the G E  j u nct ion .  

Identification and Division of the Anterior (Left) 
Vagus Nerve 

• The vagus nerves rotate cou nterclockwise at the l evel of 

the esophagea l  h i atus with the r ight vagus nerve cours

i ng  more poster ior  and  the left vagus nerve anter ior with 

respect to the esophagus .  

• The left (anter ior) vagus  nerve is typ ica l ly a nter ior and  

j ust r ight of  m id l i ne  at the 1 o'c lock to 2 o'c lock posit ion .  

• Downward tract ion of the G E  j u nct ion v ia the Pen

rose d ra i n  can help tense the nerve l i ke a g u ita r 

str ing  to he lp  with pa lpat ion .  

• D issect the nerve off the anter ior surface of esopha

gus  us ing a r ight ang le  with sharp d i ssect ion,  m i n i 

m a l  ca utery. 

• Any add it iona l  a nter ior vagus nerve shou ld  be d is

sected free of esophagus if present. In a bout 1 0 %  

o f  cases, two o r  rarely more a nter ior vaga l  branches 

may be found .6 

• A m e d i u m  c l i p  is then  p l a ced on the  nerve (s) at the  

l eve l  of the  d i a ph ragm and a seco n d  c l ip  i s  p l aced 

o n  the  n e rve 3 to 4 em d i sta l to the  f i rst. The  seg

ment  of n erve(s) betwee n  the  c l i ps i s  exc ised and sent 

for patho l ogy to ver ify nervous t i s sue was exc i sed 

(FIG 4) .  

Identification and Division of the Posterior (Right) 
Vagus Nerve 

• The r ight (poster ior) vagus  is found  at the 7 o'c lock po

sition and i s  often up to a cent imeter away from the 

esophagea l wa l l  between the esophagus and the r ight 

crus (FIG 5) .  

• 

• 

• In about 1 5 % of cases, it may be located to the left 

of m i d l i n e 6 

To i dent i fy the  poster io r  vag u s  t run k(s), the su rgeon 

shou ld  aga in  app ly  d ownwa rd tract ion  o n  the Pen rose 

wh i l e  sweep i n g  the i ndex f inger  of the r ight  h a n d  

poste r io r  to the eso phagus  f r o m  the l eft c r u s  to t h e  

r i ght .  

• The surgeon's f inger  shou ld  be r ight on the esopha

gea l  wa l l  a n d  any  tense bands  ident if ied shou ld  be 

hooked with  a r ight ang le  a n d  d i ssected free from 

the esophagea l wa l l  (FIG 6) .  

A c l i p  s h o u l d  be p l a ced at the  l eve l  of the  d i a p h ra g m  

a n d  a seco n d  c l i p  i s  p l aced o n  the  nerve 3 to 4 e m  

d i sta l .  The  seg ment  o f  nerve(s) betwee n  the  c l i ps i s  

exc ised a n d  sent  for patho logy  to ver ify n e rvous 

t i s sue .  

• Cont inue  with gastr ic d ra inage proced u re as i nd i cated : 

pylorop lasty, gastrojej unostomy, or gastr ic  resect ion 

with  reconstruct ion (see Part 2, Chapter 9) .  

Assessment of Hemostasis and Closure 

• After verify ing that no add it iona l  vaga l  tru n ks can be 

identif ied, the surgeon shou ld  inspect the d i aph rag matic 

h i atus .  Dur ing b l u nt mob i l izat ion of the G E  junct ion,  a 

h iata l hern ia  is sometimes created .  

• If the surgeon can insert more than the one f inger 

adjacent to the esophagus  through the h i atus, the 

r ight and  l eft crura should be rea pproxi mated with 

one or two 0 braided polyester or  s i l k  sutu res to 

prevent the deve lopment of a postoperative h iata l 

hern i a .  

• At the comp let ion of the repa i r, a s i ng le  f inger 

shou ld  be ab le  to be i nserted a longs ide the esopha-

gus  to avo id  postoperative dysphag ia .  
It i s  often a l m ost with in  the long itud i na l  m uscle layer • 
(FIG 3) .  

After hemostas is  is  verif ied, the m i d l i n e  is  c losed i n  u sua l  

standard fash ion .  
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Esophagus 

of l iver ,f--------+1•-- Left gastric 

A 

FIG 2 • A. Photo (left) and  i l l ustrat ions of the peritoneum 
of the pars f lacc ida is  inc i sed to expose the r ight crus 
of the d i aph ragm and the esophagus .  Th is  peritonea l  
i nc is ion shou ld  be carr ied across the a nter ior surface of  
the esophagus and  onto the l eft crus  of the d i aph ragm to 
expose the a nter ior surface of the esophagus .  B. Beg i n n i n g  
on the left o f  t h e  esophag us, b lunt d i ssect ion with a f inger  

or a Kittner d i ssector wi l l  a l low the surgeon to separate the 
esophagus from the left crus. With gent le b l u nt d i ssect ion,  
it is  poss ib le  to enc i rc le the esophagus  with the r ight i ndex 

f inge� B 

FIG 3 • As seen in th i s  i ntraoperative photo, the a nter ior 
vagus tru n k  is  a l a rge band i nt imately associated with the 
m uscu la r  wa l l  of the esophagus and  often located on the 

r ight anter ior surface of the esophagus .  

artery 
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FIG 4 • The a nter ior vagus  tru n k  is  ca refu l ly d issected from 
the a nter ior su rface of the esophag us, and  a med i u m  c l i p  is  

then p laced on  the nerve(s) at the level of the d i a phragm 
and  a second c l i p  is  p laced on the nerve 3 to 4 em d ista l 
to the fi rst. The segment of nerve(s) between the c l i ps is  
excised and  sent for patho logy to verify nervous t issue was 
excised . 

FIG 5 • As shown in th i s  i ntraoperative photo, the 
poster ior  vaga l  tru n k  i s  l ess i nt i mately associated with the 
esophagea l  m uscu l ature.  

FIG 6 • To identify the poster ior vagus  trun k(s), the 
surgeon should again app ly downwa rd tract ion on  the 
Penrose whi le sweep ing  the i ndex f inger poster ior  to the 
esophagus from the l eft crus to the r ig ht. The surgeon's 
f inger  shou ld  be r ight on the esophagea l wa l l  and  any tense 
bands identif ied shou ld  be hooked, d issected free from the 

esophagea l wa l l ,  and  d iv ided between c l i ps.  
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LAPAROSCOPIC TRUNCAL VAGOTOMY 

Port Placement and Liver Retraction 

• Port p lacement (FIG 7) 
• 5-m m per i u m b i l i ca l  camera port 2 em to the l eft of 

m i d l i ne  

• 5-m m subxypho id  troca r for l iver retract ion 

• 5-mm r ight m idc lavicu l a r  l i ne, two f ingerbreadths 

below costa l  marg i n :  l eft hand work ing  port 

• 5-m m troca r between the r ight m idc lavicu l a r  l i ne  

and  camera troca r 

• 5-mm left a nter ior  axi l l a ry l i ne, be low costa l  marg i n :  

stomach retract ion 

• A Nathanson l iver retractor is p laced to e levate the left 

lobe of the l iver. 

• The patient is posit ioned sup ine  with the r ight arm 

tucked . 

• The surgeons stands to the patient's r ight and  the 

assistant to the patient's left . 

Exposure of the Esophagus 

• The peritoneum of the pars f laccid a and the phrenoesopha

geal l igament is incised with a Harmonic sca lpel  or bipolar 

cautery device to expose the r ight crus of the d iaphragm 

onto the anterior surface of the esophagus and across to 

the left crus to expose the enti re surface of the esophagus. 

• The posit ion of the esophagus  can be verif ied by pa l 

pat ion  of the nasogastr ic tube with i n  the l umen  of the 

esophagus  or  by performing a n  i ntraoperative EGD .  

• The peritoneum over ly ing the med ia l  edge of the r ight 

crus of the d i aphragm is identif ied and i ncised, and  then, 

b lunt d i ssect ion is  used to e levate the esophagus off of 

the r ight and left crus to make a retroesophageal  window. 

Nathanson 
retractor ----+'------

5 mm 

5 mm 
• 

5 mm 
• • 

5 mm 

5 mm 
• 

FIG 7 • Shows the sta ndard port p lacement used for a 
lapa roscop ic  vagotomy. 

• A grasper is then passed though the window and a Penrose 

d ra i n  is used to encirc le the esophagus.  

Identification and Division of the Anterior (Left) 
Vagus Nerve 

• With the magn ificat ion i nherent in l a pa roscopy, the an

ter ior vagus  can often be visua l i zed d i rectly on the a nte

rior surface of the esophagus (FIG 3) .  
• If the nerve cannot be easi ly v isual ized, downward 

traction on the GE j unction obta ined by having the as

sistant pu l l  down on the Penrose wi l l  make the nerve 

tense l i ke a gu itar str ing and wi l l  a l low for either vi

sua l  or tact i le  identification of the a nterior vagus. 

• Us ing a Mary land d issector, the surgeon shou ld  ca refu l ly 

d i ssect the a nter ior vagus  away from the esophagea l  

m uscle and  e levate the nerve. 

• Us ing sharp d i ssect ion with the Harmon ic  sca l pe l  or b i po

lar cautery device, the surgeon shou ld  free u p  the vagus 

to the d i aph ragmatic h i atus.  

• An endocl i p  shou ld  be p laced across the nerve at the 

h i atus and  a second c l ip p laced 3 to 4 em i nfer ior  to the 

fi rst. The port ion of the nerve between the c l i ps is  then 

excised and  sent to pathology. 

• A sea rch for add it iona l  a nter ior tru n ks shou ld  be con

ducted as d i scussed previous ly. 

Identification and Division of the Posterior (Right) 
Vagus Nerve 

• The poster ior vagus  is l ess c losely associated with the 

esophagea l  wa l l .  

• To identify the poster ior  vagus  trunk(s), the assista nt 

shou ld  app ly ca uda l  and leftwa rd tract ion on  the Pen

rose d ra i n  with a g rasper i nserted through the left upper  

quadra nt port. 
• The poster ior  vagus  shou ld  become vis i b le  at th i s  

poi nt as a t ight band travers ing  between the poste

r ior  wa l l  of the esophagus  and the r ight crus of the 

d i a phragm (FIG 5) .  
• M a ny t imes, the poster ior vaga l  tru n k  w i l l  be enc i r

c led with i n  the Penrose dra in ,  and  the Pen rose w i l l  

need t o  be reposit ioned t o  a l low t h e  d i ssect ion of 

the nerve tru n k  away from the esophagus .  
• Us ing sharp d i ssect ion with the Harmon ic  sca lpe l  or b i po

lar cautery device, the surgeon shou ld  free u p  the vagus 

to the leve l  of the d i aph ragmatic h i atus 
• An endocl i p  should be p laced at the level of the d iaphragm 

and a second c l i p  is p laced on the nerve 3 to 4 em d i sta l .  

T h e  segment o f  nerve(s) between t h e  c l i ps is  excised a n d  

sent for pathology t o  verify nervous tissue was excised . 

Assessment of Hemostasis and Closure 

• Again ,  verify no add it iona l  vaga l  tru n ks 

• I n spect the d i aphragmatic h i atus as descri bed ear l ie r  and  

reapproxi mate if necessa ry. 

• Remove lapa roscop ic  ports under  d i rect v is ion to ensure 

hemostas is .  
• Close sk in  in the usua l  standard fash ion,  with fasc ia l  

c losure for  port sites g reater than 5 mm.  
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TRANSTHORACIC VAGOTOMY 

Port Placement 

• 1 0-mm camera port in 7th or 8th i ntercosta l space, poste

rior axi l l a ry l i ne  

• 1 0-mm i nstru ment troca r a long anter ior axi l l a ry l i n e  at 

6th and  1 Oth i ntercosta l space, form ing  a semic i rc le with 

the camera port 

• 5 mm can be p laced in 1 0th or 1 1 th i ntercosta l space 

a long poster ior axi l l a ry l i n e  if needed (FIG 8) .  

Exposure of  the Esophagus 

• The left l ung  w i l l  need to be co l l a psed to visua l ize the 

d ista l esophagus .  

• Tra nsect the p u l monary l i gament with scissors or e lectro

cautery and  retract the co l l a psed l ung  super ior ly (FIG 9) .  
• I n cise the med iasti na l  p leura to expose the esophagus .  

Identification and Division of the Anterior (Left) 
Vagus Nerve 

• 

• 

With the magn ificat ion in l apa roscopy, the anter ior 

vagus can often be visua l i zed d i rect ly on the anter ior 

surface of the esophagus .  

Us ing a Mary land d issector, the surgeon shou ld  ca refu l ly 

d i ssect the a nter ior vagus away from the esophagea l  

m uscle and  e levate the nerve, p lac ing tens ion by p u l l i n g  

toward t h e  surgeon .  

FIG 8 • Position ing  and  port p l acement for  the tra nsthoracic 
vagotomy. Patient i s  i n  the r ight l atera l decubitus.  Note hand 
ports a re as fa r away as poss ib le  f rom each other but form ing  
semic i rc le  w i th  v ideo  port. 

FIG 9 • To expose the d ista l esophagus, transect the pu lmonary 
l igament and  retract the co l l apsed left l ung  super iorly. 

• Us ing sharp d i ssect ion with the Harmon ic  sca lpe l  or b i po

lar cautery device, the surgeon shou ld  free u p  3 to 4 em 

of the vagus  nerve (FIG 1 0) .  
• An endocl i p  shou ld  be p laced across the nerve at the 

h iatus and  a second c l ip p l aced 3 to 4 em i nfer ior  to the 

fi rst. The port ion  of the nerve between the c l i ps is  then 

excised and  sent to patho logy. 

Identification and Division of the Posterior (Right) 
Vagus Nerve 

• The poster ior vagus  is l ess c losely associated with the 

esophagea l wa l l .  

Anterior vagus 

FIG 1 0  • Anter ior vagus is  identif ied on top of t he esophagus .  
It i s  ca refu l ly d issected by spread ing  para l l e l  to esophagus 
and  then p laced on  tens ion by p u l l i n g  toward the surgeon.  
A seg ment i s  then c l i pped for remova l and  sent to pathology. 
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• 

• 

• 

Place gentle u pward tract ion on the esophagus .  Us ing 

a M a ry land d i ssector, continue  to spread para l l e l  to the 

nerve and  esophagus  i n  the retroesophagea l  p lane .  

• P u l l  vagus  aga in  toward the su rgeon to tense nerve 

l i ke a g u itar  stri ng in order to transect the nerve. 

Us ing  sharp d i ssect ion with the Ha rmon ic  sca l pe l  or b ipo

lar cautery device, the su rgeon shou ld  free up 3 to 4 em 

of the vagus  nerve (FIG 1 1 ) .  

An endocl i p  shou ld  be p laced across the nerve at the  

h iatus and  a second c l i p  p laced 3 to 4 em i nfer ior  to  the  

Posterior vagus 

HIG HLY SELECTIVE VAGOTOMY 

Exposure of Esophagus 

• The phrenoesophagea l l i gament over ly ing the esopha

gus  i s  i ncised and  the esophagus  i s  enc i rc led with a 

Pen rose d ra i n .  

Exposure o f  Vagus Nerves, Nerve o f  Latarjet 

• The anter ior and  poster ior vagus  nerves a re identif ied 

and  each enc i rc led with a vessel loop.  D i ssect ion is  ca r-

fi rst. The port ion of the nerve between the c l i ps is then 

excised and  sent to patho logy. 

Assessment of Hemostasis and Closure 

• 

• 

• 

After hemostas is  is ensu red, a red rubber shou ld  then be 

i nserted through on  the camera ports and fed proxi m a l ly 

over the l ung  tissue to act as a chest tube.  

The camera port is  then withd rawn and  lung rei nfl ated 

under  d i rect v isu a l i zation .  

Closure of  laparoscopic port sites i n  u sua l  standard fash ion . 

FIG 1 1  • Gent le tract ion p l aced on esophagus  to p u l l  
a nter ior i n  t h e  chest. T h e  poster ior  vagus  nerve i s  d issected 
from the tissue be low the esophag us.  This i s  aga in  p u l led 
toward surgeon to a id i n  exc is ion .  

to as "crow's foot, " to m a i nta in  i n nervation to the an

trum and  pylorus (FIG 1 3) .  
• Div ide the lesser omentum from the lesser cu rve from 

the inc i sura angu l a r is  and conti nue  to d iv ide the vaga l  

branches t o  6 em proxi ma l  t o  t h e  G E  j u nct ion .  Stay ins ide  

the ma in  vaga l  braches. 

• C lamp and  d iv ide neu rovascu l a r  branches a long the 

lesser cu rve as c lose to the stomach as poss ib le  to 

avo id  i nj u ry to the nerve of Lata rjet (FIG 14) .  

• There is an a nter ior and  poster ior bund le  and  they 

shou ld  be d iv ided sepa rate ly. 
r ied fa r enough i nto the poster ior med iasti n u m  to iden- • I nvert the lesser curvature of the stomach with i nter-
t ify ma in  vaga l  trun ks. ru pted Lem bert sutures. 

• Exa m i n e  the lesser cu rvature of the stomach to identify 

• 
the nerve of Lata rjet (FIG 1 2) .  Hemostasis and Closure 
Dissect 6 to 7 em proxi m a l  to the pylorus a long the lesser 

cu rvatu re of the stomach at the inc i sura angu l a r is .  It is  

key to leave the term i n a l  branches of the nerve, referred 

• 
• 

M i d l i n e  is c losed in usua l  standard fash ion . 

Laparoscopic  ports c lose i n  usua l  standard fash ion,  with 

fasc ia l  c losure for port sites g reater than 5 m m .  

F I G  1 2  • Identify t h e  lesser cu rve o f  t h e  stomach; see the 
anter ior vagus  nerve cou rs ing  i n  on  the l esser omentum .  



A 

Grow's foot 
(preserved) 
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B 

FIG 1 3  • A,B. Dissect ion occurs a long the l esser curvature of the stomach from proxim a l  to the G E  j u nct ion to the inc i sura 

a n g u l a ris, 6 to 7 em proxim a l  to the pylorus.  Leave the term ina l  branches of the nerve, referred to as "crew's foot, " to 

ma inta i n  i nnervat ion to the antrum and  pylorus.  

FIG 1 4  • C lamp and d iv ide neu rovascu l a r  branches a long the 
lesser curve as close to the stomach as poss ib le  to avoid i n ju ry 
to the nerve of Lata rjet. Ma rked by the X. There is an a nter ior 
and  poster ior  bundle and  they should be d iv ided separate ly. 

357 

PEARLS AND PITFALLS 
I nd ications 

Exposure 

Vagotomy 

• In patients with evidence of active H. pylori i nfect ion,  treatment of the u lcer com p l i cat ion and  
ant ihe l icobacter thera py may be suffic ient.  

• When the operative i n d icat ion is  G l b leeding, the surgeon should verify if the bleed i ng  source i s  in 
a l ocation associated with a h igh ac id state such as the d uoden u m  or  prepylor ic stomach .  

• Take ca ut ion when enc i rc l i ng  the esophagus  and  d i ssect ing the vagus  off of the esophagus  to 
prevent i nj u ry. 

• Avoi d  the use of cautery when d issect ing  the vaga l  fi bers away from the esophagea l  su rface. 

• Ten percent of patients wil l  have more than one a nter ior or poster ior vaga l  tru n ks; care m ust be 

taken to look for add it iona l  f ibers after d iv is ion of the fi rst tru nk .  
• Always send a sect ion of  the excised vaga l  tru n k  to pathology to verify that  nervous t issue was 

excised . 
• Most u lcer reoccurrences resu lt  from i ncom p lete vagotomy. 
• Care to resect above the cr i m i n a l  nerve of G rassi (FIG 1 5) 
• I nj u ry to thoracic d uct in tra nsthoracic approach 
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Criminal nerve 
of Grassi 

FIG 1 S  • Cri m i n a l  nerve of G rassi-Vagus nerve m ust be d i ssected 
proxi ma l  to cri m i n a l  nerve of G rassi wh ich, if  u n d iv ided, can keep 

h i gh  acid levels postvagotomy. 

Dra inage procedu re • A dra inage procedure, a pylorop lasty, gastrojej u nostomy, or a ntrectomy shou ld  a lways be com-
b i ned with a truncal vagotomy as up to one-th i rd of patients w i l l  deve lop gastr ic stas is  after 

vagotomy a l one .  

Pa raesophagea l  hern iat ion • I n spect the esophagea l  h iatus at the concl us ion of the proced u re to verify that a n  iatrogen ic  para-

esophagea l hernia has not been created .  

POSTOPERATIVE CARE 
• Nasogastric suction may be used in the early postoperative 

period. In patient who has undergone gastric drainage pro
cedure or perforation repair, postoperative ileus may last as 
long as 7 to 10 days. 

• Consistent with other foregut surgery, diet advancement is 
as tolerated. 

• Intolerance to diet should prompt investigation for delayed 
gastric emptying. 

• In patients operated on for perforated ulcers, broad-spectrum 
antibiotic therapy including antifungal agents should be ad
ministered postoperatively. 

• Patients who are found to be H. pylori positive should 
receive 10 to 14 days of antibiotic therapy directed at 
H. pylori eradication. Eradication should be confirmed by 
repeat testing. 

• Patients operated on for bleeding should be carefully moni
tored for rebleeding for up to 96 hours . 

• Patients chronically using NSAIDS or aspirin products 
should be counseled to avoid further use of these medica
tions. Patients who are medically unable to discontinue these 
drugs should be started on a PPI. 

• Transthoracic patients should be monitored with daily chest 
radiographs until the chest tube is removed appropriately. 

OUTCOMES 
• Vagotomy 

Truncal vagotomy has demonstrated 80% reduction in 
basal acid secretion. 7 

Truncal vagotomy has the lowest reoccurrence rates ( 1 %  
to 1 0 % )  but have the highest morbidity (20% to 25 % )  
and mortality (0 .5% to 2 % ) . 8•9 Ulcer recurrence rates also 
vary based on drainage procedure, with best results from 
total vagotomy with antrectomy. 
Common postoperative morbidity includes diarrhea 
( 1 0 %  to 25%) ,  dumping syndrome ( 1 0 %  to 20%) ,  and 
bile reflux gastritis (2% ) .8•9 
Vagal-mediated receptive relaxation of the stomach is 
abolished; there may be more rapid emptying of liquids 
and solids. 

• HSV 
Lower mortality and morbidity including diarrhea and 
dumping syndrome ( 1 %  to 5 % ) .3 
Higher ulcer recurrence rates, greater than 1 0 %  at 
5 years.3 
Vagal-mediated receptive relaxation of the stomach is 
abolished, and therefore, there is more rapid emptying of 
liquids. However, with preservation of antrum innerva
tion, emptying of solids is unaffected. 

COMPLICATIONS 
• Esophageal perforation 
• Bleeding 
• Incomplete vagotomy-failure to identify accessory vagus 

nerves. Vagus must be taken proximal to the criminal nerve 
of Grassi, the first gastric branch of the posterior vagus. 

• Delayed gastric emptying 
• Dumping syndrome 
• Pleural effusion 
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Chapter 9 Drainage Procedures: 
Pyloromyotomy, Pyloroplasty, 
Gastrojej unostomy 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - t" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 

t George A. Sarosi, Jr. 

DEFINITION 
• Drainage procedures, or more properly gastric drainage pro

cedures, are a variety of surgical approaches used to either 
render incompetent or bypass the pylorus. Drainage proce
dures are often performed in conjunction with procedures 
that interrupt vagal innervation of the pylorus, and the pur
pose is to facilitate gastric drainage. Originally performed in 
conjunction with a truncal vagotomy for the treatment of 
peptic ulcer disease, drainage procedures are also performed 
to facilitate gastric emptying when the stomach is used as an 
esophageal replacement and occasionally to address poor gas
tric emptying in patients who have undergone fundoplication 
or paraesophageal hernia repair. Gastrojejunostomy is also 
frequently used to treat duodenal or gastric outlet obstruction. 

DIFFERENTIAL DIAGNOSIS 
• In patients who have undergone prior gastroesophageal ( GE) 

junction surgery, the differential diagnosis for abdominal 
bloating includes visceral hypersensitivity ( irritable bowel 
syndrome [IBS] ) ,  gastroparesis, postsurgical delayed gastric 
emptying secondary to vagal injury, paraesophageal hernia
tion of the fundoplication or portions of the stomach, and 
overeating or excess consumption of inappropriate foods 
such as carbonated beverages. 

• In patients who have undergone esophageal replacement 
with a gastric conduit, the differential diagnosis of dys
phagia, early satiety, or regurgitation of undigested foods 
includes anastomotic structure, an inadequate-sized hiatal 
opening, torsion of the conduit, paraesophageal hernia, and 
competent pylorus. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• Depending on the indication for a drainage procedure, certain 

historical elements and physical findings should be sought. 
For patients with peptic ulcer disease, the duration of 
symptoms and any prior treatment of peptic ulcer disease 
should be sought. In addition, knowledge of the patients' 
Helicobacter pylori status and prior H. pylori treatment is 
important. Finally, a history of use of nonsteroidal antiin
flammatory drugs (NSAIDs) or aspirin products should be 
sought. 
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In patients with a prior history of peptic ulcer disease 
who are undergoing surgical treatment of a bleeding 
ulcer, a history of prior ulcer disease should alert the 
surgeon to the possibility of encountering a scarred and 
possibly fibrotic duodenum. 
Patients known to be H. pylori positive who have not 
had treatment for their H. pylori may not require an 
acid-reducing procedure at the time of surgical bleed
ing control. Simple ligation of the bleeding site may be 
sufficient. 

Patients with a significant history of NSAID or aspirin 
product use are at a significant risk of recurrent ulcers 
and must be counseled to avoid all these products in the 
future. 

For patients undergoing drainage procedures after esopha
geal replacement with a gastric conduit, patients should be 
questioned carefully about their symptoms. Patients with 
poor gastric drainage will describe early satiety, bloating, 
regurgitation, or emesis of undigested food. Patients with 
anastomotic strictures typically will describe dysphagia. 
For patients undergoing or who have undergone a fun
doplication, a history of postprandial abdominal pain, 
bloating, or early satiety should be sought, as this can be 
a symptom of poor gastric emptying, which can be con
firmed with a gastric emptying study. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• In patients undergoing emergency operations for upper gas

trointestinal hemorrhage, all patients should undergo esoph
agogastroduodenoscopy (EGD) prior to operation with an 
attempt at endoscopic hemostasis. The operating surgeon 
should make every effort to be present during the endoscopy, 
as accurate anatomic information regarding the location of 
the ulcer will facilitate the operation. 

• In patients suspected of having poor emptying of their gas
tric conduit after esophageal replacement, gastric emptying 
studies are of limited use due to the altered anatomy and 
the lack of reference values for emptying. The author has 
used EGD and botulinum toxin injection as a diagnostic test 
for patients with poor emptying of the conduit. 1 Those who 
have an improvement in symptoms have been offered surgi
cal drainage procedures. 

• In patients with prior fundoplication or paraesophageal 
hernia repair suspected of having delayed gastric emptying, 
nuclear medicine gastric emptying studies are helpful in iden
tifying patients who could benefit from a drainage procedure. 
Hamrick et al.,2 in a large series of revisional paraesophageal 
hernia patients, used a Tl/2 emptying time of 90 minutes as 
an indication for the addition of a gastric drainage procedure 
with good results. Alternatively, EGD and botulinum toxin 
injection of the pylorus can also be used as a diagnostic study. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Patients undergoing drainage procedures will have poor gas
tric emptying and will be at risk for aspiration during induc
tion of anesthesia. For elective procedures, patients should 
be placed on a clear liquid diet 24 hours prior to surgery and 
made NPO the night before the procedure . Patients under
going emergency surgery for peptic ulcer bleeding will have 

-
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Positioning a stomach full of blood and are at significant risk of aspira
tion. Whenever feasible, rapid sequence induction should be 
used. Antibiotic prophylaxis with 1 to 2 g of cefazolin is the 
standard approach; clindamycin plus a fluoroquinolone or 
aminoglycoside is the appropriate choice for those patients 
with allergies to cefazolin. When performing an emergency 
operation for bleeding, the surgeon should ensure that blood 
is crossmatched and available. For laparoscopic procedures, 
having the ability to perform intraoperative EGD can facili
tate the identification of the pylorus and bleeding source in 
difficult cases. 

• For open drainage procedures, the patient is positioned in 
the supine position with both arms extended. Space is left on 
the patient's left side to attach a Buchwalter or Omni retrac
tor to the bed rail. During the surgical procedure, the patient 
will often be placed in reverse Trendelenburg to facilitate 
exposure of the upper abdominal organs. In a laparoscopic 
approach, the same position is used, but a footboard and 
safety strap should also be added to prevent the patient from 
sliding when steep reverse Trendelenburg position is used. 

OPEN P YLOROPLASTY 

Skin Incision and Retractor Positioning 

• An u pper m id l i ne  i nc is ion is used for a l l  open dra inage 

procedu res. Th is  shou ld  beg i n  at the leve l  of  the u m b i l icus 

and  extend to just below the xiphoid process. Body wa l l  

retractor b lades a re p laced on  either s ide o f  t h e  u pper 

ha lf  of the i nc is ion to fac i l itate exposu re .  If necessa ry, a 

ma l leab le or Harr ington retractor b lade can be p laced on 

the left lobe of the l iver to expose the py lorus (FIG 1 ) .  

Kocher Maneuver 

• A Kocher maneuver is performed to fac i l itate exposure of 

the d uoden u m  and  pylorus and  to e l i m inate tens ion on 

the sutu re l i ne.  A forceps is  used to g rasp the peritoneum 

latera l to the duoden u m, which i s  then i ncised with  scis

sors or  the e lectrosurg ica l  device. The surgeon then can 

i n sert a n  i ndex f inger  beh ind  the duoden u m  and head of 

the pancreas and  sweep the f inger  to the r ight, e levat

ing the latera l duodena l  l i gament and avascu l a r  retro

peritonea l  tissues, which can then be d iv ided with the 

e lectrosurg ica l  device (FIG 2) .  The p lane of d i ssect ion 

shou ld  rema in  c lose to the d uodena l  wa l l  to avo id  i nj u ry 

to the gonada l  ve in on the a nter ior  su rface of the i nfe

r ior  vena cava . The d uoden u m  and  head of the pancreas 

shou ld  be mob i l ized from the j unct ion of the d uodena l  

bu l b  and  second port ion of the d uodenum to ju st before 

the l atera l aspect of the super ior  mesenteric ve i n .  If the 

proced u re is  be ing performed for a b leed ing  d uodena l  

u l cer, the Kocher maneuver step can be deferred unt i l  

after control of  the b leed ing  vessel has been ach ieved. 

Pyloric Incision 

• The pylorus is identified either visua l ly or by pa lpation of 

the muscu lar  r ing with a f inger i nserted from the gastric 

side. Beg inn ing roughly 2 em prox ima l  to the pylorus on 

the gastric antrum, i ncise the gastric wa l l ,  enter the l umen, 

and extend the incis ion d i sta l ly para l le l  to the long axis 

of the bowel across the pylorus onto the d uodenu m  to 

d i stance of rough ly 5 em using the e lectrosurg ica l device 

(FIG 3) .  This inc is ion wi l l  provide reasonable exposu re of 

--6---+-+-+--- Stomach the d uodenal  bu lb .  lf the operation is being performed for 

FIG 1 • A Bookwa lter style self-reta in ing  retractor provides 

excel l ent exposure of the stomach and d uodenu m  for dra inage 

procedures. P lacement of fou r  abdomina l  wa l l  b lades, two on 
either s ide of the u pper and lower aspect of the wound, w i l l  
provide the  optim u m  exposu re. A Harr ington or ma l leable 
retractor on the left lobe of the l iver can fac i l itate exposure. 

u lcer b leed ing,  the i ncis ion can be extended further a long 

the duodenum to expose the b leed ing site. The pyloro

plasty inc is ion can be fac i l itated by plac ing a seromuscu lar  

stay stitch on the superior and i nfer ior edge of  the pylorus. 

Bleeding Control 

• If the operation is be i ng  performed for a b leed ing  d u o

dena l  u lcer, the u lcer is identif ied on the poster ior aspect 

of the d u odena l  bu lb .  Tem porary hemostas is  is ach ieved 

by d i g ita l p ressu re, and then defi n itive hemostas is  is 

ach ieved by p lac ing three 2-0 s i l k  suture l igatures. The 

fi rst sutu re is  p laced at the cra n i a l  marg i n  of the u lcer, 

enc i rc l i ng  the proxi m a l  gastrod uodena l  a rtery (G DA). 

The second suture i s  p laced at the cauda l  edge of the 

duodena l  u lcer enc i rc l i ng  the d ista l G DA. The fi na l  su

ture is  a U suture p laced underneath the u lcer crater to 

control the poster ior entry of the tra nsverse pancreatic 

a rtery i nto the back wa l l  of the G DA (FIG 4) .  
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Incision in 
peritoneum -----j�"A<;;;.�)i....l\ 

FIG 2 • App l i cat ion of leftward tract ion 
on the stomach and  duodenum wi l l  a l low 
the surgeon to score the peritoneum lateral 
to the duodenum with the e lectrosurg ica l  

device as shown i n  t h e  inset. The surgeon's 
i ndex f inger can then b l u ntly e l evate the 
avascu l a r  t issues between the d u odenum, 
pancreas, and  vena cava, mak ing  d iv is ion 

of these t issues with the e lectrosu rg ica l  
device easy. 

FIG 3 • P lac ing s i l k  stay sutu res super ior  and  i nfer ior to the proposed pyloroplasty i nc is ion wi l l  make the entry i nto the 
duodenum eas ier. (From N ussbau m  MS.  Master Techniques in Surgery: Gastric Surgery. Ph i l ade lph ia ,  PA: L ipp i ncott Wi l l i ams & 
Wi lk i ns; 201 3 .) 
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Middle suture U stitch 
underneath exposed 
GDA; 
Top and bottom suture 
encircle GDA 

FIG 4 • When operat ing to u lcer b leed ing,  p lac ing the pylorop lasty i nc is ion d i rectly over the u lcer crater w i l l  opt im ize exposu re .  

Contro l  of b leed i ng  from the G DA is ach ieved with three sutu res. A s imple or  f igu re-of-e ight suture i s  p laced at the cra n i a l  and 
cauda l  edge of the u lcer to l igate the tru n k  of the G DA. A th i rd hor izonta l U stitch is  p laced under  the u lcer crater to control 

the transverse pancreatic branches. G DA, gastrod uodena l  a rtery. (From N ussba u m  MS.  Master Techniques in Surgery: Gastric 

Surgery. Ph i l ade lph ia, PA: L ipp i ncott Wi l l i ams  & Wi lk i ns; 20 1 3 . )  

Closure of Pyloroplasty-Heineke-Mikulicz 

• The most common c los u re of the py lorop la sty is the 

He i neke-M i k u l icz a p p roach,  c los ing  the l ong itu d i n a l  

py lorop lasty with a s i n g l e  l ayer o f  sutu res i n  a tra n s

verse fash i o n .  Th i s  c losure is a p p ropr iate when the 

d uoden u m  i s  not d i storted o r  scarred a n d  the py loro

p l a sty i nc i s ion  i s  shorter than  6 to 7 em .  The c losure i s  

performed by a p p ly ing  super ior  a n d  i n fe r io r  tract ion  

on  the stay sutu res, convert i ng  the long i tu d i n a l  gastro

duodena l  i nc i s ion  i nto a tra nsverse i nc i s ion .  The i nc i 

s ion  i s  then c losed with i nterru pted 3 -0  s i l k  sutu res or  

3-0 po lyg lyco l i c  ac id  sutu res with e ither  a fu l l -th ickness 

s i m p l e  stitch or  a G a m bee stitch .  The c losure i s  best 

performed by sta rt i ng  at the top corner of the i nc i s ion  

a n d  a lternat i ng  f rom the top to the bottom p roceed i n g  

towa rd the m i d d le .  The sutu res may be t i e d  as they a r e  

p l aced u n t i l  the last th ree sutu res, w h i c h  shou ld  be l eft 

u nt ied u n t i l  a l l  of the sutu res a re p l aced to ensure that 

the m u cosa l layer is  i n c l uded  i n  a l l  of the b ites (FIG S) .  

A vascu l a r ized ped ic le  of omentum i s  t h e n  p l aced over 

the c losure and the stay sutu res tied over the o menta l 

ped ic le  to ho ld  it i n  p l ace i n  the fash ion  of a G raham 

patch .  

Closure of  Pyloroplasty-Finney 

• If the d uoden u m  is s ign if icantly i nf lamed or scarred 

from chron ic  peptic u l cerat ion or  if  a longer  d uode

notomy i s  req u i red to obta i n  hemostas is  on  a b leed ing  

sou rce beyond the d uodena l  b u l b, a F i n ney c losure of 

the pylorus is  appropr iate to prevent tens ion on  the c lo

su re and  gastr ic out let obstruct ion .  The F i n ney c losu re i s  

i n  essence a s ide-to-s ide  gastrod uodenostomy with the 

pylorus at the cra n i a l  a pex of the a nastomosis .  The d uo

d e n u m  w i l l  need to be com p letely mob i l ized to a l low 
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FIG S • With traction app l ied to the stay sutu res, the 
longitud ina l  pyloroplasty is closed transversely using i nterrupted 
sutu res a lternating from either end of the closure. The inset 

shows the completed closure. 

B 

th i s  c losure to be tens ion free. Remove the i nfe r ior  stay 

suture and  app ly cra n i a l  tens ion on  the super ior  stay su

ture to convert the long itu d i n a l  i nc i s ion i nto a n  inverted 

U shape .  The F i n ney c losure i s  a sta ndard two-layered 

a nastomosis .  A back row of i nterru pted 3-0 s i l k  serom us

cu l a r  (Lembert) sutu res i s  p l aced between the i nfer ior  

edge of the duodenum a n d  the gastr ic  wa l l  (FIG 6A) .  

These sutu res shou ld  be p l aced 5 to 10  m m  from the cut 

edge of the mucosa . It i s  often necessa ry to extend the 

inc i s ion on  the gastr ic side of the pylorus to ensure that 

the lengths of the two arms of the inc i s ion a re equa l .  

When  extend ing  the pylorop lasty i n  th i s  fash ion ,  it i s  

advisa b le  to cheat toward the g reater curvatu re of the 

stomach .  Next, beg i n  the inner layer of the c losure us ing 

a 3-0 po lyg lyco l i c  ac id  runn i ng  suture beg i n n i n g  at the 

d iv ided pylorus m uscle, sutu r ing  the i nfer ior  edge of the 

duoden u m  to the i nfer ior  edge of the stomach (FIG 68) .  

Run  th i s  suture around the i nfer ior  edge of the c losure 

onto the a nter ior  edge of the gastroduodena l  a nasto

mosis .  Next, beg i n  a secon d  runn i ng  3-0 po lyg lyco l i c  ac id  

at the super ior  edge of the cut pylorus, sutu r ing  the su

per ior  edge of the duoden u m  to the stomach and  run

n ing toward the other  suture (FIG 7A) .  M a ny surgeons 

p refer to use a Conn e l l  suture on  the a nter ior  wa l l  to 

ach ieve better m ucosa l i nversio n .  Tie the two sutu res 

a n d  then comp lete the pylorop l asty c losure with an an 

ter io r  l ayer  of  i nterru pted 3 -0  s i l k  seromuscu l a r  sutu res 

(FIG 78) .  

F IG  6 • A.  With super ior  tract ion on  t h e  super ior  stay sutu re, t h e  back row o f  t h e  F in ney pyloroplasty is  created b y  a pproxi mat ing 

the d uoden u m  to the g reater curvature of the stomach with seromuscu la r  sutu res. B. The back port ion of the i n ner row is beg u n  

u s i n g  a r u n n i n g  suture a pprox imat ing t h e  duodena l  mucosa t o  t h e  gastr ic mucosa beg i n n i ng a t  t h e  infer ior e d g e  o f  t h e  tra nsected 
pylorus.  This suture is  then run up to the anter ior su rface of the pyloroplasty. 
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A 

Anterior 
mucosal sutu res 

FIG 7 • In pane l  (A), after the 
inner m ucosa l suture is  run to the 
m idd l e  of the anter ior su rface 
of the c losure, a second i n ner 

running suture is  begun  at the 
super ior cut edge of the pylorus, 

a pproxi mat ing the duodena l  and  
gastr ic mucosa . Th is  suture i s  run 
to the poster ior  suture and  they 
are t ied together, comp let ing  the 

inner row of sutu res. I n  panel  (B), 
the pylorop lasty is comp leted with 

a second layer of serom uscu l a r  
sutu res. (From N ussbau m  MS .  
Master Techniques in  Surgery: 

Gastric Surgery. Ph i l ade lph ia,  PA: 

L ipp incott W i l l i ams  & Wi lk i ns; 
201 3 .) 
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OPEN P YLOROMYOTOMY 

Incision and Identification of the Pylorus 

• An u pper m i d l i ne i nc is ion and  fixed retractor is used as 

described previously for pyloroplasty (FIG 1 ) .  The pylorus 

is identif ied either visua l ly  or by pa l pation of the m uscu lar  

r ing with  a f inger i nserted from the gastric s ide .  

Serosal Incision and Division of Muscular Fibers 

• A 3-cm long long itu d i n a l  serosa l inc i s ion is made across 

the pylo rus, beg i n n i n g  1 to 2 em proxi m a l  to the pylorus 

on  the gastr ic s ide and extend ing  1 em d i sta l to the pylo

rus .  Th i s  serosa l i nc i s ion can be performed e ither with a 

A B 

kn ife or an e lectrosurg ica l  device (FIG SA) .  lf the e lectro

surg ica l device i s  used, ca re shou ld  be exercised to avo id  

deep penetrat ion i nto the m uscu l a ri s  and  therm a l  i n ju ry 

to the mucosa . Beg i n n i n g  on the gastr ic s ide  of the inc i 

s ion,  use a f ine  t i pped hemostat to d i ssect the m uscu

lar fi bers off of the subm ucosa and d iv ide the c i rcu l a r  

muscu l a r  fi bers with a kn ife (FIG SB) .  M uscu l a r  b leeders 

can usua l ly be contro l l ed  with p ressu re, and  there is a 

very l i m ited ro le for cautery at th i s  po int  of the opera

t ion.  G reat care should be taken to avo id  m ucosa l in

j u ry espec ia l ly on  the duodena l  s ide, as the subm ucosa 

i s  th inner  and more fra g i le .  When proper ly performed, 

the mucosa and subm ucosa w i l l  bu lge  out of the i nc i s ion 

(FIG SC) . 

FIG 8 • In pane l  (A), the surgeon scores the serosa with a sca l pe l  
b lade expos ing the m uscu l a r  layer. I n  pane l  (B), a hemostat is  used 
to spread the long itud i na l  m uscle f ibers and d i ssect the c i rcu l a r  

f ibers away from the mucosa fo r  d iv is ion w i th  a sca lpe l .  When  the 
myotomy is comp leted, the mucosa wi l l  bulge as shown i n  panel  (C) . 
(continued) 
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D 

Omental Patch 

• A vascu l a r ized ped ic le of omentum is p laced over the py

loromyotomy and  sutu red with three 3-0 s i l k  sutures. The 

f i rst is  p l aced through the super ior  edge of the d iv ided 

pylor ic  r ing and  the super ior  edge of the omental  ped ic le  

OPEN GASTROJEJUNOSTOMY 

Skin Incision and Retractor Positioning 

• An upper m id l ine  incis ion is used for a l l  open drain

age procedures. This should beg in  at the leve l of 

the umb i l icus and extend to just below the xiphoid 

process. Body wa l l  retractor blades are p laced on 

either s ide of the upper half of the i ncis ion to fa

c i l itate exposure (FIG 1 ) .  If necessary, a ma l leable or 

Harr ington retractor blade can be placed on the left 

lobe of the l iver to expose the stomach and pyloric 

reg ion.  

Preparation of the Stomach and Identification 
of Proximal Jejunum 

• There is i nsuff ic ient evidence to recommend a 

poster ior gastrojejunostomy over an anter ior gas

trojej u nostomy, and  a n  a nteco l ic, a nter ior gastr ic 

wa l l  gastrojeju nostomy i s  the easiest to create. 

I dentify the pylorus, and then identify a po int, 

5 em proxim a l  to the pylorus, as  the gastr ic site 

of the anastomosis .  Next, identify the l i gament of 

Tre itz, and  select a sect ion of the jej u n u m  1 5  to 

FIG 8 • (continued) An omental  patch i s  then sewn to the 

serosa l edges of the myotomy to cover the mucosa i n  as 
shown i n  panel (D) . 

to prevent the two cut edges of the pylorus from com

ing  i nto contact.  The next two a re p laced between each 

l atera l edge of the serosa l i nc is ion and the latera l edges 

of the omental  patch to ensure that the patch covers the 

ent i re pyloromyotomy (FIG 8D) .  

30 em d i sta l  to  the l i gament of  Tre itz, wh i ch  w i l l  eas i ly  

reach the d i sta l stomach without tens ion .  

Construction of the Anastomosis 

• A standard doub le- layered s ide-to-s ide a nastomosis is  

constructed by a l ign ing  the smal l  bowel with the stomach 

i n  a n  isoperista lt ic fash ion,  with the d ista l port ion of the 

sma l l  bowel located c losest to the pylorus. The back row 

of the a nastomosis is  fi rst created by sutu r ing the jej u n u m  

t o  t h e  g reater curvature o f  t h e  stomach u s i n g  seromus

cu lar  3-0 s i l k  i nterrupted sutu res. The ta i l s  of the sutu res 

at either corner a re left long to a l low them to be used as 

stay sutu res (FIG 9A) .  Us ing the e lectrosurgica l  device, a 

fu l l -th ickness jejunotomy is made in the sma l l  bowel, and 

a gastrotomy i s  made i n  the stomach rough ly 5 m m  from 

the outer layer of the anastomosis  (FIG 98) .  Beg inn ing 

i n  the m idd le  of the poster ior port ion of  the a nastomosis, 

the inner  layer of the anastomosis is constructed by run

ning two 3-0 po lyg lyco l i c  ac id sutures from the m idd le  of 

the back row in  opposite d i rect ions (FIG 1 0A) .  Many sur

geons prefer to use Conne l l  sutu res on the a nterior row 

to ach ieve better evers ion,  but th is  step is not necessary 

(FIG 1 08) .  The anastomosis is com pleted with an outer 

anterior layer of seromuscu la r  3-0 s i l k  i nterru pted sutures. 
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res 

A B 

FIG 9 • An a nteco l ic, i soperista lt ic gastrojej unostomy is beg un  by p lac ing a back row of seromuscu la r  sutu res between the 

g reater cu rvatu re of the stomach and  the a nt i  mesenter ic edge of the jej u n u m  over a d ista nce of 8 em and shown i n  panel  (A) . 
The stomach and  the jej u n u m  are then opened with the e lectrosu rg ica l  device in pane l  (B) . 

mucosal suture 

A B 

FIG 1 0  • A doub le-armed suture is p laced in the center of the back row of the anastomosis and  run to the corners of each s ide 
as shown i n  pane l  (A) . This  same suture is  then run to the midd le of the a nter ior row as shown i n  pane l  (B) .  The anter ior row 
can e ither be Conne l l  sutu res or s imp le  sutu res based on surgeon preference. 
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LAPAROSCOPIC P YLOROPLASTY 

Port Placement and Liver Retraction 

• We use a sta ndard fou r-troca r approach for gastr ic pro

ced u res, with a 5-mm port i n  the left upper  quadra nt, 

a second 5-mm troca r j ust to the l eft of the u m b i l icus, 

a 1 2-mm troca r at the level of the u m b i l icus in the m id

c lavicu l a r  l i ne, and  a 5-m m troca r i n  the r ight upper  

quadra nt.  A Nathanson l iver retractor is  p laced to e le

vate the l eft lobe of the l iver (FIG 1 1 ) .  

Identification of  the Pylorus and Pyloric Incision 

• The pylorus is identif ied e ither v isu a l ly or by performing 

a n  EGD with  C02  i nsuffl at ion .  P lac ing a 3 -0  s i l k  serom us

cu la r  stay suture at the super ior  and i nfer ior edge of the 

duodenum at the level of the pylorus wi l l  fac i l itate the 

rest of the operat ion .  Beg i n n i n g  rou g h ly 2 em proxi ma l  

to  the pylorus on the gastr ic a ntrum, i nc ise the gastr ic 

Nathanson 
retractor 

• 
0 

• 

• 

• 

wa l l ,  enter the l u men, and  extend the i nc is ion d i sta l l y  

para l l e l  to the long ax i s  of the bowel across the pylorus 

onto the duodenum to a tota l d i stance of rough ly 5 em 

us ing the e lectrosurg ica l  device or a n  u ltrason ic  d i ssector 

(FIG 1 2) .  

Closure of the Pyloroplasty 

• The assistant g rasps the super ior  stay suture and  app l ies 

cra n i a l  and leftwa rd tract ion to convert the long itud i n a l  

i nc is ion i nto a tra nsverse ly or iented c losure.  T h e  surgeon 

then beg ins  at the super ior  aspect of the duodenum 

and  beg ins  the c losure.  The easiest method is  a run

n ing c losure with 3-0 or 2-0 s i lk  or  po lyg lyco l i c  suture. 

The surgeon should run th is  suture toward the i nfer ior  

aspect of the duodenum stopp ing  a bout two-th i rds of 

the way down. A laparoscop ic  c l ip  i s  p l aced on  the suture 

to ma inta i n  tens ion wh i l e  the su rgeon focuses on the 

lower aspect of the c losure.  A second suture is  then run 

e 5 mm 

Q 1 2 mm 

FIG 1 1  • Shown is the sta ndard port 
p lacement used for a l l l aparoscop ic  dra inage 
procedu res. The surgeon sta nds on  the 

patient's r ig ht. The fi rst port p laced i s  the left 
upper  quadrant 5-mm port, which w i l l  be the 

assista nt's i nstrument. The l eft per i u m b i l ica l  

port is  for the camera, and  r ight 1 2-mm 
port is  for  the surgeon's dom inant hand  

i nstru ment. The latera l r ight port i s  for  the  
surgeon's nondom inant hand .  A Nathanson 

l iver retractor is  p laced i n  the subx ipho id  
posit ion to retract the left lobe of the l i ver. 

(From N ussba u m  MS .  Master Techniques in 

Surgery: Gastric Surgery. Ph i l ade lph ia ,  PA: 
L ipp incott Wi l l i ams  & Wi lk i ns; 20 1 3 .) 
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FIG 1 2  • Two stay sutu res a re p laced a bove and  be low 
the proposed pylorop lasty inc i s ion .  The surgeon retracts 
the super ior suture with the i r  nondominant hand,  and  the 
assista nt retracts the i nfer ior  suture from the fa r left port. A 
hooked cautery is then used to i ncise the pylorus beg i n n i n g  
from the gastr ic s ide .  

from the i nfer ior edge of the pyloroplasty to the m idd l e  

and  t i ed  to  the upper  suture after fi rst removi ng the  c l i p  

from the  suture. The assistant can  fac i l itate the  sutur

i ng  ang les by retract ing the i nfer ior  stay suture cauda l  

and  r ig htwa rd. An a lternative approach is  to perform an  

i nterru pted c losure .  Th is  a l l ows for  more precise suture 

p lacement but req u i res more i ntracorporea l knot tyi ng 

(FIG 1 3) .  With a n  i nterrupted c losu re, a lternat ing sutu res 

from the e ither end and  tying after p lac ing each suture 

FIG 1 3  • Although the assistant provides cra n i a l  tract ion 
on the super ior stay suture to convert the long itud i n a l  

pyloroplasty i nc is ion i nto a transversely or iented i nc is ion,  the 
surgeon c loses the pyloroplasty with e ither i nterru pted or  
runn ing  sutures. 

Omental Patch 

a l l ows for precise suture placement. The last suture w i l l  • The author then covers the comp leted pyloroplasty su

ture l ine with a vascu l a r ized pedic le of omentum, which 

i s  secu red i n  p lace by tying  the super ior and  i nfer ior  

stay sutu res over the ped ic le i n  the fash ion of a G raham 

patch .  Th is  i s  eas ie r  to  perform and  less l i ke ly to  na rrow 

the pylor ic out let than a second l ayer of seromuscu la r  

sutures. 

be p laced b l i nd ly, but if the assista nt app l ies cran i a l  trac

tion on  the ta i l  of the suture just super ior  to the last one, 

it red uces the l i ke l i hood of back-wa l l i ng the d uoden u m .  

M ethylene b lue  c a n  b e  p laced i nto t h e  d ista l stomach v ia 

the EGD scope to ensure the pyloroplasty c losure is  water 

t ight. 

LAPAROSCOPIC GASTROJEJUNOSTOMY 

Port Placement 

• We use a sta ndard fou r-troca r approach for most gastr ic 

procedu res, with a 5-mm port i n  the left upper quadra nt, 

a second 5-mm trocar j ust to the left of the u m b i l icus, a 

1 2-mm troca r at the level of the u m b i l i cus in the m idc la

vicu l a r  l i ne, and  a 1 2-mm troca r i n  the r ight upper  quad

rant .  A Nathanson l iver retractor is  someti mes p laced to 

e levate the left lobe of the l iver and  fac i l itate exposure 

of the a nter ior and i nfer ior  gastr ic wa l l  (FIG 1 1 ) .  

Preparation of  the Stomach and Identification of 
Proximal Jejunum 

• F i rst, identify the pylorus by e ither pa l pation with a 

g rasper or by performing an i ntraoperative EGD .  Identify 

a point 5 em proxi m a l  to the pylorus, and  then select a 

sect ion of the jej u n u m  1 5  to 30 em d ista l to the l iga ment 

of Tre itz, which wi l l  eas i ly  reach the d ista l stomach with

out tens ion i n  a n  a nteco l i c  fash ion .  
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Construction of the Anastomosis 

• A sta p led  s i de-to-s i de  gastrojej u nostomy is then  con

structed i n  a n  i soper i sta l t i c  fash i o n  by a l i g n i n g  the  

d i sta l  port ion  of the sma l l  bowe l with the  py lor i c  s i de  

of the  stomach .  P l acement of two i nterru pted 2 -0  s i l k  

sero m uscu l a r  sutu res between t h e  g reater c u rvature 

of the  stomach and the  s m a l l  bowel 6 em a p a rt serves 

to a l i g n  the bowe l for the sta p led  a nastomos i s .  U s i n g  

the  e l ectrosurg i ca l  devi ce, a n  enterotomy i s  made  i n  

t h e  stomach a n d  sma l l  bowe l (FIG 1 4) .  A 60- m m  E n d o  

A 

FIG 14 • Two sutu res are used to a pprox imate the selected 
segment of jej u n u m  to the g reater curvature of the stomach i n  
a n  a nteco l i c, isoperista lt ic fash ion .  With t h e  assistant provid ing  
cran i a l  tract ion from the left on the proxi ma l  sutu re and  the  
surgeon provid i ng  cauda l  and r ightwa rd tract ion, the hooked 
cautery is  used to make a fu l l  th ickness open i n  the stomach 
and  jej u n u m  for i nsert ion of a l i near  endocutt ing sta p ler. 

B 

G IA sta p l e r  is i n serted v ia  the  most l atera l r ight  s ide  

port a n d  f i red  to construct the a nastomos i s  (FIG 1 SA) .  

A b l u e  o r  g reen load  o f  the sta p l e r  dev ice s h o u l d  b e  

u s e d  depe n d i n g  on  the th i ckness o f  the stomach .  T h e  

com m o n  enterotomy i s  t h e n  c losed u s i ng  two 3 - 0  po ly

g lyco l i c  ac id  sutu res i n  e i ther  a ru n n i ng fas h i o n  or  

a n  i nterru pted fash i o n  as  descr ibed for py loro p l a sty 

(FIG 1 58) .  A secon d  l ayer of sero m u scu l a r  3-0 s i l k  Lem

bert sutu res i s  p l aced to com p l ete the c losure of the  

com m o n  ente rotomy. 

FIG 1 5  • I n  pane l  (A), a b lue  or g reen load 60-mm endostap ler  is fi red to construct the a nastomosis .  I n  pane l  (B), the common 

enterotomy defect i s  then c losed i n  two l ayers with sutu res. The assista nt can fac i l itate the sutur ing with cran i a l  tract ion on  
the d ista l stay suture. 
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PEARLS AND PITFALLS 
I nd ications 

Pyloroplasty inc i s ion 

Kocher man uever 

Pylo romyotomy 

Gastrojej unostomy 

• When perform ing  a dra inage procedure for de layed gastr ic emptying  with a fundop l i cat ion, 
docu mentation of poor e m ptying  with a gastr ic emptying  study i s  strong ly  recommended pr ior 
to surgery. 

• When operati ng for G l b leed ing,  be ing  present at the i n it i a l  endoscopy to see the precise b leed ing  
locat ion w i l l  he lp  avo id  hav ing  to m a ke a n  excess ively l a rge  pylorop lasty inc i s ion .  

• I nc is ions longer  than 7 or  8 em a re d ifficu lt  to c lose i n  a He ineke-M iku l icz fash ion without 
na rrowi ng the pylor ic  l u men and  may req u i re a F i n ney c losure .  

• Is  not  a lways necessa ry with  a short pyloroplasty and  a He ineke-M iku l icz c losure but  i s  a lways 
req u i red with a F i n ney c losure 

• I s  very ha rd to perform without m ucosa l perforat ion i n  the sett ing  of any duodena l  infl ammat ion .  
If a s ign if icant mucosa perforation occu rs d u r ing  pyloromyotomy, the safest approach is  to convert 

to pyloroplasty. 

• Pred isposes to marg i n a l  u lcerat ion if a vagotomy is not performed.  Patients undergoing gastrojej u
nostomy dra inage without vagotomy wi l l  requ i re l ifet ime proton pump i n h i bitor therapy. 

• In the sett ing  of a pr ior  gastr ic out let obstruct ion,  a pro longed per iod of de layed gastr ic emptying  

may be encountered desp ite a n  adequate anastomotic l umen .  

POSTOPERATIVE CARE • Dumping syndrome 
• Diarrhea 

• Most patients will require nasogastric decompression for 24 
to 48  hours after a drainage procedure. 

OUTCOMES 
• When performed in conjunction with fundoplication in pa

tients with delayed gastric emptying, 80% of patients report 
an improvement in bloating symptoms.3 

• The incidence of diarrhea reported when pyloroplasty is per
formed in conjunction with fundoplication in the setting of 
delayed gastric emptying is reported to be as high as 25%.4  

• The incidence of clinically significant dumping syndrome 
after drainage procedures is less than 1 0 % .5 

COMPLICATIONS 
• Leak from suture or staple line 
• Delayed gastric emptying 
• Surgical site infection 

• Duodenogastric reflux is quite rare after pyloroplasty. 
• Bile reflux gastritis following gastrojejunostomy 
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DEFINITION 
• By strict definition, antrectomy refers to removal of the gas

trin-secreting portion of the stomach and when combined 
with a vagotomy results in an 8 5 %  reduction in gastric acid 
secretion. 1 •2 In the 1 960s and 1970s, antrectomy with or 
without vagotomy was routinely performed for treatment 
of benign gastric and duodenal ulcers but, due to pharma
cologic developments in reducing acid secretion and elucida
tion of the role of Helicobacter pylori in ulcer development, 
is now rarely performed for ulcer disease. 3•4 

• Today, the term antrectomy is loosely applied to any distal 
gastric resection and is indicated in recurrent or persistent 
gastric ulcers to rule out malignancy, complicated peptic 
ulcer disease ( i .e . ,  obstruction, hemorrhage, perforation) ,  
and for resection of certain neoplasms of the antrum and 
pyloric channel (Table 1 ) .3 

• When an antrectomy is performed for complicated peptic 
ulcer disease, a vagotomy may be included to reduce the 
chance of anastomotic ulcer formation in patients who are 
not candidates for H. pylori treatment and lifelong proton 
pump inhibitor therapy due to unreliability, noncompliance, 
or medication side effects. 5•6 

• Antrectomy is named by the type of gastrointestinal ( GI) 
anastomosis performed. 

Billroth I procedure-antrectomy and gastroduodenostomy 
Billroth II procedure-antrectomy and gastrojejunostomy 

A modification of the Billroth II procedure that involves 
a gastrojejunostomy via a Roux limb and is known as a 
Roux-en-Y gastrojejunostomy 

DIFFERENTIAL DIAGNOSIS 
• Complicated peptic ulcer disease and distal gastric neo

plasms, both benign and malignant, account for the vast 
majority of the antral resections performed today. These 
diagnoses will be discussed separately. 

• Peptic ulcer disease 
Peptic ulcer disease refers to irritation of GI mucosa 
from gastric acid due to either increased acid presence or 

Table 1 :  Indications for Antrectomy 

Peptic u l cer d isease 
• I ntractab i l ity-persistent or  recurrent gastr ic u l cers i n  order to rule out 

ma l i g na ncy 
• Perforation-distal gastric or duodena l  u lcer 
• B leed ing-type I ,  I I ,  o r  I l l gastr ic u l cer  

Obstruction-any gastr ic out let  or  duodena l  obstruction due to chron ic  
u l cer scarr ing 

Neoplasm 
• Ben ign-si ng le  g iant  gastr ic polyp or m u lt ip le  gastr ic po lyps not amenab le  

to endoscopic resect ion, le iomyoma, l i poma 
• Mal igna nt-leiomyosarcoma, gastroi ntest ina l  stroma l  tumor, early-stage 

adenocarcinoma,  neuroendocr ine tumor 
• Gastroparesis-role is  debated i n  chron ic  gastroparesis on ly  aher  exten

sive workup 

weakness in the mucosal protection and typically presents 
with epigastric pain.2•4 Peptic ulcers can occur anywhere 
in the GI tract, but duodenal and gastric ulcers are most 
common. Duodenal ulcers typically arise within 2 em of 
the pylorus, are highly associated with H. pylori infec
tion ( > 9 0 % ) ,  and frequently resolve with appropriate 
H. pylori therapy. Gastric ulcers are less likely to be asso
ciated with H. pylori infection and are classified into five 
types based on their location and association with acid 
secretion (Table 2 ) .7 

The differential diagnosis of epigastric pain similar to that 
found in complicated peptic ulcer disease is chronic chole
cystitis, acute pancreatitis, chronic pancreatitis, functional 
indigestion or dyspepsia, gastritis, and reflux esophagitis . 
Complicated peptic ulcer disease can also present with 
upper GI hemorrhage, and a differential should include 
esophagitis (reflux and infectious) ;  gastroesophageal vari
ces, arteriovenous malformations; Mallory-Weiss tear; 
stress gastritis; and neoplasm of the esophagus, stomach, 
duodenum, pancreas, and biliary tree. 
Lastly, pyloric obstruction due to chronic inflammation 
and scarring will cause nausea, emesis, and early satiety. 
The differential for these symptoms includes gastric mo
tility disorders ( i .e . ,  gastroparesis ) ,  gastroenteritis, small 
bowel obstruction, electrolyte abnormalities, and extrinsic 
compression from pancreatic pseudocysts or neoplasms. 

• Distal gastric neoplasms-Gastric neoplasms include be
nign polyps, adenocarcinoma, neuroendocrine tumors, lym
phoma, B-cell mucosa-associated lymphoid tissue (MALT) 
lymphomas, GI stromal tumors, leiomyomas, and leiomyo
sarcomas.  Any gastric neoplastic process can cause upper GI 
bleeding, epigastric pain, and luminal obstruction, and a dif
ferential similar to peptic ulcer disease should be considered. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• All patients should undergo a thorough history and physical 

exam with questions focusing on the nature of the symptoms, 
specifically determining the relationship between symptoms 
and eating, deciphering whether symptoms are acute or 
chronic, and determining the severity of the symptoms. A 
vast majority of patients will have abdominal pain. Pain re
lated to peptic ulcer disease that results from the corrosive 
effect of gastric acid on vulnerable GI mucosa and typically 
occurs in the epigastrium is described as gnawing or burning 
and follows a daily cycle. This pain typically arises shortly 
after eating breakfast and persists until lunch at which time 
the oral intake alleviates the pain. Relief is transient and 
pain recurs in the early afternoon and again persists until 
dinner. Meals, specifically ones consisting of milk and dairy 
products, and antacids provide temporary relief from ulcer 
pain. Acute, severe epigastric pain can signify ulcer perfora
tion, whereas back pain suggests ulcer penetration into the 
pancreas. 8 
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Table 2: Peptic Ulcer Disease 

Location Common Complications Acid Secretion Other 

Esophageal  0 Gastroesophagea l  j unct ion Hemorrhage H igh  
and  d ista l esophagus 

G astric 

� Gastr ic body on lesser Perforat ion Norma l  o r  low . Older  patients 
curvature near  the . Associated with Helico-
angu lar is  inc isura bacter pylori 

;[) Two u lcers; gastr ic body Hemorrhage, obstruct ion,  o r  H i gh  . Younger  patients 
and  d uodena l  u l cer  perforat ion . Associat ion with active 

or qu i escent duodena l  
u lcers 

I ll � Prepylor ic Hemorrhage, perforat ion H i gh  . Younger  patients 
. S im i l a r  to type II gastric 

u l cers and duodena l  
u lcers 

IV � H igh  on lesser curvature Hemorrhage Low . L ike ly a var iant of type I 
gastric u l cers 

. Diffi cu lt  to treat 
surg ica l ly 

v � Anywhere Perforat ion Normal  . Related to NSAI D use 

Duodena l  .;[) 9 5 %  occur  with in 2 em of Hemorrhage, obstruct ion,  or Norma l  o r  h igh  
pylorus perforat ion 

NSAID, nonsteroidal antiinflammatory drug. 

• Nausea and vomiting can be seen with ulcer disease even in 
the absence of pyloric obstruction. Nausea that is chronic in 
nature and associated with early satiety and weight loss sug
gests inflammation and scarring of the pyloric channel due 
to chronic ulceration. 

• It is not uncommon for complicated peptic ulcers to present 
with upper GI bleeding, perforation, or obstruction in a pa
tient with no history of peptic ulcer disease. 

Bleeding-hematemesis, melena, recent diagnosis of anemia 
Perforation-acute onset upper abdominal pain and 
peritonitis 
Obstruction-nausea, emesis, food regurgitation, early 
satiety, weight loss 

• Acute or chronic upper GI bleeding can signify complicated 
ulcer disease and may present as melena, weakness, fatigue, 
general malaise, or a recent diagnosis of anemia. 

• Risk factors for developing ulcer disease include a history of 
H. pylori infection; smoking; Zollinger-Ellison syndrome; and 
use of nonsteroidal antiinflammatory drugs (NSAIDs), steroids, 
and other immunosuppressive medications.1 •8 Therefore, an 
accurate medication list should be obtained and reviewed with 
the patient. History of previous ulcer disease should be elicited, 
and the success and timing of previous treatment modalities 
should be documented. Presence of H. pylori infection, com
pletion of antibiotic therapy, and documentation of eradica
tion is crucial (Table 3 ) .  Ulcers that persist despite appropriate 
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Table 3: Helicobacter pylori Testi ng 

Sensitivity Specificity Other 

Non invasive 
U rease breath test > 9 5 %  > 9 0 %  Determines active i nfect ion b u t  m u s t  stop PP I  2 wk pr ior;  takes 3 0-60 m i n  and  is used to confirm 

eradication 
Feca l antigen detect ion 
Serology 

>90% 
8 5 %  

> 9 5 %  
79% 

Determines active i nfect ion but is positive for  u p  to 12  wk after eradication 
Can not be used to confirm eradication beca use ant ibodies persist 

I nvasive (endoscopic) 
B iopsy u rease test >90% >95% Decreased sens itivity w i th  ongo ing PP I ,  H 2  antagon ist, ant ib iotic, and  b ism uth compound  use or  

w i th  recent G l  b leed ing  
H i stology 
C u lture 

>90% 
80% 

> 9 5 %  
1 00% 

M u lt ip le  ava i l ab le  sta ins  and  widely used; i ncreased sens it ivity with i ncreased b iopsies 
Difficu l t  and  expensive; reserved for persistent i nfect ions and  ant ib iot ic sensitivity test ing 

PPI, proton pump inhibitor; Gl, gastrointestinal. 

treatment of H. pylori, cessation of NSAID use, or are found in 
H. pylori-negative patients should raise suspicion for underly
ing malignancy. 

• A gastric lesion can also present with epigastric pain and 
obstruction. This pain is typically vaguer in nature and lacks 
a gnawing or burning component. Furthermore, these pa
tients may describe a sensation of persistent fullness and 
early satiety despite hunger. 

• A subjective assessment of nutrition and functional status is 
necessary to evaluate the patient's ability to tolerate a major 
surgical procedure. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Diagnostic evaluation of suspected peptic ulceration and 

upper GI lesions can include endoscopy, contrast radiogra
phy, and computed tomography ( CT) (FIG 1 ) .  

• Endoscopy i s  felt t o  b e  superior because i t  allows for tissue 
sampling. Sampling of gastric mucosa can be used to confirm 
the presence of H. pylori. On endoscopy, ulcers are sharply 
demarcated; often have exposed underlying submucosa; and 
frequently occur in the first portion of the duodenum, the 
prepyloric area, and the pyloric channel. All gastric ulcers 

B 

A c 

,_ i, 
. .�" ' ; 

·:� -�;� 
• 

_ ... 
FIG 1 • Rad io logy. A. CT scan of pylor ic  obstruct ion from chron ic  

pylor ic  infl ammat ion .  B. Endoscop ic  image of near-comp lete 

pylor ic  obstruct ion from chronic pylor ic  inf lammation (left); 
endoscop ic  image of a l a rge gastr ic u lcer with a centra l necrotic 
reg ion (right) . C. Contrast rad iography demonstrati ng pylor ic  
obstruct ion from chron ic  py lor ic  infl ammat ion .  

should be biopsied at  least s ix times at  the ulcer edge and 
brush biopsied to evaluate for underlying malignancy. Even 
if negative for malignancy, repeat endoscopy after medical 
treatment is indicated to evaluate for therapeutic response, 
and in instances of persistent or intractable disease, ulcer 
resection is indicated. 8 

• Other relevant imaging modalities include contrast radiog
raphy and CT. Double-contrast radiography of the upper GI 
tract detects roughly 90% of gastric and duodenal ulcers but 
does not allow for tissue sampling. In the acute setting, CT is 
helpful in identifying gastric or duodenal ulcer perforation. 
Additionally, CT can identify wall thickening in chronic 
ulcer inflammation or neoplastic situations but again lacks 
the ability to provide tissue sampling. 

• Zollinger-Ellison syndrome is a rare condition of increased 
serum gastrin levels secondary to a gastrinoma with resulting 
severe ulcer disease. In nonsmoking patients who are negative 
for H. pylori, serum fasting gastrin levels should be obtained to 
evaluate for Zollinger-Ellison syndrome. Normal basal gastrin 
levels average to 50 to 100 pg/mL, and levels over 200 pg/mL 
can almost always be considered high. Diagnosis of Zollinger
Ellison syndrome can alter your treatment approach.9 

SURGICAL MANAGEMENT 
• The indications for antrectomy are listed in Table 1 .  As ex

plained earlier, an antrectomy is rarely performed for its 
original purpose of removing the antrum and reducing acid 
secretion. 

• Antrectomy is not the primary treatment option for bleeding 
or perforated peptic ulcers. A vast majority of bleeding ulcers 
is controlled endoscopically and, in the 5% to 1 0 %  that re
quire operative intervention, a formal antrectomy is rarely 
needed. Roughly 90% of perforated ulcers can be safely con
trolled with primary closure and omental patching. Thus, 
antrectomy for bleeding or perforated ulcers is reserved for 
cases when less invasive treatment options are ineffective. 

Preoperative Planning 

• All patients should undergo preoperative endoscopy to iden
tify the extent of disease and preoperative nutritional assess
ment. All patients should receive preoperative antibiotics in 
a timely fashion to reduce the risks of perioperative infec
tious complications from gram-positive cocci and enteric 
gram-negative bacilli pathogens . 
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of bile reflux at the cost of a second anastomosis. Lastly, in 
cases of invasive neoplasms or concerning gastric masses, a 
Billroth II procedure with or without reconstruction with a 
Roux-en-Y gastrojejunostomy is preferred as it allows for dis
section of much wider margins and is less likely to obstruct in 
the unfortunate setting of recurrent disease. 10•1 1 

Positioning 

• Several factors must be considered when deciding between 
performing a Billroth I and Billroth II procedure. The advan
tage to a Billroth I procedure is that the anatomic arrange
ment of the GI tract is preserved, which maintains the innate 
regulatory pathways of bicarbonate and pancreatic enzymes 
and significantly decreases the rate of postprandial dumping. 
Unfortunately, the lack of a pylorus results in bile reflux gas
tritis in a majority of patients. A Billroth I procedure cannot 
always be performed due to inflammation and scarring from 
prepyloric, pyloric, or duodenal ulcers. In these instances, the 
Billroth II procedure allows for a tension-free anastomosis 
of noninflamed tissue but introduces the problems of poten
tial afferent loop syndrome and bile reflux gastritis, whereas 
a Roux-en-Y gastrojejunostomy diminishes the occurrence 

• The patient should be positioned supine with arms out. 

EXPOSURE 

• A m i d l i n e  supra u m b i l i ca l  i nc is ion is made and  carr ied to 

the level of the x ipho id .  The fa lc iform l i ga ment is d iv ided 

and  a self-reta i n i n g  retractor system is p laced to widely 

expose the upper  abdomen (FIG 2) .  

A 

A urinary catheter and a nasogastric tube should be placed 
to decompress the stomach. Positioning should allow for 
attachment of a self-retaining retractor system to the operat
ing room table. 

B 

FIG 2 • A. A m i d l i ne  upper  abdom ina l  i nc is ion is used . B. D iv is ion of the fa lc iform l i gament and  p l acement of self-reta i n i n g  

retractor a l l ows adequate exposure o f  t h e  u p p e r  abdomen .  

GASTRIC MOBILIZATION 

• Mob i l i zat ion of the d i sta l stomach is best ach ieved 

by sta rt ing  on the g reater cu rvature. The gastroco l i c  

l igament is  identif ied and  i ncised to  enter the lesser sac 

(FIG 3) .  Downward tract ion on  the transverse colon and  

u pward tract ion on  the stomach w i l l  he lp  expose th i s  

p l ane  (FIG 4) .  I dentif icat ion of  the r ight  and  left gastro

ep ip lo i c  vesse ls  a long the g reater cu rvatu re is  essent ia l .  

I n  ben ign  d i sease, t h e  p l a n e  o f  d i ssect ion c a n  be very 

close to the stomach ins ide the gastroep ip lo ic  vesse ls .  A • 
l a rge part of th i s  p l ane  is avascu la r  and  can be d iv ided 

with e lectroca utery, whereas encountered vessels shou ld  

be d iv ided between c l amps and  l i gated with  3-0  s i l k  

l i gatu res. Once the l esser sac is  identif ied, e lectrosurg i 

ca l  devices can be used to further mob i l ize the g reater 

curvature (FIG S) .  Prox ima l ly, d i ssect ion i s  carried to the 

m i d po int  of the g reater cu rvature preserv ing the left 

gastroep ip lo i c  a rtery. D ista l ly, the p lane  is deve loped 

beyond the pylorus to the duodenum and,  once identi

f ied, the r ight gastroep ip lo i c  a rtery should be c lam ped, 

l i gated with 2-0 s i l k  l i gatures, and d iv ided .  Here, one 

shou ld  be aware of the u nder ly ing pancreatic t issue and  

d i ssect ion shou ld  be meticu lous .  

D i ssect ion a long the g reater curvature a l l ows entrance 

to the lesser sac, and the stomach can be l ifted su peri

or ly expos ing  its poster ior su rface and  the congenita l  
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Left gastric 
artery 

Left 

Right gastric 

A B 

FIG 3 • Dissect ion of the g reater curvatu re. A. Div is ion of the g reater omentu m a long the g reater curvatu re w i l l  a l low access 
to the lesser sac. The gastroep ip lo i c  vessels shou ld  be identif ied and  care shou ld  be taken to not damage the transverse colon 
and  its  mesentery. B. Cross-sect iona l  v iew of the upper  a bdomen demonstrat ing the p lane of d i ssect ion that a l l ows entrance to 

the lesser sac and  mob i l ization  of the g reater curvatu re. 

• 

attachments to the under ly ing pancreatic capsu le  

(FIG 6) .  These attachments shou ld  be sharp ly d iv ided.  As 

th i s  p l ane  is deve loped in a super ior  d i rect ion,  g reat care 

shou ld  be taken to not i nj u re the left gastr ic a rtery at its 

or ig i n  from the ce l i ac  axis .  I nf lammation and sca rr ing can 

be encou ntered i n  the sett ing  of poster ior gastr ic wa l l  

u lcers. 

Attention is then turned to d ivis ion of the gastrohepatic 

l igament along the lesser curvature.  Retract ing the stom

ach i nferiorly and to the patient's left fac i l itates exposure 

of the lesser curvatu re. This d i ssection can start i n  the 

FIG 4 • Tract ion on the stomach and the co lon w i l l  a i d  

d i ssect ion through the  gastroco l i c  l i gament a l lowing entrance 
to the lesser sac. As seen here, the lesser sac w i l l  be a true 

space that l ies deep to the g reater omentu m .  

transparent pars flaccida a n d  is carried proxima l ly  t o  the 

i ncisura and d i sta l ly to the r ight gastric a rtery, which should 

be c lamped, l igated with 2-0 s i l k  l igatu res, and d ivided 

(FIG 7) .  Again, e lectrocautery or e lectrosurgical devices 

can be used a long the lesser curvatu re. One must be aware 

of an  aberrant or rep laced left hepatic a rtery or ig i nating 

from the left gastric a rtery and travers ing the gastrohe

patic l igament. If encountered, attem pts should be made 

to preserve this vessel .  After c lamping but before d ivis ion 

of the r ight gastric a rtery, b lood flow to the l iver should be 

confirmed by pa lpation of the hepatoduodenal l igament. 

FIG 5 • Once the lesser sac i s  identif ied, the g reater curvature 

can be d i ssected both proxi m a l ly and d i sta l ly tak ing  care to 
identify the gastroep ip lo ic  vesse ls .  
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FIG 6 • Dissection of the greater curvature a l lows for superior 

retraction of the stomach exposing its posterior su rface and 
the underlying pancreas. Here, the lesser curvature and the left 
gastric a rtery are seen from the posterior aspect of the stomach. 

DIVISION OF THE STOMACH 

FIG 7 • Dissect ion of the lesser cu rvatu re .  

• A sta p l i ng device is used to d iv ide the stomach a long a 

p l ane  from j ust proxi ma l  to the inc i sura angu l a ri s  on the 

l esser curvatu re to a po int on the g reater cu rvature two

th i rds of the way from the gastroesophagea l j unction to 

the pylorus.  Some recommend p lac ing Ba bcock forceps 

d ista l to the sta p le  l i n e  to prevent s l i d i ng  or rotat ion of 

the gastr ic mucosa as the sta p ler  is  c losed . This  w i l l  he lp  

ensure a c lean ,  even cut  across the a nter ior and  poster ior 

l ayers of gastr ic mucosa (FIG 8) .  

Duodenal 
ulcer 

• Div is ion of the duodenum var ies based on the type of 

reconstruct ion p lanned .  The duodenum is d iv ided be

tween Potts c l amps for a B i l l roth I procedure in order to 

fac i l itate the gastrod uodena l  a nastomosis .  I f  poss ib le, a 

stap l i ng  device shou ld  be used to d iv ide the duodenum 

i n  a B i l l roth I I  p roced ure. 

RECONSTRUCTION: 

GASTRODUODENOSTOMY (BILLROTH I) 

• If a B i l l roth I a nastomosis is p l anned, a Kocher maneuver • 

is needed to mob i l ize the d uoden u m .  

• The d uoden u m  is tra nsected d ista l to the d iseased a rea 

but proxi m a l  to the a m p u l l a  between Potts c lam ps, and  

the spec imen is  handed off the ster i le  f ie ld  (FIG 9) .  It i s  

essentia l  that a l l  gastr ic antrum be resected to prevent 

FIG 8 • Div is ion of the stomach .  

persistent u lcer d isease from reta ined gastr ic antrum .  I f  

there i s  question,  a frozen sect ion ca n be sent to confirm 

duodena l  t issue at the resect ion l i ne .  

At  th i s  poi nt, one can gauge the mob i l ity of the stomach, 

and  if l i m ited, the attachments of the fundus to the base 

of the d i aph ragm can be d iv ided a long with the gastro

sp len ic  l i ga ment ta k ing care to preserve the left gastro

ep ip lo i c  vesse ls .  This further mobi l i zat ion shou ld  a l l ow 

for a tens ion-free gastrod uodena l  a nastomosis .  If there 
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FIG 9 • Div is ion of proxi ma l  d uoden u m .  

A B 
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i s  concern a bout the a b i l ity to perform a tens ion-free 

anastomosis due to d i ff icu lty mob i l i z ing  the duodenum 

or the stomach, then a B i l l roth I I  p roced u re shou ld  be  

performed.  

For  a B i l l roth I proced u re, the d u o d e n a l  stu m p  i s  

c l ea red of adjacent a d i pose t i ssue for rou g h ly 1 . 5-cm 

d i sta nce in preparat ion for a n  end-to-en d  a nastomos i s .  

Th i s  a nastomos i s  i s  constructed i n  sta n d a rd two- layer 

fas h i o n .  S i l k  3-0 sero m uscu l a r  " stay" sutu res a re p l aced 

at the  ends  of the  a nastomos i s  to a p p roxi m ate the 

d u o d e n u m  to the  i nfe r io r  aspect of the gastr i c  sta p l e  

l i n e  a n d  the  poste r io r  l ayer  i s  com p l eted w i t h  i nter

ru pted 3-0 s i l k  seromuscu l a r  sutu res. N ext, the  i nfe r io r  

port ion  of the  gast r i c  sta p l e  l i ne  i s  removed u s i n g  e lec

troca utery for a l ength that corre l ates with the width 

of the  d u o d e n a l  stu m p .  Two ru n n i ng 3-0 po lyd i oxa

none (PDS) sutu res a re used for the  i n n e r  l ayer a n d  

a n  a nter ior  l ayer of i nterru pted 3 - 0  s i l k  serom uscu l a r  

sutu res com p l etes t h e  a nastomos i s .  The rema i n i n g  

gastr i c  sta p l e  l i n e  c a n  be oversewed with i nterrupted 

3-0 s i l k  sutu res (FIG 1 0) .  

c 
FIG 1 0  • A-C. B i l l roth I .  

RECONSTRUCTION: 

GASTROJEJUNOSTOMY (BILLROTH II) 

• 

• 

In performing a gastrojej unostomy, the gastr ic stap le  l i ne 

is oversewed with i nterrupted 3-0 s i l k  sutures. 

Next, the duodenum i s  d iv ided d i sta l to any d i sease 

with a sta p l i n g  device.  If it i s  n ot poss i b l e  to fit a sta

pler i nto this p l a ne, the duodenum can be d iv ided with 

e lectroca utery and c losed with a r u n n i n g  3-0 PDS .  To 

buttress th i s  c losu re, 3-0 s i l k  fu l l -th i ckness sutu res can 

be p laced and l eft u nt ied .  Omentum can be mob i l ized 

and  loosely secu red i n  p lace over the c losure with the 

s i lk  sutu re ends .  

• 

• 

We preferenti a l l y  perform a n  isoperista ltic, retroco l i c  

gastrojej unostomy, a l though a n  a nteco l i c  a nastomosis 

is  wide ly accepted .  I n  the sett ing  of ma l i gnancy, a n  an

teco l i c  approach may be favored as concern exists that 

progress ion of d isease and future d iffuse mesenteric 

lymphadenopathy may obstruct a retroco l i c  anastomo

s is .  The a nastomosis should be performed as c lose to the 

l i ga ment of Treitz as poss ib le  (usua l l y  10 to 1 5  em), a l l ow

ing  for a tens ion-free a nastomosis to m i n i m ize the r isk of 

deve lop ing  afferent l i m b  synd rome.  

Although we prefer a stap led a nastomosis, both stap led 

and  hand-sewn tech n iq ues are wide ly accepted with s im

i l a r  rate of postoperative com p l i cat ions .  A 45-mm stap led 
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B 

FIG 1 1  • A.B. B i l l roth I I .  

gastrojej una l  a nastomosis  i s  formed b y  creat ing  a poste

rior wa l l  gastrotomy and an ant imesenteric enterotomy. 

Care is taken to ensure that the a nastomosis is away from 

the prior gastr ic stap le  l i ne  on the poster ior wa l l  of the 

stomach .  The common enterotomy i s  then c losed with 

a 3-0 PDS fu l l -th ickness l ayer and a n  over ly ing l ayer of 

i nterrupted 3-0 s i l k  sutu res (FIG 1 1 ) .  I nterru pted 3-0 s i l k  

sutu res a re  then  used to  c lose the co lon i c  mesentery de 

fect to  prevent bowe l hern iat ion (FIG 1 2) .  

FIG 1 2  • Retroco l i c  gastrojeju nostomy. 

PEARLS AND PITFALLS 
I nd ication • Today, there is no role for a ntrectomy in treatment of noncom p l icated peptic u lcer d isease. 

• A vast major ity of peptic u lcers com p l i cated by hemorrhage or perforation can be contro l l ed  with less 

i nvasive procedures. 

Operative p l ann i ng  • Preoperative endoscopy is essenti a l  to eva l uate for the scope of d isease and  to a l l ow b iopsy of 
persistent gastr ic u l cers to ru le  out ma l i gnancy. 

• I n  the sett ing of ma l i gna ncy, preoperative stag ing  is warranted and  a more extens ive, oncologic  
resect ion may be i nd icated .  

Laparotomy • Pr ior to extensive d i ssect ion,  the extent of d isease should be gauged to determine  the operative p l an  
and  feas ib i l ity of  a B i l l roth I a nastomosis .  

Gastric mobi l ization • With mobi l i zat ion of the g reater curvatu re, the m idd le  co l i c  ve i n  i s  at risk of i nj u ry. Ca uda l  tract ion on 
the transverse colon d u ring  d i ssect ion can he lp  prevent a n  i nadvertent in jury. 

Duodena l  tra nsect ion • G reat care shou ld  be taken to not fracture or i nj u re the head of the pancreas, which can be c losely 

adherent due to chronic inf lammat ion .  
• If the common b i l e  duct is d ifficu lt  to identify, a cho lecystectomy can be performed and  a catheter can 

be p laced i n  the cyst ic  d uct. Pa l pation of the catheter can a i d  i n  safe ly identify ing the porta l structu res 
d u r ing  d i ssect ion of the duode n u m .  
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Reconstruction • B i l l roth I and I I  procedu res a re performed with acceptab le  postoperative morb id ity. 
• A B i l l  roth II anastomosis should be performed if there is  concern about mobi l ity of the duodenum or the 

stomach.  
• A short afferent l imb (10 to 1 5  em from the l i gament of Tre itz) can help m i n i m ize the l i ke l i hood of 

s ign if icant postoperative com p l icat ions .  

POSTOPERATIVE CARE 
• Unless concerning comorbidities exist, patients can be moni

tored on the hospital floor/ward. A nasogastric tube is posi
tioned intraoperatively in the proximal stomach and typically 
can be removed on postoperative day (POD ) 1 .  There is no 
role for postoperative antibiotic prophylaxis .  Unless contra
indicated, all patients receive chemical prophylaxis for deep 
vein thrombosis and are encouraged to ambulate on POD 1 
and begin pulmonary toilet with incentive spirometry. There 
is no convincing evidence for routinely placing abdominal 
drains after Billroth I and Billroth II procedures. If there is 
concern for the GI anastomosis or adequate closure of the 
duodenal stump, a closed suction abdominal drain can be 
placed. Oral intake is reintroduced on POD 3 and advanced 
as tolerated. 

OUTCOMES 
• Serious morbidity from postgastrectomy syndromes devel

ops in 3% to 5% of patients . 
• Thirty-day mortality for uncomplicated gastric ulcer disease 

is 1 %  to 2% and increases in emergency settings. 1 1 

COMPLICATIONS 
• After an antrectomy, short-term complications include de

layed gastric emptying, anastomotic leak, bleeding, and 
pancreatitis .  Long-term complications include the postgas
trectomy syndromes (described below) and anastomotic 
stricture. Additionally, chronic anemia, neuropathy, and 
osteopenia can result from iron, copper, and calcium malab
sorption due to bypassing of the proximal small bowel in a 
Billroth II procedure. 12 

• Postgastrectomy syndromes 
Afferent loop syndrome 

Postprandial right upper abdominal colicky pain that 
accumulates in bilious emesis that alleviates the pain 
Results from chronic dilation, obstruction, or stasis of the 
duodenum (afferent limb) after a Billroth II procedure 
Rarely occurs but can be corrected by revision of the 
Billroth II, conversion to a Roux-en-Y reconstruction, 
or performing an afferent to efferent bypass (Braun 
enteroenterostomy) 

Reflux gastritis-Patients report epigastric burning pain 
resulting from reflux of bile into the stomach. As expected, 
bile reflux is more common after Billroth I and Billroth II 
procedures than Roux-en-Y reconstruction and if severe can 
be treated by conversion to a Roux-en-Y reconstruction. 

Dumping-Early dumping presents as crampy abdomi
nal pain and diarrhea shortly after eating due to the large 
hyperosmolar load of simple sugars which quickly enter 
the small bowel in the absence of a pylorus. Late dump
ing occurs roughly 2 hours postprandial with the symptoms 
of hypoglycemia likely due to insulin response to the large 
sugar bolus. Dumping occurs in 5% of postgastrectomy 
and is controlled with diet modifications, and rarely, oc
treotide is given with success in severe and refractory cases. 
Retained gastric antrum-Incomplete antrectomy with 
retained G cells within the duodenal stump can result in 
recurrent ulceration from continued intense gastrin secre
tion. Exposure of the jejunum to high levels of acid re
sults in an anastomotic or marginal ulcer. A sodium 99m 
technetium scan identifies antral tissue and reexcision is 
needed for complete symptom relief. 
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Chapter 1 1  Subtotal Gastrectomy 
for Cancer 
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DEFINITION 
• Subtotal gastrectomy is removal of 70% to 80% of distal 

stomach. This is performed when the necessary 5- to 6-cm 
proximal margin can be obtained while maintaining a gas
tric remnant of reasonable size. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
Presentation 

• In United States, gastric cancer is often diagnosed at an 
advanced stage and nearly 65% of patients harbor node
positive disease. 1 •2 The most common symptoms are weight 
loss, anorexia, and early satiety. Some of these symptoms 
overlap with those of benign peptic ulcer disease. Patients 
with distal gastric cancer may present with symptoms of 
gastric outlet obstruction, including postprandial vomiting 
and weight loss. Patients may also present with progressive 
abdominal distension secondary to malignant ascites. 

Special attention should be paid to weight loss. Although 
this may reflect metastatic disease or gastric outlet obstruc
tion, in patients with resectable disease, it signifies a need 
for preoperative nutritional optimization. Specifically, pa
tients with more than 1 0 %  weight loss are at increased 
risk of perioperative complications . 
Attention to pretherapy performance status is critical, as 
this correlates well with ability to tolerate various onco
logic therapies including major surgical resection and sys
temic therapy. 

• Patients presenting with gastric outlet obstruction may have 
dehydration and electrolyte imbalances. Placement of a 
nasogastric (NG) tube, volume replacement ( initially with 
normal saline) ,  and correction of electrolyte imbalance is 
paramount. 

Physical Findings 

• Most patients with early stage disease will have a normal phys
ical examination. However, signs of malnutrition, cachexia, 
and jaundice should be sought. Patients with advanced stage 
disease may present with supraclavicular lymphadenopa
thy, pleural effusion, abdominal mass, hepatomegaly, malig
nant ascites, or drop metastases in the cul-de-sac known as 
"Blumer's shelf. " Presence of any of these physical findings 
suggest unresectability. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
Laboratory Tests 

• A baseline hemoglobin will assess whether iron deficiency 
anemia is present. Patient's renal function and hydration sta
tus should be assessed by measuring serum blood urea nitro
gen (BUN) and creatinine in preparation for cross-sectional 
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imaging. Evaluation and correction of abnormalities in elec
trolytes are important in patients with gastric outlet obstruc
tion. Serum albumin and prealbumin are essential tools for 
assessing nutritional status. 

Diagnostic Studies and Staging Evaluation 

• The evaluation of any upper gastrointestinal ( GI)  symptom
atology begins with an upper Gl endoscopy, especially if 
gastric cancer is suspected. Endoscopy provides histopatho
logic diagnosis as well as guidance toward the location and 
extent of the gastric tumor ( FIG 1 A,B) .  For example, the 
endoscopist needs to comment on the location of the tumor 
as well as the relationship to the first portion of the duode
num. Additionally, it is important to exclude the presence of 
linitis plastica by insufflating the stomach and evaluating its 
distensibility, as patients with linitis plastica carry a higher 
risk of metastatic disease and a median survival of approxi
mately only 14 to 16 months. 

• Endoscopic ultrasound performed at the time of or subse
quent to diagnostic endoscopy provides the most accurate 
estimation of the tumor depth (T stage) and needle biopsy of 
surrounding lymph nodes can be performed.3 

• Pretherapy cross-sectional imaging (contrast computed to
mography [CT] scan or magnetic resonance imaging [MRI] 
of abdomen and pelvis) is important to exclude distant met
astatic disease to the liver or omentum ( FIG 2A) .  In patients 
with proximal gastric cancer, the addition of chest cross
sectional imaging is helpful to exclude the presence of me
tastases to the lung. The presence of bulky adenopathy adds 
prognostic value but should not preclude resection unless it 
is outside the area of resection, such as the periportal area or 
mesenteric vessels. Fewer than 1 5 %  of patients present with 
locally advanced disease extending to the pancreas. In these 
patients, we perform staging laparoscopy to exclude M1 dis
ease and then recommend neoadjuvant chemotherapy. 

A 

a nt ra.l / p y l.o� c:'. :\ -. 
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FIG 1 • Esophagogastrod uodenoscopy he lps  with h i sto logic 

d iag nosis as we l l  as prov ides i nformation about extent of tumor. 

A. B iopsy-proven poorly d i fferentiated adenoca rc inoma with 

s ig net ce l l  features i n  the a ntra l/prepylor ic reg ion of stomach .  
B. Fungat ing adenoca rc inoma of the d i sta l th i rd of the stomach 

i n  a 75-year-o ld  male who presented with i ron defic iency anem ia .  

-
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A 

B 

FIG 2 • Cross-sect iona l  imag ing  in the form of CT and  CT/PET 

he lps to eva l uate for d i stant metastatic  d isease as wel l  as extent 
of locoreg iona l  d isease. A. CT sca n i n  a patient with gastr ic cancer 
demonstrates th icken ing  of the gastr ic a ntrum with nod u l a r ity 
in the gastroco l i c  l iga ment suggestive of d i rect spread to the 

transverse co lon .  B. PET/CT corroborated with CT scan to suggest 
i nvolvement of gastroco l i c  l i ga ment. No metastatic  d isease was 
observed .  

• Positron emission tomography (PET)/CT scan has evolved 
as a noninvasive radiographic staging modality to exclude 
the presence of metastatic disease ( FIG 2B ) .  

• Staging laparoscopy: Due t o  the natural history o f  gastric 
cancer, up to a third of patients who have localized disease 
on staging evaluation have unsuspected hepatic and/or peri
toneal disease.4 Thus, all patients should undergo staging 
laparoscopy to detect " subradiologic" disease. Staging lapa
roscopy is typically performed in a reverse TNM fashion. 
The operating surgeon should inspect the intraabdominal 
cavity for presence of peritoneal, omental, or hepatic me
tastases. The addition of peritoneal washing for cytology is 
an area of debate.5•6 It may have a place in patients at risk 

STAGING LAPAROSCOP Y 

• Pneumoper itoneum is created by e ither open tech n ique  

or  Veress need le .  A 30-deg ree scope i s  i nserted at the  

u m b i l i cus .  One to two add i t i ona l  5 -mm ports on  l eft or 

r ight s ide  of the abdomen a re needed for add i t iona l  

v isua l izat ion,  g rasp ing ,  and  b iopsy of susp i c ious  t i s

sue .  A comp lete su rvey of the per itonea l  cavity is per

formed, i n c l ud i ng  undersu rface of the d i a p h ragm,  l iver 

su rface, spleen, l i n i n g  of per itonea l  cavity, pe lv is, sma l l  • 
bowel su rface, and  omentum,  for metastat ic  d i sease.  If 

susp ic ious  d isease i s  observed, it i s  sent for frozen sec-

of undeclared metastatic disease or suboptimal performance 
status, as patients with positive peritoneal cytology have un
favorable overall prognosis.6 In the absence of concerning 
radiographic features, staging laparoscopy is typically per
formed at the time of the intended resection. 

SURGICAL MANAGEMENT 
• Margin-negative resection along with an adequate lymph

adenectomy are the most critical components of the surgical 
resection. 

Preoperative Planning 

• Addressing preoperative malnutrition: Gastric outlet obstruc
tion caused by tumor as well as anorexia associated with 
malignancy contribute to malnutrition. As such, these pa
tients may benefit from a placement of a preoperative nasa
jejunal tube and enteral nutrition. In patients presenting with 
malignant distal gastric obstruction, an endoscopic transpy
loric stent may address the gastric outlet obstruction and thus 
help in optimizing the nutrition. Staging laparoscopy and 
placement of a feeding jejunostomy tube is another option. 

• Evaluation of the patient's functional status: A careful re
view and optimization of underlying comorbidities (e .g . ,  
cardiac, pulmonary, diabetes) and performance status 
should be performed. A subset of high-risk individuals may 
benefit from preoperative admission to optimize the nutri
tion, electrolytes imbalance, and improve performance sta
tus (e .g . ,  physical therapy) in preparation for the oncologic 
resection. 

• Preoperative antibiotics: Patients should have preoperative 
first- or second-generation cephalosporins prior to incision 
to reduce the risk of wound infection. 

• Deep venous thrombosis (DVT) prophylaxis: All patients 
should have a sequential compression device applied during 
the procedure. Use of subcutaneous heparin/low-molecular
weight heparin is initiated on postoperative day 1 and contin
ued throughout the hospitalization unless contraindicated. 

Positioning 

• The patient is placed in supine position with both arms out 
at 90 degrees. Nipples to upper thigh should be prepped and 
draped in the operative field. 

t ion .  In the sett ing  of b iopsy-proven per itonea l  d i sease, 

gastrectomy shou ld  not be cons idered and nonsurg ica l  

treatments shou ld  be i n it iated . However, se l ective pa l l i 

ative surg ica l  p rocedu res may be i n d i cated, fo r  exa m p le, 

in b leed i n g  or  obstruct ing  cancers that ca n n ot be pa l l i 

ated by  endoscop i c  proced u res.  These dec is ions  need  to  

be i n d iv idua l ized based on  the performa nce status of  

the patient, extent of metastat i c  bu rden,  a n d  the p ro

jected surviva l .  

I f  t h e  stag ing  l a pa roscopy i s  negative for peritonea l  

spread of  the d isease, operative resect ion is  performed.  
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EXPLORATORY LAPAROTOMY 

• Abdomen is entered through a m i d l i n e  i nc i s ion  extend

i ng  from the x ipho id  process to j ust be low the u m b i l i 

cus .  A b i l atera l su bcosta l i nc i s ion ,  a pproxi mately 2 em 

be low the costa l marg i n, a l so prov ides  good exposure .  

Dur ing entry i nto the abdomen,  the fa lc iform l iga ment 

MOBILIZATION OF THE GREATER 

CURVATURE OF THE STOMACH 

• I n  th is  step, the transverse colon is separated from the 

g reater omentum i n  a n  avascu la r  p lane (FIG 3) .  The 

stomach and  the g reater omentum a re reflected super i 

or ly, and  the transverse colon is  reflected i nfer ior ly. The 

plane of fus ion between the g reater omentum and  the 

transverse mesoco lon i s  identif ied as a fa int  wh ite l i ne .  

Th is  p lane is  i ncised with e lectrocautery to enter the 

l esser sac. Th is  p lane is  advanced proxi m a l ly and d i sta l l y  

a long the transverse co lon .  

• The d i ssect i o n  proceeds to the  proxi m a l  g reater c u r

vatu re of the  stomach  u s i n g  e i ther  c l a m ps a n d  t ies  o r  

a n  ene rgy dev i ce, such  as  H a r m o n icrM o r  L igaSu rerM, 

to d iv i de  the short g astr ic  vesse l s .  When perfo r m i n g  

a s u btota l  gastrectomy, t h i s  d i ssect ion  s h o u l d  sto p a t  

the  beg i n n i ng of the  short gast r i c  vesse l s  as  short gas

t r i c  a rter ies  prov ide  the  b lood s u p p ly to the  p roxi m a l  

gast r i c  rem n a nt .  

DUODENAL MOBILIZATION AND 

TRANSECTION 

• The hepatic f lexure of the colon is mob i l ized by d iv id

i ng  the avascu l a r  attach ment of the r ight co lon to the 

retroperitoneum.  The separation of the g reater omen

tum from the tra nsverse mesoco lon is  cont in ued to the 

hepatic f lexure. Th is  exposes the gastroco l i c  tru n k, which 

is  formed by the confl uence of r ight gastroep ip lo ic  ve i n  

with a co lon i c  v e i n  and  dra ins  i nto t h e  super ior  mesen

teric vei n (FIG 4) .  The r ight gastroep ip lo i c  ve i n  i s  d iv ided 

at its j unct ion with the gastroco l i c  tru nk .  Alternative ly, 

the gastroco l i c  tru n k  ca n be d iv ided with a s i ng le  f ire of 

FIG 4 • L igat ion of the r ight gastroep ip lo ic  ve i n .  R ight 

gastroep ip lo i c  ve i n  is l i gated at its j u nct ion with the co lon ic  

ve ins .  Alternative ly, the gastroco l i c  tru n k  ca n be d iv ided with 
a s i ng le  f i re of a vascu l a r  sta p ler  load .  

• 

shou ld  be preserved as it can be used to buttress the 

duodena l  c losure .  

A ca refu l exp loration  of the peritonea l  cavity is  per

formed to exc lude presence of subrad iograph i c  per ito

nea l  or metastat ic  d i sease. The l iver is  ca refu l ly exa m i ned 

for any susp ic ious nod u les .  

FIG 3 • Separation of the omentum from the tra nsverse 
co lon .  Omentum i s  separated from the tra nsverse co lon a long 
the avascu la r  embryon i c  p la nes of fus ion thus a l lowing access 
to the lesser sac. 
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FIG 5 • Dissect ion of the i nfrapylor ic  noda l  packet at the  
level of r ight gastroep ip lo i c  vessels .  

• 

vascu l a r  sta p ler. At th i s  stage, the r ight gastroep ip lo i c  

a rtery is  d iv ided at i t s  or ig in  at the infraduodena l  leve l .  

The  i nfra pylor ic nodes, located adjacent to  the ori g i n  of 

gastrod uodena l  a rtery, a re mob i l ized with the speci men 

(FIG 5) .  

The  lesser curvature is  mob i l ized by  d iv id ing  the lesser 

omentum as close to the l iver as poss ib le  (FIG 6) .  If a 

rep laced or accessory l eft hepatic a rtery is identif ied, it 

shou ld  be temporar i l y  l i gated, and  the perfus ion of the 

l eft lobe of the l iver should be assessed pr ior  to tra nsect

i ng  the vesse l .  The d i ssect ion is carr ied d i sta l l y  to the por

ta l tr iad . The r ight gastr ic a rtery ar i s ing from the common 

hepatic a rtery i s  d iv ided i nc l ud ing  the lym phat ic  t issue 

with the speci men .  The duodenum is c i rcu mferent ia l ly 

d i ssected a bout 2 to 3 em d i sta l  to the pylorus, enc i rc led 

with a Penrose d ra i n  and  d iv ided with e ither a sta p ler  or  

i n  between stra ight bowe l c l amps (FIG 7) .  Ca re is  taken 

not to i nj u re the bi le duct, hepatic a rtery, or  porta l ve i n  

when enc i rc l i ng  t h e  duodenu m .  T h e  stap led duodena l  

FIG 6 • Mob i l izat ion of the l esser curvature of the stomach .  
Lesser omentum is d iv ided as c lose to the l iver as poss ib le .  
Presence of rep laced or  accessory left hepatic a rtery is  

ca refu l ly sought for. 

l i ne is oversewn with 3-0 s i l k  Lem bert sutu res and  can 

be buttressed with the fa l ciform l i ga ment (Moossa's 

patch) .  However, i n  the sett ing  of extens ive inf lamma

t ion around the per iduodena l  a rea, cons iderat ion shou ld  

be g iven to d iv id ing  the duodena l  stu m p  i n  between two 

stra ight bowel c l amps and  suture c losure of the duodena l  

stump .  

F IG 7 • Divis ion of  duoden um.  Duodenum is enc irc led 

with a Penrose and div ided with a b lue G IA stap ler  
load.  Care is taken to avo id i nj u ry to porta l ve in ,  b i le  
duct, and hepatic a rtery. 
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• The gastrectomy spec imen, now d isconnected d ista l ly, is  

l ifted u pward.  The left gastr ic a rtery i s  identif ied, sutu re 

l i gated, and  d iv ided at its or ig i n  (FIG 8) .  The lymph

a reo lar  t issue with the left gastr ic a rtery i s  mob i l ized 

with the speci men .  

FIG 8 • Div i s ion  of  left gastr ic a rtery. Stomach is  l i fted 
u pward, l eft gastr ic a rtery is  identif ied, and suture l igated . The 
lymph node packet a long the left gastr ic a rtery is  mob i l ized 
a long with the speci men .  

GASTRIC TRANSECTION 

• Next, the stomach is d iv ided about 4 to 6 em proxim a l  to 

the gastr ic cancer (FIG 9) .  Our  preference is to use severa l 

g reen loads of a Gl stap ler. 
• We send the resected spec imen in sepa rate conta iners i n  

t h e  fo l lowi ng man ner:  ( 1 )  stomach with a mark ing st itch 

on proxim a l  end, (2) g reater omentum, (3) i nfra pylor ic  

noda l  packet, and  (4) lesser cu rvature noda l  packet with 

a long stitch on the left gastr ic a rtery. The operat ing  su r

geon shou ld  com m u n icate with the patholog ist to or ient 

h i m/her to the speci men and i nd i cate the proxi ma l  and 

d ista l marg i ns for frozen sect ion assessment.  

FIG 9 • Div is ion of the stomach .  Stomach i s  d iv ided 5 to 6 em 

prox ima l  to the most proxi m a l  extent of the tumor a long a 
l i ne  extend ing  from 2 em d ista l the gastroesophagea l (GE) 
j u nct ion to the g reater curvatu re. 

EXTENT OF LYMPHADENECTOMY 

• The extent of lym phadenectomy in patients with oper

ab le  gastr ic cancer is an a rea of controversy.7•8 To ensure 

adequate lym phadenectomy, the gastr ic a rteries need 

to be d iv ided at their or ig i n .  We typica l l y  perform a 

RECONSTRUCTION 

• Restorat ion of G l  conti nu ity can be ach ieved by perform

ing  a B i l l roth I I  loop gastrojej u nostomy or  Roux-en-Y 

gastrojej u nostomy. Our preference is  Roux-en-Y gastro

jej u nostomy. 

• 

pancreas- and  sp leen-preservi ng lymphadenectomy. That 

is, ta k ing  the r ight gastric a rtery, r ight gastroep ip lo i c  a r

tery, and  left gastr ic a rteries at the i r  or ig in  a long with 

ce l i a c  axis nodal d i ssect ion .  We acknowledge that the ad

d it ion of a ce l i ac  axis d i ssect ion i s  an a rea of controversy. 

Roux-en-Y reconstruct ion:  W h i l e  awa it ing frozen sec

t ion  on  the gastr ic  marg i ns, we proceed with the re

construct ion .  A loop of jej u n u m  d ista l to the l i g a ment 

of Treitz that reaches  the stomach pouch without ten

s ion  i s  i dent ifi ed .  The j ej u n u m  i s  d iv ided at th i s  po int 
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FIG 10 • Creation of defect i n  transverse mesoco lon .  A defect 
is  created in the tra nsverse mesoco lon to the l eft of m idd le  
co l i c  ve ins .  The  Raux  l i m b  is  taken to the  gastr ic remnant i n  a 
retroco l i c  fash ion .  

A 

with a b l ue  gastroi ntest i n a l  anastomosis  (G IA) sta p le r. 

The sta p le  l i n e  on the end  of the Raux l i m b  is oversewn 

with 3-0 s i l k  st itches in Lembert fash i o n .  The Raux l i m b  

needs t o  b e  a t  least 4 0  em ( i . e . ,  from its beg i n n i ng at 

the level of stomach to the jej u n ojej u n ostomy) .  A de

fect i s  created in the tra nsverse mesoco lon  to the l eft 

of the m i d d l e  co l i c  vesse ls  (FIG 1 0) .  We then confi rm 

that the Raux l i m b  can eas i ly  reach the stomach with

out tension when p l aced i n  the retroco l i c  posit ion .  O u r  

preference i s  t o  fi rst perform a sta p led  s ide-to-s ide  anas

tomosis  between the b i l i o pancreatic l i m b  a n d  the jeju 

num .  O u r  rat iona le  beh i n d  th i s  o rder  of reconstruct ion 

Posterior layer 
of interrupted 
Lembert 3-0 

B 

is to a l low for a n  eas ier  reconstruct ion of th i s  anas

tomosis  away from the transverse mesoco lon  defect. 

Stay sutu res a re p l aced between the b i l i o pancreatic 

l i m b  and the j ej u n u m .  E nterotom ies a re made i n  the 

b i l i o pancreatic l i m b  and the jej u n u m .  One l i m b  of the 

blue G IA sta p l e r  i s  i ntrod uced i nto the b i l i o pancreatic 

l i m b  and the other  in the jej u n u m .  The blue load i s  fi red 

and the com m o n  enterotomy is  c losed e ither  i n  a hand

sewn fash ion  or  w ith  a s i ng le  fi re of G I A  o r  thoracoab

d o m i n a l  (TA) sta p le r. 
• Then,  the Raux l i m b  is navigated through  the defect i n  

t h e  tra nsverse mesoco lon .  A two- layered s ide-to-s ide  

a nastomosis  i s  created between the a nter ior  su rface of  

the gastr ic pouch and  the Raux l imb .  A poster ior  l ayer  

of i nterru pted 3-0 s i l k  seromuscu l a r  (Lembert) sutu res 

a re p l aced (FIG 1 1 A) .  Two oppos ing enterotom i es a re 

made on the stomach and  the ant imesenter ic border of 

the Raux l i m b .  The length of the open ing  i n  jej u n u m  

shou ld  be shorter t h a n  that m a d e  i n  t h e  stomach as the 

open i n g  i n  the sma l l  bowel tends to expa n d .  Next, an 

i n ner  poster ior  layer of f u l l -th ickness i nterru pted 3-0 

s i lk  (or a bsorba b le) sutu res a re p l aced, fo l l owed by an 

a nter ior  layer of i nterru pted 3-0 s i lk  (or a bsorba b le) 

fu l l -th i ckness st itches (FIG 1 1 B) .  P r ior  to com p let ion 

of a nter ior  layer, the anesthes io log i st advances the NG 

tube i nto the affe rent l imb  of  the jej u n u m .  F o l l ow

i ng  com p let ion of the i nne r  layer of the two-l ayered 

a nastomosis, an a nter ior  layer of i nterru pted 3-0 s i l k  

serom uscu l a r  (Lembert) sutu res a r e  p laced (FIG 1 2) .  

Alternatively, the su rgeon can perform th i s  a nastomos is  

as a sta p l ed a nastomos is .  The Raux l i m b  i s  sutu red to 

the tra nsverse mesoco lon  to prevent hern iat ion of sma l l  

bowe l th rough  th i s  defect. 

FIG 1 1  • Construct ion of two- layered hand-sewn gastrojej u n a l  a nastomosis .  A. A series of poster ior layer of i nterru pted 

3-0 s i l k  sutu res a re p laced . B.  Anter ior i nner  layer a lso consists of i nterru pted 4-0 a bsorbab le  fu l l-th ickness st itches. Pr ior  to 

comp let ion of a nter ior l ayer, an NG tube is  advanced i nto the afferent l i m b  of the jej u n u m .  Fo l lowing comp let ion of the 
inner layer of the two-layered anastomosis, a n  anter ior l ayer of i nterrupted 3-0 s i lk is  p laced. 
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Duodenal 

CLOSURE 

Gastro-jejunal 
anastamosis 

Middle 
colic 
artery 

FIG 1 2  • F i na l  anatomy after completion of gastrojej u n a l  
anastomosis .  

The sk in  is  c losed with sta p les or  runn ing  subcuticu la r  

a bsorbab le  suture .  
• At th is  poi nt, abdomen is i rr igated and  the fasc ia c losed 

with a runn ing  no.  1 a bsorbab le  monofi l ament suture. 

PEARLS AND PITFALLS 
Diagnostic studies 

Stag i n g  laparoscopy 

Preoperative n utrition 

Mobi l ization of g reater 
cu rvatu re of the stomach 

Circumferential d issection 
of d uoden u m  

Left gastric pedicle 
d issection 

• The endoscopy shou ld  be performed or persona l l y  d i scussed with the endoscopist for better opera
tive p l ann ing  and  i ntraoperative loca l i zat ion of the tumor. 

• Stag ing  lapa roscopy is cr it ica l to avo id  nontherapeutic l aparotomy. U p  to a th i rd of the patients 
with loca l ized d isease on  imag ing  w i l l  have subrad io log ic  peritonea l  spread .  

• Preoperative n utr it ion s h o u l d  be add ressed b y  nasojej u n a l  t u b e  p l acement and  entera l nutrit ion .  
Add ress ing gastr ic out let obstruct ion by endoscop ic  means (e .g . ,  stent ing) or p l acement of a jeju 
nostomy tube ( J  tube) at the t ime of stag ing  lapa roscopy a lso he lps w ith  n utrit iona l  opt im ization .  

• G reater cu rvature of  the stomach shou ld  be mob i l ized, tak ing  care to  avoid unnecessa ry tract ion 

on sp len ic  adhes ions thus avo id i ng  sp len ic  i nj u ry and  sp lenectomy. The b lood supp ly  to the proxi
mal gastr ic pouch i s  from short gastric vessels, which shou ld  be preserved above the po int of tran

sect ion .  If i nj u ry to sp leen requ i res a sp lenectomy then tota l gastrectomy should be performed, as 
the remova l of sp leen jeopard izes the vascu l a r  supp ly  of the proxi ma l  gastr ic remnant.  

• Carefu l  d i ssect ion around the duodenum i n  the i nfra pylor ic  a rea is  a key step to ensure adequate 
lymphadenectomy and  avo id  i nj u ry to common b i l e  duct and  porta l ve i n .  

• Identif icat ion and  l igat ion o f  left gastr ic ve i n  s h o u l d  b e  d o n e  with care t o  avoid b leed ing  or venous 
tear propagat ing  to the porta l ve i n .  
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Reconstruction of the 
gastroi ntesti nal  conti n u ity 

• Before construct ing the gastrojej una l  anastomosis, the or ientat ion of the Roux l i m b  shou ld  be 
ca refu l ly checked to prevent twist ing  or  undue  tens ion on the anastomosis .  

Delayed gastric em ptying • U p  to 1 5 % to 20% of the patients demonstrate de layed gastr ic emptying  after gastr ic surgery. 
Ear ly  recogn it ion of sym ptomatology, by not m istak ing  vom it ing or ear ly satiety as postopera
tive i l eus, is  i m portant. Treatment is  supportive with gastr ic decompress ion and tri a l  of prok inetic 
agents (e.g. ,  metoc lopram ide  or i ntravenous [ IV] erythromyc in) .  

POSTOPERATIVE CARE 
• General management: Similar to other intraabdominal oper

ation, patients with subtotal gastrectomy should undergo a 
regimen of aggressive pulmonary hygiene, early ambulation, 
and physical therapy. Careful attention should be paid to the 
volume status, electrolytes, and input/output balance . 

• DVT prophylaxis: We start patients on DVT prophylaxis 
within 24 hours after completion of the procedure unless 
contraindicated. 

• NG tube: We keep the NG tube until 2 to 3 days postopera
tively. If the tube gets dislodged accidently, we do not replace 
it. If replacement of an NG tube is necessary, it should be 
performed under fluoroscopy to avoid accidental disruption 
of the anastomosis by a blindly placed NG tube. 

• Diet: A clear liquid diet is initiated on postoperative day 3 
or 4 and advanced as tolerated. We consult a dietitian to 
educate patients on issues related to postgastrectomy diet. 

OUTCOMES 
• Prognosis: 5-year survival is 70% for stage IA, 57% for stage 

IB, 45% for stage IIA, 32% for stage liB, 20% for stage IliA, 
14% for stage IIIB, 9% for stage IIIC, and 4% for stage IV.9 

• In a landmark study, 10 adjuvant chemoradiation therapy for 
the treatment of stage IB to IV MO (AJCC 1 9 8 8 )  resectable 
gastric cancer improved the 3-year overall and relapse-free 
survival from 4 1 %  to 50% and 3 1 %  to 4 8 % ,  respectively. 

• Similarly, perioperative chemotherapy without radiation1 1  
for gastric cancer led t o  a n  improvement o f  overall 5-year 
survival from 23% to 3 6 % .  

COMPLICATIONS 
• Pulmonary complications 

Pulmonary complications are frequent after upper abdom
inal surgery including atelectasis, aspiration, pneumonia, 
DVT, and pulmonary embolism. Good pulmonary toilet, 
early mobilization, elevation of the head of the bed, close 
attention to fluid balance, and early initiation of DVT 
prophylaxis are paramount to minimize the occurrences. 

• Postoperative bleeding 
Presentation: Postoperative bleeding can occur intralumi
nal or intraabdominal. Intraluminal bleeding presents with 
fresh blood in NG tube, melena, falling hemoglobin, and 
if severe, as hemodynamic instability. Bleeding from the 
anastomosis line is the major cause of the intraluminal 
bleeding and usually occurs around postoperative days 5 
to 7. 12 Intraabdominal bleeding presents with hypotension, 
tachycardia, dropping hemoglobin, and abdominal disten
sion. Intraabdominal bleeding usually presents in the first 

12 to 24 hours following surgery. Unrecognized splenic 
injuries in the form of capsular tears and lacerations and/ 
or inadequate control of short gastric vessels are the major 
causes of postoperative intraabdominal bleeding. 12 

Management: Intraluminal bleeding can generally be 
managed by supportive measures in the form of correction 
of coagulopathy and volume resuscitation. Bleeding that 
causes hemodynamic compromise or does not respond to 
supportive measures requires careful endoscopic thera
peutic measures . Reoperation for bleeding not controlled 
with endoscopy is rare. Intraabdominal bleeding requires 
volume resuscitation and correction of coagulopathy. 
Patients with hemodynamic compromise or who do not 
immediately respond to supportive measures ( suggesting 
ongoing bleeding) should return to the operating room for 
definitive control of the bleeding source. 

• Anastomotic leak 
Presentation: The overall incidence of anastomotic leak 
after subtotal gastrectomy is much less as compared to 
esophagojejunal anastomosis leak after total gastrectomy 
and is about less than 2 % .  Anastomotic leak presents with 
intraabdominal sepsis with fever and leukocytosis. 
Management: When anastomotic leak or intraabdominal 
sepsis is suspected, a CT scan of the abdomen and pelvis 
with oral and IV contrast is performed. CT scan may sug
gest the presence of anastomotic leak and would demon
strate the presence of any drainable abdominal collection. 
The anastomotic leak can further be confirmed and char
acterized with a Gastrografin swallow study. Most leaks 
can be managed by making the patient NPO, parenteral 
nutrition, and drainage of any intraabdominal collection. 
Weekly Gastrografin swallow studies can document when 
the leak is healed. Rarely is surgical intervention required. 
Small leaks can be closed primarily and buttressed with 
an omental patch. Larger leaks may require a revision of 
anastomosis with wide drainage and jejunostomy tube for 
enteral feeding. 

• Duodenal stump blowout 
Presentation: Duodenal stump blowout can present as 
either peritonitis and hemodynamic instability or in a 
more localized fashion as signs and symptoms of intraab
dominal abscess. Overzealous dissection of duodenum 
leading to its devascularization, chronic scarring of duo
denum complicating its closure, and obstruction of the 
biliopancreatic limb are potential etiologies. 
Management: A CT scan will demonstrate an abscess 
in the right upper quadrant and will not contain oral 
contrast. A percutaneous drain with a contrast study 
through the drain will confirm connection with duode
num. Management is largely through supportive measures 
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including NPO, parenteral or enteral nutrition, and replace
ment of fluid losses. A percutaneous transhepatic duodenal 
diversion can assist with closure of the leak by diverting 
the bile and pancreatic juices away from the fistula. Opera
tive management might be required if the fistula does not 
close. If the duodenal blowout presents as acute abdomen, 
then exploratory laparotomy, placement of a tube duode
nostomy, and wide drainage of right upper quadrant is per
formed. 

• Delayed complications: 
Delayed gastric emptying 

Presentation: Disruption of normal mechanisms of gas
tric emptying and motility with gastric surgery leads 
to delayed gastric emptying. Delayed gastric emptying 
presents as nausea, vomiting, bloating, hiccoughs, and 
continued high NG tube output in presence of ante
grade bowel function. The diagnosis is clinical and can 
be confirmed by slow emptying of stomach on contrast 
study or nuclear medicine gastric emptying study. 
Management: Treatment is largely supportive and 
includes gastric decompression with NG and trial of 
promotility agents such as metoclopramide ( 1 0  mg 
three times daily) and/or erythromycin (up to 250 mg 
four times a day) .  

Alkaline reflux gastritis 
Presentation: Contact of gastric mucosa with biliary 
contents causes alkaline reflux gastritis and presents 
as epigastric pain unrelieved by antacids, nausea, and 
bilious vomiting. Diagnosis is clinical and one of exclu
sion. Anastomotic ulceration, afferent and efferent loop 
syndrome, and disease of the gallbladder and pancreas 
must be ruled out. Endoscopy demonstrates hyperemic 
gastric mucosa with biliary staining, which supports the 
diagnosis. Bile reflux can be further documented using 
a HIDA scan. 
Management: Alkaline reflux gastritis does not respond 
well to medical therapy. However, a trial of medical 
therapy with cholestyramine, sucralfate, or antacid is 
still warranted. Surgical treatment involves diverting 
duodenal contents away from the stomach by convert
ing loop gastrojejunostomy to a Roux-en-Y gastrojeju
nostomy with a 45- to 60-cm Roux limb. A vagotomy 
should be performed at the time of reoperation to re
duce the risk of marginal ulcer. 

Afferent and efferent loop syndrome 
Presentation: Afferent or efferent loop syndrome occurs 
due to obstruction of the afferent or the efferent loop 
when a loop gastrojejunostomy has been used to restore 
GI continuity. This can present as an acute problem if 
the obstruction is complete or as a chronic problem due 
to partial obstruction. The potential causes are numer
ous and include internal herniation, volvulus, or kink
ing at the anastomosis. Acute afferent limb obstruction 
is the most common cause of duodenal stump blow
out and is a surgical emergency. Patient presents with 
severe epigastric and right upper quadrant pain associ
ated with nausea and vomiting. Physical examination 
may reveal an intraabdominal mass, and CT scan of the 
abdomen reveals the diagnosis. When the afferent limb 
is partially blocked, then it presents as chronic afferent 

loop syndrome where patients complain of postprandial 
abdominal pain with nausea and projectile vomiting, 
which typically does not contain food and relieves the 
pain. Diagnosis is clinical and is complemented with 
endoscopy and upper GI fluoroscopy studies. Obstruc
tion of the efferent loop is less common and presents as 
abdominal pain, nausea, and bilious vomiting with food 
particles in it. The diagnosis can be confirmed by Gas
trografin study, which shows a holdup in the passage of 
contrast into the efferent limb. Potential causes include 
retroanastomotic hernia, adhesions, and stricture. 
Management: Acute afferent loop syndrome is an 
emergency and requires immediate operative explo
ration. If the duodenum and afferent limb are viable, 
then addressing the etiology may include shortening the 
redundant afferent limb, reducing internal herniation, 
closing the mesenteric defects, or revision of gastroje
junal anastomosis. However, necrosis of the duodenum 
in this condition is a difficult problem and may require 
a pancreaticoduodenectomy. In case of chronic afferent 
loop syndrome, conversion of a loop gastrojejunostomy 
to Roux-en-Y anastomosis addresses the problem. 
Surgery is usually required for efferent loop obstruction 
and involves correction of the underlying cause. 

Nutritional consequences: Gastrectomy is associated with spe
cific mineral and vitamin deficiencies12 as described below. 

Iron deficiency: Iron deficiency is the most common 
cause of anemia after gastrectomy. Iron malabsorption, 
decreased intake, and increased losses from friable mu
cosa are reasons for iron deficiency. Daily supplementa
tion of 150  to 300 mg per day in divided doses should 
be provided. 
Vitamin B12 deficiency: Reduction in production of 
intrinsic factor and decrease in stomach acidity thus 
decreasing absorption of vitamin B12 leads to vitamin 
B12 deficiency. Daily supplementation of 100 fLg of 
oral vitamin B12 or a monthly 1 mg intramuscular vi
tamin B12 injection is recommended following subtotal 
gastrectomy. 
Other mineral and vitamin supplementation: Decreased 
oral intake and decreased absorption due to decreased 
gastric acid secretion can contribute to folate deficiency 
thus supplementation of folate is also recommended. 
Supplementation of vitamin D and calcium is also rec
ommended after gastric surgery. 
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Chapter 1 2  Minimally Invasive Total 
Gastrectomy 

- ----------------------------------- 1----------------------------------------------------- .... 

Elliot Newman Marcovalerio Me/is 

DEFINITION 
• Please refer to the Minimally Invasive Distal Gastrectomy 

chapter for details on definitions and indications. 
• Currently, total gastrectomy is indicated for adenocarci

noma of the stomach where the proximal location precludes 
a lesser resection with a proximal 5- to 6-cm grossly negative 
margin. 

• Randomized trials have shown that total gastrectomy offers 
no oncologic value over a distal gastrectomy as long as a 
negative margin can be obtained. 1 •2 

• Occasionally, gastrointestinal stromal tumors located near 
the gastroesophageal junction may also require a total gas
trectomy to achieve negative resection margins.  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Following the diagnosis of gastric adenocarcinoma, accurate 

clinical staging is necessary. 
• Endoscopic ultrasound will evaluate depth of tumor inva

sion and possible lymph node metastases 
• Computed tomography (CT) scan of the chest abdomen and 

pelvis will evaluate for metastatic disease. 
• Positron emission tomography (PET)/CT is recommended if 

no metastatic disease is detected by the CT. 
• Diagnostic laparoscopy can be considered for advanced 

tumors (e .g. ,  T3Nl ) to rule out subradiographic peritoneal 
dissemination. 

ACCESS AND PORT PLACEMENT 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Same as Minimally Invasive Distal Gastrectomy. Please refer 
to the appropriate chapter. 

Positioning 

• Same as Minimally Invasive Distal Gastrectomy ( FIG 1 ) 
• Please refer to the appropriate chapter for further details. 

assistant 
(camera) 

Surgeon 

Foot plates are 
used to allow 
steep reverse 
Trendelenburg 

First 
assistant 

FIG 1 • Posit ion ing  of the patient on the operative tab le .  

of the m i d l i ne, and  a 1 5-mm troca r used for the most 

latera l troca r s ite on the left (FIG 2) .  
• Same as Minimally Invasive Distal Gastrectomy, except 

for the camera port, which is  p laced rout ine ly two to 

th ree f ingerbreadths above the u m b i l icus and  to the l eft 

• P lease refer to the appropr iate chapter for further 

deta i l s .  
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Optional i f  
a Nathanson 

retractor is used 

Optional 

-----..,.,it----Xiphoid 

5 mm ----:+--- Costal margin 
if  a l iver 

fan retractor 
is used -----�e 

1 0  mm 0 1 2 1]1m • 
5 mm G • 

1 2  mm 
S mm 

Umbil icus 

DISSECTION OF THE GREATER CURVE 

• Retract the transverse co lon and  the g reater omentum 

cauda l ly. • 
• Access the lesser sac by enter ing the gastroco l i c  l i gament 

i n  a n  avascu l a r  a rea with u ltrason i c  shears. 

• Extend the d i ssect ion of the gastroco l i c  l i gament d i sta l ly 

towa rd the pylorus and  cepha l ad  toward the sp leen with • 
the u ltrason i c  shea rs. 

• Conti nue  the d i ssect ion of the gastroco l i c  l i gament a long 

the upper  th i rd of the g reater curvatu re with  the d ivi

s ion of the left gastroep ip lo i c  vessels and then the gas

trosp len ic  l i ga ment i nc l ud ing  the short gastric vesse ls .  

FIG 2 • Port p lacement for laparoscopic d ista l 
gastrectomy. Depend ing  on surgeon's preference 

for l iver retraction, either a 5-m m troca r is p laced 
at the epigastri u m  for a Nathanson retractor 

or a 1 0-mm trocar is p laced in the latera l r ight 
u pper quadrant for a fan retractor. 

Th is  port ion of the d i ssect ion i s  g reatly fac i l itated by 

bri ng i ng  the stomach down and  ro l l i n g  it up to expose 

the back wa l l  of the stomach .  

By perform ing  the d i ssect ion of the g reater curvature 

latera l to the gastroep ip lo i c  a rcade, the lymph nodes 

a long the gastroep ip lo i c  vessels (stat ions 4d and 4sb) a re 

inc l uded in the spec imen .  

I n  order  to expose the l esser cavity i n  i t s  enti rety, d iv ide 

the avascu l a r  poster ior gastropancreatic adhes ions that 

are a l m ost a lways present between the poster ior wa l l  of 

the stomach and  the a nter ior su rface of the pancreas. 

D iv is ion of those adhes ions wi l l  a lso fac i l itate anterior 

retract ion of the stomach (FIG 3) .  

Surgeon's left 
hand retracting 
the stomach. 

The assistant may 
help with retraction 
of stomach or may 
offer counteractions 
on the colon. 

The Harmonic scalpel (right 
hand) is used to dissect antrum 
and duodenum off the pancreas. 

FIG 3 • The stomach is retracted anteriorly 

to the patient's r ig ht, and adhesions 
between pancreas and poster ior aspect of 
the stomach are d iv ided.  
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• Next, conti nue  the d i ssect ion more cra n i a l ly a long the 

g reater gastr ic curvature, unti l  a l l  of the short gastr ic ves

sels a re d iv ided and  the fundus  is  comp letely mob i l ized.  

At th i s  t ime, the left crus and  the h iatus with the d i sta l • 
esophagus  shou ld  be v i sua l ized (FIG 4) .  Having the op

erat ing  su rgeon retract the anter ior fundus towa rd the 

Surgeon 

ANTRAL DISSECTION 

Assistant 

Harmonic 
scalpel 

Distal 
esophagus 

• F i rm a nter ior retract ion of the stomach a ids  in the d uo-

dena l  d issect ion .  Wh i l e  retract ing  the a ntrum toward • 
the abdom i n a l  wa l l ,  separate b l u ntly or with Endoshear 

the poster ior  wa l l  of the duodenum off the a nter ior 

Right gastroepiploic 
artery ------------� 

Gastroduodenal 
artery 

a nter ior abdom ina l  wa l l  and  to the patient's r ight with 

the assistant retract ing the poster ior fundus  i n  the same 

d i rect ion ca n i m p rove the exposure.  

Us ing the u ltrason ic  d issector, d iv ide the l atera l port ion 

of the phrenoesophagea l l i gament and  expose the fi bers 

of the l eft crus.  

FIG 4 • The greater curvature i s  comp letely d issected off 
the sp leen and  the stomach is e levated and  rotated to the 
r ight, expos ing  the d i aph rag matic h iatus. 

su rface of the pancreatic head. The gastroduodena l  

a rtery ma rks the l i m it of th i s  pa ncreaticoduodena l  d i s

sect ion (FIG S) .  

Identify the  or ig i n  of  the r ight gastroep ip lo i c  a rtery. Th i s  

i s  usu a l ly a d i rect cont in uat ion of  the gastrod uodena l  

Left gastric 
artery 

Splenic 
artery 

FIG S • The a ntrum and  the fi rst 

port ion  of the duodenum a re d issected 
off the pancreas. The gastrod uodena l  

a rtery marks the l i m it of the d uodena l  
d i ssect ion .  The r ight gastroep ip lo i c  
a rtery is  identif ied at i t s  takeoff from 
the gastroduodena l  a rtery. 
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a rtery cau d a l ly emanating from the infer ior edge of the • 

• 

pancreas. Use the lower border of the pa ncreas as a gu ide  

for  where to  d iv ide the r ight gastroep ip lo i c  a rtery. 

Sweep the  l ymphat i c  t i ssue a round  the r ight  gastro

e p i p l o i c  vesse l s  ( infrapy lor ic  nodes, stat ion 6) towa rd 

the spec i m e n .  Now, d iv ide  the r ight gastroep ip lo i c  

vesse l s  between c l i ps or  u s i ng  a vascu l a r  load  sta p le r. 

If c l i ps have been used i n  proxi m ity of the vesse l s, • 
take g reat care to ensure they a re not i n c l uded i n  the 

sta p le r  l i ne .  

DIVISION OF THE DUODENUM 

• Remove nasogastr ic tu bes and/or temperature probes 

from the patient's mouth to prevent the i r  i nc l us ion in the 

jaws of the sta p ler. 

• M a ke sure adequate length of duodenum is mobi l i zed to 

eas i ly a l low p lacement of a l i near  stap ler  across the fi rst 

port ion of the duodenum,  just d i sta l to the pylorus.  

• P lace a n  Endo  G IA with 3 . 5 -mm cartr idge c lose to the 

l eve l of the duodena l  d i ssect ion  to avo id  the py lor ic  

DISSECTION OF THE HEPATODUODENAL 

LIGAMENT 

• I ncise the peritoneum over ly ing the common hepatic 

a rtery and  the bi le duct with the hook e lectroca utery. 

D iv ide the gastrohepatic l i gament, rem a i n i n g  a long the 

l eft lobe of the l iver and  payi ng attention to identify and 

preserve a n  accessory or rep laced l eft hepatic a rtery. 

DISSECTION OF THE INTRAABDOMINAL 

ESOPHAGUS 

• Have the assistant retract the stomach down and  to the 

patient's left. Th is  wi l l  improve exposure to the r ight 

crus, which had been previous ly identif ied.  

• Free the gastroesophagea l  j u nct ion from the h i atus by 

d i ssect ing  up the r ight crus with u ltrason ic  shears .  

• Ta ke down the phrenoesophagea l l i ga ment and  proceed 

through the con nective tissue poster ior  to the esophagus 

to extend the d i ssect ion toward the l eft crus. 

DIVISION OF THE LEFT GASTRIC ARTERY 

• Use e ither the Nathanson l iver retractor or a handhe ld  

retractor to e levate the stomach and  identify the left 

gastr ic a rtery and  the ce l iac trunk .  

• The l eft gastr ic vessels at th i s  t ime shou ld  be rea d i ly iden

tifi ab le  caudad to the Penrose dra in ,  between the two 

"windows" created by the h iata l d i ssect ion,  and  by the 

open ing  of the gastrohepatic l i ga ment. 

• Once the ce l i ac  a natomy is evident, d i ssect the left gastric 

a rtery and skeleton ize its ta keoff from the ce l i a c  tru n k, 

• 

• 
• 

• 
• 

• 

• 

The r ight gastr ic a rtery can be d i ssected from beh ind  the 

stomach and  duodenum with good visua l ization .  D issect 

the fi l my ad hes ions super ior  and  poster ior the fi rst por

t ion of the duodenum unt i l  the r ight gastr ic a rtery i s  

visua l ized.  Sweep the lymphat ic  t i s sue around the r ight 

gastric a rtery towa rd the specimen .  Th is  maneuver c lears 

the supra pylor ic  lymph nodes (station 5) .  

You can a lso retract the duodenum cauda l ly and visual ize 

the r ight gastric a rtery anteriorly at its takeoff from the com

mon hepatic a rtery. Dissect it free, doubly c l ip, and d ivide it. 

r i ng  a n d  m i n i m ize duodena l  isch e m i a .  We often use a 

sta p le  l i n e  re i nforcement of b io log i c  mater ia l ,  a lthough 

usefu l n ess of th i s  device fo r prevent ion of postopera

tive leakage has  not been p roven .  Before f ir ing, m a ke 

sure that any esophagea l  tube has  been removed 

and that the porta l structu res a re exc l uded from you r  

sta p l e r  l i ne .  

Make every attempt to  d iv ide the duodenum in  one f i r i ng  . 

Ca refu l ly  i nspect the i ntegr ity of duodena l  stap le  l i ne .  

Identify the base  of the r ight crus. 

The lymph nodes a long the common hepatic (stat ion 8) 

and proper hepatic (station  1 2) a rteries a re removed en 

b loc j ust a nter ior to the porta l ve i n .  Our  preference i s  

to use the hook for d i ssect ion and  the u ltrason ic  sca lpe l  

for d iv is ion of l a rger  vesse ls .  Freq uently, a vessel loop 

around the hepat ic  a rtery a ids  i n  retract ion .  

D iv ide the r ight and  left vagus nerves when identif ied.  

The gastroesophagea l  j unct ion is  now d i ssected c i rcu m

ferenti a l ly. G u ide a 2-cm wide Pen rose d ra i n  around the 

esophagus .  Secure the two ends of the Penrose together 

with a n  Endo G IA  sta p ler  (Cov id ien, Norwa l k, CT) or an 

Endo loop, leav ing l itt le  space between the d ra i n  and  the 

esophagea l  wa l l .  

T h e  assista nt m a y  now use t h e  Pen rose d ra i n  t o  retract 

the esophagus  ca uda l ly and  increase exposure of the h ia

ta l  reg ion .  Comp lete the d i ssect ion of the lower esopha

gus  us ing b l u nt and  u ltrason i c  d i ssect ion .  

therefore mob i l i z ing  noda l  t i s sue of stat ion 7 ( left gastr ic 

a rtery) and  9 (ce l i ac  a rtery) a nter ior ly toward the speci

men. Once the left gastr ic ped ic le is  skeleton ized, d iv ide 

it at its  or ig in, us ing a 2 . 5-mm Endo G IA  cartr idge fl ush, 

with the anter ior pancreatic body. Our practice is to take 

the coronary ve in and the l eft gastr ic together i n  a s i ng le  

f i re of  the stap ler. 

Once the left gastr ic a rtery is d iv ided, skeleton ize the 

splenic a rtery thus  mob i l i z i ng  stat ion 1 1  nodes. Again,  

vessel  loops may aid i n  retract ion of the l a rger a rter

ies in concert with gent le downward retract ion of the 
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pancreatic body. Ca re m ust be taken to identify and  pre

serve the sp len ic  ve i n .  

• We do not rout ine ly  inc lude the peritoneum cover ing the 

a nter ior  surface of the pancreas i n  our  d i ssect ion .  

• We do not rout ine ly  perform a sp lenectomy or a d i s

ta l pancreatectomy, because in the western l iteratu re, 

PROXIMAL DIVISION 

• Div is ion of the left gastr ic a rtery w i l l  increase exposure to 

the h iatus. 

• With the assistant p u l l i ng on the Pen rose to retract the 

stomach ca uda l ly, comp lete ( if necessa ry) the mob i l iza

t ion of the i ntraa bdom i n a l  esophagus us ing u ltrason ic  

shears .  

• P lace two stay sutu res on each s ide of the esophag us, 

proxi ma l l y  to the p l an ned d iv i s ion .  Those sutu res wi l l  

fac i l itate retrieva l o f  t h e  esophagus  shou ld  i t  retract i n  

t h e  med iasti n u m  after remova l o f  t h e  specimen .  

RECONSTRUCTION WITH STAPLED 

ESOPHAGOJEJUNOSTOMY 

• 

• 

• 

Our  choice for the reconstruct ion is a Roux-en-Y esoph

agojejunostomy i n  a n  a nteco l i c  fash ion,  using a n  end

to-end a nastomosis (E EA) OrVi i TM stap ler  device with a 

25-mm d i ameter. Alternative ly, a 2 1 -m m  d iameter EEA 

stap ler  can be used for a smal ler  ca l i ber esophagus .  

The OrVi iTM is  a device prepared with a n  E EA anv i l  head 

fastened i n  a t i lted state to a long polyester tube.  

End-to-s ide esophagojejunostomy 
• Exposure of the d ista l esophagus is fac i l itated by 

gentle tens ion on the stay sutu res previous ly p l aced. 

I n sert the OrV i i TM device through the patient's • 

• 

• 

• 

• 

• 

• 

mouth and  g u ide it i nto the esophagus unt i l  the t ip  

reaches the stap led l i ne  at i t s  b l i nded end .  

Create a sma l l  esophagotomy i n  the m id port ion of  

the sta p led l i ne, and  let  the t ip  of the OrVi iTM pass 

through it. 

Use a g rasper i nserted through a left trocar to p u l l  

t h e  t u b e  outs ide t h e  esophagus, u n t i l  t h e  anv i l  

i s  seen effac ing the sta p led l i ne  at the end of the 

esophagea l  stump .  You m ust pay extreme attent ion 

d u ring  th i s  maneuver, as  it is  re lat ive ly easy to tea r 

the esophagus .  Maneuvers that assist in pass ing the 

OrVi i TM inc lude adequate para lysis, jaw thrust, and 

deflat ing the ba l l oon i n  the endotrachea l tube.  

The anvi l  head and the tube are kept connected by 

two p ieces of polyester yarns; wh i le  secur ing the anvi l ,  

cut one thread and detach the tube from the anvi l .  

Identify the l igament o f  Tre itz a t  t h e  base o f  t h e  

transverse mesoco lon .  Proper anatomy is confirmed 

by v isua l i zat ion of the i nfer ior  mesenter ic ve i n .  

D iv ide t h e  jej u n u m  20 em away from t h e  l i ga ment 

of Tre itz with a 3 .5-mm En  do  G IA. 

Starting from the mesenteric side, remove most of 

the stap led l ine from the d ista l l imb of the d ivided 

• 

• 

• 
• 

potent i a l  benefits of a com p l ete d i ssect ion of the lymph 

nodes i n  stat ion 1 1  i s  outwe ighed by a s i gn if icant 

i ncrease i n  postoperative morb id ity (specif ica l l y  pan

creatic lea ks) w ithout  measura b le  effect i n  long-term 

surviva l .  

Transect t h e  d i sta l esophagus  us ing a 3 .5 -mm E n d o  G IA 

of appropr iate length .  

The speci men i s  p l aced i n  a 1 5-mm endo bag and 

extracted by en larg ing as needed the most latera l troca r 

s ite on the left. If you have to make a l a rge i nc is ion to 

remove the speci men, you may need to use a ba l looned 

troca r for th is  s ite to sea l the peritonea l  cavity and  avo id  

lo s s  of the pneumoperitoneum.  

Obta i n  hemostas is  . 

The stu m p  of the excised port ion of esophagus may be 

subm itted for frozen sect ion exa m i nation to assu re a 

m icroscop ica l ly negative marg i n .  

jejunum.  Make sure not t o  completely excise t h e  sta

p led l ine from the jejunum, but leave it attached to the 

anti mesenteric side; you can use it as a handle to faci l i 

tate maneuvering this loop of bowel over the stapler. 

• Remove the trocar from the left latera l i nc is ion and use 

this open ing to insert the EEA stap ler  i nto the abdo

men.  En la rge th is  incis ion as needed to accommodate 

the EEA. Usua l ly, two f ingerbreadths a re sufficient. 

Your  assistant should now use two graspers to grab 

the mesenteric s ide and the thin str ip of jejunum with 

the stap les sti l l  attached to the ant imesenteric s ide. 

Whi le  your assistant provides adequate exposure of 

the jejuna l  l umen with the two graspers, gu ide the 

E EA inside the lumen of the jejunum.  

• Select an a ppropr iate site on the a nti  mesenteric s ide 

of the jej u n u m  for the esophagojej u nostomy. M a ke 

sure it can eas i ly  reach the esophagea l  stu m p  with

out tension .  

• Once you a re satisfied with the site for the a nas

tomosis, advance the sp ike of the EEA through the 

a nt i  mesenteric wa l l  of the jej u n u m .  

• Ask your assistance to ma inta i n  tens ion on the jeju

num,  so that  it does not retract off the EEA. Pay ing 

extreme attention to keep the sp ike of the EEA 

through the jejunotomy, adva nce the EEA toward 

the esophagea l  stu m p  (FIG 6) .  

• F i rm ly ho ld  the anv i l  with a r ig ht-a ng le  g rasper, and  

u se  the other  hand  to  prog ress ively gu ide  the  sp ike 

of the EEA i nto the anv i l  unt i l  the two pa rts of the 

stap ler  c l i ck  together. 
• Now c lose the E EA wh i l e  advanc ing it toward the 

esophagus i n  order to avo id  excess ive tens ion of the 

anvi l  aga i nst the esophagea l  stap led l i ne .  
• The anv i l  and  the ma in  u n it a re now connected.  

M a ke sure that noth ing  is caught between the 

esophagus and  the jej u n u m  wh i l e  you f i re the EEA 

stap ler. F i re the stap ler  to comp lete the anastomosis .  
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• Use a 3 .5 -mm En do G IA  to c lose the open end of the 

jej u n u m .  Our  practice is  to leave approxi mately 3 em 

of jej u n u m  as b l i nd end .  

• S ide-to-s ide jej unojej u nostomy 

FIG 6 • An end-to-s ide esophagojejunostomy is created with 
a mechan ica l stap ler. The assistant holds the jej u n u m  to avo id 
its  d isp lacement off the stapler. The surgeon advances the 
stap ler  over the colon toward the anvi l  whi le avo id ing  excessive 

tension of the anv i l  aga inst the esophageal  stapled l i ne .  

CLOSING 

• Comp lete a f ina l  i n spect ion of a l l  sta p le  l i nes and  vas

cu l a r  ped ic les for hemostasis and wel l -formed stap les. 

B l eed ing  po ints and a reas of ma lformed sta p les shou ld  

be oversewn with  a bsorba b le  suture.  

POSTOPERATIVE CARE 

• 
• 

• We usually keep a nasojejunal tube for 24 hours in order 
to avoid distension of the proximal j ejunum, which may 
compromise the integrity of the anastomosis. Whether this 
decreases the leak rate has not been proven. 

• Immediately after surgery, the patient is instructed to use 
incentive spirometry, cough, and take deep breaths. Patients 
are encouraged to stay out of bed and ambulate within 
6 hours from surgery. 

• Prophylactic antibiotics are not indicated in the postopera
tive period. 

• Unless an epidural catheter is used for analgesia, the Foley 
catheter is removed in postoperative day 1 .  

• I f  the patient i s  able to protect his o r  her airway and the 
abdomen is not distended, clear liquids are allowed on post
operative day 1, then diet is advanced to a postgastrectomy 
diet as tolerated. 

OUTCOMES 
• Minimally invasive total gastrectomy is a safe and effective 

treatment of gastric cancer. 
• Available evidence shows no major differences in morbid

ity, mortality, number of nodes harvested, or disease-free 
survival .  

• The addition of a D2 dissection elevates this operation to 
much higher difficulty level. 

• The jej unojejunostomy is typ ica l ly created 40 to 50 

em d i sta l  to the esophagojej u n ostomy. 

• Use stay sutu res to secu re in a s ide-to-s ide fash ion 

the stap led end of the b i l iopa ncreatic l imb to the 

a l i m entary l i m b  of the jej u n u m, j ust ca uda l  to the 

transverse co lon and  avo id i ng  any tens ion .  
• Use the u ltrason ic  shears to make a sma l l  enterot

omy in the ant i  mesenteric s ide of each l i m b .  

• I n sert the jaws of a 3 . 5-mm Endo G IA  in the enterot

om ies. M a ke sure that no mesentery or other loops 

of bowel a re caught i n  the stap ler  pr ior  to f i r i n g .  

• Once the stap ler  is fi red, the sta p le  l i n e  is inspected 

for b leed ing .  

• Close the rem a i n i ng a nastomotic defect, which cor

responds to the proxim a l  end of the stap le  rows i n  

two l ayers u s i n g  ru n n i ng nonabsorbab le  suture.  

C losed suct ion dra inage is  opt iona l .  

Abdom ina l  fasc ia  is  c losed for a l l  port s ites l a rger  than 

5 m m .  

• Oncologic principles and safety are paramount and should 
not be sacrificed for a less invasive approach. 

COMPLICATIONS 
• The postoperative complications observed after minimally 

invasive total gastrectomy generally are comparable with 
those of an open procedure. 

• Intraoperative 
Bleeding 
Splenic injury 
Iatrogenic enterotomy 

• Early postoperative 
Esophagojejunal leak 
Duodenal leak 
Bleeding 

• Late postoperative 
Dumping 
Afferent limb syndrome 
Malnutrition 
Anastomotic stricture 
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DEFINITION 
• The indications for minimally invasive distal gastrectomy 

(MIDG) do not differ from the indications for open gastrec
tomy and include both benign and malignant diseases. 

• Gastric malignancies (adenocarcinomas, neuroendocrine 
tumors, gastrointestinal stromal tumors [GIST] , and other 
submucosal neoplasms) account for the single largest indica
tion for gastric resection and will be the focus of this chapter. 

• MIDG performed for malignancies should follow the same 
standard oncologic principles generally followed during 
open resections. 

• For adenocarcinomas, gastric resection should be extended 
proximally for 5 to 6 em from the gross tumor margins. For 
tumors of the distal stomach, this is generally achievable 
with a partial gastrectomy. Randomized trials have shown 
that total gastrectomy offers no oncologic value over a distal 
gastrectomy as long as a negative margin can be obtained. 1 •2 

Appropriate extent of lymphadenectomy for gastric adeno
carcinoma in the western population is a topic of great de
bate and beyond the scope of the present chapter. In our 
practice, we usually perform a D2 lymph node dissection. 
A recent meta-analysis has shown that MIDG for gastric 
adenocarcinoma is safe and associated with reduced overall 
morbidity.3 Comparative studies with long-term follow-up 
are still lacking, but available evidence suggests that onco
logic outcomes are comparable after either MIDG or open 
distal gastrectomy. Perioperative chemotherapy is indicated 
for any gastric adenocarcinoma stage T2NOMO or greater as 
recommended by National Comprehensive Cancer Network 
(NCCN) guidelines. 

• For GIST, gastric resection follows different oncologic prin
ciples. A lymph node dissection is not required and surgery 
is considered curative as long as the resection margins are 
negative. Therefore, more limited resections (e .g. ,  wedge 
resections) are appropriate for GIST. Partial gastrectomies 
may still be required for large tumors or when the gastro
esophageal junction or the pylorus is involved. 

• Although decreasing in frequency, complications of peptic ulcer 
disease (bleeding, gastric outlet obstruction, failure of medical 
treatment) are still significant indications for distal gastrec
tomy. The same technique described in this chapter may be 
used for benign pathologies, omitting the lymphadenectomy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Following the diagnosis of gastric adenocarcinoma, accurate 

clinical staging is necessary. 
• Endoscopic ultrasound will evaluate depth of tumor inva

sion and possible lymph node metastases. 
• Computed tomography (CT) scan of the chest abdomen and 

pelvis will assess metastatic disease. 
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• Positron emission tomography (PET)/CT is recommended if 
no metastatic disease is detected by the CT. 

• Diagnostic laparoscopy can be considered for advanced tu
mors (e .g. ,  T3N l )  to rule out subradiographic peritoneal 
dissemination but not routinely indicated. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• The choice of laparoscopic versus open techniques should be 
at the discretion of the surgeon. 

• Regardless of the technique, the primary goals of the op
eration are the same: resection of the cancer with negative 
margins and restoration of intestinal continuity. 

• The patient should be medically optimized for surgery. 
Special attention needs to be given to malnourished patients. 

• Preoperative nutritional panels are mandatory, and occasion
ally, the placement of a preoperative feeding jejunostomy is 
warranted. Consider preoperative tube feedings in patients 
with significant weight loss or other evidence of malnutri
tion, especially if candidates for neoadjuvant treatment. 

• Consider neoadjuvant treatment for lesions T2 or greater 
and/or for suspected lymph node involvement. 

• Insist on smoking cessation to reduce postoperative pulmo
nary and wound complications. 

• Consider a preoperative liquid protein diet to improve ste
atohepatitis in obese patients. 

• Perioperative antibiotic should be given within 30  minutes 
prior to the initial skin incision. 

• Deep vein thrombosis (DVT) prophylaxis with calf length 
pneumatic compression devices or subcutaneous heparin (or 
both) should be instituted prior to induction of anesthesia. 

• General anesthesia may be supplemented with epidural 
analgesia. 

• The bladder is decompressed with a Foley catheter. 
• An orogastric or a nasogastric tube is inserted. 

Positioning 

• Use an operating room (OR) table that may accommodate 
very steep reverse Trendelenburg position. 

• Preferred position is supine split leg with foot plate at
tachments to prevent patient migration. The foot plates 
should be snugly placed with the toes pointing slightly 
outward ( F IG 1 ) .  

• Pad pressure points along arms and legs and secure the knees 
in the locked position. Pillow cases or folded sheets and 2-in 
silk tape can be used to keep the knees from buckling. Arms 
are secured either by Kerlix™ gauze wrapped around the 
armboard or by commercially made arm straps. 

• Prior to prepping and draping, check the positioning by ma
nipulating the bed in all of the positions that will be used 
during the operation. 

-
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Second 
assistant 
Camera 

Foot plates are 
used to al low 
steep reverse 
Trendelenburg 

First 
assistant 

ACCESS AND PORT PLACEMENT 

• Port p lacement is d i ctated by the body habitus of the 

patient. The u m b i l ica l  troca r i s  genera l ly used for the 

camera .  I n  obese patients, or  with a n  u n usua l ly low um

b i l icus, the camera port may need to be more cepha lad,  

often two or three f ingerbreadths a bove the u m b i l icus 

and  l eft to the m i d l i ne .  
• 

• 

• 

• 

• 

P lace a 1 0-mm troca r at the u m b i l i cus with usua l  Hassa n 

tech n iq ue .  

Esta b l ish a 1 5  mmHg pneumoperitoneum and  perform a 

d iagnostic l aparoscopy to ru le  out peritonea l  or hepatic 

metastases. I f  metastatic  les ions are suspected, they 

should be b iops ied and sent for frozen sect ion pr ior to 

comm itt ing  to gastrectomy. If ascites is  present, wash i ngs 

should be performed.  

Identify the neoplasm by v isua l i zat ion or  by pa l pation . 

If unsuccessfu l ,  i ntraoperative endoscopy is encouraged.  

P lace the patient i n  steep reverse Trende lenburg posit ion 

and  insert the trocars under d i rect v isu a l i zat ion and  i n  a 

d i rect ion that m i n i m ize torq ue .  O u r  typ ica l  port setup  is  

shown i n  FIG 2 . 

Retract the l iver with a subxipho id  Nathanson retrac

tor. However, stiff or f loppy l ivers a re best retracted 

with a 1 0-mm handhe ld  fa n retractor from the patient's 

r ight s ide .  

FIG 1 • Posit ion ing  of the patient on the operative tab le .  

• 

5 mm optional 
(Nathanson retractor) 

1 0 mm optional 

5 mm 
0 1 2  mm 

• 
(fan l iver retractor) 

1 2 mm 
• 

• 
5 mm 

FIG 2 • Port p l acement for l aparoscop ic  d i sta l  gastrectomy. 
Depend ing  on surgeon's preference for l iver retract ion,  e ither 
a 5-mm troca r is  p laced at the ep igastri u m  for a Nathanson 

retractor or  a 1 0-mm troca r is  p laced i n  the latera l r ight u p per 
quadra nt for a fa n retractor. 
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GASTROCOLIC DISSECTION 

• 

• 

Reflect the g reater omentum cepha lad .  Retract the 

transverse colon cauda l ly. 

Mob i l ize the omentum off of the transverse colon us ing 

u ltrason i c  scissors. I n  the cou rse of th i s  mob i l izat ion, the 

l esser sac i s  entered . It is  he lpfu l to wide ly open the lesser 

ANTRAL DISSECTION 

• Once the g reater cu rvatu re is fu l l y  mob i l ized, com plete 

the gastr ic d i ssect ion by d iv id ing  sharp ly any gastropan

creatic or  retrogastric adhes ions u nti l the ent i re poster ior  

wa l l  of the stomach a re v i sua l ized i n  i ts  enti rety (FIG 3) .  
• F i rm a nter ior retract ion of the stomach a ids  in the d uo

dena l  d i ssect ion .  By retract ing  the a ntrum towa rd the 

abdom i n a l  wa l l ,  the d uoden u m  may be freed from the 

a nter ior su rface of the pa ncreatic head.  The gastroduo

dena l  a rtery ma rks the l i m it of th i s  pancreaticoduodena l  

d i ssect ion .  
• I dentify the or ig in  of the r ight gastroep ip lo i c  a rtery 

(wh ich corresponds to lym ph node stat ion 6 [FIG 4] ) .  This  

is  usua l l y  a d i rect cont inuat ion of the gastroduodena l  

Harmonic scalpel d issects 
antrum and duodenum 

off the pancreas 

FIG 3 • Poster ior d i ssect ion of the a ntru m .  The stomach is 

retracted a nter ior ly to the patient's r ig ht, and  adhes ions 
between pancreas and  poster ior  aspect of the stomach 

a re d iv ided.  The fi rst port ion of the duodenum has to be 
comp letely mob i l ized in order to a l low safe use of the Endo 
G IA sta p ler  for  i t s  tra nsect ion .  

• 

• 

sac in order to a i d  the anter ior retract ion of the d ista l 

stomach .  

Care m ust be taken to preserve at least the most prox ima l  

short gastr ic vessels to assure adeq uate perfus ion to the  

remnant stomach .  

Lys ing  the gastropancreatic adhes ions is he l pfu l i n  ob

ta i n i n g  the proper retract ion .  

artery 

Right 
gastroepiploic 
artery --------�--�� 

FIG 4 • The r ight gastroep ip lo i c  a rtery is d iv ided between 

c l i ps or  using a stap ler  or energy-sea l i ng  device. 

a rtery, ca uda l l y  emanat ing from the i nfer ior  edge of 

the pancreas. Use the lower border of the pancreas as a 

g u ide for where to d iv ide the r ight gastroep ip lo ic  a rtery. 
• Sweep the lymphatic t issue around the r ight gastroepi

p lo i c  vessels towa rd the spec imen .  Then d iv ide the r ight 

gastroep ip lo i c  vessels between c l i ps or us ing a vascu la r  

load  sta p ler. I f  c l i ps have been  used  i n  proxi m ity of the  

vessels, take  g reat ca re  to  ensure they  are not  inc l uded i n  

t h e  sta p ler  l i ne .  
• The r ight gastr ic a rtery can be d issected from beh ind  the 

stomach and  d uoden u m  with good visu a l i zation .  D issect 

the fi l my adhes ions super ior  and  poster ior  to the fi rst 

port ion of the duodenum unt i l  the r ight gastric a rtery i s  

v i sua l ized .  You can a lso retract the d uoden u m  ca u d a l ly 

and  visu a l ize the r ight gastric a nter ior ly at its takeoff 

from the common hepatic a rtery. D i ssect it free, doub ly 

c l i p, and  d iv ide it. 
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DIVISION OF THE DUODENUM 

• Remove nasogastric tu bes and/or temperature probes 
from the patient's mouth to prevent their i nc l us ion i n  the 

jaws of the sta p ler. 
• Make sure adequate length of duodenum is mob i l ized to 

eas i ly a l l ow p lacement of a l i near  stap ler  across the fi rst 
port ion of the duodenum,  just d i sta l to the pylorus .  

• P lace a n  Endo G IA  with 3 . 5 -mm cartr idge c lose to the 
l evel of the d uodena l  d i ssect ion to avo id the pylor ic  

DISSECTION OF THE HEPATODUODENAL 

LIGAMENT 

• I ncise the peritoneum overlying the common hepatic a rtery 
and the b i le  duct with the hook e lectrocautery. Take ca re 
to identify aberrant left hepatic a rteries. Divide the entire 
lesser omentum rema in ing a long the left lobe of the l iver. 

DIVISION OF THE LEFT GASTRIC ARTERY 

• Use e ither the Nathanson l iver retractor or a handhe ld  
retractor to e levate the stomach and  identify the left 
gastr ic a rtery and  the ce l iac  trunk. 

• Once the ce l i a c  anatomy is evident, d i ssect the left gas
tr ic a rtery and ske leton ize its takeoff from the ce l i a c  

t runk  by mob i l i z i ng  stat ion  9 noda l  t issue anter ior ly. 
Once the left gastric ped ic le  is ske leton ized, d iv ide it at 

its or ig in  us ing a 2 . 5-mm Endo G IA cartr idge f lush with 

Proximal d ivided 
right gastroepiploic 

artery 

• 

• 
• 

• 

r i ng  and  m i n i m ize duodena l  ischem i a .  We often use a 
sta p le  l i n e  rei nforcement of b io log i c  mater ia l ,  a lthough 
usefu l ness of th i s  device for prevent ion of postopera
t ive leakage has  not been p rove n .  Before f ir ing, make 
sure a g a i n  that any esophagea l  tube has been removed 
and that porta l structures a re exc luded from you r  

sta p l e r  l i n e .  
Make every attem pt t o  d iv ide t h e  d uodenu m  i n  o n e  

f i r i n g .  Ca refu l l y  i nspect t h e  i ntegrity o f  the duodena l  
stap le  l i ne .  

The base  of the r ight crus  is  identif ied.  

Identify the hepatic a rtery and ske leton ize it ,  mob i l i z i ng  
stat ions 1 2, 5, and  8.  O u r  preference is  to use  the hook 
for d i ssect ion and the u ltrason i c  sca l pe l  for d iv is ion of 
l a rger vessels .  Frequently, a vessel loop around the he
patic a rtery aids i n  retract ion .  

the a nter ior pancreatic body (FIG 5) .  O u r  practice i s  to  
take the coronary ve i n  and  the left gastric together i n  a 
s i ng le  fi re. 
Once the left gastr ic a rtery i s  d ivided, ske leton ize the 
splenic a rtery thus mob i l i z i ng  stat ion 1 1  nodes.  Aga in ,  
vesse l  loops may a i d  i n  retract ion of the l a rger a rteries 
i n  concert with gentle downward retract ion of the pan
creatic body. Ca re must be taken to identify and  preserve 
the sp len ic  ve i n .  

F I G  5 • E levat ing  t h e  stomach towa rd t h e  abdom ina l  
wa l l  and  to  the  patient's r ight he lps identif icat ion and  
iso lat ion of  the l eft gastr ic a rtery, wh i ch  is  then  d iv ided 
with a vascu la r  sta p ler. Hepatic and splenic a rteries shou ld  
a lso be identif ied pr ior  to f i r ing the sta p ler. 
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PROXIMAL DIVISION OF THE STOMACH 

• 

• 

Div ide the g reater omentum and the gastroep ip lo i c  a r
cade (may use a vascu la r  sta p ler) at the level chosen on 
the g reater curvature for the prox ima l  resect ion marg i n .  
D iv ide t h e  stomach, ta k ing care t o  ach ieve a m i n i m u m  
o f  5- t o  6-cm marg i n  o f  norma l  stomach from t h e  tumor. 

RECONSTRUCTION WITH STAPLED 

ANASTOMOSIS 

• 

• 

• 

• 

Our  choice for the reconstruct ion is a sta p led a nteco l i c  
isoper ista lt ic gastrojej u nostomy. 
Identify the l i gament of Treitz at the base of the tra ns
verse mesoco lon .  Proper anatomy is confi rmed by visua l 
izat ion of the i nfer ior  mesenteric ve i n .  

U s e  an  u m b i l i ca l  tape cut t o  4 0  em t o  identify t h e  jej u n a l  
l o o p  t o  be used f o r  t h e  a nastomosis .  M a ke sure t h a t  th i s  

loop of jej u n u m  can l i e  next to the gastr ic pouch without 
tens ion .  If tens ion is  encou ntered, the approach shou ld  
be converted to a retroco l i c  posit ion .  If add it iona l  length 

is  req u i red, cons ider a Roux-en-Y reconstruct ion a nd/ 
or mob i l izat ion of the i ntraabdom ina l  esophagus  and 
esophagea l h i atus to decrease the a nastomotic  tens ion .  
Use stay sutu res to secure the jej u n u m  to the lesser curva
ture of the stomach .  The p l an ned l i ne  of the gastrojej u

nal anastomosis shou ld  be 2 to 3 em from d ista l resect ion 
marg i n  to ensure adequate b lood supp ly. 

CLOSI N G  

• Comp lete a f ina l  i nspect ion of a l l  sta p le  l i nes and  vascu
lar pedic les for hemostas is  and i nteg r ity. B l eed ing po ints 

• 

• 

Our  choice is Endo G IA  4.8-mm cartr idge with b ioabsorb
ab le  buttress ing .  
The spec imen is  p laced i n  a 1 5-mm endo bag and ex

tracted v ia  the 1 5-mm troca r in the r ight m idclavicu l a r  
l i ne .  
Oversew any b leed ing  poi nts w i th  a bsorbab le  suture . 

• Use the u ltrason i c  shea rs to make a sma l l  enterotomy 
and a sma l l  gastrotomy that ca n acco m modate the Endo 
G IA sta p ler. 

• 

• 

• 

At th i s  poi nt, you shou ld  have an idea regard ing  the 
th ickness of the stomach .  A th icker stomach req u i res 
a 4.8-mm sta p ler; otherwise, use a 3 . 5-mm cartr idge 
(FIG 6). 
Once the stap ler  is fi red, the stap le  l i ne  is i nspected for 
b leed i n g .  
C lose t h e  rem a i n i n g  a nastomotic defect w h i c h  corre
sponds to the proxi m a l  end of the sta p le  a nastomosis i n  

two l ayers us ing r u n n i n g  a bsorbab le  suture. 

Reconstruction With Hand-Sewn Anastomosis 

• Depend ing  on the sk i l l  set of the surgeon, a hand-sewn 
gastrojej unostomy may be acco m p l ished e ither i ntracor

porea l l y  or through a ca refu l ly posit ioned m i d l i n e  or sub
costa l  smal l  inc is ion.  For extracorporea l anastomoses, it i s  
ou r  practice to use a wou nd protector; th i s  i nc i s ion can 
a lso be used to extract the operative specimen .  

• 
• 

FIG 6 • A mechan ica l  l i near  sta p ler  is used for the 
hepaticojej u nostomy. The stap ler  should be i ntrod uced 
from the afferent l i m b  s ide .  Th is  maneuver m i n i m izes the 
r isk of anastomotic stricture of the efferent l i m b  when 
c los ing the a nastomotic  defect used for i ntroduct ion of the 
sta p ler. 

and  a reas of ma lformed stap les shou ld  be oversewn with 

a bsorbab le  suture. 

C losed suct ion dra inage is  optiona l .  
Abdomina l  fascia is c losed for a l l  port sites larger than 5 mm . 
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POSTOPERATIVE CARE 

• We usually keep a nasogastric tube for 24 hours in order 
to decrease gastric distension, which may compromise the 
integrity of the anastomosis. Whether this decreases the leak 
rate has not been proven. 

• Immediately after surgery, the patient is instructed to use an 
incentive spirometer, cough, and take deep breaths. Also, 
patients are encouraged to ambulate within 6 hours from 
surgery. 

• Prophylactic antibiotics are not indicated in the postopera
tive period. 

• Unless an epidural catheter is used for analgesia, the Foley 
catheter is removed in postoperative day 1 .  

• I f  the patient i s  able t o  protect his o r  her airway 
and the abdomen is not distended, clear liquids are 
allowed on postoperative day 1, then diet is advanced as 
tolerated.  

OUTCOMES 

• Available evidence shows no major differences in morbid
ity, mortality, number of nodes harvested, or disease-free 
survival. 

• MIDG is a safe and effective treatment of gastric cancer. 
• The addition of a D2 dissection elevates this operation to 

much higher difficulty level. 
• Oncologic principles and safety are paramount and should 

not be sacrificed for a less invasive approach. 

COMPLICATIONS 

• The postoperative complications observed after MIDG gen
erally are comparable with those of an open procedure. 

• Intraoperative 
Bleeding 
Splenic injury 
Iatrogenic enterotomy 

• Early postoperative 
Gastrojejunal anastomotic leak 
Duodenal leak 
Bleeding 
Delayed gastric emptying 

• Late postoperative 
Dumping 
Afferent limb syndrome 
Marginal ulcer 
Bile reflux gastritis 
Malnutrition 
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Chapter 14 Proximal Gastrectomy 
- ----------------------------------- ·----------------------------------------------------- .... 

Sushanth Reddy Martin J. Heslin 

DEFINITION 

• Proximal gastrectomy is defined as a procedure to remove 
the upper third to one-half of the stomach and the distal 
portion of the esophagus. This is a procedure to remove can
cers or premalignant lesions in the cardia of the stomach, 
the gastroesophageal ( GE) junction, or the distal esophagus. 
Proximal gastrectomy is usually used in conjunction with 
systemic chemotherapy and external beam radiation for 
malignant lesions in this area. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Patients typically present with difficulty swallowing, dyspha
gia, upper gastrointestinal ( GI) bleeding, or reflux symptoms, 
especially in the setting of unexplained weight loss. Initial 
diagnostic evaluation typically includes an esophagogastro
duodenoscopy (EGD ) with biopsy showing malignancy. 

• A thorough history and physical examination should be per
formed prior to surgery. Particular attention should be paid 
to cardiac and pulmonary comorbidities and nutritional 
status. Risk factors for cancer including acid reflux disease, 
history of Barrett's esophagus, and tobacco use should be 
identified. 

• Patients who have disease in the proximal to midesopha
gus should not undergo proximal gastrectomy.1 These 
patients should be considered for either an lvor-Lewis 
(Part 1, Chapter 30 )  or transhiatal esophagectomy (Part 1 ,  
Chapter 29 ) .  

• All patients with cancer should undergo staging prior to 
consideration for surgery. 

• Patients with high-grade dysplasia or T1 tumors without 
lymph node metastases should be considered for surgery first. 
Patients with advanced tumors (T2 or greater) or those with 
lymph node involvement should be considered for upfront 
(neoadjuvant) chemotherapy and radiation therapy.2•3 Those 
patients who are nutritionally depleted should have a feed
ing jejunostomy tube placed prior to initiating therapy.4 

• Following completion of chemotherapy and radiation ther
apy, patients should be restaged. The presence of distant 
metastases is a contraindication for surgery. 

• The period of upfront therapy allows for optimization of 
cardiac and pulmonary comorbidities prior to surgery. 

DIAGNOSTIC LAPAROSCOPY 

IMAGING AND OTIIER DIAGNOSTIC STUDIES 

• All patients should undergo staging evaluation prior to 
surgery. Endoscopic ultrasound (EUS) is used to identify 
tumor depth (T stage) and regional lymph node metastases 
(N stage) .  Computed tomography ( CT) scan or positron 
emission tomography (PET) scan is used to identify distant 
metastases. The liver is the most common site of distant me
tastases for adenocarcinoma and squamous cell carcinoma 
(the two most common tumor histologies ) .  

• Staging should b e  repeated after the completion o f  upfront 
chemotherapy prior to surgery. 

• The celiac axis anatomy should be carefully studied prior 
to surgery to look for anomalies. Specific attention should 
be paid toward an accessory or replaced left hepatic artery 
within the gastrohepatic ligament. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Many patients with gastric or esophageal malignancy have 
comorbid conditions related to age or tobacco use. These 
patients should undergo optimization of their comorbidities 
prior to surgery. 

• Anesthesia should consider placement of an arterial monitor
ing catheter and/or a central venous catheter. During hiatal dis
section, the heart may be compressed and invasive monitoring 
can be useful in guiding resuscitation in the operating room. 

• A nasogastric (NG) tube will be placed during the operation. 
It may not be possible to pass an NG tube prior to removal 
of the tumor (if it is obstructing) .  The surgeon should have 
good communication with anesthesia in regard to NG tube 
position as it will be manipulated through the operation. 

Positioning 

• The patient is positioned with both arms at 90 degrees with 
the torso. This will facilitate with exposure by spreading the 
lower ribs laterally. Alternatively the right arm can be tucked 
to the patient's side to aid in attachment of the self-retaining 
retractor device to the operating room table. If a feeding je
junostomy tube has already been placed, the tube should be 
prepped into the sterile field. 

• The a bdomen is entered through the supra u m b i l i ca l  
m i d l i n e  a n d  a lapa roscope p laced (Pa rt 2 ,  Chapter 1 3) .  
The ent i re abdomen shou ld  be eva luated with  specif ic 

attention to the l iver and the peritonea l  surfaces for the 

presence of metastatic d isease. Any susp ic ious les ions 
should be b iops ied and  sent for frozen sect ion ana lysis 
i n  the patho logy. The presence of metastat ic d isease i s  a 
contra ind icat ion for surg ica l  resect ion .  
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MOBI LIZATION OF THE STOMACH 

• A forma l  l aparotomy is performed and a self-reta i n i n g  
retractor is  p laced. Exc is ion o f  t h e  x i p h o i d  process m a y  b e  
used t o  a id  with retract ion (th i s  a l l ows f o r  w i d e r  retrac
t ion of the costa l marg in) .  

• The lesser sac is entered a long the avascu la r  p lane that 

separates the gastroco l i c  omentum from the tra nsverse 
mesoco lon .  The d i ssect ion shou ld  proceed away from 

the g reater cu rve of the stomach to avo id i nj u ry to the 
r ight gastroep ip lo i c  a rtery. The r ight gastroep ip lo ic  a rtery 
w i l l  be the pr imary b lood supp ly of the res idua l  stomach 

(FIG 1 ) .  The r ight gastric a rtery ca n be spared to keep 
the gastr ic condu it we l l  vascu la r ized. Mob i l ization of the 
stomach is  usua l ly suffic ient for resect ion and reconstruc
tion for a proxi ma l  gastrectomy without the need for 
l igat ion of the r ight gastric a rtery and a Kocher maneu
ver  to mob i l ize the duodenum (needed for transh iata l 
esophagectomy [Pa rt 1 ,  Chapter 29] or lvor-Lewis esopha
gectomy [Pa rt 1 ,  Chapter 30] ) .  

• 

• 

The left latera l section of the l iver is mob i l ized to expose 
the lesser cu rve of the stomach and the esophageal  h ia
tus :  The left triangu lar  l igament is  i ncised. This is avascu
la r. The fa lciform l igament may a lso be i ncised to aid with 
visua l ization of the left tr iangu lar  l igament (FIG 2) .  The 
l igament need not be mob i l ized to its confl uence with 
the fa lciform to avoid i nju ry to the left hepatic vein .  The 
gastrohepatic l igament is  d ivided. This structu re is typ ica l ly 

a lso avascu lar, but attention should be paid for a ny acces
sory or replaced left hepatic a rtery (FIG 3) .  This wi l l  a l low 
exposure of the esophageal  crura. 

The gastrosp len i c  l i ga ment is  d iv ided between c l a m ps 
and  t ies .  The vasa brevia a re i nd iv id u a l ly d i ssected and  

F IG 1 • The g reater cu rve of  the stomach i s  m o b i l ized.  Care 
i s  taken to stay outs ide the r ight gastroep ip lo i c  a rtery as this 
i s  the vascu l a r  ped ic le  of the gastr ic  cond u it .  Th i s  port ion 
of the gastroco l i c  omentum i s  typ ica l ly avascu l a r, a lthough 
sma l l  b lood vesse ls  may be encou ntered req u i r i ng  l igat ion .  
The vasa brev ia  shou ld  be l i gated as d issect ion proceeds 
cepha l ad .  
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Left triangular 
l igament 

Left lateral section 

Falc iform ligament 

FIG 2 • The l eft lobe of the l iver i s  mob i l ized.  The fa lciform 
l i gament has a l ready been d iv ided and the l eft tri angu l a r  
l iga ment is  be ing  i ncised. Both of  these structu res a re 
avascu la r. The fa lc iform l i ga ment shou ld  be d iv ided near the 
l i ver. As d i ssect ion proceeds cepha lad,  the fa lciform wi l l  d iv ide 
i nto the r ight and left tr iangu l a r  l i gaments when d i ssect ion 
is  c loser  to the l i ver. I f  d i ssect ion is  c loser to the abdom ina l  
wa l l ,  d iv is ion of  the  fa lciform w i l l  l e ad  i nto the hepatic 
venous confl uence. I n jury to one of these vessels can lead to 
catastroph ic  b lood loss .  

d iv ided between t ies .  Alternative strateg ies for d iv i s ion 
of th i s  structu re wou l d  i nc lude  a n  advanced energy 
device or  a n  a rt i cu lat ing 45-m m sta p l e r  with vascu l a r  
loads .  

• The d i sta l esophagus is c i rcumferentia l ly freed us ing a 

comb ination of sharp and b lunt d i ssect ion .  A Pen rose 
d ra i n  is p laced around the esophagus to a id  with retrac

t ion (FIG 4) .  The Penrose d ra i n  can be used to retract 
the esophagus to expose the d iaphragmatic h iatus and 
a id  with lower mediasti na l  d issect ion .  The h iata l attach

ments of the esophagus are taken down with a n  advanced 
energy device. The h iatus shou ld be opened to fac i l itate 
d issection of the esophagus.  Dur ing this  d issection, it 
may be necessary to put pressure on the heart to free the 
mediasti na l  attachments of the esophagus.  The proxima l  
extent of  the  tumor  and the  length of  the  i ntraabdomina l  

esophagus wi l l  d ictate the  amount of  mediasti na l  d i ssec
t ion necessa ry. 

• With the stomach reflected a nter ior ly, the l eft gas

tr ic  vesse l s  a re l i g ated (F IG 5) .  Pr ior  to l i g at ion ,  the  
l eft gastr ic  a rtery i s  test c l am ped to m a ke su re that  

f low rem a i n s  i n  both  the  com m o n  hepat ic  a rtery a n d  
the sp l en i c  a rte ry. The l eft gastr ic  a rte ry i s  l i g ated a t  
its root off the ce l i ac  tru n k  to fac i l itate a ppropr iate 

lym phadenectomy. 
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Gastrohepatic 
l igament being 
divided 

Retracted left 
lateral section 
of liver 

Neop lasm 

FIG 3 • The lesser curve of the stomach is mobi l ized. By mobi l iz ing the left lobe of the l iver, the left latera l section can be retracted 
to expose the gastrohepatic l igament. This is a lso typica l ly avascu lar. Attention should be g iven in case there is an accessory or 
replaced left hepatic a rtery. This can usua l ly be seen on preoperative contrast CT scans. By open ing the gastrohepatic l igament, the 
d iaphragmatic crura can be visua l i zed. 

Retractor -------
Right and left 
crura of 
diaphragm 

Right lobe 
of l iver -----

Divided 

Neoplasm 

Penrose 
around 
esophagus 

FIG 4 • The d i sta l  esophagus and GE j u nct ion are d i ssected .  Once the stomach's g reater and lesser cu rve have been mob i l ized, 
th i s  d i ssect ion can be performed b l untly. In patients who have u ndergone preoperative rad iat ion therapy, sca rr ing i n  th i s  
reg ion ca n make d i ssect ion d ifficu lt. A Pen rose d ra i n  is  p l aced around the esophagus .  Th is  d ra i n  a l l ows the esophagus to be 
m a n i pu lated in a l l  d i rect ions to aid with transh iata l  d i ssect ion .  A suff ic ient length of esophagus shou ld  be mob i l i zed i nto the 
abdomen so that the proxi m a l  esophagea l  marg i n  is  g ross ly c lear  from the tumor. A h ig h-energy device ca n be used to a id  with 
d ista l esophagea l  mob i l izat ion (m i n i m iz ing  b lood loss seen with b l u nt or  ca utery d i ssect ion) .  
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Ties on 
left gastric 
artery 

FIG 5 • The left gastric ped ic le is d iv ided.  The stomach shou ld  be reflected to expose the lesser sac. Th is  w i l l  fac i l itate exposure 
of the left gastric artery near its ori g i n  at the ce l i a c  axis .  Th is  structure shou ld  be test c l amped prior to l igat ion (pu lses shou ld  be 
assessed in both the common hepatic and  sp len ic  arteries). L igation of the left gastric artery near its ori g i n  w i l l  fac i l itate with 
lymphadenectomy (for patients with ma l i gnancy) . 

GASTROESOPHAG EAL RESECTION AND 

RECONSTRUCTION 

• 

• 

• 

Us ing the NG tube as a gu ide, p lace two purse-stri ng su

tures i n  the esophagus proxima l  to the neoplasm (FIG 6). 
These wi l l  be an a lternating horizonta l mattress to ensure 

com p lete donuts after stap l i ng .  Do not a l low the sutures 

to go through the NG tube.  
Anesthesia should retract the NG tube i nto the esophagus . 
Partia l ly d ivide the esophagus with e lectrocautery below 
the purse-stri ng sutures and above the neoplasm. The pos
terior wa l l  of the esophagus and the purse-stri ng sutures 
are used to keep the proximal  esophagus in an intraabdom
inal posit ion. The anvi l of a circular l i near stap l ing device is 

placed i n  the esophagus and the purse-string sutures are 
tied. The d ivision of the esophagus is completed . The G E  
junction can now b e  del ivered extracorpora l ly. A proxima l  

surg ical marg in  is  sent for frozen section ana lysis. Typica l ly, 
a 25-mm circular stap ler wi l l  be sufficient for reconstruction. 
M u lt ip le  firi ngs of the gastro i ntest i na l  anastomosis 

(G IA) l i near sta p ler  are used to both resect the proxi m a l  

• 

stomach wh i l e  tubu lariz ing  the rem a i n i n g  stomach for 
the reconstruct ion .  The fi rst sta p le  load is  dep loyed per

pend icu lar  to the greater curvature of the stomach .  The 
stap ler  is  f ired seq uenti a l l y  toward the lesser curve, cre

at ing a gastric tube (FIG 7) .  The stomach shou ld  not be 
com pletely transected.  
A gastrotomy is created a long the lesser curve to a l l ow 

p lacement of the hand le  of a c ircu lar  sta p l i ng device. 
This gastrotomy shou ld  be posit ioned so that it wi l l  be 
resected as part with add it iona l  firings of the GIA l i near 

stap ler  to com pletely transect the proxi m a l  stomach .  The 
stap ler  is  attached to its anvi l  i n  the proxi m a l  esopha

gus  and f ired (FIG 8) .  The a nastomotic don uts are ex
a m i ned to ensure that two i ntact ri ngs are present. The 
esophagogastrectomy is comp leted with add it iona l  f ir

i ngs of the G IA sta p ler to excise the gastrotomy s ite, the 
proxim a l  stomach,  the tumor, and the d i sta l esophag us. 
Tens ion from the proxim a l  esophagus wi l l  usua l ly retract 

the a nastomosis i nto the thorax. A c losed suct ion dra i n  
shou ld  be p laced a t  t h e  a nastomosis .  T h e  NG t u b e  shou ld  
be advanced i nto the stomach .  
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Retracted left 
lateral section 
of l iver 

Naso gastric tube 
in  esophagus ----+'--

EEA stapler anvil inside 
esophagus with purse 
string suture tied ---.Jr. 

Suture purse 
string around 
esophagus 

Nasogastric tube 

FIG 6 • The resect ion marg i ns are p l anned .  The 
prox ima l  resect ion marg i n  can be grossly a pprox imated 
based on  the tumor's l ocat ion .  Two purse-stri ng sutures 
are p laced on the esophagus just a bove the p l an ned 
proxim a l  marg i n .  The NG tube can be used as a g u ide 
to ensure the sutures are transm ura l  (as  the needle 
meets res ista nce from the NG tube, it shou ld  be 
rotated away from the tube). The suture shou ld  not 
pass through the N G  tube. After the sutures are p laced, 
the NG tube shou ld  be retracted i nto the esophagus 
a bove the sutures. The a nterior wa l l  of the esophagus 
i s  then tra nsected, and the anv i l  of a 25-mm circu lar  
stap ler i s  p laced i nto the esophagus .  The sutures are 
t ied to keep the anv i l  in p l ace. The posterior wa l l  of 
the esophagus is then d iv ided.  The d ista l esophagus 
and  stomach can now be de l ivered extracorpora l l y. An 
esophagea l marg i n  shou ld  be sent for frozen sect ion to 
ensure negative resect ion marg in s  (th i s  can be taken 
from the d i sta l  esophagus a bove the tumor) .  

Tied vasa 

.J.----- Right 

FIG 7 • A GIA stapler is then used to 
beg in  gastric transect ion.  The f irst stap le 
load should be horizonta l ly across the 
stomach just be low the vasa brevia (to a 
portion of the stomach with vascu lar 
supply from the right gastroepip lo ic  
artery). Subsequent stap le loads should 
be f ired i n  a manner to create a gas
tric tube for the esophagogastrostomy 
anastomosis. 

gastroepiplo ic 
artery 
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Transected 

Gastrotomy 

�
��-----

Planned G IA 
staple l ine 

FIG 8 • Prior to complet ing the gastric resection, a gastrotomy is made i n  the lesser curve i n  a portion of the stomach that wi l l  
be transected with the GIA stapler. The hand le of  the circu lar stapler is inserted to create an  end-to-side esophagogastrostomy. 
The handle is opened so that it can dock with the anvi l  in the proxima l  esophagus. This stapler is f ired to create an end-to-s ide 
esophagogastric anastomosis. The stapler is  removed and the anastomotic donuts are retrieved. Both donuts should be i ntact. After 
removing the circu lar stapler, addit ional  f ir ings of the G IA stapler are used to complete the gastric transection a long the lesser 
curve. The NG tube is then advanced into the gastric condu it and secured at the nose. A closed suction dra in  is left in proxim ity of 
the anastomosis. 

PYLOROMYECTOMY • The pyloromyectomy is c losed tra nsverse ly with inter
ru pted sutures (FIG 9). 

• The pylorus is identified by pa lpation and the presence of • 
the vein  of Mayo. Stay sutures are p laced at the 1 2  o'clock 
and 6 o'clock positions. The pylorus muscle is opened 
sharply and a p iece of the m uscle is removed with a 
1 5  b lade kn ife to the level of the mucosa without enteri ng 
the Gl  tract. 

If the mucosa is opened inadvertently, a He ineke-M iku l icz
type pyloroplasty is  performed instead (Part 2, Chapter 9). 
A dra in  should be left i n  Morrison's space (hepatorena l  
recess).s 
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FEEDING JEJUNOSTOMY 

• If a jeju na l  feed ing  tube has not a l ready been p laced, 
one shou ld  be created at this time (Part 2, Chapter 1 7) .4 

FIG 9 • A pyloromyectomy is performed.  F i rst, stay 
sutures are p laced at the 6 o'c lock and 1 2  o'c lock posit ions 
(to l i gate the ve in  of M ayo) . The serosa and subm ucosa of 
the pylorus are inc i sed with a kn ife. The mucosa shou ld  
not  be entered . I n  most patients, the pyloric m uscle can be 
v is i b l e  after sharp tra nsect ion .  The pyloromyectomy shou ld  
be c losed transversely with  i nterru pted sutures. If the 
mucosa i s  opened,  a He ineke-M iku l icz pylorop lasty shou ld  
be performed . A c losed suct ion dra i n  shou ld  be p laced. 

PEARLS AND PITFALLS 

Workup 

Mob i l izat ion 

Postoperative care 

N utrit ion 

• The nutrit iona l  status of the patients shou ld  be assessed pr ior  to prox ima l  gastrectomy with strong 
cons iderat ion of a feed ing  jeju nostomy tube pr ior  to atte m pt ing proxim a l  gastrectomy. 

• Carefu l preoperative and i ntraoperative stag ing  shou ld  ta ke p l ace to assure that there is no d i stant 
metastatic d i sease. 

• Patients with comorbid condit ions shou ld  undergo opti m i zat ion of their card iopu lmonary status prior to 
proxim a l  gastrectomy. 

• Care shou ld  be taken to avoid i n jury to the r ight gastroep ip lo i c  artery when entering the lesser sac 
through the gastroco l i c  omentum .  

• Whi l e  mob i l iz ing t h e  lesser curve o f  t h e  stomach, attention should b e  pa id for a replaced left hepatic artery. 
• The l eft gastric artery shou ld  be test c l amped prior to l igat ion in case there is a ce l i ac  axis anoma ly. 

• The NG tube shou ld  not be man ipu l ated or rep laced b l i nd ly. 
• M ost postoperative leaks can be managed with dra inage a lone.  
• M a ny patients wi l l  have sym ptoms of ref lux req u ir ing pro longed use of proton pump i n h i b itors. 

• The feed ing  jeju nostomy tube shou ld  be left in p lace unt i l  the patient ca n demonstrate adequate ora l 
i ntake to ma inta i n  nourish ment-especia l ly if the patient w i l l  u ndergo adjuvant thera py. 

• If the patient does not have a feed ing jejunostomy p laced prior to operation, there should be one p laced i n  
a l l  cases of  a proxima l  gastrectomy because leaks and de layed gastric emptying are two major comp l ications. 

POSTOPERATIVE CARE • On postoperative days 4 to 5, the anastomosis should be 
studied with a contrast esophagogastrogram. A water
soluble contrast agent should be used initially followed by 
barium to evaluate for anastomotic leaks. After a successful 
swallow study, the patient may begin oral nutrition. 

• Most patients have medical comorbidities related to advanced 
age and tobacco use. Intensive care unit (ICU) care with spe
cial attention to aspiration precautions should be considered 
for the immediate postoperative period. 

• The NG tube should remain in place until a contrast esopha
gogastrogram is performed. If the NG tube is inadvertently 
removed, it should not be blindly replaced. 

• The operative drain should be removed only after the patient 
starts an oral diet without clinical evidence of an anasto
motic leak. 



• The feeding jejunostomy tube should be left in place to 
supplement nutrition until the patient reliably demonstrates 
adequate oral intake to maintain nourishment.4 

OUTCOMES 

• Reflux esophagitis and anastomotic strictures are present in 
up to 40% of patients undergoing proximal gastrectomy.6 

• The overall survival for patients undergoing proximal gastrec
tomy is similar to other gastric resections and is heavily de
pendent on tumor stage (5-year survivorship: stage I, 75 % to 
90%;  stage II, 49%;  stage III, 1 3 %  to 33%;  stage IV, 1 1  % ) .7 

COMPLICATIONS 

• If there is a small leak identified after the swallow study, replace
ment of an NG tube should almost never be considered. Keeping 
the patient NPO with enteral nutrition solves the majority of 
these leaks. Additional CT- or ultrasound-guided percutane
ous drains should be considered if the surgical drain does not 
adequately drain the leak. A contrast esophagogastrogram 
should be repeated prior to initiating oral nutrition. An endo
scopically placed covered stent may facilitate closure of a leak. 

• If a large leak is identified on the initial contrast study, con
sider early reoperative intervention. Options can include wide 
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drainage or conversion to an Ivor-Lewis or transhiatal esoph
agectomy. However, the majority of the time, simply widely 
draining the region and controlling abdominal sepsis is the 
primary focus of early reoperative surgery for leaks. 
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Chapter 15 Total Gastrectomy for Cancer 
-----------------------------------------------------..-1 

I 
Vikas Dudeja 

DEFINITION 

• Total gastrectomy is removal of the stomach in its entirety 
including the gastroesophageal ( GE) junction. This is typi
cally performed for patients with proximal gastric cancer, 
including Siewert type II and III GE junction cancers, 1 in 
whom a subtotal gastrectomy with 5- to 6-cm proximal mar
gin does not leave a reasonable gastric remnant. Rarely, dif
fuse involvement of stomach with malignant processes other 
than gastric adenocarcinoma may warrant a total gastrec
tomy. Even though proximal gastric resection is widely per
formed in Asia and select U.S.  cancer centers for proximal 
gastric tumors, this procedure has not gained wide adoption 
in western centers. 2 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Presentation: In the United States, most patients with gastric 
cancer are diagnosed at advanced stages. Weight loss, an
orexia, dyspepsia, progressive dysphagia, and early satiety 
are the most common symptoms. Unfortunately, some of 
these symptoms (dyspepsia ,  nausea, anorexia ) overlap with 
those of benign reflux disease and explain the late presenta
tion of proximal gastric cancers in the United States. Poor 
oral intake because of cancer-induced anorexia and dyspha
gia contributes to patients' weight loss. As such, patients 
with more than 1 0 %  weight loss are at increased risk of 
perioperative complications. Thus, quantification of weight 
loss in the preoperative period provides a meaningful esti
mate of nutritional status and helps in pretherapy planning 
in terms of preoperative nutrition. Patients may also present 
with iron deficiency anemia due to occult blood loss. 

• Evaluation of the performance status and frailty is important 
for the formulation of a treatment plan. Eastern Cooperative 
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Oncology Group's (ECOG) performance status scale provides 
a standardized method to assess and compare performance 
status of the patient.3 Patients with ECOG performance 
score of 0 to 1 are generally able to tolerate major oncologic 
resections. Those with a score of 2 may require individual
ized decision making, factoring comorbidities into the over
all treatment plan. Patients with a score of 3 and above are 
unable to tolerate any major oncologic resection. Attention 
to pretherapy performance status and frailty are critical, as 
these two important yet underassessed parameters correlate 
well with the ability to tolerate various oncologic therapies, 
including major oncologic resection and systemic therapy. 

• Physical findings: In early stages, the physical examination 
is essentially normal. However, surgeons need to look for 
signs of malnutrition. Patients with advanced-stage gastric 
cancer may present with supraclavicular lymphadenopathy, 
pleural effusion, abdominal mass, hepatomegaly, malignant 
ascites, or drop metastases in the form of " Blumer's shelf" 
appreciated on rectal examination. Presences of any of these 
physical findings suggest unresectability. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Laboratory tests: Baseline hemoglobin, platelet count, and 
complete metabolic profile should be obtained. Serum albu
min and prealbumin are useful to guide assessment of nutri
tional status. 

• Diagnostic studies and staging evaluation: The evaluation of 
any upper gastrointestinal symptomatology starts with an 
esophagogastroduodenoscopy (EGD) ,  especially if gastric 
cancer is suspected. Endoscopy provides histopathologic 
diagnosis as well as gives information on location and extent 
of gastric tumor, GE junction involvement, presence of linitis 
plastica, and status of duodenal bulb ( FIG 1 A,B) .  Endoscopic 

c 

FIG 1 • Endoscopy and EUS  are crit ica l  for the d iag nosis and stag ing  of gastric cancer. A. Endoscopic  f ind ings  i n  a 68-year-o ld  ma le  who 
presented with iron defic iency anemia and anorex ia .  An u lcerated adenocarci noma of the proxi m a l  th i rd of the stomach was d i scovered . 
Patient underwent RO tota l gastrectomy with lymphadenectomy, and  the f ina l  patho logy report showed pT2 NO (0/23) MO d i sease. 
B. A retroflexed endoscopic  v iew of T2 gastric adenocarci noma i n  gastric fundus. C. EUS he lps with accurate preoperative T stag ing  of 
the les ion .  
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FIG 2 • Cross-sect iona l  imag ing  with CT or MR I  eva luates for 
d ista nt metastatic  d i sease and b u l ky adenopathy. Abdomina l  
CT  scan i n  a patient with known h igh-grade neuroendocri ne 
tumor. No l iver metastases were noted.  Note d i ffuse nodu l a r  
heterogeneous th icken ing  of  the  stomach (white arrow). 

ultrasound (EUS),  performed at the time of or subsequent 
to diagnostic endoscopy, provides the most accurate estima
tion of the tumor depth (T stage) ( FIG 1 C) and can help in 
evaluation and needle biopsy of surrounding lymph nodes.4 
Furthermore, EUS provides information on the degree of 
distal esophageal involvement. 

• Cross-sectional imaging of abdomen and pelvis, in the form 
of a computed tomography ( CT) scan ( FIG 2 ) with oral and 
intravenous (IV) contrast or magnetic resonance imaging 
(MRI) ,  evaluates for presence of distant metastatic disease 
to the liver and bulky lymphadenopathy. Metastases to lungs 
should be evaluated by CT scan of the chest. The presence 
of bulky adenopathy has a prognostic value. However, it 
should not preclude resection unless patient presents with 
diffuse adenopathy involving the periportal area or mesen
teric vessels. Positron emission tomography (PET)/CT scan 
has evolved as an additional radiographic staging modality 
to exclude the presence of distant metastatic disease ( FIG 3 ) .  

• Staging laparoscopy: Peritoneal spread i s  part o f  the natu
ral history of gastric cancer. Up to a third of the patients 
who have localized disease on staging evaluation have un
suspected hepatic and/or peritoneal disease. 5 Thus, staging 
laparoscopy can prevent a nontherapeutic laparotomy in the 
setting of Ml disease. The timing of staging laparoscopy 
may depend on the institutional preference with respect to 
neoadjuvant versus adjuvant therapy. We recommend nee
adjuvant chemotherapy for patients with proximal gastric 
tumors and perform staging laparoscopy (with peritoneal 
cytology) before initiation of neoadjuvant therapy. We selec
tively place feeding jejunostomy during staging laparoscopy, 
especially in persons who are old, frail, have suboptimal 
performance status, or present with malnutrition. The pa
tient then returns after completion of neoadjuvant chemo
therapy for restaging and definitive surgical treatment ( i .e . ,  
gastrectomy) .  

• Peritoneal cytology: The addition o f  peritoneal washing 
for cytology is an area of debate. 6•7 We use this diagnostic 
modality in patients at risk of undeclared metastatic disease 
or suboptimal performance status, as patients with positive 
peritoneal cytology have unfavorable overall prognosis com
pared to those with negative peritoneal cytology. 

SURGICAL MANAGEMENT 

• A complete margin-negative resection with an adequate 
lymphadenectomy is the most critical component of therapy 
for operable gastric cancer. 

Preoperative Planning 

• Addressing preoperative malnutrition: Patients with proxi
mal gastric cancer are at an increased risk of being nu
tritionally compromised due to cancer-induced anorexia 
and dysphagia . These patients benefit from preoperative 
enteral  nutrition through a j ejunostomy tube placed preop
eratively during the staging laparoscopy. The enteral nutri
tion through jejunostomy tube also helps with hydration 
and nutrition during neoadj uvant therapy. A consultation 
with a dietitian with regard to nutritional optimization is 
recommended. 

• Evaluation of the patient's ability to tolerate the surgery: 
A careful review and optimization of underlying comor
bidities (e .g . ,  cardiac, pulmonary, diabetes )  and perfor-

FIG 3 • PET scan may help in the eva l uation of d isease 
spread .  PET scan in  a patient with known h igh-grade 
neuroendocrine tumor demonstrates hypermetabol ic activity 
(white arrow) in the stomach but no other organ.  This patient 
requ ired tota l gastrectomy for com plete d isease clearance. 
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mance status should be considered in conj unction with 
other supporting specialties .  A subset of high-risk individ
uals may benefit from preoperative admission to optimize 
nutrition, electrolyte imbalance, and performance status 
(e .g . ,  physical therapy) in preparation for their oncologic 
resection. 

• Preoperative antibiotics: Patients should be given one dose 
of first- or second-generation cephalosporin for periopera
tive antibiotic prophylaxis. 

Positioning 

• Evaluation of response to neoadjuvant therapy: At times, 
when neoadjuvant therapy is employed to increase rates of 
RO resection or spare the GE junction, a repeat postther
apy preoperative EGD provides additional information on 
tumor response and the proximal extent of the tumor. 

• In most patients, an upper midline incision provides optimal 
exposure for the procedure. The chest should be prepped 
into the operative field for the possibility of needing a tho
racotomy for GE junction tumors. A sandbag can be placed 
under the left chest to facilitate thoracotomy. 

STAG I N G  LAPAROSCOPY 

• Pneumoperitoneum is created by either an open tech

n ique  or verse need le .  A 30-degree scope i s  i nserted at 
the u m b i l icus .  One to two add it iona l  5-mm ports on 
either s ide of the u m b i l icus are needed for opt ima l  vi
sua l izat ion, grasp ing of tissue, and b iopsy of susp ic ious 
t issues .  A comp lete survey of the peritonea l  cavity is  per

formed, i nc lud ing  u ndersurface of the d iaphragm,  l iver 
surface, sp leen,  l i n i ng  of peritonea l  cavity, pelv is, sma l l  
bowel surface, and omentum for  any metastatic d i sease. 
If any susp ic ious lesion i s  observed, it is  b iops ied and sent 
for frozen sect ion .  In the sett ing of b iopsy-proven perito-

• 

nea l  d i sease, gastrectomy shou ld  not be performed and • 
nonsurg ica l  treatments shou ld  be i n itiated . H owever, at 
t imes, surgeons are faced with a s ituation to carefu l l y  
and selectively consider pa l l i ative surg ica l  procedures i n  
t h e  sett ing o f  metastatic d isease, for exa m p le, b leed ing  
or obstruct ing cancer not  pa l l i ated by  endoscop ic  means .  

These decis ions need to be i nd iv id ua l ized based on  the 

performa nce status of the patient, extent of metastatic  
burden,  the projected surviva l ,  and  the ava i l a b i l ity of ad
junctive therapy such as endo l u m i n a l  stenting .  

EXPLORATORY LAPAROTOMY AND 

MOBI LIZATION OF THE LIVER 

• The a bdomen is entered through a m i d l i n e  i nc is ion ex

tend ing  from the x ipho id  process to just below the um
b i l icus.  A b i l atera l su bcosta l  i nc is ion,  approx imately 2 em 
be low the costa l marg in ,  a l so provides good exposure. 
Dur ing entry i nto the a bdomen,  the fa lc iform l i gament 
should be preserved as it can be used to buttress the du

odenal  c losure. A carefu l  exploration of the peritonea l  

MOBI LIZATION OF TH E GREATER 

CURVATURE OF THE STOMACH 

• I n  th i s  step, the attachments of the greater omentum to 

the transverse colon are d iv ided in a n  avascu lar  p lane .  
The stomach and the greater omentum are refl ected su
periorly and the transverse co lon is  refl ected inferiorly. 
The p lane  of fus ion between the greater omentum and 

• 

Peritoneal cytology: If the stag ing  l a paroscopy is nega

t ive for peritoneal  spread, the proced ure is  cont inued .  
We perform peritonea l cyto logy i n  the patients who 
do not  have gross peritonea l  metastas is .  For  peritonea l  
cyto logy, 500 m l  of norma l  sa l i n e  i s  i nsti l l ed i nto the 
abdom ina l  cavity and a l l owed to dwe l l  for 10 to 1 5  m i n
utes. Dur ing th i s  t ime, the patient's ta b le  is moved from 
left to r ight to expose the peritoneum to th i s  f l u i d .  After 
1 0  to 1 5  m i n utes, the f lu id  is  asp irated with a suct ion de
vice, which has a mech a n ism to trap the f lu id .  The fl u i d  
i s  then  sent to  the  pathology l ab, and  i n  those with posi
tive peritonea l  cyto logy, we favor not proceed ing  with 
resect ion .  

When a laparoscopic  feed ing  jeju nostomy is to be 
p laced, it i s  i m perative that the surgeon perform ing  the 

stag ing  laparoscopy and jeju nostomy tube p lacement i s  
cogn izant of the need to construct a Roux l imb for the 
restorat ion of gastro i ntest i na l  contin u ity at the t ime of 

defi n itive surgery. Thus, the loop of jeju n u m  just d i sta l  to 
the l i ga ment of Tre itz, which would be used for fash ion
ing  the Roux l i m b, shou ld  not be used for the p lacement 

of jeju nostomy tube. 

cavity is performed to exc lude the presence of subrad io
graph i c  peritonea l  or d i stant metastatic d isease. The l iver 

i s  carefu l ly i nspected and  pa l pated for any susp ic ious 
nodu les. 

For better access and visua l ization of the GE junct ion,  we 
typica l ly d iv ide the left tria ngu lar  l i ga ment thus mob i 
l i z i ng  the left lobe of the l iver. Once mob i l ized, the left 
lobe of the l iver can be fo lded on itse lf thus a l l owing 
better visua l izat ion of the G E  ju nct ion and  the r ight  crus 
of the d i aphragm .  

the  transverse mesoco lon is  identif ied as a fa int  wh ite 
l i ne .  This p l ane  is  entered by inc i s ing with e lectrocautery 

and,  once properly deve loped, a l l ows access to the lesser 
sac (FIG 4) .  This  p lane  of separation  i s  then deve loped 

toward both proxim a l  and  d ista l parts of the transverse 

colon thus  comp letely separat ing  the greater omentum 
from the transverse colon and mob i l iz ing  it with the 
spec imen .  
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FIG 6 • Dissect ion of the infra pyloric noda l  packet at the 
level of r ight gastroep ip lo i c  vesse ls .  

FIG 4 • Div is ion of attachments of greater omentum to the 
tra nsverse co lon .  I nc is ion of avascu lar  fus ion plane of greater 
omentu m with the tra nsverse co lon/mesoco lon separates 
greater omentum from the transverse colon and provides 
access to lesser sac.  

• The hepatic flexure of the colon is mob i l ized by d ivis ion • 
of the avascu lar attachment of the hepatic flexure to the 

retroperitoneum.  The separation of the greater omentum 
from the transverse mesoco lon is carried toward the he
patic f lexure. This exposes the gastroco l i c  trunk, which is  
formed by the conf luence of r ight gastroep ip lo ic vei n  with 
midd le  co l i c  ve in  and dra ins  i nto the superior mesenteric 
vein .  The right gastroepip lo ic  vein is d ivided at its junction 

with the gastroco l ic  trun k  (FIG 5) .  Alternatively, the gas
troco l ic  trunk  can be d ivided with a s ing le  f ire of a vascu

lar stap ler. At this stage, the right gastroepip lo ic  artery is 
d ivided at its orig i n  from the gastroduodenal  artery at the 
i nfraduodenal leve l .  We recommend addit ional  t ime spent 

when perform ing this d issection i n  obese patients g iven 
the potentia l  d ifficu lty in identify ing this artery. l nfrapylo
ric nodes, located adjacent at the orig in  of gastroduodenal  

artery, are mob i l ized with the specimen (FIG 6) .  

Toward the l eft, the greater curvature of the stomach i s  
mob i l ized u p  to the G E  ju nct ion by d iv is ion of the short 
gastric vesse ls .  These vessels are d iv ided carefu l ly to 
avoid troub lesome b leed ing  or iatrogen i c  sp len ic  i n jury 
that may lead to sp lenectomy (FIG 7) .  

F I G  5 • L igat ion o f  r ight gastroep ip lo i c  v e i n  a t  its confl uence 
with co lon i c  ve ins .  Alternative ly, the gastroco l i c  tru n k  can be 
d iv ided with the s i ng le  f ire of a vascu lar  stap ler. 

FIG 7 • D iv is ion of short gastric arteries. Short gastric arteries 
are d iv ided between l i gatures or us ing energy devices. Care is 
taken to avoid iatrogenic  sp len ic  i n jury. 

41 5 
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MOBI LIZATION OF THE LESSER 

CURVATURE OF THE STOMACH 

• Now, the lesser curvature is mob i l i zed by d iv id ing the 
lesser omentum as c lose to the l iver as poss ib le  (FIG 8) .  

Care is  taken to  identify the  presence of  a rep laced or ac
cessory left hepatic artery. Th is  d i ssect ion is  carried toward 
the porta l triad .  The right gastric artery ar is ing from the 
common hepatic artery is  d ivided carefu l l y, mob i l iz ing 
the lymphatic tissue toward the spec imen.  At th is  point, 

duodenum is c ircumferenti a l l y  d i ssected a bout 2 to 3 em 
d i sta l to the pylorus, enc ircled with a Penrose dra i n  and di
vided with a stapler (FIG 9) .  Care is  taken not to in jure the 
bi le duct, hepatic artery, and porta l ve in  whi le encirc l ing  
the duodenu m .  The stapled duodena l  l i ne  cou ld  be over
sewn with 3-0 s i l k  Lam bert sutures and buttressed with 
a healthy p iece of fa lciform l igament (Moossa's patch).  
However, i n  the sett ing of extensive inf lammation around 
the periduodena l  area (e .g . ,  i n  the sett ing of chron ic  scar
r ing due to duodena l  u lcer), consideration shou ld be g iven 
to d iv id ing the duodenal  stum p  i n  between two stra ight 

bowel c lamps and suture closure of the duodena l  stu mp.  
• Next, the gastrectomy speci men,  which is d i sconnected 

d i sta l l y, and  the r ight gastric and  r ight gastroep ip lo i c  

vessels have been d iv ided, is  l ifted u pward . The left gas
tric artery is identif ied, suture l i gated, and  d iv ided at its 
ori g i n  (FIG 1 0) .  The l ymph-areo lar  t issue with the left 
gastric artery is mob i l ized with the spec imen .  

FIG 8 • Div i s ion  of l esser omentu m .  Lesser omentum is 
d iv ided as c lose to the l iver as poss ib le .  Presence of a rep laced 
or accessory left hepatic artery aris i ng from the left gastric 
artery is  carefu l l y  sought for. 

FIG 9 • Div is ion of the duode n u m .  Duodenum is 
c ircu mferenti a l l y  d i ssected, enci rc led with a Penrose, 
and  d iv ided with GIA stap ler b lue  or green load .  
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Common 
hepatic artery ----'�--1 

ESOPHAGEAL TRANSECTION 

• After the d iv is ion of the left gastric ped ic le, the d i ssec
t ion continues u pward, a long the lesser curvature and 
the ascend ing  branch of the left gastric artery. The peri
toneum a nterior to the GE junct ion is  d iv ided.  The lym

phoareo lar  t issue along and a nterior to the u pper part 
of the lesser curvature and  the r ight aspect of abdom ina l  
esophagus  i s  mob i l ized to  the  l eft with the  speci men .  At 
th i s  poi nt, the gastrectomy speci men is on ly  a nchored at 
the esophagus .  Enough i ntrathoracic esophagus  shou ld  
be freed so that  a proxi ma l  marg i n  of 4 to 5 em from 

the tumor can be obta i ned and an a nastomosis ca n be 
fash ioned without tens ion .  At an a ppropriate po int, 

the esophagus  i s  d iv ided between noncrush ing  c l amps 
(FIG 1 1 ) .  We do not preserve the vagus nerve and  both 

a nterior and posterior vag i  are d ivided with the esopha

gus .  Th is  a l l ows for add it iona l  mob i l izat ion of the d i sta l  
esophagus  i nto the abdomen.  

FIG 11 • D iv is ion of esophagus .  Esophagus is  d ivided at least 
5 em proxi m a l  to the most proxi m a l  extent of the gastric tumor. 

SPECI MEN PROCESSING 

• The operat ing surgeon is encouraged to hand carry the 
speci men to the patholog ist to orient h i m/her with the 

deta i l s  of the resect ion and  to perform frozen sect ion as
sessments of the prox ima l  and  d i sta l  marg i ns .  We typ i 
ca l ly send the resected speci men i n  separate conta iners 

Divided short 

Spleen 

Splenic 
artery 

FIG 1 0  • Div is ion of the left gastric artery. The 
left gastric artery i s  d iv ided at its ori g i n .  The 
lymph areo lar  t issue around the ori g i n  of the left 
gastric artery is mob i l ized with the spec imen .  

i n  the fo l lowi ng manner: ( 1 )  stomach with  a marki ng 
stitch on prox ima l  end,  (2) greater omentum, (3) i nfrapy
loric noda l  packet, and {4) lesser curvature noda l  packet 

with a long stitch on the left gastric artery. 
• Once the frozen sect ion of the proxim a l  marg i n  

comes back negative for ma l i gnancy, w e  proceed 
with restorat ion of i ntest i na l  cont inu ity. 

41 7 
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LYMPHADENECTOMY 

• The extent of lymphadenectomy in patients with oper
ab le  gastric cancer is an area of controversy. Western tri

a l s8·9 did not demonstrate the same surviva l advantage 
of D2 lymphadenectomy over D1 lymphadenectomy as 
demonstrated i n  eastern gastric cancer surgery tria l s .  
However, it has been suggested that  the excess morta l

ity i n  the D2 lym phadenectomy arm i n  the Dutch gastric 

RESTORATION OF I NTESTI NAL 

CONTI NUITY 

• After tota l gastrectomy, the i ntest i na l  contin u ity is re
stored by Roux-en-Y esophagojejunostomy. The length 
of the Roux l i m b  from the esophagojejuna l  a nastomosis 
to jejunojeju na l  anastomosis should be 40 to 60 em to 

avoid b i l i ary ref lux esophag it is .  
• Construction of the Roux limb: Whi le  the pathology tea m 

is perform ing  the ir  frozen sect ion on the gastric marg i n, 
we s imu ltaneous ly proceed with the reconstruct ion .  A 
loop of jeju n u m  d i sta l to the l i ga ment of Tre itz that wi l l  
reach t h e  tra nsected esophagus without a n y  tens ion i s  
ident if ied.  Jeju n u m  a t  th is  po int is  d iv ided with a b lue  
gastro intest i na l  a nastomosis (GIA) sta p ler. The stap le  l i ne  
on  the end of  the  Roux l i m b  is  oversewn with 3 -0  s i l k  
stitches i n  Lam bert fash ion .  The Roux l i m b  needs to  be at 
l east 40 em ( i .e . ,  from its beg i n n i n g  at the level of a nas

tomosis with esophagus to the jeju nojeju nostomy) . A 
defect is created in the tra nsverse mesoco lon to the left 

of the m idd le  co l ic  vessels (FIG 1 2) .  We then test that the 
Roux l i m b  can eas i ly  reach the esophagus  i n  retroco l i c  
man ner without tension .  Our  preference i s  to  fi rst per

form the stap led s ide-to-s ide anastomosis between the 
b i l i opancreatic l i m b  and the jeju n u m .  Our rat iona le  be
hind th is  order is  to a l l ow for a n  eas ier reconstruct ion of 

th i s  a nastomosis away from the mesenteric defect, which 
is  typica l ly the case once the Roux l i m b  has been passed 
through the mesoco l i c  defect and esophago-jeju nostomy 
has been done.  Stay sutures are p laced between the b i l 
iopa ncreatic l i m b  and  the jeju n u m  and  enterotom ies for 

insert ion of the l i m bs of stap ler  are made.  One l i m b  of 

the b lue  G IA  sta p ler i s  i ntroduced i nto the b i l iopancre
atic l i m b  and the other in the jeju n u m .  The b lue  load is 
f ired, and the common enterotomy is e ither c losed in a 
hand-sewn fash ion or with a s i ng le  f ire of G IA or thora
coabdom ina l  (TA) sta p ler. 

• Esophagojejunal anastomosis: Next, the Roux l i m b  
is  passed through t h e  mesoco l i c  defect t o  t h e  left of 
m idd le  co l i c  vessels, and esophagojejuna l  a nastomosis  
is  performed . The esophagojejuna l  a nastomosis can be 
fash ioned either i n  hand-sewn or stap led fash ion .  We 
favor the hand-sewn a nastomosis as it is consistent with 
our academic  m iss ion of tra i n i n g  res idents i n  comp lex 

i ntest i na l  anastomosis techn iques.  Also, we f ind the 
hand-sewn a nastomosis  more contro l led with respect to 

p l acement of sutures. 

cancer tria l 8  and the Medica l  Research Counc i l  Tria l 9  was 
due to the d ista l pancreatectomy and sp lenectomy. Thus, 
at th is  t ime, we typ ica l ly perform a pancreas-spleen
preserv ing D1 lymphadenectomy; that is, tak ing the right 
gastric, r ight gastroepip lo ic  artery, and left gastric arteries 
at their orig i n .  We acknowledge that the add it ion of a 

ce l i ac axis d i ssect ion is an area of controversy. 

• Hand-sewn anastomosis: Two seromuscu lar  stay sutures, 
pass ing  through the 3 o'c lock and 9 o'c lock posit ion on  

the esophagus and ant imesenteric aspect of Roux l i m b, 
are p laced to keep esophagus and the Roux l i m b  together 
wh i l e  the a nastomosis is  being created .  We prefer s ing le
layer end-to-s ide a nastomosis .  An enterotomy i s  made 

on  the ant i  mesenteric border of the Roux l i m b  with the 
he lp  of the e lectroca utery. The open ing  i n  the jeju n u m  is 

kept sma l ler than that of the esophagus because the je
ju na l  open ing  tends to stretch and  become b igger. A stay 
stitch on the a nterior l i p  of the esophagus he lps to keep 
it open thus fac i l itat ing  the a nastomosis .  F i rst, the poste
rior layer of equa l l y  spaced i nterrupted fu l l -th ickness 3-0 
s i l k  (or a bsorba b le) sutures are p laced (FIG 1 3A) .  Spec ia l  

attention shou ld  be g iven to the corner stitches.  A l l  the 
sutures shou ld  be p laced before tying .  Once the posterior 
layer is  comp lete, the a nterior l ayer is  then performed 
with the p lacement of i nterrupted 3-0 s i l k  (or a bsorb
a b le) sutures (FIG 138) .  The knots on the a nterior- layer 
sutures can be extra l u m i n a l .  Before com p letion of the 
a nterior layer, a nasogastric (NG) tube is  passed i nto the 
Roux l imb and  a sma l l  p iece of Ge lfoam is p laced i n  the 
l u men to he lp with hemostas is  and  to prevent i n adver
tent p lacement of a nterior stitches through the posterior 
wa l l .  The jeju n u m  cou l d  be tacked to the d i aphragm to 
red uce the tens ion on the a nastomosis from the weight 
of the Roux l i m b . 

Avascular 
area 

M iddle col ic 
arte� --������------J 

Jejunum 

FIG 12 • Creation of the defect i n  mesoco lon .  A defect is  
created i n  the mesoco lon to the left of m idd le  co l i c  vesse ls .  The 
Roux l i m b  is  passed through th is  defect i n  a retroco l i c  fash ion .  



1/---- Posterior layer of 
interrupted 3-0 
absorbable sutures 
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/r--- Anterior layer of 
interrupted 3-0 
absorbable sutures 

A Hand sewn esophago-jejunal anastomosis posterior layer B Hand sewn esophago-jejunal anastomosis anterior layer 

FIG 13 • H a nd-sewn esophagojeju n a l  a nastomos is .  An end-to-s ide a nastomos is  i s  created between the esophagus  and  the 
Roux l i m b . An enterotomy, sma l ler than  the open ing  i n  the esophag us, i s  made i n  the ant imesenteric border of the Roux 
l i m b . F i rst, the (A) posterior l ayer of i nterru pted a bsorba b l e  sutu res i s  p l aced fo l l owed by (B)  a nterior layer of sutures. 

• Stapled anastomosis: For stap led a nastomosis (FIG 14), 

a n  end-to-end a nastomosis  (E EA) sta p ler is  used. F i rst, 

the s ize of the esophagea l  open ing  is measured by us ing 
ca l i brated s izers and the E EA stap ler  is  chosen on the 
basis of th is  measurement. Esophagus can a lso be gently 
d i l ated us ing a Foley, which i s  inserted i nto the esopha
gus  and then withdrawn gently with ba l loon i nfl ated . 

In genera l ,  a 25-mm EEA sta p ler is used for the esoph
agojeju nostomy. A purse stri ng is  p laced at the end of 
esophagus  with a 2-0 Pro lene (FIG 14A) .  The anv i l  of the 

EEA sta p ler is  now i ntroduced i nto the esophagus and 
the purse stri ng is  t ied (FIG 1 48) .  Next, the E EA stap ler  • 
is i ntroduced i nto the Roux l i m b  preferably through the 
end of the jeju n u m  or through a n  open ing  created in 
the Roux l i m b  and d i rected toward the ant imesenteric 
border of the Roux l i m b  (FIG 14C) . The p i n  of the EEA 

sta p ler is  now opened with ant ic lockwise rotation of the 
knob and  brought out through the point on the a nt i  mes
enteric border of the Roux l i m b  where the a nastomosis  is  

p l an ned.  Th is  p i n  is attached to the anvi l ,  stap ler c losed, 
and f ired.  The operator of the sta p ler shou ld  fam i l iarize 

h i mself/herself to the operation of the stap ler  as these 
may d iffer from one company to the other. The dough
nuts are checked for comp leteness and i ntegrity. If the 

sta p ler was i nserted through the b l i n d  end of the jeju
num,  th i s  can be sta p led c lose after the a nastomosis is 
created .  
Although we do not  rout ine ly  emp loy the fo l lowi ng ad 
d it iona l  step, some surgeons assess the i ntegrity of  the  
a nastomosis u s i ng  a n  i nsti l l ed methy lene b lue  or a i r  i nto 
the esophagus (through  a tube in the esophag us) wh i l e  
t h e  Roux l i m b  is  c l amped.  
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A 

c 

CLOSURE 

B 

FIG 14 • Stapled esophagojeju na l  anastomosis. 
A. Purse stri ng is  p laced at the end of esophagus 
with a 2-0 Prolene.  B. The a nvi l of the EEA stapler 
is  i ntroduced i nto the esophagus and the purse 
stri ng is t ied. C. The E EA stapler is  i ntroduced i nto 
the Roux l i m b  through the end of the jejunum 
and d i rected toward the  ant imesenteric border 
of the Roux l im b. The pin of the EEA stapler is  
now opened with antic lockwise rotation of 
the knob and brought out through the point 
on the a nti  mesenteric border of the Roux l i m b  
where t h e  anastomosis is  p lanned. This p in  i s  
attached t o  t h e  anvi l ,  stapler c losed, and f ired. 
The doughnuts are checked for comp leteness 
and i ntegrity. 

jeju nostomy if one was p laced dur ing stag ing  laparos
copy before neoadjuvant thera py. 

• After the restorat ion of gastro i ntest i na l  contin u ity, a • 
feed ing  jeju nostomy is p laced d ista l to the jeju nojeju na l  
a nastomosis .  The  patient may  a l ready have a feed ing  

Prior to a bdom ina l  wa l l  c losure, we typ ica l ly ensure 
a bsence of k i nks, twists, or tens ion in the reconstructed 
i ntest i na l  contin u ity. 

PEARLS AND PITFALLS 

M o b i l izat ion of the greater 
curvature 

D i ssect ion of the infra pyloric 
reg ion 

D i ssect ion of the G E  junction 

Construct ion of esophagojejuna l  
a nastomosis 

Feed ing  jeju nostomy tube 

• Short gastric vesse ls  should be carefu l ly d iv ided to avoid troub lesome b leed ing  or 
iatrogen ic  sp len ic  i n jury lead ing to i nadvertent sp lenectomy. 

• The ori g i n  of the r ight gastroep ip lo i c  artery from the gastrod uodena l  artery shou ld  be 
carefu l ly d i ssected, espec i a l ly in the obese patients, due  to d i ff icu lty in identify ing th i s  
vesse l .  

• Adequate length o f  t h e  esophagus shou ld  be d i ssected t o  y ie ld  a tens ion-free 
esophagojeju na l  a nastomosis .  

• The esophagojejuna l  sutures should be fu l l  th ickness to ensure a robust a nastomosis .  

• If the feed ing  jejunostomy tube is  p laced during the stag ing  laparoscopy, the surgeon 
should be cog n izant of the need of construct ing a Roux l i m b  for the restorat ion of 
gastro i ntest i na l  conti nu ity at the t ime of defin itive surgery. Thus, the loop of jeju n u m  just 
d ista l to the l i gament of Tre itz, which wou ld  be used for fash ion ing  the Roux l i m b, shou ld  
not  be used for  the p lacement of jejunostomy tube .  
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POSTOPERATIVE CARE 

• Similar to other major abdominal operations, patients who 
undergo total gastrectomy require close attention to hemo
dynamics, optimization of fluid and electrolyte status, pain 
management, and pulmonary toilet. 

• We increasingly use pain blocks (epidural, paravertebral 
blocks) in the care of these patients. 

• NG tube is typically left to suction and is removed on post
operative days 3 to 4.  If NG tube accidentally comes out, it 
should not be replaced due to the concern for anastomotic 
disruption. If NG tube needs to be replaced, it should be done 
under fluoroscopic guidance. 

• If patient does not demonstrate any symptoms and signs of anas
tomotic leak by days 5 to 7, then they can be started on a clear 
liquid diet and then advanced to a postgastrectomy diet based 
on return of bowel function. Postgastrectomy diet consists of six 
small meals instead of three large meals. Most patients with time 
are able to liberalize the food choices as well as portion size. 

OUTCOMES 

• Although older data from gastric cancer trials quote an 
8 %  in-hospital mortality for patients with total gastrec
tomy,2 in recent series, in-hospital mortality of 1 %  to 2 % ,  
anastomotic leak rate o f  1 %  t o  3 % ,  and duodenal stump 
leakage of less than 1 %  have been reported. 10• 1 1 The 
cancer-specific outcomes depend on the stage of gastric 
cancer. Stage-specific 5-year survival of 57% to 71 % for 
stage I, 3 3 %  to 4 5 %  for stage II, 1 4 %  to 20% for stage III, 
and 4% for stage IV MO (AJCC 1 9 8 8 )  has been reported12 
in the era prior to widespread acceptance of adjuvant or 
perioperative therapies. In a landmark study evaluating 
the role of adjuvant therapy in the treatment of stage Ib to 
IV resectable gastric cancer, addition of chemoradiation to 
surgery alone improved the 3-year overall and relapse-free 
survival from 4 1 %  to 5 0 %  and 3 1 %  to 4 8 % ,  respectively. 
Similarly, perioperative chemotherapy without radiation 
for gastric cancer leads to improvement of overall 5-year 
survival from 2 3 %  to 3 6 % .13·14 

COMPLICATIONS 

• Early surgical complications: Given the magnitude of 
surgery, total gastrectomy is associated with multiple 
systemic complications such as pulmonary embolism, 
pneumonia, atelectasis, myocardial infarction, and deep 
venous thrombosis.  The diagnosis and management of 
these complications is no different from that after other 
maj or operations . Complications related to technical, 
physiologic, and anatomic aspect of total gastrectomy are 
described below. 

Anastomotic leak 
Presentation: Leak rates of 2% to 8 %  have been re
ported for esophagojejunal anastomosis. The type of 
reconstruction (stapled vs. hand sewn) has not been 
shown to influence this complication. This complica
tion presents around postoperative days 6 to 9 and is 
heralded by unexplained fevers, tachycardia, and sys
temic inflammatory response. 
Investigation: When suspected, a gastrografin swallow 
(followed by use of barium if needed) is used to evaluate 

for a leak. A CT scan with oral and IV contrast to evalu
ate for intraabdominal collections should be obtained. 
Management: Initial management consists of NPO, IV 
antibiotics, nutrition, either enteral through feeding je
junostomy or parenteral, and drainage of any intraab
dominal collection. Surgeons are increasingly using 
placement of a stent to help seal operative anastomotic 
leaks. Presence of feeding jejunostomy, which can help 
support the patient through enteral feeding, is very 
helpful in this situation. The resolution of the leak can 
be monitored by weekly gastrografin study. Operative 
exploration and repair is rarely required. 

Postoperative intraluminal bleeding 
Presentation: Bleeding from the anastomosis may pre
sent as sanguineous drainage from NG tube, melena, 
and/or drop in hematocrit or hemodynamic alteration. 
Management: Most bleeding episodes resolve in re
sponse to conservative management with limited trans
fusion and correction of coagulopathy. Rarely, upper 
endoscopy with identification of bleeding site and its 
control with electrocautery or clips is required. We typi
cally use endoscopic intervention as a last resort because 
of the fear of potential perforation. 

Postoperative extraluminal bleeding 
Presentation: Extraluminal bleeding presents in the 
early postoperative period as hemodynamic instability 
and falling hemoglobin. Although many etiologies are 
likely, unrecognized injury to the spleen, in the form of 
capsular tears or unligated short gastric arteries, is the 
most common reason for significant extra luminal bleed. 
Management: If splenic injury is recognized during the 
gastrectomy, then splenic capsular tears can be man
aged by topical hemostatic preparation. Bleeding short 
gastric vessels can be managed with the use of surgical 
clip placement or use of energy devices .  Uncontrolled 
bleeding may warrant a splenectomy. Postoperative 
bleeding that was not recognized during the procedure 
and is unresponsive to hemodynamic support with cor
rection of coagulation parameters mandates return to 
the operating room with correction of underlying cause. 

Duodenal stump breakdown 
Presentation: Duodenal stump leak presents as signs 
and symptoms suggestive of intraabdominal sepsis such 
as fever, tachycardia, increasing abdominal pain, and 
leukocytosis.U An abdominal and pelvic CT scan with 
oral and IV contrast reveals an intraabdominal collec
tion in the vicinity of duodenum requiring a percuta
neous drain placement. If the drain output is bilious, 
it heightens the suspicion of duodenal fistula, which is 
confirmed by performing a drain study once the drain 
output does not decrease with time. Duodenal suture 
line failure can also present much more acutely in form 
of duodenal stump blowout if there is a downstream 
obstruction. The fistula may be an end fistula when 
it forms at the duodenal staple line or a lateral fistula 
when duodenum perforates laterally. 
Management: Duodenal fistula is a difficult problem due 
to high volume loss of biliary and pancreatic secretions. 
Management involves supportive treatment with paren
teral nutrition, correction of electrolyte abnormalities, 
antibiotics in early phase, and control of drainage with 



422 P a rt 2 OPERATIVE TECHNIQUES IN GASTROINTESTINAL SURGERY 

special attention to skin care. Supportive treatment for as 
long as 6 weeks may be attempted. If resolution of duo
denal fistula is not achieved, a percutaneous transhepatic 
tube can be advanced through the bile duct and into the 
duodenum to allow for retrograde drainage and control. 
Surgical management includes the take down of fistula, 
and duodenal reconstruction with Roux-en-Y end-to-side 
duodenojejunostomy. If the duodenal blowout presents 
as acute abdomen, then exploratory laparotomy, place
ment of a lateral tube duodenostomy, and wide drainage 
of right upper quadrant is required. 

• Delayed complications 
Nutritional deficiencies 

Postgastrectomy diet: Patients postgastrectomy need 
to be started on postgastrectomy diet, which involves 
taking six small meals a day due to the loss of storage 
capacity of the stomach. With time, most patients can 
liberalize the volume and type of foods they consume. 
Some patients might be able to tolerate a diet similar to 
what they consumed preoperatively. 
Iron supplementation: Postgastrectomy patients need 
to be on iron supplementation as the duodenum is the 
primary site of iron absorption and is bypassed. Also, 
the loss of gastric acidity impairs the conversion of fer
ric iron to the more absorbable ferrous form; 150  mg to 
300 mg per day of elemental iron in three divided doses 
is recommended. 
Vitamin B12 supplementation: Patients with total gas
trectomy will develop vitamin B12 deficiency if not 
supplemented. Reduction in intrinsic factor and loss of 
gastric acidity impairs its absorption. Oral vitamin B12 
(up to 100 IJ.g per day) or monthly intramuscular vita
min B12 is recommended. 
Supplementation of folate, calcium, and vitamin D is 
also recommended. 

Anastomotic stricture 
Presentation: Patients may present with dysphagia ei
ther early in postoperative period or many years after 
the initial operation. 
Management: The differential diagnosis for anastomotic 
stricture includes postoperative edema, fibrosis/scarring, 
and local cancer recurrence. The diagnostic workup 
starts with contrast study followed by endoscopy with 
biopsy. Dysphagia secondary to edema will resolve with 

no interventions. Benign strictures can be managed by 
endoscopic or fluoroscopic balloon dilation. There is 
an increasing role of self-expanding metal stent for this 
condition. If the stricture is due to recurrent cancer, then 
the patient should be restaged and managed accordingly. 
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DEFINITION 

• A gastrostomy tube ( G-tube) is a transcutaneous tube that is 
positioned in the lumen of the stomach. The primary func
tions of the G-tube are enteral access for nutrition and gas
tric decompression. They can be temporary or permanent 
depending on the patient's underlying pathology and clinical 
needs. 

• A G-tube can be placed with an open, laparoscopic, endo
scopic, or image-guided percutaneous approach. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• The history and physical exam should focus on the indica
tion for enteral access, hemodynamic stability of the patient, 
current functional status of the gastrointestinal (GI) tract, 
and previous GI or upper abdominal surgeries. 

• Indications for G-tube include feeding access and gastric de
compression. They also play a role as an additional method 
of gastropexy following antireflux procedures or to prevent 
gastric torsion. 

• Patients who are hemodynamically unstable should not undergo 
elective G-tube placement. In these scenarios, gastric access can 
be maintained through a nasogastric route. 

• Assessing the status of the GI tract is essential for operative 
planning and patient benefit. 

If the G-tube is to be used for feeding, the patient should 
have a functional GI tract distal to the stomach and with
out evidence of mechanical bowel obstruction, adynamic 
ileus, GI ischemia, or peritonitis. 
Safe access to the stomach via the oropharynx and esoph
agus needs to be verified prior to proceeding with per
cutaneous endoscopic gastrostomy (PEG) tube placement. 
If this route is obstructed or otherwise unsafe, an open, 
laparoscopic, or image-guided percutaneous technique 
should be used. 
In patients with esophageal pathology that may necessitate 
an esophagectomy, a G-tube should be avoided because the 
stomach may be used as a conduit for reconstruction fol
lowing esophagectomy. In this scenario, a feeding jejunos
tomy is our preferred route of enteral nutrition. 

• A thorough surgical history is imperative prior to G-tube place
ment. Patients with a history of previous upper abdominal or 

gastric surgery will be at higher risk for inadvertent colon or 
small bowel injury during PEG tube placement. An extensive 
abdominal surgical history may prohibit safe laparoscopic or 
endoscopic G-tube placement and thus an open technique may 
be the safest route. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Specific imaging or other diagnostic studies are generally 
unnecessary for G-tube placement. However, it is often the 
case that patients have had a plethora of upper abdominal 
imaging for other reasons that may provide valuable infor
mation or clues to previous unknown surgical procedures or 
unexpected anatomic findings . 

• For PEG tube placement, it is important to look for structures, 
particularly the liver and transverse colon, which may be rest
ing anterior to the stomach along the line of the proposed 
G-tube tract. In patients with increased risk of abdominal 
adhesions (i .e. ,  previous operations, history of peritonitis) and 
radiographic evidence of abdominal structures lying between 
the abdominal wall and stomach, PEG placement should be 
avoided in favor of a laparoscopic or an open approach. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The patient should be NPO for a minimum of 6 hours prior 
to the procedure. 

• Antibiotics should be given within 30 minutes of incision to 
reduce the incidence of abdominal wall infection around the 
tube site. First-generation cephalosporins are our preference 
when not contraindicated by a patient's known allergies. 

• For patients undergoing a PEG tube placement, the patients 
should be provided an antiseptic mouth rinse to reduce oral 
flora being carried into the abdominal wall soft tissues. 

Positioning 

• For endoscopic or surgical G-tube placement, the patient 
should be positioned supine. 

• For laparoscopic placement, the patient should be supine with 
the right arm tucked to allow adequate room for the surgeon 
and assistant to both work comfortably on the right side. 

PERCUTANEOUS ENDOSCOPIC 

GASTROSTOMY TUBE PLACEMENT 

• A standard adu lt or ped i atric endoscope is req u i red, 
preferab ly  with a n  externa l  d isp lay so that both operat
i ng  surgeons can see the endoscopic  view. 

Equipment 

• There are severa l PEG kits ava i l ab le .  These vary depend
ing  on techn ique  (push or p u l l) and  tube s ize (20 French 

[Fr] or 28 Fr) .  M ost of these kits come with everyth ing  
needed for  p lacement, i nc l ud ing  prep and steri le  drapes. 
We use the Bard Ponsky PEG kit, 20 Fr. 

Endoscopy and Tube Site Selection by Transillumination 

• With an endoscop ist at the patient's head and surgeon 

scru bbed at the patient's a bdomen,  the room l i g hts are 
d i m med and  the endoscop ist i ntroduces the endoscope 
i nto the stomach .  

423 
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• 

• 
• 

• 

• 

• 

• 

A q u ick look around the entire stomach is performed to 

ru le  out occu lt gastric patho logy. 
The endoscop ist shou ld  fu l ly i n sufflate the stomach .  
The endoscopist shou ld  advance the polypectomy snare 
to the end of the scope then withdraw 2 em so that it i s  
ready for the ensu ing  steps. 

Trans i l l u m i nat ion w i l l  a l low the surgeon to locate the 
a ppropriate p l ace on the abdom i n a l  wa l l  for the G-tube 
to be p laced. Th is  is  done by retract ing the scope i nto 
the body of the stomach severa l cent imeters d i sta l to the 

gastroesophagea l junct ion and then d irect ing  it toward 
the a nterior stomach .  
• Some endoscopic l ight sources offer a transi l l um inate 

feature that temporarily increases the l ight i ntensity to 
enhance visua l ization through the abdomina l  wa l l  by 
the surgeon .  

• Pa l pat ion is sometimes req u i red to compress the t is
sue between the stomach and sk in  to better revea l  
the l i g ht.  

• It is often necessary to darken the room to visua l ize 

the l i g ht. 
Carefu l ly pa l pate m u lt ip le  areas and choose the spot 
with the brightest area of trans i l l u m i nat ion (FIG 1 ) .  

Ensure that  the s ight is  at least 2 to  3 em from the left 
costa l  marg i n  for patient comfort. 
Mark the spot with a marking pen or press the need le less 
t ip of a Luer lock syringe i nto the sk in to leave an indenta
tion mark. 

• I n sert ion of a f ine 25-gauge or 27-gauge need le, as used 

for i nfus ion of local anesthes ia,  may be used to best iden
t ify the perfect p lacement pos it ion and  tube track. 

Optional Technique for Site Selection 

• For add it iona l  assurance that there is no interven ing  

bowe l between the tube  s ite chosen by  trans i l l u m i nat ion 
and  the stomach, the fo l lowing  techn ique  can be used . 1  
• Using a 1 0-ml syringe with severa l m i l l i l iters of sa l ine 

and a smal l-gauge need le, advance the need le per
pendicu larly through the abdomina l  wa l l  at the spot 
previously chosen, keeping the p lunger drawn back. 

FIG 1 • Trans i l l u m i nat ion of the abdom i n a l  wa l l .  

• Watch the sa l i ne  in the syri nge for a i r  bubb les . 

If the i n it i a l  presentat ion of bubb les is seen at the 
same t ime the endoscop ist sees the need le  from in
s ide the stomach, you can safe ly assume you have 
not passed through any bowe l before enteri ng the 
stomach .  

• If you see bubb les before the endoscopist sees the 

needle from ins ide the stomach, you may be pass
ing through bowe l and thus shou ld  choose another 
poi nt of entry and repeat (FIG 2) .  

• Dur ing th i s  process, it is i mportant to l i m it the force 
app l i ed to the abdom i n a l  wa l l  as th i s  may compress 

a port ion of an unexpected p iece of bowel ly ing 
a long the proposed track. 

Tube Placement 

• I nfi ltrate the s ite chosen with l oca l a n esthetic a n d  
m a ke a n  a pprox i mate ly  0 . 5-cm sk i n  i n c i s i on  w i t h  a 

no .  1 1  b l ade .  
• The endoscopist shou ld  advance the previous ly posi

t ioned polypectomy snare and center the loop over the 
area of the mucosa that was identif ied dur ing abdomi 
na l  wa l l  s i te  select ion .  Th is  type of synchron izat ion and  

p l ann i ng  not  o n ly fac i l itates a t ime ly  procedure but a l so 
avo ids  vi scera l movement once the best site i s  selected 
(FIG 3) .  

• 

• 
• 

• 

• 

The needle with the ang iocath is then p laced through 
the abdom i n a l  wa l l  at the designated s i te  and advanced 
i nto the stomach u nder d i rect visua l izat ion i nto the loop 
created by the polypectomy snare.  The needle i s  then 
removed whi le the ang iocath i s  left i n  p lace (FIG 4A) .  

The  snare is left loose . 
The looped wire or the stiffer g u idewire (see " Push 
Techn ique" )  is  advanced through the ang iocath .  
After severa l cent imeters are passed through the snare, 
the snare loop i s  t ig htened around the wire (FIG 48) .  

The  scope i s  then  comp letely withdrawn wh i l e  the po lyp-
ectomy snare i s  held snug around the wire, p u l l i n g  the 
wire through the abdom i n a l  wa l l .  This l eaves the wire 
pass ing  through the abdom i n a l  wa l l  v ia  the ang iocath, 

i nto the stomach,  through the esophagus, and out of 
the mouth .  

• At th i s  poi nt, there are two techn i q ues ava i la b le

" push"  and " p u l l " -that ca n be chosen based on ava i l -
ab le  supp l ies and surgeon's preference. 

Pull Technique 

• The looped wire that was pu l led through the stomach 

to the mouth is  connected to the looped wire at the ta
pered externa l  end of the PEG tube (FIG S) .  

• The surgeon then p u l ls the suture from the abdom ina l  

wa l l  end ,  advanc ing  the  PEG tube  through the  esopha
gus  into the stomach .  The endoscop ist shou ld  fo l l ow 
the tube down to visua l ize from with i n  the stomach .  To 

save t ime, the polypectomy snare can be ci nched around 
ha lf of the button of the PEG tube to a l l ow the scope 
to eas i ly  fo l low the tube wh i l e  it is  be ing p u l led by the 
surgeon (FIG 6) .  
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EGD scope 

A 

Fascia 

EGD scope 

B 
FIG 2 • A. Bubb les are seen at the same t ime as the endoscop ist sees the needle, confirm ing  i ntragastric posit ion ing  without 
i nterven ing  bowel .  B. Bu bb les are seen before the need le  i s  seen by the endoscop ist, suggest ing  bowel between the stomach 
and abdom i n a l  wa l l .  
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FIG 3 • The snare is posit ioned aga i nst the mucosa where 
the needle is i ntended to pass. 

• When the tapered end of the PEG tube beg ins  to come 

through the abdom ina l  wa l l ,  add it iona l  force d i rected 
perpend icu lar  to the abdom ina l  wa l l  i s  req u i red to p u l l  
t h e  tube through (FIG 7) .  

• The tube shou ld  be pu l led unt i l  the button is rest ing  
loose ly  aga i nst the gastric m ucosa. 

A 

B 

FIG 4 • A. The needle and ang iocath are advanced i nto the 
stomach i n  the center of the snare by the surgeon .  The need le  
is  removed. B. The wire is  passed through the ang iocath i nto 
the stomach and through the center of the snare .  The snare is  
then t ig htened around the wire .  

A 

B 

c 

D 

FIG S • With the looped wire exit ing the patient's mouth, 
the tapered end of the PEG tube is  secured to the wire .  There 
is  often a wire loop on the PEG to fac i l itate th i s  attachment.  
Pass the wire through the loop (A) and around the button 
end of the tube (B) . P u l l  the rest of the tube through the wire 
(C) so that they are now secured together (D) . 

• The endoscop ist shou ld  confirm posit ion of the button to 

ru le  out b leed ing  wh i l e  the surgeon notes the th ickness 
of the abdom ina l  wa l l  when securi ng the bo lster. 

Push Technique 

• 
• 

This  tech n ique  req u i res a st iffer g u idewire to be used . 
The G-tu be is i n serted over the wire by the endoscop ist 
and advanced wh i l e  tens ion is he ld  on the wire by both 

the surgeon and endoscopist. 



FIG 6 • The snare can be t ig htened around ha lf  of the PEG 
f lange to fac i l itate prompt scope reentry i nto the stomach .  

• The tube is then pushed unt i l  the surgeon is ab le  to grasp 
the ta pered end as it emerges through the sk in .  

• The surgeon then p u l l s the tube unt i l  the button rests 
l oosely aga i nst the gastric m ucosa, as described ear l ier. 

Securing the Tube 

• The outer bolster i nc luded in the kit is then app l ied to the 
externa l  port ion of the tube and d i rected toward the skin .  

FIG 7 • Once the ta pered end of the PEG is  seen exit ing 
through the abdom ina l  wa l l ,  a steady pu l l  d i rected toward 
the cei l i ng by the surgeon is req u i red to advance the PEG tube 
to its  f i na l  posit ion .  

OPEN GASTROSTOMY TUBE 

Equipment 
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• The bo l ster s h o u l d  rest a bout 2 to 3 m m  a bove the  
s k i n .  

• Avoid com press ing  the a bdom ina l  and  gastric wa l l  be
tween the bolster and button (FIG 8) .  This can cause 
ischemic  necros is to these tissues, potent ia l ly lead ing  to 
abdom i n a l  wa l l  i nfect ion,  tube extrus ion,  or the stomach 
fa l l i ng  away from the abdom i n a l  wa l l .  

• The kit manufacturers often recommend and provide 
ant ib iot ic o i ntment to be app l i ed to the i nterface of the 
tube as it enters the sk in  to decrease the formation of an 
abdom ina l  wa l l  i nfect ion .  

• 

• 

The tube is then cut to the a ppropriate length and a n  

adapter is  secured t o  t h e  end t o  a l low a sea led connec
t ion for feed i ng, dra i nage, or to secure the cap to prevent 
leakage. 
We connect a co l l ect ion bag dur ing the i m med iate 
postoperative period to a l low the G l tract to be decom
pressed of any gas that was insufflated d ur ing the proce

dure and to decrease the risk of ref lux d ur ing emergence 
from sedation .  

FIG 8 • The bo lster is  advanced so that  it i s  just touch ing  and 
depress ing  the sk in .  

• A sma l l  wound protector fu nct ions we l l  as a retractor 

and l i m its the su bcutaneous t issues exposure to conta mi 
nat ion  from the gastric flora. 

• A sta ndard l a parotomy setup shou ld  be used. 
• For the G-tube, a 22-Fr Foley catheter or the G-tube from Gastrotomy and Tube Placement 

a l aparoscopic  G-tube kit ca n be used . There are com mer

cia l ly ava i l ab le  G-tubes that a l low s imu ltaneous gastric 
decom press ion and jeju na l  feed i ng, which may be ben
efic ia l  i n  some scenarios. 

Incision 

• When done as a s i ng le  proced ure, a 4-cm u pper m i d l i n e  

i nc is ion t o  expose t h e  stomach s h o u l d  be used (FIG 9) .  
• J ust beneath the l i nea a l ba, the extra peritonea l  fat and 

the fa lc iform l i gament shou ld  be retracted to the r ight  to  
assist w ith  v isua l i zat ion of the left upper quadrant. 

• 

• 

The locat ion of the gastrotomy shou ld  be on the a nterior 
surface of the m i d port ion of the stomach,  close to the 
greater curve (FIG 1 0) .  Mark this point with the cautery 
or a surg ica l  mark i ng pen .  
Us ing a 3-0 a bsorbab le  monofi la ment suture on a taper 
needle,  sew a c ircu lar  purse stri ng around the gastrot
omy site with a d i ameter of a bout 1 em.  P lace a second 

purse stri ng around the fi rst one concentrica l ly ta k ing 
care to create a purse stri ng d i ameter of approxi mately 
2 em.  Th is  a l l ows the gastric wa l l  to part ia l l y  i ntussuscept, 

creating  n ice track for the tube (FIG 1 1 ) .  
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FIG 9 • Open G-tube inc i s ion .  

FIG 11 • Us ing nonabsorba b le  suture, a doub le  purse-stri ng 
stitch i s  p laced around the enterotomy s ite.  The i n ner c irc le 
shou ld  be a bout 1 em i n  d i ameter and  the outer shou ld  be 
a bout 2 em i n  d i ameter. 

• Us ing the point of a ca utery device, make a sma l l  gastrot
omy in the center of the purse stri ng and confirm entry 
i nto the stomach .  Do not d i l ate the gastrotomy (FIG 1 3) .  

Place the catheter through the gastrotomy i nto the stomach. Next, grasp the left l i nea a l ba at the exposed i nc is ion • 
with an atra u matic c l amp and e levate the left abdomi -
na l  wa l l .  P ick a po int through the m idd le  of the left rec-
tus m uscle where the tube w i l l  exit the abdom i n a l  wa l l .  
M a ke sure that t h i s  i s  a t  least two f ingerbreadths below 
the l eft costa l marg i n  and at the a pprox imate level of the 
gastrotomy. Make a 5-mm inc is ion i n  the overly ing skin 
and  pass a f ine  c lamp through the rectus from the peri
toneum through the 5-mm i nc is ion i n  the ski n .  Grasp the 
end of the catheter and bri ng it through the abdom i n a l  
wa l l  (FIG 1 2) .  Care s h o u l d  be taken d u r i n g  t h i s  process to 
avoid i n jury to the ba l l oon on  the t i p  of the catheter and 

i t s  i ntegrity shou ld  be checked at th is  po int by i nfus ing 
steri le  water (not sa l i ne) i nto the ba l loon .  

Starting with the inner stitch, tie the two purse-string su
tures down around the catheter. Inflate the bal loon with 

1 0  ml of water. Do not secure too tight as to close off the 
catheter or cause ischemia  to the gastric wa l l  (FIG 14) .  

Fixation (Optional) 

• In some scenarios, the stomach or gastric remnant in pa
t ients with a h i story of a gastric bypass may not reach the 
abdom ina l  wa l l ;  i n  th is  case, fixation should be avoided.  

When th is  i s  the case, it is  advantageous to pass  the tube 
through a sma l l  port ion of omentum pr ior to insert ion 
through the gastrotomy so that the omentum is read
i ly ab le to beg i n  form ing  a hea lthy track between the 
abdom ina l  wa l l  and  the gastric l umen .  

FIG 1 0  • Preferred locat ion of gastrostomy on a nterior 
surface of the stomach .  

FIG 12 • The left l i nea a l ba i s  grasped and retracted med i a l ly. 
A sk in  i nc is ion is  made at the G-tube site and a Kel ly  c l amp i s  
passed through the abdom i n a l  wa l l  and  out through the sk in  
inc i s ion .  The entera l end of the G-tube is  then p u l led through 
the abdomina l  wa l l .  



FIG 1 3  • Cautery is used to create a gastrotomy at the center 
of the purse stri ng .  

• When fixat ion is des ired, the goa l  is to secure the stom
ach to the abdom i n a l  wa l l  at the point where the tube 

passes through the rectus. Th is  sea ls  the tract made by 
the tube and he lps to prevent gastric content sp i l l age 
i nto the peritonea l  cavity. 

• Us ing  a 3-0 a bsorbab le  suture on a taper need le, p l ace 
four separate stitches thro u g h  the serom uscu lar  l ayer 
of the stomach and peritoneum of the a bdom i n a l  wa l l .  

T h i s  shou ld  b e  done four t imes aro u n d  t h e  po int where 
the tube  enters the a bdom i n a l  wa l l .  Start with the lat

era l (furthest) st itch fi rst, then su perior, i nferior, a n d  
f ina l l y  med i a l .  Secure e a c h  suture after it i s  p l aced a n d  
do not t ie  them unt i l  the end .  Once a l l  f o u r  sutures 

have been p l aced, t ie  them down in the order they 
were p l aced w h i l e  re lax ing  on  the retract ion  of the l eft 
abdom i n a l  wa l l .  

• Before ty ing,  ensure that the stomach is not on too much 
tens ion or twisted i n  any  way. 

Closure 
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FIG 14 • The tube i s  i nserted i nto the stomach through the 
gastrotomy and the purse stri ngs are t ied, start ing  with the 
i nner c irc le .  

suture .  M a ke sure that the bo l ster i s  not too t ight  to 
prevent a bdom i n a l  wa l l  or gastric wa l l  ischem ia .  The 
bo l ster shou ld rest without tens ion 2 to 3 m m  a bove 
the sk in  (F IG 8) .  

• Close the abdomen in sta ndard fash ion .  • We connect a co l l ect ion bag d uri ng the i m med iate 
postoperative period to a l low the G l tract to be decom
pressed of any gas that was insufflated dur ing the proce
dure and to decrease the risk of ref lux dur ing emergence 
from sedation .  

• 

• 

Secure the tube to the sk in  with a 3-0 ny lon suture to 

prevent the tube from be ing d is lodged.  
If a m a n ufactured G-tube was used, the supp l ied bo l 
ster may  be used to secure the tube a long with a ny lon 

LAPAROSCOPIC GASTROSTOMY TUBE 

Equipment and Port Placement 

• 

• 

Severa l commerc i a l  l a paroscop i c  G-tube kits a re 
ava i l a b l e .  We use the  F l ex if lo  La p GTM by Abbot 
N utrit i o n .  Th i s  sect ion  w i l l  descri be G-tube p l acement 
us ing th i s  k it .  The steps descri bed can be mod if ied for 
other kits a n d  the package i n serts for each k it  s h o u l d  

be rea d  as  t h e y  often perta i n  pert i nent  pear ls  for 
success. 
A sta ndard l aparoscopic  setup inc lud ing  a 5-m m 0-degree 
or 30-degree l aparoscope and a s ing le  5-mm port is  used . 

• The proced ure can be accomp l ished with on l y  one peri

u m b i l ica l  port for the camera so long as there are no 
adhes ions that need to be taken down and the stomach 

ca n be insuffl ated by anesthes ia v ia a n  orogastric tube.  
If these condit ions ca nnot be met, addit iona l  ports may 
be needed to lyse adhes ions and/or man ipu l ate the stom

ach .  The ports shou ld  tri angu l ate toward the stomach i n  
t h e  l eft u pper quadrant (FIG 1 5) .  

• The T-fasteners used in th i s  proced ure a id  in provid i ng  

tract ion for the  stomach wh i l e  the tract is  be i ng  d i 
lated and the G-tube i s  be ing p laced . Th is  is  very he lp

fu l  when on l y  a s i ng le  laparoscop ic  port is used for the 
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FIG 1 5  • Port p lacement for l aparoscopic  G-tube.  

camera and no addit iona l  l aparoscopic  instru ments are 
used . However, if an add itiona l  i nstru ment port has to be 

Tube Placement 

• Once l aparoscop ic  access has been ga i ned and  a l l  neces
sary ad hes ions have been c l eared, anesthes ia shou ld  in 
sufflate the stomach v ia  a n  orogastric tube.  P i ck  a s ite i n  
t h e  l eft u pper quadrant where t h e  G-tu be shou ld  enter 
the abdomen.  The entry po int shou ld  be at least two 
f ingerbreadths below the left costa l marg i n .  The sur
geon shou ld  pa l pate in th i s  genera l  area wh i l e  watch ing  
the l aparoscopic  screen to  f ind the p lace where the de-
pressed abdom i n a l  wa l l  l i nes u p  with the stomach .  Avoid 
p lac ing the tube too c lose to the gastroesophagea l  ju nc
t ion or a ntru m to avo id obstruct ion .  The a nterior surface 
of the m i d body c loser to the great curvature is  the pre
ferred locat ion (FIG 1 0) .  

• M ark the tube site on the sk in  and  then mark po i nts 
2 em in four d i rect ions  around  the tube s ite for the 
T-fasteners.  

• Start ing  with the most su perior mark, insert the nee
dle with the loaded T-fastener through the abdom ina l  
wa l l  ang led s l i ghtly toward the  center mark.  Once the  

needle is  seen i n  the  peritonea l  cavity, d i rect it to po int 
around  the proposed gastrostomy s ite that corresponds 
to the sk in  locat ion .  Adva nce the need le  with the loaded 
T-fastener i nto the stomach u p  the doub le - l i ne  mark i ng .  
Press the p l u nger on  the need le  to  dep loy the T-fastener 
(FIG 1 6) .  Place a c l amp on the T-fastener ta i l  a pproxi-
mately 1 to 2 em from the sk in .  

p laced for  ad hes ions or stomach m a n i pu lat ion as men- • Repeat the step to dep loy the rem a i n i n g  three T-fasteners. 
t ioned ear l ier, the T-fasteners can be e l i m i nated from 
the procedure and  the extra i nstrument port can provide 
the tract ion on  the stomach dur ing the d i lat ion and tube 
p lacement steps. 

Ask anesthes ia to remove some air from the stom
ach so that the stomach beg in s  to fa l l  away from the 
abdom ina l  wa l l .  The a nterior wa l l  of the stomach 

should be vis ib le  with the four T-fasteners enteri ng in 

FIG 16 • The seq uence of steps for T-fastener p lacement is  shown here.  Note the insert ion of the need le  to the double b l ack 
bar mark ing before dep loyment of the T-fastener. 



FIG 1 7  • F i na l  v iew after a l l  T-fasteners have been p laced. 

a n  a pprox imate d iamond shape (FIG 1 7) .  The center of 
d iamond w i l l  be the tube insert ion site. 

• M a ke a 5-mm sk in  i nc is ion at the chosen tube site and 

d i rect the 1 8-gauge need le  w ith  a 40-ml s l i p-t i pped 
syri nge through the abdom ina l  wa l l  and i nto the peri
tonea l  cavity. U nder d i rect v isua l izat ion with the l apa
roscope, d i rect the needle i nto the stomach through 
the po int at the center of the d iamond created by the 
T-fasteners (FIG 1 8) .  The T-fasteners can be used to 
man ipu l ate the stomach to g u ide  entry of the need le .  
Insufflate a i r  to be a bsol utely certa i n  that the t i p  of the 
need le  i s  i ntra l u m i n a l .  

• Pass the supp l ied wire i nto the stomach and remove the 
need le .  

• Us ing the supp l ied seri a l  d i l ators, d i l ate the tract through 
the abdom ina l  and  gastric wa l l .  The stomach shou ld  be 
just off the abdom ina l  wa l l  dur ing th i s  step so that  the 

FIG 1 8  • The large-bore needle is  d i rected i nto the stomach 
through the center of the T-fasteners . 
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FIG 19 • The d i lator i s  passed over the wire though the 
abdom i n a l  wa l l  and  i nto the stomach .  

d i lators can be seen exit ing  the abdom ina l  wa l l  and  pass
ing i nto the stomach .  A back-and-forth twist ing  motion 
can help when advanc ing the d i lators through the t issue 

(FIG 1 9) .  
• Once the track is suff ic ient ly d i l ated, i nsert the sma l lest 

d i l ator through the tube and  gu ide  the tube over the 

wire i nto the stomach (FIG 20) .  

F I G  20 • T h e  sma l l est d i l ator is  i nserted i nto t h e  G-tube and  
two are g u ided over the wire through the tract and i nto the  
stomach .  The  wire and d i lator are removed together leav ing 
the tube i n  p lace. 
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• Remove the wire and d i lator together. Inf late the ba l 

loon port with  18  to 20 m l  of water and  pu l l  back  the 
tube back so the stomach rests aga i nst the abdom i n a l  

wa l l .  T h e  outer f lange s h o u l d  be advanced s o  that i t  rests 
just on the sk in .  Too much squeeze between the outer 
f lange and i ntra l u m i n a l  ba l loon can resu l t  in gastric a nd/ 
or abdom ina l  wa l l  necrosi s  (FIG 8) .  

• I n  a s im i l a r  m a n n er, gent ly  pu l l  the  T-fa steners 
i n d iv id u a l ly so that  the  stomach  rests just on the  

a b d o m i n a l  wa l l  a n d  cri m p  them i nto pos i t ion  us ing  
a need l e  dr iver. Th i s  w i l l  l eave sma l l  cotton bo l sters 
a g a i nst the  s k i n  that may be rem oved by cutt i n g  the  
sutures be low the  bo l sters 2 weeks  after the  procedure 
(F IG 2 1 ) .  

FIG 21 • The T-fasteners are gently retracted so that the stomach 
is secured against the abdomina l  wa l l  and crimped i nto place. 

PEARLS AND PITFALLS 

I nd ications 

Preprocedure p l ann i ng  

Patient posit ion 

Tube site se lect ion 

PEG 

Laparoscopic  G-tu be 

Open G-tube 

Securi ng the tube 

Postprocedure care 

POSTOPERATIVE CARE 

• Be certa i n  that a G-tube best fits the needs of the patient. Frequently, phys ic ians  may re
q uest a G-tube when in rea l ity the patient needs a jeju nostomy tube (J-tu be) or vice versa.  

• Review previous u pper abdomina l  procedures or h i story of periton it is  that may have 
scarred another p iece of bowe l a long the proposed track of the G-tu be. 

• Be prepared to suffic iently darken the room for trans i l l u m i nation .  

• Pos it ion the patient sup ine  with the entire abdomen  exposed to  be prepped once  a su it
ab le  site is  identif ied for tube p lacement.  

• The sk in  i nc is ion should be at least 2 em i nferior to the costa l marg i n .  
• T h e  gastrotomy site shou ld  n icely l i ne  u p  without tens ion with t h e  site for t h e  t u b e  to 

course through the abdom ina l  wa l l .  

• Enter slowly with t h e  need le watch ing for a n y  bubb les i n  t h e  syri nge before t h e  t i p  o f  the 
needle is  seen by the endoscopist, which wou ld  ind icate the traverse of another ho l low viscus. 

• Pos it ion the patient sup ine  with the right arm tucked to a l l ow a comfortab le  work ing space 
for the surgeon and  the laparoscop ic  assistant on the r ight s ide of the patient. 

• Place the second purse-stri ng suture at l east 1 em outs ide the fi rst so that the gastric wa l l  
w i l l  i ntussuscept i nto t h e  gastric l u m e n  thereby creating  a secure track around t h e  tube.  

• Do not secure the bolster on  the tube too t ight ly aga i nst the sk in  as it may resu lt i n  necros i s  
of the sk in  or the gastric wa l l .  

• Leave t h e  tube t o  gravity dra inage i n it ia l ly  t o  decom press a n y  excess g a s  with in  t h e  proxi
mal Gl tract and to reduce the risk of reflux  upon emergence of sedat ion .  

• An abdomina l  b i nder is he lpfu l  for  securi ng the tube and preventing premature or inadver
tent remova l during patient movement or in a patient with i m pa ired mental status. 

• For gastric decompression, the tube should be left to gravity 
drainage via a collection bag. The gastric tube should never 
be hooked up to low wall suction. The tube does not have 
a sump port and if suction is applied, it will adhere to the 
posterior gastric wall and cause suction necrosis, bleeding, 
and/or perforation. 

• Care should be taken to avoid the tube catching or pulling 
while the patient is moving or if the patient's neurologic 
status is such that he or she can grasp and pull the tube. 
An abdominal binder or gauze dressing can be used to 
cover the tube. Hand mittens can be used in the high-risk 
patient. 

• The patient and their caregiver should receive education 
regarding proper tube care and simple troubleshooting. 

• Tube feedings may be started the evening of the procedure at 
a low rate, usually about 10 mL per hour. If the patient tol
erates this, he or she can advance by 10 mL per hour every 
4 hours until the nutritional goal is reached. 

• For patients going home with a G-tube for gastric decom
pression, they should be taught how and when to intermit
tently vent the tube. This will allow them to not have to keep 
the tube attached to a drainage bag at all times. 



OUTCOMES 

• Not applicable 

COMPLICATIONS 

• Clogged tube 
A clogged tube can be flushed clear in essentially every 
case with a small syringe. Due to the laws of hydraulics, 
the smaller the diameter of the syringe the more pressure 
that can be generated.  We recommend the smallest syringe 
that will tightly fit into the opening in the tube. When 
a Foley catheter is used as the G-tube, the entire end of 
a 3-mL syringe will fit snugly and will often clear the 
obstruction when flushed with water. Carbonated acidic 
beverages such as Coke™ may also aid in clearing an 
obstruction and should be allowed to stay in the tube for 
an hour or more before attempting to flush the tube. 

• Dislodged tube 
It is imperative that patients and caregivers are taught to 
reinsert the tube immediately if they become dislodged so 
that the tract does not close. If they are unable to rein
sert, then they should immediately go to an emergency 
department where a smaller catheter could be temporarily 
advanced into place preserving the tract, which could be 
later dilated and the proper tube placed. 
If a tube is reinserted easily without resistance and flush
ing with water causes no discomfort, the tube may be used 
per the patient's routine without a confirmational radio
logic study. 
However, if the replacement is complicated or if there 
is discomfort with flushing, the tube position should be 
checked to ensure proper positioning. 

• Fractured tube 
If a tube is fractured with or without leakage, it may be 
temporarily patched with waterproof occlusive tape such as 
electrical tape or Duct® tape. The tube should be electively 
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exchanged for a new tube during a regular clinic appointment. 
If the tube is new or in complex scenarios, it may need to be 
exchanged over a glide wire by a gastroenterologist, interven
tional radiologist, or a surgeon. 

• Abdominal wall abscess 
Tube site infections rarely lead to significant abscess for
mation, but if this occurs, it should be treated with inci
sion and drainage leaving the wound open as with any 
infected open wound. The tube may need to be removed 
to allow the infection to heal. 

• Tube placed through another piece of bowel 
If the tube has penetrated the colon or small bowel, a sur
gical consult is indicated. 

If the tube remains essential to the patient's care, then 
proceed to operating room ( OR) for laparoscopic or 
open abdominal exploration with repair of the injury 
and placement of an open G-tube. 
If the tube has been in place and functional for months 
but is no longer necessary, the tube may be removed 
realizing there is a potential need for repair of the gas
tric to colon or small bowel fistula . It has been our 
experience that most of these gastroenteric fistulas will 
close on their own or prove to be asymptomatic and 
inconsequential. 

• Gastric outlet obstruction 
Gastric outlet obstruction is most frequently associated with 
an overinflated balloon. When this is suspected, decreasing 
the amount of fluid in the balloon and being certain that the 
balloon is up against the gastric wall instead of free floating 
within the gastric lumen where it could be passed through 
the pylorus are important aspects to consider. 
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DEFINITION 

• A jejunostomy tube (]-tube) is a flexible soft tube that 
connects the intraluminal jejunum with the outside world 
through the abdominal wall. The main function is to provide 
long-term access to the proximal gastrointestinal ( GI)  tract 
for enteral nutrition when oral intake is not possible or 
inadequate. 

• A ]-tube can be placed through an open or a laparoscopic 
approach. Often, they are placed in conjunction with a 
larger operation when it is anticipated that the patient will 
not progress to adequate oral intake in a timely fashion 
during the early postoperative course. The J-tube affords the 
advantage of early enteral nutrition even when the upper GI 
tract cannot be used. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The history and physical exam should focus on the indi
cation for enteral access J-tube, hemodynamic stability of 
the patient, current functional status of the GI tract, and 
previous surgeries. 

• Patients who are hemodynamically unstable generally should 
not undergo elective J-tube placement. 

• The patient should be assessed for a functional GI tract 
distal to the ligament of Treitz (LOT) and should not have 
evidence of mechanical bowel obstruction, adynamic ileus, 
GI ischemia, or peritonitis .  

• A thorough surgical history is imperative prior to J-tube 
placement. Preexisting tubes, drains, mesh from previous 
hernia repairs, or stomas may require alternative planning. 
An extensive abdominal surgical history may prohibit safe 
laparoscopic ]-tube placement and an open technique may 
be employed. 

OPEN JEJUNOSTOMY TUBE PLACEMENT 

Equipment 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Radiologic workup is generally not necessary for ]-tube 
placement. However, it is often the case that patients have 
had a plethora of upper abdominal imaging for other reasons 
that may provide valuable information or clues to previous 
unknown surgical procedures or unexpected anatomic findings. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The patient should be NPO for a minimum of 6 hours prior 
to the procedure. 

• Antibiotics should be given within 30 minutes of incision to 
reduce the incidence of abdominal wall infection around the 
tube site. First-generation cephalosporins are our preference 
when not contraindicated by the patient's known allergies. 

• Generally, the jejunostomy feeding tube will exit the patient's 
abdomen in the left upper quadrant (LUQ) .  As mentioned 
previously, preexisting tubes, drains, implanted mesh, and 
stomas may require tube site adjustment. 

Positioning 

• For an open ]-tube, the patient should be placed in the supine 
position. Usually, this procedure is done in addition to a larger 
procedure and thus the patient is already positioned accordingly. 

• For a laparoscopic J-tube, the patient should be positioned 
supine with the right arm tucked to allow for adequate room 
for the surgeon and assistant to both work comfortably on 
the right side. 

• It is important to be certain the patient is secured to the 
bed for intraoperative bed tilting, which may assist with 
exposure of the proximal jejunum. 

catheters with i n  the sma l l  bowe l are a frequent cause of 
recurrent bowe l obstruct ions and shou ld  be avoided. 

• The type of tube used for the feed ing  jeju nostomy is 
decided upon by the surgeon to opt im ize the longevity, 

comfort, and  fu nct ion for the patient. There are many 
commercia l ly ava i lab le  tubes  that  vary wide ly  i n  features, 

ava i l a b i l ity, and cost. 

• The entera l end shou ld  be free of sharp edges that cou ld 
damage the mucosa or promote m igrat ion or perfora
t ion .  The ho les shou ld  be of adequate size to a l l ow 
feed ings  to pass through with m i n i m a l  risk of c logg ing .  

The  externa l  port ion shou ld  be tapered u p  to  a l l ow 
standard feed ing  pump tub ing  to be attached.  
At our i nstitut ion, a 1 2- to 1 8-Fr " red rubber Robinso n "  
catheter is  often used. Extra ho les c a n  be c u t  i nto the 
d i sta l port ion to a l low tube feeds to f low with less res is

tance. These ho les may be created by fo ld i ng  the tube 
over and cutt ing the corner of the fo ld (FIG 1 ) .  Alterna

tively, the tube from a laparoscop ic  jejunostomy kit can 

be used (F iexif lo Lap JTM laparoscop ic  jeju nostomy kit by 
Abbott N utrit ion) .  

• 

• 
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If a tube is be ing p laced as part of a larger procedure 

and  w i l l  l i ke ly be removed with i n  6 to 8 weeks, a 
standard 1 4-French (Fr) " red rubber Robi nson " catheter 

is  econom ica l ,  time tested, and very functiona l .  
The  most i m portant tube  characteristics are that  it shou ld  

be soft, p l i ab le, and  preferenti a l ly not  conta i n i n g  a ba l 
loon un l ess it is  a sma l l  ba l l oon, l ess than 5 m l, and specif
ica l ly des igned to be p laced with i n  the jeju n u m .  Ba l loon 

• 

-



FIG 1 • Cutt ing  extra ho les in a red Robi nson tube w i l l  
red uce res istance o f  f low t o  t h e  t u b e  feeds. 

Incision 

• If the open J -tube p lacement is be ing done as a stand
a lone operation,  the i nc is ion shou ld  be centered i n  the 
m id l i ne  at the level of the LOT. 

• 

• 

The supra u m b i l ica l  vert ica l m i d l i ne i nc is ion shou ld  be 
carried through the l i nea a l ba with enough length to 
locate the LOT, mob i l ize 20 to 30 em of jeju num,  and 

a l low for  fixat ion of the jeju na l  segment to the perito
neum of the abdom i n a l  wa l l  around the tube exit site. 
If there are m i n i m a l  adhes ions, this i nc i s ion may be kept 

re latively sma l l ,  5 to 7 em, and  the majority of the opera
t ion can be done on eviscerated jejun u m  (FIG 2) .  

A l im itation of  an  i ncision that i s  too sma l l  i s  that i t  may prove 

d ifficult to fix the bowel to the abdomina l  wa l l  through the 
sma l l  i ncis ion. Exposure of this step should not be compro
m ised in anyway to avoid lengthening the i ncis ion. 

Mobilization of Jejunum 

• Once the peritonea l  cavity has been entered, the omen

tum and transverse colon are retracted cepha lad to expose 
the sma l l  bowel .  A segment of sma l l  bowel is  chosen in the 
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FIG 2 • Open i nc is ion d i agra m  with tube exit s ite marked . 

skin i ncis ion, at the c lamp exit site, is created and the tube is 
grasped and the d ista l end is pu l led through the abdomina l  

wa l l  i nto the peritoneal cavity. Both ends  of  the tube are 
c lamped together and positioned out of the way (FIG 3) .  

Enterotomy and Placement of the Jejunostomy Tube 

• A seg ment of jeju n u m  approx imately 30 em from the LOT 
is chosen as the site for the J -tube p lacement. This  por

t ion of jejun u m  can be eviscerated for the next steps if 
a sma l ler i nc is ion has been used . Us ing a 3-0 nonabsorb
ab le  or a bsorbab le  suture, p lace a n  approx imately 4-m m 

purse-stri ng suture i n  a box formation on the ant imes
enteric s ide of the sma l l  bowel (FIG 4) .  A doub le  purse-

LUQ and traced proxima l ly unt i l  the LOT is identif ied. • 
stri ng st itch may be used for add it iona l  security (FIG 5) .  

At th i s  po int, it i s  essentia l  to note the proxim a l  and d is
tal ends of the jeju n u m  and to ensure the orientat ion is 
ma i nta i ned through the entire procedure.  

• Once the LOT is identif ied, the sma l l  bowel is exa m i ned 

• 

• 

a l l  the way to the i l eoceca l va lve to ensure no occu lt 
pathology, obstruct ion,  or tors ion i s  present. • 
The tube insert ion site is chosen where the tube wi l l  pass 
through the abdom ina l  wa l l .  This w i l l  genera l ly be in the 
LUQ. The surgeon m ust ensure the chosen segment of 
jejun u m  w i l l  reach the parieta l surface of the abdom ina l  
wa l l  without any tens ion or tors ion .  Lys is o f  adhes ions 
may be needed to make sure the jeju n u m  can reach the • 
abdom i n a l  wa l l  without tens ion .  
Placement of  atra umatic c lamps on the left s ide  of  the fas

cia a l l ows the abdomina l  wa l l  to be retracted a nteriorly 
for exposure of tube placement. Whi le  keeping retraction, 
a strong f ine clamp is passed from inside the abdomen • 
through the point chosen in the abdomina l  wa l l .  A 3-mm 

Using cautery, create a sma l l  enterotomy i n  the center of 
the purse-str ing suture.  It is  he lpfu l  to grasp the bowel by 
the mesentery dur ing th i s  step .  I nadvertent cautery i n jury 
to the opposite s ide of the sma l l  bowe l can be avoided 
by cutt ing the serosa and m uscu laris with the ca utery but 

" popp ing"  i nto the l u men with a f ine c l amp (FIG 5) .  

P lace the d ista l end of  the feed ing  tube  through 
the enterotomy i nto the l u men and d i rect it d i sta l ly. 
The catheter is advanced unt i l  at least 1 0  em is i ntra l u 

m i n a l .  It ca n be advanced further if there i s  a n  excess ive 
amount of tub ing left externa l ly (FIG 6) .  

T i e  down t h e  purse-stri ng suture, tak ing  care n o t  to 
overt ig hten and occ lude the tube (FIG 7) .  
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Fascia F.---------- Tented skin 

Kocher 
clamp 

Intraperitoneal space 
(small bowl omentum) 

I- Red Robinson 
tube with extra 

U holes cut 

� F--------- Umbi l icus 

Kelly clamp 

Intraperitoneal 
space 

� :'-l...---- Subcutaneous 
fat 

--- Umbi l icus 
--- Umbi l icus 

c 

FIG 3 • Faci a l  retract ion a nterior and  m i d l i ne with stab i nc is ion be ing made for the feed ing  tube.  

FIG 4 • Placement of purse-stri ng st itch on  ant i  mesenteric jeju n u m .  
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FIG 7 • Tying  down purse stri ng to secure the feed ing  tube.  

FIG 5 • The enterotomy i s  made with a cautery and  then a 
hemostat is used to " pop"  i nto the l umen .  Note the doub le  
purse-stri ng stitch used . 

• 

• 

• 

The tube entry s ight is then i m bricated us ing a three- • 
point tri angu lar  tech n ique  (FIG 8) .  

Next, a Witzel tunne l  is  created .  Start ing at the ente
rotomy, the sma l l  bowel is  i mbricated over the feed ing  
tube us ing i nterru pted 3 -0  a bsorbab le  suture on  a taper 
need le  (FIG 9) for a d i stance of a bout 5 em.  These are 
serom uscu lar  b ites spaced approxi mately 5 to 1 0  m m  
a part, ensuri ng t h e  tube i s  not exposed . Care shou ld  be • 
taken not to p lace the b ites too far from the tube, as th i s  

wi l l  draw more bowel i nto the Witzel tunne l  and  narrow 
the jeju na l  l u men (FIG 1 0) .  • 
The jeju n a l  seg ment m ust now be secured to the pa- • 
rieta l peritoneu m .  Th i s  w i l l  a l low the format ion of a 
tract so that if the tube is i n advertent ly  removed, it 

can be rep l aced without reenteri ng the abdomen .  Th i s  

. J 

shou ld  be done i n  a way that the bowel is f lush with 

the a bdom i n a l  wa l l .  Four "tack i n g "  sutures of a bsorb
ab l e  3-0 suture ca n be p l aced around  the tube exit s ite .  
The fi rst i s  p l aced l atera l to the tu be, away from the 

operat ing  surgeon .  A serom uscu lar  bite i s  taken and 
then a bite of peritoneum i s  taken at the correspond ing  
locat ion i n  the a bdom i n a l  wa l l  (FIG 1 1 ) .  Start w i th  the  

l atera l (furthest) suture fi rst, then su perior, i n ferior, and  
fi n a l l y  med i a l .  Secure each  suture w i th  a c l a m p  after it 
i s  p l aced and  do not t ie  u nt i l  they are a l l  a p propriate l y  

p l aced.  
Once a l l  four sutures have been p laced, it is  best to t ie 

them i n  the order they were p laced (FIG 1 2) .  An addi
t iona l  tack ing  suture may be p laced 5 to 10 em d i sta l l y  
t o  secure a longer seg ment o f  bowel t o  t h e  a bdomina l  

wa l l .  Th is  may he lp  prevent tors ion on the bowel around 
a s i ng le  fixed po int. The sma l l  bowel shou ld  now be ad
herent to the LUQ abdom ina l  wa l l  (FIG 1 3) .  

The  externa l  port ion of  the tube  shou ld  be secured to 
the sk in  us ing a 2-0 nona bsorbab le  monofi l ament suture 
(FIG 14) .  

The  abdomen  is then  c losed i n  layers. 
The tube may be capped or p l aced to gravity dra i nage 
v ia  a bag .  Covering the tube with a dress ing  and tape or 
abdom ina l  b i nder wi l l  he lp  prevent it from be ing inad
vertently d is lodged dur ing patient movement. 

I .  ' I"' �-� .;. .... � 

.1�' 
I· � ·: . ,\,). . , •· :  � / -�· · �\.: · r.� · · ltv.. � . . tL�. . ,_ ... .  ,. � . -� 

. < ···; · � .1;!!<11,.� '"! � �--· . .... .... - ;Will. FIG 6 • Direct ing  end of feed ing tube i nto d ista l 
jeju n u m .  
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Small 
Jewel ----f'--

Non-absorbable 
suture 

FIG 8 • Triang le  stitch to i m bricate the tube entry site. 

Stitch 

Open lumen 

Red Robinson 
feed ing tube 

N arrowed lumen 

FIG 10 • Cross sect ion of Witzel tunne l .  The left shows the 
correct p l acement of sutures with adequate l umen  d i ameter. 
The right shows a narrowed l umen  from suture b ites p laced 
too far from the tube.  

FIG 9 • Creation of the Witze l  tunne l .  



FIG 1 1  • Placement of fi rst tack ing suture. 

FIG 13 • F i na l  v iew of sma l l  bowe l f ixed to abdom i n a l  wa l l  
after t h e  fou r  tacking  sutu res have been p laced . Note the 
feed ing  tube is  not vis ib le .  

LAPAROSCOPIC JEJUNOSTOMY 

Equipment and Port Placement 

• 

• 

Severa l commercia l ly ava i lab le  l aparoscop ic  jej u nostomy 
kits a re ava i lab le .  We use the F lexif lo La p JTM la paro
scop ic  jej unostomy kit by Abbott N utr it ion .  Th is  sect ion 
wi l l  descr ibe J-tube p lacement us ing th i s  kit .  The steps 
described can be mod ified for other kits, and the pack
age inserts for each kit shou ld  be read as they often con

ta i n  pert i nent pear ls  for success. 
A standard l aparoscop ic  setup inc lud ing  a 5-mm 0-degree 
or  30-deg ree lapa roscope and two to three 5-mm ports i s  

used. 
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FIG 1 2  • F i na l  appearance of bowe l attached to the 
abdom ina l  wa l l .  The sutu res should be p l aced i n  order from 
A to E. 

FIG 1 4  • Secu r ing the externa l  port ion of the tube to the 
abdom ina l  wa l l .  

• Port p lacement shou ld  tr iangu late toward the proposed 
tube exit s ite in the LUQ (FIG 1 5) .  The J-tu be site shou ld  
be at l east two f ingerbreadths be low the l eft costa l  mar
g i n  at approximately the m idc lavicu l a r  l i ne .  

Jejunal Mobilization and Tube Placement 

• Once the ports are p laced, the a bdomen shou ld  be in 
spected to ru le  out occu lt pathology or  evidence of a d i s
ta l  obstruct ion .  

• The upper  port shou ld  be used to retract the colon and 
omentum cepha lad .  The m idd le  port is  used for  the  
camera .  The lower port shou ld  be used to expose the  
sma l l  bowe l .  
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X 
X 
X 

FIG 1 5  • Port p l acement d i ag ra m  for l aparoscop ic  J-tu be. 
The tube s ite i s  represented by the target. 

• To ident ify the LOT, the transverse colon is retracted an
ter ior ly as the patient is  p laced i n  Trende lenburg posit ion 
and  the mesentery of the transverse colon is  fo l l owed 

towa rd its or ig i n .  The prox ima l  most port ion of the jeju
n u m  can be seen exit ing  the retroperitoneum at the LOT. 

Alternatively, if  th i s  exposure is  unab le  to be obta i ned, 
the sma l l  bowe l may be fo l l owed i n  the LUQ unti l  the 
LOT is  reached (FIG 1 6) .  

• Once the proxi ma l  jej u n u m  is convinc ing ly  identif ied, 
it should be traced d i sta l l y  20 to 30 em to identify the 

Ligament of Treitz 

tube site. Once the tube site is  identif ied, it is essent ia l  

to  keep the proper or ientat ion of  the bowe l throughout 
the com pletion of the procedu re .  

• The tube site on the abdom ina l  wa l l  shou ld  be chosen by 

identify ing the a rea on the i nner  abdom ina l  wa l l  where 
the selected jej u n a l  seg ment most easi ly reaches. The 
bowel shou ld  be free of tension at this po int. The po int 
on the abdom ina l  wa l l  shou ld  a lso be at least 2 em be low 
the costa l marg i n .  P lacement of a f ine needle through 

the abdom i n a l  wa l l  i nto the peritonea l  cavity often fa

ci l itates identifyi ng and m a i nta i n i ng the best p lacement 
(FIG 1 7) .  

• The T-fasteners supp l ied in the kit are p l aced next. They 
a re p laced i n  a d iamond config u rat ion around the tube 

entry s ite, ma rked with the f ine  need le .  They shou ld 
be p laced 2 em from the need le at the sk in  leve l ,  pass 
through the fascia, and exit approxi mately 1 em from the 
needle i n  the peritonea l  cavity (FIG 1 8) .  

• To sta rt, the  ass istant g rasps the chosen seg ment of 
jej u n u m  and p u l l s it  to the  tube s ite, h o l d i n g  it i n  

proper  o r i entat i o n .  T h e  fi rst T-fastener  i s  passed 
t h ro u g h  the  super io r  po i nt of the  d i a m o n d .  Once 
i ntraabdom i na l ,  the  need l e/T-fastener  is adva nced 
t h ro u g h  the bowel wa l l .  I t  i s  easy to i n advertent ly pass 
the  need le  th rough  the  " back wa l l "  of the  bowe l at 
th is  po i nt .  The ass istant s h o u l d  or ient the bowel so 

that the  mesenter i c  s ide i s  as  fa r from the  need l e  as  
poss i b l e  dur ing  p l acement .  

• 

• 

The need l e  s h o u l d  be adva nced to the 2-cm (do u b l e) 
mark  a n d  then  d e p l oyed (F IG 1 9) .  Pu l l  back on the  
fastener  to ensu re the  bowe l catches, retract it to 

the  abdom i n a l  wa l l , and then a p p ly a c l a m p  to the 

exte rna l  port ion  of the  suture to keep the  bowel i n  
pos it i o n .  
T h e  next three T-fasteners a re p laced i n  a s i m i l a r  m a n n e r  . 
The far l atera l one shou ld  be dep loyed after the super ior 
one, fo l l owed by the i nfer ior, and  then f ina l ly  the med i a l  

fastener. 

FIG 1 7  • There shou ld  be no tens ion when the sma l l  bowe l 
is retracted toward the chosen a rea on the abdom ina l  wa l l .  
A needle c a n  be p laced through t h e  abdom ina l  wa l l  t o  eas i ly  

FIG 16 • The sma l l  bowe l i s  fo l l owed i n  the LUQ to the LOT. mark the a rea from the peritonea l  cavity. 
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Subcutaneous 

Peritoneal 
cavity 

Jejunum -

A B 

FIG 1 8  • A. D iamond config u rat ion of T-fasteners a round the tube entry site as seen on the abdom i n a l  wa l l .  B. Cross-sect iona l  
v iew of trajectory of T-fasteners as they pass  through the abdom i n a l  wa l l .  Note they enter 2 em from the tube s i te  at the sk in 
and ex it  1 em from the tube s ite at the peritoneum.  

• At th i s  po i nt, the a nt i  mesenteric s ide of the bowel shou ld  
be a l most f lush with  abdom ina l  wa l l  i n  fou r  p laces 
(FIG 20) .  A sma l l  gap shou ld  be l eft for the next step .  

• The 1 8-gauge need le  is then  advanced i nto the s m a l l  

bowel i n  the  center o f  the  fo u r  T-fasteners .  S a l i ne,  a i r, 

FIG 1 9  • The need le  is advanced i nto the sma l l  bowel u p  
t o  t h e  d o u b l e  m a r k i n g  and  t h e  T-fastener  is  t h e n  dep loyed . 
Gent le tract ion after dep loyment w i l l  ensure the T-fastener  
has engaged the bowe l properly. 

or a b r i ef i n suffl at ion  with carbon d ioxid e  from the 

l a p a roscop i c  i nsuffl ator w i l l  en su re that the need le  
i s  i ntra l u m i n a l .  A fl u i d  wave s h o u l d  be seen  pass
ing though  the  bowe l .  I f  the  need le  i s  s ubm ucosa l ,  
a loca l  i nfi ltrat ion  of sa l i n e  i n  the  bowel wa l l  w i l l  
be seen,  b u t  i t  w i l l  n o t  pass as  a fl u i d  wave with i n  
t h e  bowe l .  

• The wi re is then advanced through the need le  i nto the 
bowel whi le the assista nt uses a b l unt g rasper to d i rect 
the wi re i nto the d ista l l i m b  of the jej u n u m .  The wi re 
can co i l  in the bowel eas i ly  d u ring  th i s  step .  Th is  may be 
avoided if the assista nt stretches the d i sta l l i m b  as the 

wi re is  passed (FIG 21 ) .  

F IG  20 • A view of  the bowe l after a l l  four  T-fasteners have 
been p laced . Note the sma l l  gap to a l l ow v isua l izat ion dur ing  
p lacement of the J -tu be. 
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FIG 21 • As the wi re is be ing adva nced, the assista nt can 
provide gent le tract ion on the d ista l bowel to a l l ow the wire 
to pass easi ly. 

• The need le  is then removed. 
• Pu l l  u p  on the fasteners gently so that the jej u n a l  seg

ment is  anchored to the abdom ina l  wa l l .  Pu l l  just enough 
that  the bowel makes contact with  the wa l l .  The wi re 

shou ld  not be vis ib le  at th i s  poi nt. 
• 

• 

• 
• 

A sk in  n ick is made at the wire entry s ite, and the d i l ator 
a long with the peel-away sheath is  passed over the wi re, 

through the abdom i n a l  wa l l ,  and  i nto the d ista l l i m b  of 
the sma l l  bowe l (FIG 22) .  

Care m ust be taken dur ing  th i s  step so that  the opposite 
side of the sma l l  bowel i s  not perforated and that the d i 
l ator and sheath shou ld  eas i l y  fo l l ow the path  of a gently 
cu rved wi re. 

The wi re and d i l ator are then removed . 
The J -tube is passed i n  to the d i sta l l i m b  through the 

pee l -away sheath . The tube shou ld  be at least 10  em 

FIG 22 • The d i l ator and sheath a re passed over  the wi re, 
through the abdom i n a l  wa l l ,  and  i nto the jej u n a l  l umen .  

for conformat ion  that the tube  i s  i n  fact i ntra l u m i 

n a l .  A fl uoroscopy study cou l d  be used with s i m i l a r  
contrast to that used f o r  a c h o l a n g i og ram if  there i s  
any  q u est i o n  reg a rd i n g  the  i ntra l u m i n a l  nature of  
the  tube .  

i nto the jej u n u m .  Avo id  leavi ng  too m uch of the tube • At th i s  po i nt, the  fasten ers, wh i ch  were p u l led  u p  
a n d  h e l d  gent ly  t o  anchor  t h e  jej u n a l  seg ment t o  the 
abdom i n a l  wa l l , may be secured . C r i m p i n g  the  fasten
ers o n  the suture j ust a bove the sk in bo l sters secu res 

them in p l ace (F IG 24) .  Ca re m ust be taken to avoid 
these fasteners be ing p u l led  too t i g ht as  th is  cou l d  
l e a d  t o  eros ion  th rough  the  bowe l .  T h e  t u b e  s h o u l d  
not be v i s i b l e  at th i s  po int  f r o m  i n s i de  the  abdom i n a l  
cavity. 

externa l l y  to reduce the r i sk of it be ing  i nadvertently 
p u l led out .  

• Whi le  an ass istant ho lds  the tube in p lace at the sk in ,  the 
sheath i s  cracked and removed by pee l i ng  it apart s lowly, 
mak ing  certa i n  that the J-tu be rema ins  in proper posi
t ion (FIG 23) .  

• I nject 1 0  m l  of sa l i n e  or a i r  th rough  the sma l l  port 
to ensu re the  tube  is patent .  Th i s  a l so a g a i n  a l l ows 

FIG 23 • After the d i lator and wire a re removed, 
the J-tube is  passed through the sheath and i nto the 
jej u n u m .  The sheath i s  then peeled away wh i l e  the 
tube is  held in p lace. 



• With the T-fasteners enter ing  the sk in  2 em from the 

tube,  there i s  p lenty of room to s l ide the f l ange down 
to the sk in  a n d  secure it with one o r  m u lt i p l e  sutu res. 

Be  ca refu l not to i n advertently p u l l  the tube out at 

th i s  step .  
• A f ina l  eva l uat ion with the l a paroscope shou ld  revea l  no 

tens ion or  tors ion on  the bowe l as it rests on  the a nter ior 
abdom i n a l  wa l l .  

• The trochar  sites a re c losed in standard fash ion  and  the 
procedu re is  comp lete. 

• An abdom ina l  d ress ing with tape or abdom ina l  b inder  is  
p laced over the tube to avo id it snagg ing  d u r ing  patient 

tra nsport.  

PEARLS AND PITFALLS 
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FIG 24 • The T-fasteners a re crimped i nto place at the skin leve l .  

I nd ications • Be certa i n  that a J-tu be best f its  the needs of the pat ient. Frequently, phys ic ians  may req uest a 
J -tube when in rea l ity the patient needs a gastrostomy tube (G-tube) or vice versa . 

Preproced ure p l a n n i ng 

Patient posit ion 

Open G-tube 

Tu be s ite select ion 

Lapa roscop ic  J-tube 

Secu r ing the tube 

Postproced ure care 

• Review previous upper abdomina l  procedu res or h i story of periton it is  that may have scarred another 
p iece of bowel a long the proposed track of the J-tube.  

• Pos it ion the pat ient supine with the entire abdomen exposed and prepped and d ra ped .  

• Place the tri ang le  suture and the i m bricat ing sutu res ca refu l ly to avo id excess ively na rrowing the 
l u men of the bowe l .  

• The  tube  s ite shou ld  be at least 2 em i nfer ior  to the  costa l marg i n .  
• Keep ing  m i d l i ne retract ion on t h e  fasc ia  with c l amps w h i l e  m a k i n g  t h e  i nc is ion through t h e  abdomi 

na l  wa l l  w i l l  ensure that  the tube does  not get k i nked as it traverses the abdom ina l  wa l l  once the 
fasc ia  is  c losed . 

• Posit ion the patient sup ine  with the r ight arm tucked to a l l ow a comfortab le  working space for the 
surgeon and the laparoscop ic  assista nt on  the r ight s ide of the patient.  

• Ta ke spec ia l  care to avoid penetrat ion of the back wa l l  of the jej u n u m  with the need le .  
• Ensure, without quest ion,  that  the wi re and  the tube pass  i ntra l u m i n a l ly. 

• Do not s l ide  the bo lster on the tube down t ight ly aga i nst the sk in  as it may necrose the sk in  or lead 
to p u l l i n g  of the base of the tube through the jej u n a l  wa l l  and  i nto the peritoneum .  

• An abdom i n a l  b i nde r  is  he lpfu l  fo r  secur ing the tube  and prevent ing premature or i nadvertent re
mova l d u ring  patient movement or  in a patient with i m pa i red mental  status. 

POSTOPERATIVE CARE COMPLICATIONS 

• Tube feedings can be started the evening of the procedure at 
a "trophic" or low rate, usually about 10 mL per hour. If the 
patient tolerates this, they can be advanced by 10 mL per 
hour every 4 hours until the nutritional goal is reached. 

• Care should be taken to avoid the tube catching or pull
ing while the patient is moving or if the patient's neuro
logic status is such that they can grab and pull the tube. An 
abdominal binder or gauze dressing can be used to cover the 
tube. Hand mittens can be used in the high-risk neurologic 
patient. 

• The patient and his or her caregiver should receive education 
regarding proper tube care and simple troubleshooting. 

OUTCOMES 

• Not applicable 

• Clogged tube 
A clogged tube can be flushed in essentially every case 
with a small syringe. Due to the laws of hydraulics, the 
smaller the diameter of the syringe the more pressure. We 
recommend the smallest syringe that will tightly fit into the 
opening in the tube. Carbonated acidic beverages such as 
Coke™ may also aid in clearing an obstruction when they 
are allowed to sit within the tube for an hour or more. 

• Dislodged tube 
It is imperative that patients and caregivers are taught to 
reinsert the tube immediately if it becomes dislodged so 
that the tract does not close. If they are unable to rein
sert, then they should immediately go to an emergency 
department where a smaller catheter could be temporar
ily advanced into place, preserving the tract that could be 
later dilated, and the proper tube placed. 
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If a tube is reinserted easily without resistance and flushing 
with water causes no discomfort, the tube may be used per the 
patient's routine without a conformational radiologic study. 
However, if the replacement is complicated or if there 
is discomfort with flushing, the tube position should be 
checked to ensure proper positioning. 
For tubes that have been in place for more than 1 month, 
it is exceptionally unlikely that the tube would not reenter 
the same bowel and rest in the same functional position 
where it was dislodged from. 

• Fractured tube 
If a tube is fractured with or without leakage, it may be 
temporarily patched with a waterproof occlusive tape 
such as electrical tape or Duct® tape. This tube should be 
electively exchanged for a new tube during a regular clinic 
appointment. If the tube is new or in complex scenarios, it 
may need to be exchanged over a glidewire by a gastroen
terologist, interventional radiologist, or a surgeon. 

• Abdominal wall abscess 
Tube site infections rarely lead to significant abscess forma
tion, but if this occurs, it should be treated with incision and 
drainage, leaving the wound open as with any infected open 
wound. 

• Small bowel obstruction 
Small bowel obstruction is most frequently caused by a bal
loon on the ]-tube or from torsion at the tube insertion site. 
When an obstruction is evident, any fluid in a balloon 
should be removed and the bowel obstruction treated with 
nasogastric decompression as with any bowel obstruction. 
If this does not resolve the obstruction, a computed to
mography (CT) scan with oral contrast administered 
2 hours prior to the study may be of assistance in assess
ing torsion of the bowel around the tube insertion site. 
If torsion is confirmed, an operative exploration either in 
a laparoscopic or open approach is required to relieve the 
obstruction. 
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Elizabeth A. Dovec Ronald H. Clements 

DEFINITION 

• Obesity is a medical condition in which excess body fat has 
accumulated to the extent that it may have an adverse ef
fect on health, leading to reduced life expectancy and/or in
creased health problems. 1 

• The body mass index (BMI) is a measurement obtained by 
dividing a person's weight in kilograms by the square of the 
person's height in meters.2 

BMI greater than or equal to 30 kg/m2 is obesity. 
BMI greater than or equal to 35 to 39 .9  kg/m2 is severe 
obesity. 
BMI greater than or equal to 40 to 49 .9  kg/m2 is morbid 
obesity. 
BMI greater than or equal to 50 kg/m2 is super obesity. 

• Obesity is a leading preventable cause of death worldwide, 
with increasing prevalence in adults and children. Obesity 
is one of the most serious public health problems of the 
2 1 st century. 3 

• The World Health Organization (WHO) predicts that 
overweight and obesity may soon replace more traditional 
public health concerns such as malnutrition and infectious 
diseases as the most significant cause of poor health.4 Before 
the 20th century, obesity was rare5; however, in 1 997, the 
WHO formally recognized obesity as a global epidemic.6  As 
of 2008,  the WHO estimates that at least 500 million adults 
( > 1 0 % )  are obese.7 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients should undergo comprehensive preoperative evalu
ation and have multidisciplinary support, with attention 
to psychological issues and dietary intake, for optimum 
outcome. 

• A thorough history should be performed prior to treatment, 
including a detailed past medical and surgical history, pres
ent medications and allergies, family history, social history, 
and discussions at previous attempts at weight loss. 

• Obesity-related comorbidities include, but are not limited to, 
hypertension, dyslipidemia/hyperlipidemia, diabetes mellitus, 
obstructive sleep apnea, chronic obstructive pulmonary dis
ease (COPD),  congestive heart failure (CHF), coronary artery 
disease (CAD), vascular disease, renal failure, urinary stress 
incontinence, polycystic ovarian syndrome (PCOS), back 
pain, joint pain, pseudotumor cerebri, and anxiety/depression. 

SURGICAL MANAGEMENT 

• The goals of the surgical treatment of obesity include 
Improving health 
Improving quality of life 
Increasing the life span 

• The American Society of Metabolic and Bariatric Surgery 
(ASMBS) and National Institutes of Health (NIH) have 
reached several conclusions about bariatric surgery and 

formulated a consensus statement. These organizations agree 
that bariatric surgery is the most effective treatment for mor
bid obesity. 

• Gastric bypass has been the gold standard in the treatment 
of the morbidly obese (BMI of 2::40 kg/m2 ) and severely 
obese ( 2:: 35 to 39 .9  kg/m2) patients with obesity-associated 
comorbidities. It is the most frequently performed bariatric 
procedure in the United States. 

• A Roux-en-Y gastric bypass is a restrictive and malabsorp
tive procedure. 

Preoperative Planning 

• Preoperative education is a vital part to the success of the 
patient. Patients must be instructed on what to expect both 
preoperatively and postoperatively. 

• All patients at our program undergo a surgical evaluation, 
medical clearances, insurance requirements, psychological 
evaluation, nutrition education, online information semi
nars, and attend a support group prior to their surgery. 

• A detailed bariatric diet guideline packet is provided to all 
patients describing each diet phase. Documented under
standing of the dietary expectations is imperative. 

• All medications are reviewed and anticoagulation discon
tinuation is discussed, as applicable. 

• Instruction on early ambulation beginning the afternoon 
of surgery and continuing every 1 or 2 hours while awake 
thereafter 

• Sequential compression devices (SCDs) are on and verified to 
be functioning prior to the induction of anesthesia. Routine 
prophylactic subcutaneous anticoagulation administration 
is not done unless the patient has a known prior thrombo
embolic event or the procedure is expected to take longer 
than 2 hours. 

Positioning 

• The patient is placed on the table in supine position. After 
satisfactory anesthesia had been administered, the patient is 
first secured to the bed. A thick, wide strap is placed tightly 
above the knees and padded well. Two pads are placed 
under the patient's heels. A footboard is pushed firmly to the 
patient's feet allowing the feet to turn out slightly but being 
cognizant not to bow the knees ( FIG 1 ) .  

• The left arm i s  left out a t  a 75-degree angle and secured to 
the arm board with a gauze wrap. If the patient's body habi
tus allows, the right arm is ideally tucked at the side. The 
bed is positioned down as low as possible. 

• A standing stage is placed on the patient's right side to be 
used by the operating surgeon. The assisting surgeon stands 
on the patient's left side. 

• A 34-Fr gastric lavage tube is placed in the patient's stomach 
and allowed to drain. A glove may be placed at the end of 
the lavage tube to prevent spillage of gastric contents. No 
other devices except the gastric lavage tube and endotra
cheal tube should be in the patient's mouth. 
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FIG 1 • Patient posit ion ing .  

PLACEMENT OF I NCISIONS 

• S ixteen centi meters is measured down in the left para
median posit ion .  The sk in  and u nder ly ing fasc ia i s  in
jected with loca l a nesthetic, and  a 1 0-mm visua l  port i s  
inserted through the left rectus sheath, identify ing a l l  

l ayers o f  t h e  abdom ina l  wa l l .  Pneumoperitoneum is then 
estab l i shed.  An i nspect ion of the abdomen and pelv is i s  
then performed ensur ing there was no in jury from the 

i n it i a l  trocar p lacement. 
• The rema in i ng  five ports are then p laced . The fi rst 5-mm 

troca r i s  p laced just i nfer ior  to the x ipho id  process and 
to the left of the fa lciform for  l iver retract ion .  A sec
ond 5-mm troca r is  p l aced approxi mately 2 em to the 
r ight and i nfer ior to the fi rst 5-mm troca r p lacement. 
This 5-mm r ight paramed ian  port is a l so p laced to the 
l eft of the fa lc iform.  A 1 2-mm r ight paramed ian  trocar 
is p l aced to the left of the fa lc iform approximately one 
handbreadth from the second 5-mm troca r. A 5-mm left 
su bcosta l  troca r is p laced 2 em be low the costa l marg i n .  

A f ina l  5 - m m  troca r i s  p laced 1 or  2 em below t h e  level of 
the i n it i a l  port, as fa r latera l as possi b le  (FIG 2) .  

• 5 mm 
0 

5 mm ...... �..J 
1 0 mm 0 ° 5 mm 

1 2  mm 

5 mm 

FIG 2 • Port p l acement. 



LIVER BIOPSY 

• A need le  b iopsy of the l iver is obta ined because b lood 
tests do not accu rate ly pred ict the presence, a bsence, or 
deg ree of h isto log ic  changes due to fatty l iver d isease. The 

l iver is  e levated by two bowel  g raspers p laced through 

LIVER RETRACTION 

• The patient is p l aced in fu l l  reversed Trende lenburg po
sit ion .  The l iver is  retracted with a locki ng A l l i s  g rasper 

c lamp p laced through the subxipho id  5-mm port and se
cured to the d i aphragm just a nter ior to the gastroesoph
agea l (GE) j unct ion (FIG 3) .  

GASTRIC POUCH CREATION 

• With the gastr ic lavage tube retracted i nto the esopha-
gus by the a nesthetist, the ang le  of H i s  i s  exposed and • 
d issected with an u ltrason i c  d issector. 

• Identif icat ion,  d i ssect ion,  and pr imary poster ior  repa i r  of 
a h iata l hern ia  is done at th is  t ime, if necessa ry. F ive cen
t imeters i s  measu red down from the GE j u nct ion a long 

the lesser cu rve where the l esser sac  is  entered i m medi
ate ly adjacent to the l esser curve of the stomach us ing 
the u ltrason ic  d i ssector to d iv ide branches of the left gas
tr ic a rtery. 

• A 45-m m laparoscop ic  stap l i ng  device with a ppropr iate
sized stap les is  or iented transverse ly to the lesser cu rve 
and f ired.  

• The 34-Fr gastr ic l avage tube is advanced to a but th i s  
newly p laced hor izonta l sta p le  l i ne .  Add it iona l  f i r ings of  
l aparoscopic  stap l i ng  devices are p laced para l le l  to the 
lavage tube.  Comp lete transact ion of the stomach and 

IDENTIFICATION OF THE LIGAMENT 

OF TREITZ 

• The tab le  is taken out of reversed Trende lenburg and 

p l aced i n  the sup ine  posit ion .  The omentu m is retracted 
cepha l ad, expos ing  the transverse mesoco lon,  which is 
a l so e levated and retracted cepha lad .  The proxi m a l  jeju

n u m  i s  retracted to expose the l i gament of Tre itz and  the 
i nfer ior  mesenteric ve in (FIG S) .  
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the left latera l ports to ensure the b iopsy need le  does not 
go through the l iver and cause i nju ry to under ly ing struc
tu res. Two core b iopsies a re obta ined from the left l atera l 
segment of the l iver for patholog ic  exam i nation for the 
d iagnosis and stag ing  of nona lcoho l i c  fatty l iver d i sease 
(NAFLD) and nona lcoho l i c  steatohepatitis (NASH) .  

FIG 3 • L iver retract ion and  vert ica l  60-mm sta p ler. 

hemostas is  a re ensured by i nspect ing the ent i re stap le  
l i ne .  Once  d iv ided, the gastr ic l avage tube is  retracted 
back i nto the esophagus .  
The retrogastric and pa ncreatic adhes ions are freed 

us ing the u ltrason i c  d i ssector to i ncrease pouch mob i l ity 
(FIG 4) .  

F IG  4 • Comp leted pouch.  

FIG S • I dentif icat ion of the l i gament of Tre itz. 
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CREATION OF THE 

BI LIOPANCREATIC LIMB 

• Sta rt ing at the l i ga ment of Tre itz, a marked g rasper i n  
t h e  surgeon's r ight h a n d  is  used t o  measure 4 0  em d i sta l l y  
(FIG 6) .  

• The jej u n u m  is d iv ided with a wh ite 60-mm lapa roscopic  

stap l i ng  device, with care be ing taken not to undercut 
the b i l iopancreatic or  Roux l i m b  mesentery. 

• If necessa ry, further mesenteric d iv is ion can be accom
p l ished with an u ltrason i c  d issector. 

JEJUNOJEJUNOSTOMY CREATION 

• A 2-0 undyed a bsorbab le  suture is p laced on the t ip  of 

the d i sta l  jej u n u m  to later identify the Roux l i m b  (FIG 7) . 

The Roux l i m b  is measured us ing the previous tech n ique  
w i th  a ma rked g rasper i n  the surgeon's r ight hand .  A 
9 5-cm Roux l i m b  is created if the patient's B M I  is less than 
50 .  A 1 50-cm Roux l imb is  created if the patient's BMI  i s  
g reater than 50.  

• The site chosen for the a nastomosis is brought i nto a p
posit ion to the prox ima l  jej u n u m  with the cut end of the 
b i l i o pa ncreatic l i m b  or iented toward the patient's r ight 
s ide and  cepha lad  to the d i sta l Roux l i m b .  

• A pretied, 24-cm long,  2-0 a bsorba b le  suture is p laced 

through the Roux l i m b  and b i l iopa ncreatic l i m b  approxi
mately 3 em from the b i l iopancreatic tip. This  suture wi l l  
l ater b e  used for enterotomy c losure .  

• A pret ied, 26-cm long,  2-0 nonabsorbab le  suture is p laced 
through the Roux l i m b  and b i l i o pancreatic l i m b  approxi

mately 1 em from the b i l iopancreatic tip. This  suture wi l l  
l ater b e  used for mesenteric c losure .  

• An u ltrason ic  d i ssector is used to make enterotom ies i n  
t h e  b i l iopancreatic and Roux l i m bs.  

FIG 7 • Roux l i m b  identificat ion suture .  

• 

• 

FIG 6 • Measurement of the b i l i o pa ncreatic l i m b .  

A wh ite 60-mm laparoscop ic  stap l i ng  device is  p laced 
i nto the enterotom ies to construct a s ide-to-s ide jej u no
jej u nostomy. Hemostas is  of the stap le  l ine is  assu red . 
The assista nt d i stracts the a bsorba b le  and nonabsorba b le  
sutu res to or ient  the enterotomy i nto a s l it rather than 

a c i rc le .  The enterotomy is c losed by ru n n i n g  the a bsorb
ab le  suture i n  two layers (FIG 8) .  

Bil iopancreatic l imb  

F IG 8 • Closure of  enterotomy defect before sta rting  to sew. 



CLOSURE OF MESENTERIC DEFECT 

• The mesenteric defect is c losed in a runn i ng,  lock ing 
fash ion with the previous ly p laced 2-0 nonabsorba b le  
suture (FIG 9). 

DIVISION OF G REATER OMENTUM 

• The omentum is d iv ided vert ica l ly, towa rd the d i rect ion 
of the l iver retractor, with the u ltrason i c  d i ssector to fa
c i l itate br ing ing  the Roux l i m b  up to the gastr ic pouch.  
Th is  step can be om itted if the omentum is th in  or  if the 
Roux l i m b  is  p l aced i n  the retroco l i c  retrogastric posit ion .  

CREATION OF GASTROJEJUNOSTOMY 

• With the Roux l i m b  in the left upper  quadra nt, a pretied, 
26-cm long, 2-0 a bsorba b le  suture is  p laced between 
the ant imesenteric s ide of jej u n u m  and poster ior  wa l l  
o f  t h e  gastr ic pouch approximately 2 em from t h e  t i p  of 

the Roux l i m b .  The patient is  p laced in fu l l  reversed Tren
de lenburg posit ion .  

• An i nterrupted, undyed, 2-0 a bsorbab le  suture is p laced 
1 . 5 em from the ru n n i n g  suture on the ant imesenteric 
s ide of the Roux l i m b  and poster ior wa l l  of the gastric 
pouch.  

• An adequate gastrotomy is created just poster ior  to the 
tra nsverse sta p le  l ine of the gastr ic pouch us ing a n  u ltra

sonic device. 
• An adequate enterotomy is created by enter ing the Roux 

l i m b .  Ca re shou ld  be taken not to in jure the poster ior 
wa l l  of the jej u n u m .  

• A s ide-to-s ide gastrojej u nostomy is created by p lac ing 

the cassette s ide of  the sta p ler  i nto the stomach and  the 
anv i l  s ide i nto the jej u n u m .  The assistant or ients the t ip  
of Roux l imb so that  it i s  i n  l i ne  with  the sta p ler  as it is  
inserted to the 20-mm mark. The stap ler  is  c losed and 
fi red (FIG 1 0) .  

• Whi le  the assistant cont inues to ho ld  the t ip  of the Roux 

l i m b  i n  approximation with the gastr ic pouch, the sur
geon p l aces a 2-0 a bsorbab le  stitch between the Roux 

l i m b  and the gastr ic pouch just beyond the a pex of the 
gastrojejunostomy sta p le  l i ne to suspend the jej u n u m  to 
the pouch. 

• The assistant d i stracts the a bsorba b le  and  nona bsorb
ab le  sutu res to orient the gastrojejunostomy i nto a s l it 
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FIG 9 • Closure of mesenteric defect. 

Gastric pouch 

FIG 10 • Sta p l i n g  the gastrojej unostomy. 



450 P a rt 2 OPERATIVE TECHNIQUES IN GASTROINTESTINAL SURGERY 

rather than a c i rc le .  The fi rst l ayer of the gastrojeju
nostomy i s  c losed us ing  the prev ious ly p laced, pretied 
2-0 a bsorba b le  suture i n  a runn ing  fash ion .  The 34-Fr 
gastr ic lavage tube is  then passed across the gastrojeju

nostomy to prevent sutu r ing the back wa l l  and  to ca l i 
b rate the open i ng .  After locki ng the f i na l  suture on  the  

fi rst row, the same suture i s  u sed  to p l ace a second layer 
runn ing  back towa rd the knot.  The a nesthet ist per iod i 
ca l l y  moves the lavage tube to prevent sewing it i nto 
p lace. The gastr ic lavage tube i s  comp letely removed 

upon com p let ion of the second l ayer, and  the suture is 
tied to its ta i l  (FIG 1 1 ) .  

F I G  1 1  • Closure o f  gastrojejunostomy. 

CLOSURE OF PETERSEN DEFECT 

• The mesenteries of the b i l iopa ncreatic, Roux l i m b, and  
transverse mesoco lon a re a l l  secured with a 2 -0  nonab
sorba b le  suture to ob l ite rate a potent ia l  hern ia  s ite at 

Petersen defect. 

UPPER EN DOSCOPY LEAK TEST 

• The Roux l i m b  is occ l uded with a bowel c l amp approxi

mately 2 em d i sta l to the gastrojeju nostomy. The assis
tant retracts the d i sta l gastr ic remnant and omentum to 
keep the gastrojej unostomy in v iew. With the patient 
p laced i n  Trende lenburg posit ion,  the gastr ic pouch, 
gastrojej unostomy, and  t i p  of the Roux l i m b  a re sub
merged under  sa l i ne  (FIG 1 2) .  

• An endoscope is passed across the gastrojej unostomy 

to ensure its i nteg rity, hemostas is, and  patency. The 
scope i s  withd rawn i nto the pouch, which i s  i nfl ated FIG 12 • Placement of bowe l c l amp .  Submerged a nastomosis 

with l ight trans i l l u m i nat ing the jej u n u m .  



with a i r  from the endoscope. The submerged a reas are 
inspected for bubb l ing ,  wh ich, if  p resent, a re identif ied 
and repa i red with 2-0 a bsorba b le  suture. The test i s  then 
repeated unt i l  there is  no further leaking observed . The 

length of the gastr ic pouch is  confi rmed by measu r ing 
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the d istance between the gastrojejunostomy and the 

Z l i ne .  The endoscope i s  removed, sa l i ne is  asp i rated 
from the abdom i n a l  cavity, a l l  i n stru ments a re removed, 
and the trocars a re removed under  d i rect visua l ization to 

ensure hemostas is .  
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SKIN CLOSURE 

• No fasc ia l  sutu res are p laced in the 1 0- and  1 2-mm trocar 
s ites, beca use rad i a l ly d i lat ing troca rs are used and they 

are both p laced off the m i d l i ne .  

• The sk in is c losed with 4-0 a bsorbab le  monofi l ament su
ture i n  a su bcuticu l a r  fash ion .  A waterproof ster i l e  adhe
sive is p l aced to c lose the ep idermis .  

PEARLS AND PITFALLS 

Pearls: 
• The use of ster i le  adhesive a l l ows the patient to shower and  have no d ress ings  to change.  
• Patients a re m a i nta ined on  proton pump i n h i b itor therapy for 30 days to red uce the r isk of ear ly marg i n a l  u l ceration .  
• I n it i a l ly, a l l  med icat ions shou ld  be a d m i n istered i n  the crushed or  e l ix i r  form.  
• Extended-release medicat ions (XR, XL ,  ER, or  EC)  often cannot be crushed, broken, or  opened and  wi l l  need to be changed by  

the i r  prescr ib ing  prov ider to a n  i m mediate re lease or  a lternate form that  can be crushed or  opened.  
• Da i ly supp lements with a n  adu lt strength chewab le  or  l i q u i d  m u ltivita m i n  and  at least 1 ,200 mg of ca l c i um citrate with vita m i n  D 

are recommended.  
• Long-term d ietary goa l s  shou ld  inc lude  50 to 80 g of prote in  per day. 

Pitfalls: 
• L iqu id  ca lor ies and  sweets can cause late dump ing  syndrome.  
• Snack ing shou ld  be avo ided to prevent deve lop ing  a pattern of eat ing  ca l led "g raz i ng . "  
• Preg nancy is  not  recom mended i n  the fi rst 18  months after surgery. 
• B i rth control p i l l s a lone may not be effect ive for b i rth control after surgery. Patients a re instructed to speak with the i r  gyneco lo

g ist rega rd ing  other  methods of b i rth contro l .  
• Patient's fert i l ity m a y  i ncrease after surgery and  weight loss. 

POSTOPERATIVE CARE 

• Diet 
Patients remain NPO the night of surgery and are ad
vanced to noncarbonated, low caloric, bariatric clear 
liquid diet on postoperative day (POD) 1 if they are not 
tachycardic, tachypneic, or experiencing excessive pain. 
If the patient tolerates this step, they are advanced to a 
pureed diet upon discharge home. 

• Activity 
It is imperative that the patient walk on the evening of 
the operation, because we only use SCDs for deep venous 
thrombosis (DVT) prophylaxis .  

OUTCOMES 

• The long-term average weight loss after a Roux-en-Y gastric 
bypass is 60% to 70% excess body weight (EBW) . 

• There is usually rapid resolution of comorbidities such as 
diabetes mellitus, sleep apnea, hyperlipidemia, and GE re
flux disease. 

COMPLICATIONS 

• Early serious complications ( <30 days) include gastrointestinal 
bleeding, bowel obstruction, anastomotic leak, intraabdominal 

abscess, DVT, pulmonary embolism (PE), wound infection, 
and mortality; all of which should be less than 1 %  in experi
enced centers. 

• Late complications (>30  days) include bowel obstruction, 
anastomotic stenosis, marginal ulceration, gastrointestinal 
bleeding, cholelithiasis, internal herniation, gastro-gastro 
fistula, vitamin deficiencies, and mortality. 
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DEFINITION 

• Sleeve gastrectomy or partial vertical gastrectomy is defined 
as the creation of tubular, sleeve-shaped, lesser curve-based 
stomach by resection of the greater curvature of the gastric 
body and fundus. 

• Laparoscopic sleeve gastrectomy (LSG) has been an in
creasingly popular procedure due to its relative technical 
simplicity and excellent safety and efficacy profile. With an 
increased number of insurers now covering the sleeve gas
trectomy, the number of LSG performed in the United States 
has grown rapidly in the last several years. 

• LSG was initially performed as the first stage of the bilio
pancreatic diversion-duodenal switch procedure. However, 
beginning in 2008,  LSG has been performed as a stand-alone 
bariatric operation, and short- and medium-term follow-up 
have documented its safety and efficacy. 

• In 2010, a Current Procedural Terminology (CPT) code was 
assigned to the procedure and, more recently, the Ameri
can Society for Metabolic and Bariatric Surgery has issued 
a statement with 3- and 5-year data and robust experi
ence acknowledging LSG as an approved primary bariatric 
procedure. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A complete history and physical examination should be ob
tained, with particular attention given to history or identifi
cation of metabolic disorders such as diabetes, dyslipidemia, 
and fatty liver disease; cardiovascular disease; obstructive 
sleep apnea; venous thromboembolism as well as a history 
of previous abdominal operations. 

• Per National Institutes of Health (NIH) consensus guide
lines, bariatric surgery is indicated for patients with a body 
mass index (BMI) greater than 40 or a BMI greater than 35  
with obesity-associated comorbidities. Insurers and payers, 
though, may have other stipulations. 

• A detailed nutritional history, including prior attempts at 
weight loss through dietary, exercise, and medical programs, 
and psychologic/psychiatric history should be obtained. 

• Multidisciplinary evaluation with registered dietitians, psy
chologists, and medical physicians is critical prior to consid
eration for any bariatric surgery. 

452 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• In the absence of history or physical findings suggestive of 
upper gastrointestinal (GI)  pathology, preprocedural imag
ing is not mandatory. 

• However, symptoms such as dysphagia, early satiety, or ody
nophagia should prompt further radiologic or endoscopic 
evaluation. 

• In our practice, some find a preoperative barium swallow 
helpful to rule out gross esophageal motility disorder; assess 
for hiatal hernias; and exclude mass lesions, stricture, divertic
ula, and other anatomic abnormalities. Others get a swallow 
study only if the history and symptoms raise any concerns. 

• Subsequent upper endoscopy can then be selectively used to 
follow up any concerning findings from the swallow study. 

• When esophageal dysmotility is suspected based on history 
or swallow study, preoperative esophageal manometry is 
obtained. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative laboratory, pulmonary, and cardiac evaluation 
are performed as indicated by patient history, age, and co
morbidities as with other major abdominal surgery. 

• Patients should be encouraged to lose as much weight as 
possible leading up to surgery. We place our patients on a 
low caloric diet 2 to 3 weeks before surgery in order to de
crease the volume and rigidity of the left lobe of the liver, 
facilitate laparoscopic exposure, and allow for a less techni
cally demanding and safer operation. 

• Appropriate antibiotic and venous thromboembolism pro
phylaxis should be administered in a timely fashion. 

Positioning 

• The patient is positioned supine or in the split-leg position 
according to the surgeon's preference. Specialized bariat
ric beds are available to accommodate the super obese and 
allow for ergonomic positioning of the patient. The arms 
and legs should be well secured along with a footboard to 
allow steep reverse Trendelenburg to facilitate visualization 
of the left upper quadrant intraoperatively. An orogastric 
tube should be placed to decompress the stomach after en
dotracheal intubation. 

-
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PORT PLACEMENT 

• I n it i a l  peritonea l  access is obta ined us ing the surgeon's 
preferred method. Pneumoper itoneum is created, and 
subsequent ports a re p laced under  d i rect v isua l izat ion .  
Many geometric a rrangements for  port p lacement w i l l  
a l low adequate exposu re f o r  t h e  operat ion .  I n  genera l ,  

Supine 

five ports i n  the upper a bdomen wi l l  a l l ow adequate 
access and  v isua l izat ion for the operat ion .  These w i l l  usu
a l ly inc lude two work ing  ports for the operat ing surgeon 

and ports for the camera, l iver retractor, and assista nt. 
At l east one 1 2- or  1 5-mm troca r i s  requ i red to a l low i n 
trod uct ion of  a sta p ler. Two examp le  d iagrams  of  port 
p lacement are shown in FIG 1 . 

Supine 
spl it-leg 

5 
0 Liver 

1 2  
0 

retractor --+--..,:-----'---e 

Liver 5 
retractor -----0 

5 
• 

A 

0'------ Camera 
5/1 2 

FIG 1 • Port p lacement. Schematic i l l ustrat ion of typ ica l  
port p l acements for s l eeve gastrectomy i n  sup ine  (A) and 
sp l it- leg posit ion ing  (B) . B 

MOBI LIZATION OF THE STOMACH 

• After exp lorat ion of the peritonea l  cavity, the patient is  
p laced i nto steep reverse Trende lenburg posit ion to d rop 
away the i ntest i nes and omentum, and  a l iver retractor is  
p l aced to expose the stomach and  h iatus. 

• The pylorus is identif ied and the d ista l marg i n  of the 
s leeve is  measured with in  2 to 6 em prox ima l  to the 

pylorus (FIG 2A,B) .  The g reater curvatu re of the stom-
ach is  mob i l ized by transact ing the gastroco l i c  l i gament • 
and short gastr ic vessels .  An u ltrason i c  or b ipo la r  vessel
sea l i ng  device speeds this d i ssect ion (FIG 3) .  Prox ima l ly, 

the vesse l s  a re d iv ided up to the h ighest short gastr ic, a 

re l i ab l e  l andmark  which often d ives poster ior ly toward 
the pancreas (FIG 4) .  We f ind that com p lete mob i l izat ion 
of the ang le  of His from the l eft crus of the d i aphragm 
and free ing  of  any lesser sac  adhes ions to the pancreas or 
poster ior gastric space fac i l itates subsequent formation 
of the gastr ic s leeve. These adhes ions a re often avascu
lar and ca n be taken sha rply. Comp lete mob i l izat ion to 

a l l ow adequate resect ion of the fundus is  be l ieved to be 
a critical step of s leeve gastrectomy. 1 

The surgeon shou ld  look for a h iata l hern ia  and  fix it 
shou ld  it be read i ly evident. We do not promote the rou
t ine d i ssect ion of the h i atus to identify a " h iata l  hern i a "  

that is  n o t  rea d i ly apparent. 
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A 

Incisura angularis � 
Pyloris � 

Gastrocolic / 
l igament / 
A 

B 

B 

of H is 

Spleen 

Short gastric 

FIG 2 • A. Measurement of d ista l marg in  
of  the sleeve. Division of  the gastrocol i c  
l igament has  begun, 2 to 6 em proxima l  to  the 
pylorus but d ista l to the incisura angu laris as 
i l l ustrated i n  A. B. Measurement is performed 
i ntracorporea l ly. 

FIG 3 • Div is ion of short gastr ics and  gastroco l i c  l i gament. A. The gastroco l i c  l i gament and short gastr ic 
vessels a re d ivided using a n  u ltrason ic  d issector. B. F i na l  v iew of the d ista l marg i n  of the d i ssect ion as 
previous ly measured from the pylorus i s  shown. 
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A 

B 

Posterior 
gastric wall 

CREATION OF THE GASTRIC SLEEVE 

• Accu rate and  safe formation of the gastr ic s leeve is per-
fo rmed us ing a boug ie i ntroduced i nto the oropharynx, • 
down the lesser curvature, and  i nto the gastr ic a ntrum as 
a g u ide  (FIG 5) .  Choice of s ize and type of bougie rema ins  

a surgeon's preference. The  recent s leeve consensus 
statement recom mended use of a 32- to 36-Fr boug ie ' 
Var ious Ma loney d i l ators or f lex ib le  endoscopes may be 

used as a boug ie .  Our  practice is to use the therapeutic 

� Pancreas 

FIG 4 • A. Comp lete mob i l izat ion of 
gastric fundus from the d i aph ragm 
and  lesser sac .  The last short gastr ic 
vessel often d ives poster ior and i nto 
the pa ncreas and  is  a re l i ab l e  a natomic  
l andmark.  B. The gastr ic fundus is  fu l ly 
mob i l ized u p  to the left crus of the 
d i aph ragm,  and l esser sac adhes ions 
a re d issected to fac i l itate su bseq uent 
sta p l i n g .  

endoscope ( 3 6  Fr i n  ca l i ber) to s i z e  t h e  s leeve, w h i c h  we 
f ind he lpfu l  to l ater perform a provocative leak test and  
exa m i n e  our  stap le  l i n e  endo l u m i n a l ly. 

With the chosen boug ie  i n  p lace, and  after confi rmation 

that no other  i ntragastr ic tubes (e .g . ,  orogastr ic tu bes, 
temperatu re probes) rem a i n  in p lace, tra nsect ion of 
the g reater curvature of the stomach beg i ns 2 to 6 em 
proxim a l  to the pylorus us ing a l i near  cutt ing stap ler. It 
i s  cr it ica l to avo id na rrowing of the s leeve, particu l a r ly 

at the i nc isura a n g u l a ris, and to take equa l  port ions of 
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FIG S • Placement of i ntragastr ic boug ie .  A boug ie is p l aced 
a long the l esser cu rvature i nto the antrum to g u ide formation 
of the s leeve. This  i l l ustrat ion shows the use of a n  endoscope, 
which i s  eas i ly  man ipu lated to match the contour  of the l esser 
curvature.  

the anter ior and  poster ior wa l l s  of the stomach to avoid 
"sp i ra l i n g "  the s leeve (FIG 6) .  

• The gastr ic s leeve formation is completed with su bse
q uent fi res of the l i near  sta p ler  a long the boug ie, thus 
resect ing  the g reater curvature of the stomach .  With 

Incisura 
angularis 

/ 
Gastrocolic 

l igament 

A 
Stapler 

each stap le  fi re, conti nued care i s  made to assu re that 
equa l  amou nts of a nter ior and poster ior  gastr ic wa l l  are 
resected (FIG 7) .  It is  often he lpfu l  to have the assista nt 
m a i nta i n  latera l tract ion on the latera l aspect of the 
stomach and,  at t imes, toward the poster ior aspect. The 
f ina l  sta p le  l i n e  shou ld  veer off the gastroesophagea l  
j u nct ion as th i s  a rea i s  part icu lar ly  suscepti b le  to leaks . 1  
I n  FIG 8, a laparoscop ic  and  endoscopic  v iew of the com
p leted s leeve i s  shown.  

• Sta p l e  loads shou ld  be chosen as a ppropr iate for the 
th i ckness of the t i ssue .  The gastr ic wa l l  i s  genera l ly 
th ickest on the i n it i a l  d i sta l  sta p le  l i n e  at the a ntru m .  

T h e  use o f  sta p le  l i n e  re i nforcement i s  controvers i a l .  
There i s  s o m e  evidence t h a t  sta p le  l i n e  rei nforcement 
may decrease the inc idence of b l eed i ng  com p l i cat ions; 

however, any  i m pact on leak  rates is l ess c lear. Severa l 
a bsorba b l e  a n d  permanent sta p l e  l i n e  buttress i ng  ma

ter i a l s  a re ava i la b l e .  Some oversew a n  u n re i nforced 

sta p le  l i n e  rout i ne ly, wh ich  shou ld  be performed with 
the boug ie  i n  p l ace to p revent na rrowing of the gas
tric con d u it if  it i s  done .  Others prefer n ot to use re i n 
forcements, or  to routi ne ly  oversew, due  to concerns of 
excess ive mater ia l  where sta p le  l i nes cross, the added 
expense, a n d  u nc lear  benefit o r  potent ia l  harms from 
those pract ices.  

B 

c 

FIG 6 • A. I n it i a l  gastr ic transect ion around the 
inc i sura angu l a ris .  The i n it i a l  sta p le  fi re beg ins  
at the previous ly measured d ista l d iv is ion of  the  
gastroco l i c  l i gament and  is  (B) ca refu l ly p laced to  
ensure no na rrowing or angu lat ion of  the stomach 
at the inc i sura as wel l  as  to resect equal  seg ments of 
a nter ior  and  poster ior gastr ic wa l l .  The i n it i a l  sta p le  
l i ne  i s  shown i n  (C) . 
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A B 

FIG 7 • Tra nsect ion of g reater cu rvatu re of stomach .  Su bsequent gastric transect ion is performed para l le l  
to  the lesser cu rvatu re, a long the boug ie, and a i m ed toward the ang le  of  H is. I n  these photographs, sta p le  
l i ne  buttress ing  materia l  i s  used . The p lacement of the stap ler  is  exa m i ned a nter ior ly (A) and poster ior ly (B) 
to ensure equa l  a l i g n ment of the gastr ic wa l ls .  

A B 

FIG 8 • Laparoscopic  (A) and endoscopic (B) view of comp leted s leeve gastrectomy. 

PROVOCATIVE LEAK TEST 

• A provocative leak test can be performed after the s leeve • 
is created, e ither with gas or l i q u i d  dye. O u r  practice is to 
submerge the stap le  l i ne  in sa l i ne  i rr igat ion wh i l e  i nsuf
f lat i ng the s leeve with carbon d ioxide (C02) v ia the i n 
dwe l l i n g  endoscope and c l amp ing  the d i sta l  stomach .  A 
l aparoscopic  assessment for evidence of leaks or bubb les 
i s  done, and s imu lta neous ly, a n  endo l u m i n a l  exa m i na
t ion is  performed to exc lude i ntra l u m i n a l  b l eed ing  and 
to assess the gastric condu it for  any na rrowing or  k ink-
i ng .  Alternative ly, i n suff lat ion or i nsti l l at ion with d i sten

t ion v ia  a nasogastr ic or  other device can be done with 

C02, a i r, or  co lored l i qu id;  however, oxygen a lone shou ld  
not  be used . 

Hemostas i s  of the sta p le  l i ne  and  d iv ided g reater cur
vature vessels is ensured.  Although some surgeons 
choose to recreate the gastroco l i c  l i gament by sutur ing 
the omentum to the sta p le  l i ne  i n  an  effort to prevent 
tors ion of the s leeve, we do not rout ine ly do that. The 

gastrectomy spec imen i s  removed, which can usua l ly  be 
accomp l ished us ing a protective bag without en la rg ing  

any i nc is ions .  The boug ie, l iver retractor, and trocars a re 
removed under  d i rect v is ion;  pneumoperitoneum is re
leased; and  c losure is  performed of the extract ion site 

with a fasc ia l  c losure device. 
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PEARLS AND PITFALLS 

• Secure posit ion ing  of the patients extrem it ies with a footboard is i mperative to a l low steep reverse Trende lenburg to opti m ize 
lapa roscop ic  v isu a l ization .  

• D u r i n g  d iv is ion o f  t h e  gastroco l i c  l i gament and short gastrics, care shou ld  be taken t o  avoid in jury t o  t h e  gastroep ip lo ic  vessels 
and sp leen .  

• It is  i m portant to assu re that the proxi ma l  fundus is  comp letely mob i l ized by d i ssect ing u p  to the left crus  and tak ing the h ighest 
short gastr ic vesse l .  

• Free ing  o f  l esser sac adhes ions t o  t h e  pancreas and  poster ior gastr ic stomach a n d  release o f  t h e  a n g l e  o f  H i s  from t h e  left crus 
g ive add it iona l  mob i l ity of the g reater cu rve to a l l ow precise p lacement of the sta p ler  for g reater cu rvature resect ion .  

• A 32- to 40-Fr boug ie  shou ld  be p laced a long the lesser curvatu re of the stomach to a id  i n  s iz ing of the gastr ic s leeve. 
• Care shou ld  be taken to avoid na rrowing the gastr ic cond u it, part icu la r ly at the inc i sura angu l a ri s .  
• Accurate p lacement of each stap ler  ensur ing equa l  resect ion of the anter ior and poster ior  gastr ic wa l l s  is  cr it ica l to avo id sp i ra l 

i ng  of the s leeve, which cou l d  resu lt  i n  postoperative obstruct ion .  

POSTOPERATIVE CARE 

• Postoperative care is similar to other bariatric patients. 
Early postoperative ambulation, adequate postoperative 
analgesia, and frequent pulmonary toilet are important to 
help avoid pulmonary and thrombotic complications. Ap
propriate perioperative antibiotics and venous thromboem
bolic prophylaxis are continued. We keep our patients NPO 
on the first postoperative evening, but allow oral intake of 
important medications. 

• The use of routine postoperative upper GI series is of debat
able value. It is our practice to routinely obtain a Gastrogra
fin and barium swallow examination on postoperative day 1 
( FIG 9 ) .  We find this study helpful not only to exclude leak 
or obstruction but also to obtain a baseline study of each 
patient's anatomy for future reference. 

• Following the swallow study, the patient is started on a clear 
liquid diet and oral analgesics. We discharge our patients on 
either postoperative day 1 or 2 .  We maintain our patients on 
a liquid diet for 9 to 14 days and then introduce soft foods. 
Multivitamin supplementation is started on discharge, and 
we keep our patients on acid suppression in the periopera
tive period. 

FIG 9 • Postoperative bar i u m  study of a s l eeve gastrectomy. 

OUTCOMES 

• Early data shows that the LSG is a safe and effective bar
iatric and metabolic operation, with outcomes positioned 
between the adjustable gastric band and Roux-en-Y gastric 
bypass ( GBP) .2 Weight loss and improvements in comorbid 
conditions such as diabetes, sleep apnea, hyperlipidemia, 
and hypertension with LSG are significantly better than the 
gastric band, but do not quite reach the levels seen after 
GBP. 

• Similarly, rates of perioperative complications for the sleeve 
gastrectomy lie between the band and the bypass. Overall, 
the incidence of death, serious complication, readmission, 
and reoperation in the early postoperative period are equiv
alent for the LSG and the bypass and higher than for the 
gastric band. Most studies have also shown a trend toward 
decreased rates of specific complications for the LSG com
pared to the bypass-for example, obstruction, stricture, 
and anastomotic ulcer. 2•3 Although promising, good qual
ity data are still lacking on the long-term effectiveness and 
safety of the LSG. 

COMPLICATIONS 

• The most frequent complications after LSG are bleed
ing, urinary tract infections, superficial site infections, 
and deep venous thromboses (DVTs ) .  They are similar to 
other bariatric operations in their incidence, diagnosis, 
and treatment. 

• A few LSG-specific complications merit further discus
sion. Leaks occur overall at a similar incidence as the GBP. 
Sleeve leaks can occur both early and late and are most 
often found at the proximal staple line near the angle of 
His . Principles and treatment of LSG leaks are similar to 
other abdominal leaks, including control of sepsis with 
wide drainage and antibiotics and nutritional optimization. 
Treatment of leaks after sleeve gastrectomy can be particu
larly challenging, as the intact pylorus and gastric conduit 
itself often create a relative distal obstruction and enteral 
access for nutritional supplementation is more problematic. 
However, unique to management of LSG leaks is the use of 
covered stents, which can be placed endoscopically and can 
be useful to control leaks in combination with intraabdomi
nal drainage. 
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• Although extremely infrequent, obstruction after sleeve gas
trectomy can occur, and unlike the GBP, they are not due to 
internal hernia, as the intestinal spaces are not disturbed, but 
more commonly due to narrowing or twisting of the gastric 
conduit. Again, upper endoscopy can be particularly helpful 
for diagnosing this problem and treatment with endoscopic 
dilation. 

• Severe gastroesophageal reflux has also been described fol
lowing LSG. Management should include fluoroscopic and 
endoscopic imaging of the sleeve to assess and treat any 
defined obstruction. Recalcitrant reflux may even require 
reoperation with sleeve conversion to Roux-en-Y GBP. 
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Chapter 2 0  Laparoscopic Gastric Band 
·----------------------------------------------------- .... 

Darren S. Tishler Pavlos K. Papasa vas 

DEFINITION 

• The laparoscopic adjustable gastric band (LAGB) is a Food 
and Drug Administration (FDA)-approved, implantable 
medical device for the treatment of morbid obesity and 
obesity-related medical comorbidities. The adjustable gastric 
band (AGB) consists of an adjustable saline-filled annular 
balloon, a segment of tubing, and a subcutaneous access port 
( FIG 1 ) .  This simple hydraulic system is placed around the 
upper portion of the stomach, just distal to the gastroesopha
geal ( GE) junction, to create a small (approximately 30 mL) 
stomach pouch. The subcutaneous port is placed on the ab
dominal wall fascia and allows for the band stoma area to be 
adjusted by the addition or removal of saline solution using a 
noncoring needle. The AGB restricts the amount the stomach 
can accommodate to varying degrees, depending on the fluid 
volume in the band. The AGB helps to slow the progression 
of food from the small upper pouch to the distal stomach as 
well as possibly stimulating the production of gastric pep
tides and neuronal pathway signals related to satiety. 

• The AGB differs from other bariatric procedures in three 
main ways : It is adjustable, reversible, and involves no cut
ting or stapling of the stomach. 

• The AGB is an exclusively restrictive procedure, unlike other 
malabsorptive procedures such as the Roux-en-Y gastric 
bypass (RYGB) ( see Part 2,  Chapter 1 8 )  and the duodenal 
switch. 

• Patients who undergo AGB are at a low risk for developing 
major nutritional and vitamin deficiencies .  Although medi
cation pill size can be a factor, the AGB does not have any 
effect on the absorption of medications and other nutritional 
supplements. 

FIG 1 e AG B system .  
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PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• No validated algorithm exists to prescribe the most appro
priate bariatric procedure. 

• Although the AGB is indicated for patients with body mass 
index (BMI) of 30  to 40 kg/m2 with medical comorbidities 
or BMI greater than 40 kglm2 with or without medical co
morbidities, best results are often obtained in patients with 
lower BMI. 

• AGB typically produces best results in patients who are 
ambulatory and capable of performing regular aerobic 
activity. 

• In patients who fail to achieve adequate weight loss with 
AGB, the two most common factors are lack of exercise and 
depression. These issues, when present, need to be addressed 
both prior to surgery and during the requisite aftercare. 

• Ideal patients for AGB have an understanding of the im
portance of regular follow-up visits for band adjustments. 
Several studies have demonstrated an association between 
number of aftercare visits and weight loss. Patients require, 
on average, six to eight visits in the first year to achieve 
optimal results with the AGB procedure. 1 

• Although patients with long-standing severe gastroesopha
geal reflux disease (GERD ) symptoms may improve imme
diately after the placement of an AGB, long-term tolerance 
of restrictive procedures can be a problem in this subset of 
patients . 

• Allergies must be assessed, as some patients could rarely 
experience adverse reactions to the materials in the band. 

• In patients with a history of autoimmune disease, gastric 
banding procedures are contraindicated at this time by the 
FDA.2 However, several studies have demonstrated both 
safety and efficacy of gastric banding in this patient popu
lation.3 Contraindications to adjustable gastric banding are 
listed in Table 1 .  

Table 1 :  Contraindications to Adj ustable Gastric 
Band Placement 

Absolute 
Contra indications • Uncontrol led psych iatr ic d isease • C u rrent su bstance or  a lcohol  

abuse • C u rrent h i story of anorexia o r  
bu l im i a  • Acha las ia  • Pr ior G E  j unction su rgery 
(fundop l i cat ion, He l l e r  myotomy) 

Relative 
Contra indications • Ciga rette smoking • Severe G E R D  • Gastroparesis • Esophageal dysmot i l i ty • Auto imm une d isease • Prior bariatr ic su rgery 

GE, gastroesophageal; GERD, gastroesophageal reflux disease. 

-



IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Barium upper gastrointestinal (UGI) fluoroscopic evaluation 
is obtained in all of our patients prior to restrictive proce
dures to rule out the possibility of a hiatal hernia and as 
a screening tool for functional and structural esophageal 
disorders. 

• Routine diagnostic endoscopy is not required in all patients 
prior to placement of the AGB. However, it can be of use 
in patients with an abnormal UGI study to confirm find
ings of esophageal or upper gastric abnormalities or other 
unusual anatomy (i .e . ,  diverticulum, paraesophageal hernia, 
Schatzki's ring) .  

• Esophageal function testing is a useful adjunct in patients 
with a suspected esophageal motility disorder. Patients with 
significant esophageal dysmotility or conditions such as 
achalasia and diffuse esophageal spasm should not be con
sidered for adjustable gastric banding due to the high risk of 
long-term band intolerance. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• LAGB should be performed at a multidisciplinary bariatric 
surgery program or center. 

• The surgeon must be comfortable with laparoscopic intra
corporal suturing and procedures of the GE junction. Famil
iarity and preferably comfort with other bariatric surgical 
procedures is required.  

• Informed consent for the procedure should include a com
prehensive discussion of alternative bariatric surgical proce
dures, need for long-term follow-up and adjustments, and 
discussion of risks (Table 2 ) .  

• A preoperative very low calorie diet (VLCD) i s  used to  de
plete hepatic glycogen stores and reduce liver volume to 
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facilitate UGI exposure. Surgery is postponed for patients 
with rapid weight gain just prior to the scheduled procedure. 

Positioning 

• The patient is positioned supine with both arms extended. 
A footboard and thigh straps are used to secure the patient 
to the operating table. 

• Reverse Trendelenburg position helps to expose the 
upper abdomen, and steep positioning is often needed 
for patients with a large amount of omentum and upper 
abdominal fat. 

• The stomach is decompressed immediately after intubation 
with an orogastric tube. Deep muscle relaxation aids the 
exposure of the GE junction. 

• The surgeon stands to the patient's right with an assistant to 
the left. 

• During the setup for the procedure, the scrub assistant will 
prepare the band per the manufacturer recommendations to 
flush any air from the system. 

• Prophylactic antibiotics are given immediately prior to inci
sion. In addition, mechanical and pharmacologic deep vein 
thrombosis (DVT) prophylaxis is used. 

Table 2:  Risks of Adj ustable Gastric Banding 

General/system ic  

Device related 

I nfect ion,  b leed ing,  venous thromboembo l i sm,  
death 

Dehydration, i nadequate weight loss, weight rega in ,  
nutrit iona l  defic iencies 

Device into lerance 
Pro lapse 
Erosion 
Dysphagia/refl ux/vom it ing/regurgitation 
Port leakage/tu b ing d isconnection 

ENTRY TO ABDOMEN AND EXPOSURE 

• Laparoscopic exposure to the a bdomen is obta ined us ing 
an  optica l ly gu ided trocar i n  the left paramed ian position 
approximately 3 to 5 em below the costa l marg in .  E ither a 

30-degree, 45-deg ree, or deflectable-t ip  camera is used. 
• Addit iona l  trocars a re p laced with a 1 2- or 1 5-mm trocar 

to accommodate the AGB i nsert ion i nto the abdomen.  
Precise posit ion ing  of trocars ensu res a ppropr iate ang le  
fo r the p lacement of the AGB around the upper  stomach 
(FIG 2) .  

• A Nathanson or s i m i l a r  l iver retractor is p l aced j ust 
a bove the G E  j u nct ion to retract the l eft lobe of the 
l i ver. U pward (anter ior) tract ion  on  the l iver retractor 
h e l ps to v isua l i ze the p h renoesophagea l  l i ga ment a n d  

proxi m a l  gastr ic a natomy. A so l id  a n d  strong  mount ing  
c l a m p  for the retractor g reatly enhances the exposu re .  
I n  some cases, a n  assistant p u l l i ng  a nter ior ly on  the 

retractor ca n fac i l itate exposure on  a pat ient  with both 
hepatomega ly and a l a rge a m o u nt of fat around the 
GE j u nct ion .  
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Liver retractor 

DISSECTION 

• The hepatogastric l igament (pars flaccida) is opened us ing 

hook e lectrocautery or u ltrason ic  shears. Care must be 

taken to not i nju re a replaced or  accessory hepat ic a rtery. 
• The a nter ior G E  (Be lsey's) fat pad is e ither l ifted from 

the prox ima l  stomach or removed a ltogether. There a re 
often sma l l  branch vessels ar i s ing from the left gastr ic 
a rtery with in  th i s  fat. 

• The ang le  of H i s  Gunct ion of g reater curvature of stomach 
and esophagus) is  m i n i m a l ly d i ssected to free the stomach 
from the d iaphragm.  This can be performed either b l untly 

or with hook e lectrocautery. I nfer ior traction on the fun
dus by the assistant fac i l itates th is  exposure (FIG 3) .  

Spleen 

Esophagus Fundus of stomach 

FIG 3 • Dissect ion of ang le  of H is .  

• 

• 

FIG 2 • Position ing  and troca r p lacement. Ca refu l 
p lacement of the troca rs fac i l itates proper p lacement and  
or ientat ion of  the AG B .  

If a sma l l  h iata l he rn i a  i s  seen, it shou ld  be repa i red a nte
r ior ly after reduct ion and gent le mediast i na l  d i ssect ion .  

Larger h iata l hern ias  may requ i re a trad it iona l  poster ior 
repa i r. 
A sma l l  i nc i s ion is made with e lectrocautery low down 
on the r ight crux of the d i aph ragm,  at the po int where 
a sma l l  band of fat crosses the crux (FIG 4) .  Care must be 

taken to identify the vena cava pr ior  to th i s  d i ssect ion .  

Exposu re of th i s  reg ion is  fac i l itated by the assistant pro
v id ing  gentle latera l ( leftward) retract ion of the lesser 
curvature of the stomach .  

Caudate lobe of  l iver Right crux of d iaphragm 

Vena cava 

FIG 4 • Exposure of r ight crux of d i aph ragm.  Note l atera l 
retract ion of lesser cu rvatu re of stomach .  



A 

c 

PLACEMENT OF ADJUSTABLE 

GASTRIC BAN D 

• E ither a long b l u nt g rasper or spec ia l ized cu rved i nstru
ment i s  passed beh ind  the upper  port ion of the stomach 
from r ight to left at a 45-degree ang le  to the long axis 
of the body (FIG S) .  There should be no resista nce to the 
passage of th i s  i nstrument and  it should be observed 

exit ing  exactly at the po int where the ang le  of H is d i ssec
t ion was made.  Ca re m ust be taken to not perforate the 

stomach or  esophagus poster ior ly d u ring  th i s  step of the 
proced ure .  

• The band is grasped and brought behind the stomach us ing 
the g rasper just p laced beh ind the stomach. The orienta

tion of the band for p lacement (band f i rst or tubing fi rst) is 
determined based on which brand of band is selected .  

• The AGB is buck led per man ufacturer i nstruct ions (FIG 6) . 

The band shou ld  sit loosely on the stomach when buck
led and be ab le  to rotate eas i ly. If a gastr ic tube was used 
to he lp  identify the GE j unct ion,  it shou ld  be removed at 
this t ime .  

Right crux 
of diaphragm 

Esophagus 

B 
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FIG 6 • Band is  buck led after p lacement around upper  
stomach .  

FIG S • A,B. G rasper p laced beh ind  upper  stomach at 45-degree 
ang le  to g rasp tub ing  and br ing u n buck led band beh ind  stomach .  
C. I ntraoperative view. 

463 
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GASTROGASTRIC PLICATION 

• A series of gastrogastric sutu res are then p laced from • 
l atera l ( left) to med i a l  (r ig ht) (FIG 7) .  Nonabsorba b le  
sutu res can e i ther  be p laced i n  a n  interrupted or run
n ing  fash ion .  The ent i re latera l and  a nter ior port ions 

A 

of the band shou ld  be covered stopp ing  at the buck le .  

Pouch 

Gastro-gastric 
pl ication 

! 
To port 

Anywhere from two to fou r  sutu res may be needed to 
comp lete th is  step of the proced ure .  
Recently, some surgeons have beg u n  to p l ace add it iona l  

a nter ior gastr ic p l icat ion sutu res be low the l evel of the 
AGB to poss ib ly  (1)  i m p rove restr ict ion and we ight loss 
and (2) red uce the inc idence of band pro l apse. 

GE junction Fundus of stomach 

B 

FIG 7 • A,B. Gastrogastric p l icat ion sutu res. Stomach folded over and l atera l ly and  a nter ior ly. G E, gastroesophagea l .  

PLACEMENT OF SUBCUTANEOUS 

ACCESS PORT 

• Prior to remova l of the trocars, the tubing from the band 
is  exteriorized, trimmed, and connected to the access port. 
Excessive tubing length should not be left in the patient's 
abdomen to prevent the possib i l ity of the tubing causing a 
bowel obstruct ion.  The port is affixed to the abdomina l  wa l l  

on the  rectus muscle with care that the  port is not placed 
d i rectly under the costa l marg in  or in a position where it 
wi l l  be aggravated by the patient's c loth ing .  Most surgeons 

• 
p lace the port in either the r ight or left upper quadrant. 
The port can be affixed to the fascia using one of three 

tech n i ques. 
• The port can  be attached to a sma l l  d i sc of mesh 

a n d  then p l aced i n  a s m a l l ,  t ight  su bcuta neous  
pocket d i rect ly  o n  the  fasc ia  without any  sutu r i n g .  

ALTERNATIVE BAN D  PLACEMENT 

TECHN IQUES 

• Both s ing le- inc is ion and  dua l - inc i s ion techn iq ues have 
been described for the p lacement of AGBs. The authors 
of th i s  chapter do not perform the procedure us ing these 

• 

• 

• 

• The port ca n be attached us ing i nterru pted nonab
sorbab le  sutu res p laced d i rect ly i nto the a nter ior 

fasc ia .  
• A propr ietary port app l i e r  can be used to affix the 

port d i rect ly to the fasc ia .  
Ca re needs  to be taken to ensure that  the fasc ia is  c lear  
of fat  for  proper  port adherence. 
Sca rpa's fascia is  c losed over the port prior to su bcuticu l a r  
c losure of  the ski n .  

Band adjustment or  "p refi l l i n g "  i s  genera l ly not  re
q u i red, as the band tends to be t ight dur i ng  the fi rst few 
postoperative days due  to gastr ic edema.  

tech n iq ues. However, if  such a tech n ique  is  desi red, it re
q u i res the a b i l ity to 
• P lace the band in the same posit ion as in a m u lt i  port 

operation  
• Not jeopard i ze the exposu re of the crit ica l l and

ma rks for the proced u re 
• Al low for u ncomprom ised sutu r ing of the gastro

gastr ic p l i cat ion sutu res. 



C h a p t e r  20 LAPAROSCOPIC GASTRI C  BAND 465 

PEARLS AND PITFALLS 

Vita m i n  supp lementation • Da i ly m u ltivita m i ns, ca l c i um; vita m i n  8 1 2  genera l ly not req u i red 

H iata l hern ia  repa i r  • Always l o o k  for and  repa i r  a t  t i m e  o f  surgery.4 A " d i m p l e "  a t  t h e  h i atus warrants further 
i nvest igation .  

Port mesh  fixat ion • Port can be affixed to abdom i n a l  wa l l  by sewing a sma l l  d i sc of  polypropylene mesh to the 
port and plac ing the port on  anter ior abdom i n a l  wa l l  fasc ia with m i n i m a l  d i ssect ion 

Fol low-up and  adjustments • Opti ma l  adjustment crit ica l for success 
• Frequent aftercare vis its a re needed for best results. 

U pper G l contrast swa l l ow study • Perform a n n u a l ly and when patient is  having d i ff icu lty ach ievi ng opt ima l  band fi l l  vo l u m e  

Foods t o  avo id  • Dry cru m bly foods: ch ips, crackers, cookies, ca kes, p retze ls  
• L iqu id ca lor ies: ice crea m, a lcoho l ic  d r i nks, m i l k, soft d r i nks 

POSTOPERATIVE CARE 

• Patients are typically discharged within 24 hours. Patients with 
low BMI, uncomplicated procedures, and no evidence of ob
structive sleep apnea can be safely discharged the day of surgery. 

• Venous thromboembolism (VTE) prophylaxis is continued 
until discharge in all patients and postdischarge in high-risk 
patients. 

• A baseline water-soluble UGI swallow study is selectively 
obtained on postoperative day 1 .  This study should dem
onstrate flow of contrast through the band with minimal 
restriction. The band itself should lie at approximately 
45 degrees to the vertical axis of the body (FIG 8) .  Failure 
of contrast to pass through the band is usually due to post
operative edema and will resolve within 24 to 72 hours in 
most cases. Alternatively, a plain upper abdominal x-ray can 
be obtained in patients already able to tolerate liquids. This 
baseline image is important as a comparison at a later date if 
a prolapse is suspected (change in band orientation) (FIG 9 ) .  

• Sips o f  water are started o n  the day o f  surgery. Sugar-free 
clear liquids are started on postoperative day 1 .  Sugar-free 
full liquid diet is progressed to soft diet over the first 2 weeks 
after the procedure, and a general bariatric diet is begun 3 to 
4 weeks after surgery. Bread, rice, pasta, and fibrous meats 
are avoided initially. 

• Patients are cautioned about the signs and symptoms of de
hydration prior to discharge from the hospital. Intravenous 
( IV) fluid is continued until just prior to discharge to help 
minimize early dehydration. 

• Like other bariatric surgery procedures, good outcomes with 
adjustable gastric banding require adherence to a regimented 

FIG 8 • Abdo m i n a l  rad iograph demonstrat ing norma l  band 
or ientat ion .  

diet, daily aerobic exercise, and long-term support and fol
low-up. However, the AGB also requires regular adjustments 
for optimal weight loss and comorbidity resolution. 

• Patients are seen for a postoperative check 2 weeks after sur
gery. Wounds are inspected and diet progression is reviewed. 

• Patients are evaluated for the following on each visit: 

A 

Presence of hunger between meals 
Ability to feel satisfied after eating a small meal 
Meal size 
Weight loss since last visit 

B 

FIG 9 • A.B. Large prola pse of AG B .  Note flatten ing  of band 
or ientat ion .  
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Table 3: Band Adjustments 

Less f lu id 
larger stoma 

Remove f lu id 
(too tight} 

Hunger 

Large meals 

Poor weight loss 

Optimal f lu id 

Small  meals 

Optimal weight 
loss 

Satiety 

Patient satisfaction 

GERD, gastroesophageal reflux disease. 

More f lu id 
smal ler stoma 

Fi l led (too tight) 

Poor food choices 

Regurg itation 

Discomfort whi le 
eat ing 

Poor weight loss 

N ight cough 
or GERD 

• Patients should lose between 0 .5  and 2 lb per week with 
an optimally adjusted band. Large meals, hunger, and poor 
weight loss are indications to tighten the band. Small meals, 
satiety, and optimal weight loss indicate a well-adjusted 
band. Finally, maladaptive eating behaviors (cravings for dry 
crumbly foods, sweets, ice cream, and soups) ,  GERD, and 
nighttime coughing are signs that the band is too tight. See 
Table 3 for guidelines. 

Band Adjustments 

• Once determined that an adjustment is needed, the patient is 
placed in the supine position. Arms crossed behind the head 
or across the chest can help tense the abdominal musculature 
to facilitate port access. The port is located, and the area is 

cleaned with an alcohol swab. The patient is asked to perform 
an abdominal "crunch" or partial sit-up to elevate the port. 

• A noncoring 20-gauge (Huber) needle is used for port access. 
The needle is placed on a syringe containing sterile saline to 
prevent air from being introduced into the system. 

• The port is stabilized between the thumb and index finger 
with the nondominant hand ( FIG 1 0 } .  Care is taken to not 
redirect the needle once placed under the skin, as this leads 
to a bending of the needle. Local anesthetic is generally not 
necessary. 

• Once the port is accessed, a small amount of fluid is drawn 
back into the syringe to confirm entry into the port. Although 
some surgeons remove all fluid from the port prior to an 
adjustment, this step is not routinely necessary, as fluid can 
simply be either added or removed. 

• By quickly removing the needle, leakage from the self-sealing 
port is prevented. 

• Adjustments can be performed under fluoroscopy. Propo
nents of this technique note that optimal adjustment can 
be obtained faster and overtightening of the band can be 
prevented. 

• Patients need to be able to swallow water with minimal or 
no restriction prior to leaving the office after adjustment. 
A liquid diet for 1 to 3 days after the adjustment minimizes 
need for early readjustment. Patients should return to the 
office if progressive dysphagia, pain, cough, or frequent 
vomiting occurs. 

• Each band type and size has its own filling protocol and 
capacity. It is unusual, however, for patients to reach maxi
mal capacity of the band. 

• Patient visits should be scheduled for every 4 to 6 weeks for 
the first year after surgery, with band adjustments being per
formed as needed during these visits . Patients are instructed 
to return to the office immediately if there are any signs or 
symptoms of a tight band (water brash, dysphagia, vomiting, 
maladaptive eating behaviors, or dehydration) .  

• Frequent visits for adjustment are continued long as the 
patient is losing weight. Once a desired and stable weight is 
obtained, the frequency of visits can be decreased but should 
remain at a minimum of one to two visits per year. 

• UGI fluoroscopic swallow is performed annually or any time 
a patient develops any symptoms suggestive of a band pro
lapse such as progressive dysphagia, frequent vomiting, and/ 
or requirements for frequent removal of fluid with worsening 
symptoms. 

OUTCOMES 

• Based on a meta-analysis, laparoscopic gastric banding re
sults in an average percentage of excess weight loss ( % EWL) 
of 4 7.4 % (40. 7% to 54.2 % )  during the first 2 postoperative 
years .s  

• A long-term follow-up study has shown that %EWL is pre
served at 47. 1 %  15 years following LAGB, with a revision 
rate of 50 . 1 %  (79% during the perigastric era and 3 8 .4% 
during the pars flaccida era) and an  explant rate of  5 .6%. 6  

• In  a meta-analysis o f  32,908 patients undergoing LAGB, 
type 2 diabetes mellitus resolved in 56 .7% of patients .7  

• In a prospective randomized study, 60 patients newly diag
nosed with type 2 diabetes mellitus, aged between 20 and 
60 years and with a BMI between 30 and 40 kg/m2 were 



FIG 1 0  • Techn ique  for access ing subcutaneous port.  Port is  
sta b i l ized by nondom inant hand .  

randomized to  either follow a conventional diabetes man
agement program or follow the same program and also 
undergo LAGB. The conventional program included life
style modification and open access to a general physician, 
dietitian, nurse, and diabetes educator. Remission of type 2 
diabetes was achieved by 1 3 %  in the conventional-therapy 
group and by 73 % in the surgical group. 8  

• Hypertension, hyperlipidemia, and sleep apnea improve or 
resolve in 70. 8 % ,  71 % ,  and 6 8 % ,  respectively.5 

• There is controversy on the effect of LAGB on GERD. 
In one study, LAGB led to resolution of GERD in 8 0 %  and 
improvement in 1 1 %  of patients at 2 years postoperative.9 
In another study, GERD symptoms decreased postopera
tively from 32 .9% to 7 .7%, but newly developed GERD 
symptoms were found in 1 5 %  of the patients and esopha
geal dysmotility increased from 3 . 5 %  to 12 .6%.10 

• Significant improvement in health-related quality of life 
(HRQOL) is observed in the first year after LAGB. 1 1 Food 
tolerance and gastrointestinal quality of life 2 to 4 years 
postoperatively appears to be lower with LAGB compared 
to RYGB or laparoscopic sleeve gastrectomy (LSG)Y 

COMPLICATIONS 

• Early device-related complications are rare. 
• Port infection in the first few weeks is usually related to the 

wound itself. However, an unrecognized gastric perfora
tion must be considered in the event the infection does not 
quickly resolve with antibiotics. 

• AGB patients must have long-term surveillance for prolapse 
(slippage) .  Prolapse may be a result of the band being too 
tight, repeated vomiting, or frequent overeating. A patient 
with a prolapse presents with progressive reflux, dyspha
gia, and poor weight loss, as well as usually requiring fluid 
to be removed from the band over time to maintain ability 
to tolerate solid foods. Confirmation of prolapse is made 
with a barium swallow. A flattening of the angle of the band 
toward the horizontal, vertical orientation of the band, or 
en-face rotation of the band is highly suggestive of AGB pro
lapse. Early identification of prolapse increases the chances 
that the band position can be revised. 

• Band erosions into the stomach are rare with the pars flac
cida (hepatogastric ligament technique) .  One should suspect 
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erosion anytime there are signs and symptoms of a chronic 
port infection. Late port infections, in our experience, are 
usually a sign of a more significant underlying problem with 
the band. 

• Tubing and/or port malfunction are usually a result of 
incorrect positioning of the port. The nonarmored portion 
of the tubing can be punctured during band adjustments and 
is probably the most common cause of a system leak. System 
leaks of saline and or inability to maintain volume early on 
after surgery are most likely due to the band being punctured 
by a needle during initial placement. Rarely, the tubing may 
become fractured from frequent repetitive motion. Tubing 
dislodgement has also been described. One should suspect a 
system leak in a patient who suddenly reports the ability to 
eat much larger meals due to a lack of restriction. 

• Some patients will develop AGB intolerance months to years 
after placement. Despite a normal positioned band on UGI 
fluoroscopy, some patients are not able to tolerate even a 
small amount of restriction from the band. GE reflux and 
regurgitation can be severe and prevent any meaningful 
long-term weight loss. 

REFERENCES 

1 .  Fielding G, Ren C. Laparoscopic adjustable gastric band. Surg Clin N 
Am. 2005;85 :129-140. 

2 .  The LAP-BAND adjustable gastric banding system: summary of 

safety and effectiveness data. Food and Drug Administration Web 

Site. http://www.accessdata.fda.gov/cdrh_docs/pdf/P000008 b.pdf. 
Accessed January 28 ,  2 0 1 3 .  

3 .  Gagne DJ, Papasavas PK, Dovec E, e t  al. Effect o f  immunosuppression 

on patients undergoing bariatric surgery. Surg Obes Relat Dis. 2009; 

5 (3 ) :339-345. 
4 .  Gulkarov I, Wetterau M, Ren C, et al. Hiatal hernia repair at the initial 

laparoscopic adjustable gastric band operation reduces the need for 

reoperation. Surg Endosc. 2008;22: 1 035-104 1 .  

5 .  Buchwald H ,  A vidor Y, Braunwald E ,  e t  al. Bariatric surgery: a system
atic review and meta-analysis. JAMA. 2004;292 ( 1 4 ) : 1 724-1737. 

6 .  O'Brien PE, MacDonald L, Anderson M, et al. Long-term outcomes 

after bariarric surgery: fifteen-year follow-up of adjustable gastric 
banding and a systematic review of the bariatric surgical literature. 

Ann Surg. 201 3;257( 1 ) : 87-94. 

7. Buchwald H, Estok R, Fahrbach K, et al. Weight and type 2 diabe

tes after bariatric surgery: systematic review and meta-analysis. Am ] 

Med. 2009;122 (3 ) :248-256. 

8 .  Dixon JB, O'Brien PE, Playfair J, et al. Adjustable gastric banding and 

conventional therapy for type 2 diabetes: a randomized controlled 

trial. ]AMA. 2008;299 (3 ) : 3 16-323 .  

9 .  Woodman G, Cywes R, Billy H,  e t  a l .  Effect of adjustable gastric band
ing on changes in gastroesophageal reflux disease (GERD) and quality 

of life. Curr Med Res Opin. 2012;28(4) :58 1-589 .  

10 .  de  Jong JR, Besselink MG, van Ramshorsr B, e t  a l .  Effects of adjust
able gastric banding on gastroesophageal reflux and esophageal motil

ity: a systematic review. Obes Rev. 201 ;1 1 (4) :297-305. 

1 1 .  Pilone V, Mozzi E, Schettino AM, et al. Improvement in health-related 

quality of life in first year after laparoscopic adjustable gastric band
ing. Surg Obes Relat Dis. 2012;8 (3 ) :260-268 .  

12 .  Overs SE,  Freeman RA, Zarshenas N,  et  a l .  Food tolerance and 
gastrointestinal quality of life following three bariatric procedures: 

adjustable gastric banding, Roux-en-Y gastric bypass, and sleeve gas
trectomy. Obes Surg. 2012;22(4) :536-543. 



Th is  page i ntentiona l ly left b lank .  



O pe rat ive Tec h n i q u es i n  
H e pato- Pa n c reato- B i I i a  ry 
S u rg e ry 

La p a rosco p i c  C h o l ecystectomy 4 75 
G e o rgios Rossidis 

O p e n  C h o l e cystecto my 485 
Sea n P. Mo n tg o m e ry a n d  Presto n B .  Rich 

Rad i ca l  C h o l ecystectomy 4 9 1 
Rich a rd J. B o ld 

E n d osco p i c  Retrog rad e  
C h o l a n g i opa n creato g ra p hy 498 
Sha ile n dra S. Cha u h a n  

I ntra o p e rat i ve Ch o l a n g i og ra m  508 
Ch asen A .  Cro ft a n d  Da wo o d  G. D a la ly 

Percuta n e o u s  Tra n s h e p at i c  B i l i a ry I m a g i n g  
a n d  I nterve n t i o n  5 1 5  
Bria n S. Geller 

S u rg i ca l l y Ass i sted E n d osco p i c  Retrog rad e  
C h o l a n g i o p a n creatoscopy 523 
Kfir B e n -Da vid a n d  Ste ven J. Hughes 

Roux- E n -Y C h o l edochoj ej u n osto my 528 
Sh a wn n  Nich o ls a n d  Mark Bloo mston 



M i n i m a l l y I nva s i ve 
C h o l edochoj ej u n osto my 534 
Ja n a k  Pa rikh, C. Max Sch m idt, a n d  Eug e n e  P. Ceppa 

C h o l edochod u o d e n ostomy 54 0 
Ka th e rin e A. Morga n a n d  Da vid B. A da m s  

Resect i o n  of H i l a r  C h o l a n g i oca rc i n o m a  54 6 
Rya n T. Gro esch l a n d  T. Cla rk G a m b lin 

I ntra h e p at i c  B i l i a ry-Ente r i c  
A n a sto m os i s  554 
Reid B. A da m s  a n d  Victor Zaydfudim 

O p e ra t i ve M a n a g e m e nt of 
C h o l edoc h a l  Cyst 566 
Ch a rles S. Cox, Jr. a n d  R o b ert H e tz 

O p e ra t i ve Treatment of B i  I i a ry Atres i a  575 
Cha rles S. Cox, Jr. and R o b ert H e tz 

S u rg i ca l A n atomy of t h e  L i v e r  584 
Te via h Sa chs a n d  Tim o thy M. Pa wlik 

I ntra o p e rat i ve U l traso u n d  of t h e  L i ve r  593 
Kristo p h e r  Cro o m e  a n d  KMa rie Reid L o m b a rdo 

Fenestrat i o n  or E n u c l ea t i o n  of H e p at i c  
Cyst i c  D i sease 602 
Purvi Y. Pa rikh 

S u rg i ca l M a n a g e m e nt of 
H e p at i c  Tra u m a  608 
Wa lter L .  Biffl and Ca rlto n C.  B a rn e tt, Jr. 



H e p at i c  N e o p l a s m  Ab l at i o n  a n d  
Re l ated Tec h n o l ogy 6 1 7  
/do Na ch m a ny a n d  Ra vit G e va 

Cath ete r-Based Treatment of 
H e p at i c  N e o p l a s m s  623 
D a rren W. Posto a k  

Seg m e nta l H e patecto my 63 1 
Neil H. B h aya n i, Eric T. Kim chi, a n d  Niraj J. Gusa n i  

M i n i m a l l y I nva s i ve Sect i o n a l a n d  
Seg m e nta l H e pat i c  Resect i o n  638 
Ke vin T. Nguyen 

R i g ht H e patecto my 643 
Neil H. B h aya n i, Niraj J. G usa n i, a n d  Ke vin Sta ve ley- O 'ca rro ll 

M i n i m a l l y I nva s i ve R i g ht H e patecto my 650 
Sh irin Sa b b a g h ia n  and A lla n Tsu n g  

Left H e pat i c  Lobectomy 657 
Jon 5. Ca rdin a l  

M i n i m a l l y I nva s i ve Left H e p at i c  
Lobecto my 666 
Tra n g  K .  Nguyen a n d  A m e r  H. Zure ika t 

Robot i c  L i v e r  Resect i o n  6 74 
Moh a m m a d  Kh reiss, A lla n Tsu n g, a n d  Da vid L .  Ba rtle tt 

Centra l H e patecto my 682 
A ijun Li a n d  M e n g ch a o  Wu 



Ve n a  Cava Resect i o n  d u r i n g  
H e patecto my 693 
A ijun L i  a n d  Mengch a o  Wu 

R i g ht H e p at i c  Tr i s e g m e ntecto my 102 
Iva n  R.  Zen dejas 

Left H e p at i c  Tr i sect i o n ecto my 709 
Jason A .  Caste lla nos and Ka m ra n  Jdre es 

E n d osco p i c  U l tra s o n o g r a p h y  of 
the P a n creas 1 1 1  
A n a n d  R.  G up te, Disaya Ch a va litdh a m ro n g, a n d  Mihir S. Wa gh 

P a n c reat i co d u o d e n e ctomy: Resect i o n  72 6 
G e o rg e  Va n b u ren, II a n d  Willia m E. Fisher 

P a n c reat i co d u o d e n e ctomy: 
M i n i m a l ly I nva s i ve Resect i o n  739 
Song Ch e o l  Kim a n d  Ki Byun g  So n g  

P a n c reat i co d u o d e n e ctomy: 
Roboti c-As s i sted Resect i o n  749 
Bria n A. B o o n e  a n d  Herb e rt J. Ze h 

P a n c reat i co d u o d e n e ctomy: 
Pa n creati coj ej u n osto my 756 
Ch a rles M. Vo llm e r  

Pa n c reat i co d u o d e n ecto my:  
P a n c reat i co g a strosto my 767 
La ure a n o  Fe rn i! m dez- Cruz 

La p a rosco p i c  P a n creati coj ej u n osto my 773 
Ste ven J. Hughes 



Porta l Ve i n  Resect i o n  a n d  
Reco n struct i o n  78 1 
Ste ven J. H u g h es a n d  Ke vin E. B e h rns 

O p e n  D i sta l P a n c reatecto my 794 
Susa n n e  G.  Wa rn e r  a n d  R e b e cca M. Min ter 

M i n i m a l l y I nva s i ve D i sta l 
Pa n c reatecto my 802 
Pa ul D. Ha nsen a n d  W. Co ry Joh nston 

D i sta l Pa n createcto my w i t h  S p l e n i c  
Preservat i o n  8 1 4  
A da m  S. B rin km a n  a n d  Sh a ro n  M. Web e r  

Ce ntra l P a n c reatecto my 82 1 
Da n ie l  J. Delitto a n d  Jose G. Tre vin o 

A m p u l l ecto my a n d  Tra n s d u od e n a l  
S p h i n ctero p l a sty 82 7 
B h a ra th D. Na th a n d  Ta ra S. Ken t  

E n u c l eat i o n  of P a n c reat i c  
N e u roendocr i n e  Tu m o r  835 
Mega n B. A n derson, Ch ristop h e r  D. R a e b urn, a n d  Ba rish H. Edit 

O p e ra t i ve Treatment of G a stri n o m a  839 
Jason A. Caste lla nos a n d  Nip u n  B. Merch a n t  

Late ra l P a n creati coj ej u n osto my w i t h  ( F rey) 
or w i t h o u t  (Puestow) Resect i o n  of t h e  
P a n c reat i c  H e a d  84 9 
Ke vin E. B e h rns a n d  Jose G. Tre vin o 



E nte r i c  D ra i n a g e  of P a n c reat i c  
Pse u docysts : P a n c reat i c  Cyst G a strosto my 
and Cyst J ej u n osto my 856 
Ken n e th K. W. L e e  

P a n c reat i c  D e b r i d e m e nt 867 
Nich o las J .  Zyromski 

La p a rosco p i c  P a n c reat i c  D e b r i d e m e n t  875 
0. Joe Hin es a n d  Ka th leen Hertzer 

E n dosco p i c  P a n c reat i c  D e b r i d e m ent 
and D ra i n a g e  88 1 
Udaya ku m a r  Na va n e e th a n  a n d  A n dres G e lrud 

S p l e n ecto my {Ope n a n d  La p a rosco p i c  
Tech n i q u es} 890 
Va n essa Cra n ford, Ja n e e n  R.  Jorda n, a n d  Fre de rick A .  M o o re 

S p l e n o r r h a p h y  900 
Sha wn D. L a rson a n d  Sa leem Isla m 



-

Chapter 1 Laparoscopic Cholecystectomy 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .... 
I 

Georgios Rossidis 

DEFINITION 

• Laparoscopic cholecystectomy describes a procedure involving 
the removal of the gallbladder using a laparoscope, a fiberoptic 
instrument inserted into the abdomen. 1  

DIFFERENTIAL DIAGNOSIS 

• There are a number of indications for a laparoscopic cholecys
tectomy. The widespread use of ultrasonography has led to an 
increasing detection of patients with asymptomatic gallstones 
and the management of these patients is controversial because 
only 2% to 3% of these patients become symptomatic per year. 

• The indications in asymptomatic patients are the following: 
Patients who are immunocompromised or awaiting organ 
allotransplantation or have sickle cell disease 
Presence of gallbladder polyps that are bigger than 10 mm 
or are increasing in size rapidly 
Porcelain gallbladder 
Gallstones bigger than 3 em in diameter in areas with high 
prevalence of gallbladder cancer 

• The indications in symptomatic patients are the following: 
Episodes of biliary colic in patients with identified gallstones 
Acute cholecystitis 
Patients with biliary dyskinesia diagnosed with cholecys
tokinin-HIDA cholescintigraphy 
Patients with gallstone pancreatitis with no choledocholi
thiasis based on imaging and laboratory values 
Patients with choledocholithiasis. In most situations, cho
lecystectomy follows ERCP for extraction of the common 
bile duct stones. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• A good medical history is necessary to provide information 
about associated comorbidities that may affect the patient's 
tolerance to pneumoperitoneum or operative treatment in 
general. 

• Patients with cardiorespiratory disease may not tolerate the 
impact of C02 pneumoperitoneum on cardiac output or 
C02 elimination. 

• Coagulopathic disorders or anticoagulants should be identified 
and managed. 

• Medical history can identify the patients who have a higher 
risk for choledocholithiasis (patients with jaundice, gallstone 
pancreatitis, or cholangitis ) .  

• Physical examination of the abdomen reveals any surgical 
scars, hernias, or stomas that may alter the port placement. 
Previous abdominal surgery does not preclude attempt at lapa
roscopic cholecystectomy. Adhesive disease is a rare indication 
for conversion to an open procedure. 

IMAGING AND OTIIER DIAGNOSTIC STIJDIES 

• Ultrasonography is now the gold standard for the noninvasive 
diagnosis of cholelithiasis. This imaging test is highly accurate 

(>96%) ,  can be performed at the patient's bedside, and does 
not require the use of ionizing radiation. Gallstones must ful
fill three major sonographic criteria. They must ( 1 )  show an 
echogenic focus, (2) cast an acoustic shadow, and (3 )  seek 
gravitational dependence (FIG 1 ) .  Presence of a dilated com
mon bile duct during ultrasonography is suggestive of cho
ledocholithiasis. In the case of acute cholecystitis, ultrasound 
can demonstrate pericholecystic fluid, gallbladder wall thick
ening, and even a sonographic Murphy's sign, documenting 
tenderness specifically over the gallbladder. 

• In atypical cases, a hepatobiliary iminodiacetic acid (HIDA) 
cholescintigraphy scan may be used to demonstrate obstruction 
of the cystic duct, which definitively diagnoses cholecystitis. 
Filling of the gallbladder during a HIDA scan essentially elimi
nates the diagnosis of cholecystitis (FIG 2) .  

• HIDA scan is  the diagnostic tool of  choice in  biliary dyskinesia 
and is performed with the concurrent administration of chole
cystokinin. An ejection fraction of less than 20% is suggestive 
of the disease. 

• If there is suspicion of choledocholithiasis, as in patients with 
jaundice, pancreatitis, cholangitis, or dilated common bile 
duct on ultrasonography, the biliary tree can be delineated 
and inspected for presence of gallstones with the use of mag
netic resonance cholangiopancreatography (MRCP) ( FIG 3 ) .  

MRCP i s  highly sensitive ( > 9 0 % )  and almost has a 100% 
specificity. As a noninvasive test, MRCP provides accurate 
imaging of the biliary tree, but in the setting of choledocho
lithiasis, it does not provide a therapeutic solution. 

• Endoscopic retrograde cholangiopancreatography (ERCP) can 
be used as a diagnostic and therapeutic modality (FIG 4) .  In 
the presence of stones in the common bile duct during ERCP, 
a sphincterotomy is performed to allow enlargement of the 
papilla and subsequent extraction of stones with a balloon or 
basket (FIGS 5 and 6) .  With this approach, more than 80% 
of all stones can be removed successfully. Larger stones may 

FIG 1 • U ltrasound  of the a bdomen showing m u lt ip le  ga l l stones 
i n  the l umen  of t he g a l l b ladder. There is  no g a l l b ladder  th icken ing  
or per icholecystic f l u id, thus acute cholecystit is is  ru led out.  
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FIG 2 • H I DA cho lesci nt igraphy scan .  F i l l i n g  of the g a l l b ladder  
d u ring  a H I DA sca n, as i n  th i s  study, essent ia l ly e l i m inates the 
d iag nosis of cholecystit is .  

FIG 3 • Magnet ic  resona nce cho lang iopancreatography (M RCP). 
Note the fi l l i ng  defect i n  the d ista l common b i l e  duct suggestive 
of cho ledocho l ith ias is .  CBD, common b i l e  duct; CHD, common 
hepatic duct; GB, g a l l b l adder; PO, pa ncreatic duct. 

FIG 4 • Endoscopic retrograde cholangiopancreatography (ERCP) .  
The solid arrow shows f i l l i ng defect in  the d ista l common b i le  duct, 
suggestive of choledocho l ithiasis . 

FIG 5 • ERCP on the same patient with sph incterotomy and 
ba l loon sweep ing  of a l l  common b i l e  duct stones. The solid arrow 

shows the endoscopic  ba l l oon .  

require additional removal techniques such as  mechanical or 
intraductal lithotripsy. ERCP has a complication rate of around 
8%;  complications are sedation-related, pancreatitis, bleeding, 
perforation, and infection. 

• Preoperative laboratory studies should include liver function, 
renal function, electrolyte, and coagulation studies. Abnor
mal liver function studies may reflect choledocholithiasis or 
primary hepatic dysfunction. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• In the preoperative area, the patient is asked if any conditions 
exist that were not present during the last clinic visit and 
would factor in the operative decision making; for example, a 
recent myocardial infarction or other cerebrovascular event. 

• The patient is asked to void just prior to transfer to the oper
ating room so as to avoid placement of a Foley catheter that 
is not indicated for an elective laparoscopic cholecystectomy. 

• The operative consent, imaging, and laboratory values are 
reviewed. 

FIG 6 • Comp leted ERCP showing a patent common b i l e  duct 
and  a bsence of fi l l i n g  defects. 
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Assistant 
surgeon 

Anesthesiolog ist 
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surgeon 

FIG 7 • The patient is p laced in a sup ine position with the left arm 
tagged and the r ight arm extended.  The pr imary surgeon stands to 
the left of the patient and the assistant to the r ight of the patient. 

ENTRY I NTO THE PERITONEAL CAVITY 

AND ACH I EVING PNEUMOPERITONEUM 

• The base of the u m b i l icus is g rasped with two penetrat ing 

towel c l i ps and  i s  e levated for eas ier  access. A 5-mm 
i nc is ion is  created at the base of the u m b i l icus with the 
use of a no .  1 1  b lade. The base of the u m b i l i cus i s  chosen 
because it g ives a better cosmetic resu lt .  

• Through  th i s  i n c i s ion ,  a Ve ress need le  is i ntroduced 
i nto the  per i to n e a l  cavity (F IG 9) .  A syr i nge  with sa
l i n e  i s  attached to the  Veress  need l e .  F i rst, a sp i rate the  
syr i n g e  to r u l e  out  p l acement  of the  Veress need l e  in  
the  lumen of i ntest i n e  o r  a vesse l .  Then i nfuse sa l i n e  
t o  determ i n e  i f  it  w i l l  f l ow th rough  t h e  need l e  with

out  res ista nce .  Th i s  f i n d i n g  s i g n if ies  that  the  need l e  
i s  i n  the  per i to n e a l  cav ity a n d  n o t  i n  the  su bcuta ne-

• 

ous  t i s sues .  The i n suff l at ion  t u b i n g  is attached to the  • 
Veress need le  a n d  p n e u m o per i to n e u m  is a c h i eved 
with 1 5  m m H g  of C02. 
Next, a 0-degree l a p a roscope i s  i n serted in a 5 -mm 

O pt iV iew port, a n d  the  port i s  i n se rted i n  the  per ito n e a l  

Positioning 

• The patient is placed in a supine position with the right arm 
extended and the left arm is secured along the patient's torso 
( FIG 7) .  

• A footboard i s  placed a t  the patient's feet, and the patient 
is strapped at the thighs and the legs to avoid a fall from 
the bed during steep reverse Trendelenburg position 
( F IG 8 ) .  

• Heel pads, sequential compression devices for deep venous 
thrombosis prophylaxis, and warming devices are also 
placed. 

• An orogastric tube is inserted to decompress the stomach. 
• The primary surgeon stands at the patient's left and the 

assistant surgeon at the patient's right ( FIG 7) .  
• Two monitors are placed a t  the head of the bed, one on  

the right and  one on  the left, facing the surgeon and  the 
assistant. 

• The laparoscopic camera, light source, insufflation tubing, 
suction, and electrocautery are passed to a tower at the feet 
of the patient. 

FIG 8 • The patient is  stra pped at the th ighs  and legs and 
a footboard is  p l aced to support the patient dur ing  reverse 
Trende lenburg .  

cavity th rough  the  s a m e  i nc i s ion  u n d e r  d i rect v i s ion  
(F IG 1 0) .  

Alternative ly, if t h e  patient h a s  a m i d l i n e  scar and a h i s

tory of m u lt ip le  i ntraabdo m i n a l  p roced u res, entry i nto 
the peritonea l  cavity i s  ach ieved through an i nc is ion i n  
t h e  left su bcosta l  a rea j ust i nfer ior t o  t h e  r ib  i n  t h e  a nte
rior axi l l a ry l i ne .  
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FIG 1 0  • With the lapa roscope i nserted in a 5-mm port, the 
surgeon p l aces the fi rst port under d i rect v is ion.  Notice that 
the surgeon watches the mon itor as he advances the port. 

PLACEMENT OF THE OTH ER PORTS 

• Once the fi rst port is in p lace, i nspect the i ntest ines i mme
d i ately beneath the i nc is ion to ru le  out any inadvertent 
in jury. The 0-degree scope is  rep laced with a 30-degree 
scope that a l lows views through d ifferent ang les.  

• The patient is then placed in reverse Trendelenburg posit ion. 
The ga l l bladder is typica l ly easy to visua l ize fol lowing this 

maneuver. 
• The next add it iona l  port to be p laced is a 5-mm port i n  

t h e  patient's r ight f l a n k .  T h e  port i s  p laced i n  t h e  a nte

rior axi l l a ry l i ne  around two f ingerbreadths be low the 
costa l  marg i n .  Through this port, the assistant surgeon 

g rasps the fundus of the g a l l b ladder  and  retracts the 
g a l l b ladder  and  the l iver i n  a n  anter ior and cepha lad 
d i rect ion toward the d i aphragm.  This  faci l itates v isua l 
izat ion of  the t r i ang le  of  Ca lot. If the g a l l b ladder  is  very 
d istended and inf lamed, mak ing  it hard to be g rasped, 
the g a l l b ladder  may be defl ated with a n  endoscopic  

need le .  
• If the anatomy of the l iver precludes v isua l izat ion of the 

tri ang le  of Ca lot, a n  add it iona l  5-mm port is  p laced in 

the left anter ior axi l l a ry l ine at the level of the costa l 
marg i n  and  a l iver retractor i nserted.  

• With th i s  exposure, precise p l acement of the work ing 

port i s  determ ined .  Th is  i s  typ ica l ly a 1 2-mm port that  i s  
p l aced i n  the ep igastri u m  just be low the x ipho id  process 
and  to the r ight of the fa lc iform l i ga ment. Idea l ly, the 
port i s  s ituated a bove the tri ang le  of Ca lot just i nfer ior  
to the l iver edge.  

• The th i rd port p laced is a 5-mm port in the m i dc lavicu l a r  • 
l i ne a l l owing for adequate spaci ng between the ports 
(FIG 1 1 ) .  

0 
5 mm 

5 mm 

..... 
• ... . / 

1 2  mm 

-------- Umbil icus 

5 mm 

FIG 1 1  • Placement of the four  ports. 

The assistant surgeon holds the camera and the right f lank 

port retract ing the ga l l b ladder, whereas the pr imary sur

geon works through the epigastric and m idclavicu lar  ports. 



EXPOSURE OF THE TRIANGLE OF CALOT 

• With the use of a b l u nt d i ssector through the ep igastric 
port, a ny ad hes ions between the g a l l b ladder  and the 
omentum or transverse mesoco lon a re d iv ided, a lways 
tak ing such adhes ions a long the wa l l  of the g a l l b ladder  
to m i n i m ize b leed i ng  (FIG 1 2) .  

• A g rasp ing forceps, through the 5-mm m idc lavicu l a r  l i ne  

port, is  used to  g rasp the  g a l l b l adder at the H a rtman's 
pouch and  provide l atera l tract ion (FIG 1 3) .  This  maneu
ver  retracts the g a l l b ladder  away from vita l structu res 
and  puts the cyst ic  d uct at a 90-deg ree ang le  to the com
mon b i l e  duct, m i n i m iz ing  the r isk of inadvertent in jury 

to the hepatic or common b i l e  ducts. 
• 

• 

The peritoneum is then b l u ntly d i ssected off the g a l l b lad
der to expose the infu n d i b u l u m-cyst ic  duct j u nct ion .  Th is  

is  done by str ipp ing  the peritoneum at the latera l edge 
of the g a l l b ladder  j ust be low where the i nfund i b u l u m  is 
g rasped (FIG 14) .  

As the peritoneum is d issected f rom the g a l l b ladder  wa l l ,  
the l ymph  node  of  Ca lot is  a lso often identif ied.  The 

lymph node over l ies the cyst ic  a rtery and thus is  a use
fu l  l andmark. Peritonea l  attachments around the node 
of Ca lot can be taken with hook e lectroca utery i n  order 

to m i n i m ize b leed i n g .  

F IG  1 2  • Omenta l adhes ions a r e  stri pped off from the 
g a l l b ladder. 

C h a p t e r  1 LAPAROSCOPIC CHOLECYSTECTOMY 

FIG 13 • The infu n d i b u l u m  is g rasped and retracted l atera l 
to the patient's r ight s ide .  Th is  is a very i m portant maneuver 
as it p laces the cyst ic duct at a 90-degree ang le  to the common 
b i le  duct and m i n i m izes confus ion and potenti a l  i n jury to the 
common bi le d uct. 

• This  i n it i a l  d i ssect ion exposes the tri ang le  of Ca lot, a lso 
known as the hepatocyst ic  tr iang le, bounded by the 
cyst ic  duct, the common hepatic duct, and the edge of 
the l iver. The content of the tr iang le  is  the cyst ic  a rtery 
(FIG 1 5) .  

F IG 1 4  • The  peritoneum is d i ssected off the g a l l b ladder  and 
the structu res are becom ing  v i s ib le, expos ing the tr iang le  of  
Ca lot.  Notice the d i ssect ion is  carr ied h i gh  a long the body of  
the g a l l b ladder  so that  in jury to the hepatic or common b i l e  
duct is  avo ided .  CA, cyst ic  a rtery; CD, cystic  duct. 
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hepatic duct 

•---'t-!lk,----- Cystic duct 

'-'�:-cT:---- Lymph node 

Free surface 
of l iver , - '1 

of Calot 

, • I , .,. '  I 
<, : Common ' ' , hepatic duct 

Cystic duct ', 1 
Triangle of Calot or hepatocystic triangle.  
Boundaries are cystic duct,  common hepatic 
duct, and free surface of the liver. 

FIG 1 5  • Schematic d rawing showing the 
tr iangle of Calot, its borders and the content 
of the triang le, and the cystic a rtery. The 
interrupted lines represent the borders of 
the tr iangle.  Notice the lymph node of Calot, 
immed iately above the cystic artery. It can act 
as landmark for identification of the cystic 
a rtery. 

', I " 

EXPOSURE OF THE REVERSE TRIANG LE 

• The reverse s ide of the hepatocyst ic tri ang le  is bordered 
by the cystic  duct, the i nfer ior l atera l border of the ga l l 
b ladder, and  the  r i ght  l obe  of  the  l i ver. 

• 

• 

I n  order to expose the reverse tr i ang le, the infu n d i b u l u m  
is retracted med i a l ly and su per ior ly and t h e n  peritonea l  
attachments a re taken b l u nt ly or  with  the hook e lectro
cautery (FIG 1 6) .  This  ena b les one to further identify 
the cyst ic duct and  cyst ic  a rtery, and maneuver ing the 

i nfund i b u l u m  from media l  to latera l, exposu re of both 
tri ang les i s  rea l i zed and the a b i l ity to c i rcu mferent ia l ly 

d i ssect the cyst ic  duct and  cyst ic  a rtery. 
I m portantly, d iv i s ion of the poster ior tri ang le  perito
neum early in the d i ssect ion can dramatica l l y  i m pact ex

posure to the a nter ior tri ang le  by fac i l itat ing  retract ion 
of the i nfund i b u l u m  away from other porta l structu res. 

THE CRITICAL VIEW 

• It is of paramount i m portance to obta i n  a crit ica l view 

of the cyst ic  duct and a rtery prior to c l i pp ing  or  d iv id ing  
a ny structu res. This  v iew is obta i ned when both the cyst ic  

FIG 16 • Exposure of the reverse tr iangle .  The ga l l b ladder (GB) 
is retracted med ia l ly and the reverse tr iangle can be exposed by 
d issection of the peritoneum off the structu res. CD, cystic duct. 

duct and  cystic  a rtery are c i rcu mferent ia l ly d i ssected and 

windows have been created between the two struc

tures and med i a l  to the cyst ic  a rtery (FIG 1 7) .  Idea l ly, 
the med ia l  wa l l  of the g a l l b l adder is d i ssected up to the 



l i ver. Th is  v isua l i zat ion m i n i m izes the r isk of d iv id ing  the 

hepatic or common bi le d uct or  a n  a berrant branch of 
the r ight hepatic d uct. The d i ssect ion med i a l  to the cyst ic 
a rtery reduces the r isk of in jur ing a meander ing r ight 
hepatic a rtery that is a l so at r isk for i nadvertent i nj u ry. 

• Shou ld  th i s  d i ssect ion and exposu re be l i m ited by 
i nf lam mation or other  factors such as an i ntrahepatic 
g a l l b l adder, a hypertroph ied left lobe of the l iver, or 
a berrant a natomy, a retrograde d i ssect ion of the g a l l 
b ladder  as is c lassica l ly done dur ing  the open procedure 
can be cons idered or the decis ion for convers ion to a n  
o p e n  proced ure s h o u l d  be made.  

DIVISION OF THE CYSTIC DUCT AND 

CYSTIC ARTERY 

• Once the cr it ica l  v iew is obta i ned, the two structu res can 
safely be c l i pped and d iv ided with l apa roscop i c  shea rs. 
A c l i p  a p p l ie r  i s  i ntroduced through the ep igastr ic port, 
and  the cyst ic  a rtery and  cyst ic  d uct a re c l i pped with two 

to th ree c l i ps proxi m a l ly and  one  c l i p  d i sta l l y  (F IG 1 8) .  

FIG 1 8  • C l i pp ing  of  the cyst ic  duct and cyst ic  a rtery. 

C h a p t e r  1 LAPAROSCOPIC CHOLECYSTECTOMY 

FIG 17 • The cr it ica l view. The two tr iang les show the 
windows that need to be formed between the cyst ic duct and 
the cysti c  a rtery and med i a l  to the cyst ic  a rtery. The surgeon 
should be able to see the viscera l surface of the l iver through 
these windows. CA, cyst ic  a rtery; CD, cyst ic  d uct. 

The poster ior  jaw of the c l i p  app l i e r  shou ld  be v i sua l i zed 
across the structure to assure that the c l i p  wi l l  t raverse 
the ent i re l u m e n  of each structure .  Once both structu res 

a re d iv ided,  the c l i pped stu m ps of the two structu res 
a re i n spected (FIG 1 9) .  An a lternative a pproach for a 
l a rge ca l i ber  cyst i c  d uct or fr i a b l e  t issues is the use of 
a l apa roscop i c  endo loop or sta p l i n g  device to contro l 
the duct.  

FIG 19 • I n spect ing  the c l i pped stum ps of both structu res. 
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DISSECTION OF THE GALLBLADDER OFF 

THE GALLBLADDER FOSSA 

• Next, the g a l l b ladder  is d i ssected from attachments to 
the undersurface of the l iver us ing hook and/or spatu la  
e lectrocautery. The i nfund i b u l u m  i s  g rasped and e levated 
towa rd the anter ior abdom i n a l  wa l l  and l atera l to create 

tens ion and the body of the g a l l b ladder  i s  d issected off 

the g a l l b l adder fossa (FIG 20) .  In order to d i ssect the lat
eral side of the g a l l b l adder, the i nfund i b u l u m  is retracted 

med i a l ly and super ior ly and  aga in  the hook e lectrocau
tery d issects the whole length of the l atera l wa l l  of the 
g a l l b ladder  (FIG 21 ) .  Pr ior to comp letely free ing  the ga l l 

b ladder, it can be used as a hand le  to  l ift the  l iver and 
inspect the operative bed for  b leed i n g .  The g a l l b l adder 
is  then comp letely separated from the l iver (FIG 22) .  

F IG  20 • Dissection of the ga l lb ladder fossa with electrocautery. 

EXTRACTION OF THE GALLBLADDER 

• The g a l l b ladder  is now comp letely d issected off the 

l iver. A 1 0-mm specimen bag i s  i ntroduced through the 
ep igastr ic port and  opened fac ing the camera.  The ga l l 

b l adder  i s  p laced i n  the  speci men bag  (FIG 23) and then 
extracted through the port s ite. If the g a l l b ladder  i s  too 
b ig  or  conta ins  l a rge stones, the port i nc is ion may need 
to be extended to accommodate the b igger  g a l l b ladder. 

• The spec imen is sent to pathology for h isto log ic  
exa m i nation .  

F IG 21  • Dissect ion of  the latera l wa l l  of  the ga l l b ladder  off 
the g a l l b ladder  fossa . 

FIG 22 • The g a l l b ladder  is pu l led away from the l iver, and  
the t i p  of  the fundus  is  d iv ided from the l iver to  comp lete the  
g a l l b ladder  d i ssect ion .  

FIG 23 • The g a l l b ladder  is  p laced i n  a n  EndoCatch bag .  



CLOSURE 

• The ep igastr ic port is c losed at the fasc ia l  level with the 
use of a tra nsfasc ia l  suture passer and  0 bra ided a bsorb
able suture (FIG 24) .  

• The other ports a re retrieved under  d i rect v is ion to ru le  

out hemorrhage at the port sites. 
• Once hemostas is  is confirmed at the port s ites, the per i

toneum is deflated and the sk in  i nc is ions a re closed with 

subcuticu l a r  4-0 monofi l ament a bsorba b le  suture. 

PEARLS AND PITFALLS 

C h a p t e r  1 LAPAROSCOPIC CHOLECYSTECTOMY 

FIG 24 • The i nc is ion is  reapproxi mated with a tra nsfasc ia l  
suture passer and  0 bra ided a bsorba b le  suture. 
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Placement of 1 2-mm port • M a ny a uthors p lace the 1 2-mm port in the u m b i l icus.  We advocate p l acement of the 1 2-mm port i n  
t h e  ep igastr i um because t h e  u m b i l icus i s  t h e  weakest po int o f  t h e  abdom i n a l  wa l l  and  t h e  r isk of 
inc i s iona l  hern ia  i s  h igher. Furthermore, if  a hern ia  deve lops at the ep igastr ic port, the risk of bowel 
incarcerat ion is very low beca use the port is very h i gh  and a bove the l iver, m i n i m iz ing  the r isk of 
strangu lat ion or i nca rcerat ion .  

I ntraoperative 
cho lang iogram 

D issect ion of tr iang le  of 
Ca lot 

Two-ha nded ski l l s  

Sp i l led stones 

• A surgeon performing laparoscop ic  surgery shou ld  be faci le  and comfortab le  perform ing  an 
i ntraoperative cho lang iogra m .  We do not advocate routi ne performa nce of cho lang iogra ms, but 
there should be a very low threshold for performing a cho lang iogra m  i n  cases of q uest ionab le  
anatomy or  susp ic ion of i nj u ry. 

• Dissect ion of the peritoneum to identify the structu res shou ld  be done as close to the g a l l b ladder  as 
possib le .  Th is  m i n i m izes the r isk of in jury to the hepatic or common b i le  duct which l ies deeper. 

• I n  the a bove descr ipt ion, the pr imary surgeon uses two hands to retract the g a l l b ladder  and  
d i ssect at the same t ime .  I n  a teach ing  i nstitut ion,  or  when  a l aparoscop ic  novice is  perform ing  the  
cholecystectomy, two-hand lapa roscop ic  cho lecystectomy is a very good  sta rting  proced u re to obta i n  
b i m a n u a l  dexterity before embark ing on  more comp lex l aparoscopic  cases. 

• Every effort shou ld  be made to avoid perforation of the g a l l b ladder  and sp i l l age  of ga l l stones. 
I f  this happens, al l  ga l l stones shou ld  be retrieved to avoid associated com p l ications such as 
postoperative granulomas or a bscesses. 

POSTOPERATIVE CARE • The overall incidence of bile duct injuries requiring corrective 
surgery varies between 0 . 1 %  and 0 .3 % .  Corrective surgery 
for bile duct injury carries its own risks including periopera
tive mortality ( 1 %  to 4% ), secondary biliary cirrhosis ( 1 1 %  ) ,  
anastomotic stricture ( 9 %  to 20%) ,  and cholangitis ( 5 % ) .4•5 

• The majority of laparoscopic cholecystectomies are per
formed as outpatient surgery and thus patients are discharged 
home on the same day. If the procedure is performed in the 
setting of resolved pancreatitis or choledocholithiasis on a 
patient who was already hospitalized, an overnight postop
erative stay is the norm. A diet can be initiated immediately. 

COMPLICATIONS 

• The overall perioperative mortality varies between 0 %  and 
0 .3 % .2,3 

• Other complications include the following: 
Bile leak treated conservatively (0 . 1 %  to 0 .2 % ) ,  radiolog
ically (0% to 0 . 1  % )  or endoscopically (0 .05% to 0 . 1  % ), 
or by operation (0% to 0 .05 % ) .  
Peritonitis requiring reoperation, typically from a missed, 
inadvertent enterotomy (0 .2 % )  
Postoperative bleeding requiring operation (0. 1 %  t o  0 .5 % )  
Intraabdominal abscesses requiring operation ( 0 . 1  % )  
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Sean P. Mon tgomery Preston B. Rich 

DEFINITION 

• Removal of the gallbladder for benign disease using an open 
technique when the laparoscopic technique is not prudent. 

DIFFERENTIAL DIAGNOSIS 

• Acute cholecystitis 
• Symptomatic biliary colic 
• Acalculous cholecystitis 
• Diseases that can present similarly and are not treatable by 

simple cholecystectomy include peptic ulcer disease, hepatitis, 
pancreatitis, cholangitis, gallbladder cancer, colitis, irritable 
bowel syndrome, and atypical appendicitis. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Biliary colic ( symptomatic cholelithiasis ) is typically a right 
upper quadrant (RUQ) or epigastric postprandial pain. 
Symptoms classically start 30 to 90 minutes after eating and 
association with high-fat meals may be described. Nausea 
and bloating are common. The pain typically will resolve 
within 6 hours. Pain lasting more than 6 hours and/or fever 
is suggestive of acute cholecystitis .  

• On physical examination, tenderness will usually be present 
in the RUQ. The presence of a Murphy's sign ( inspiratory ar
rest with RUQ palpation) is suggestive of acute cholecystitis .  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A fasting RUQ ultrasound is the "gold standard" for the 
diagnosis of gallstones and is frequently the only imaging 
necessary to diagnose acute cholecystitis. Gallstones are 
identified as mobile echogenic foci with posterior shadowing 
{ FIG 1 ). Cholecystitis is suggested by gallbladder wall thick
ening ( > 3  mm), pericholecystic fluid, or inspiratory arrest 
elicited by placement of the ultrasound probe directly over 

A B 

the gallbladder (a sonographic Murphy's sign) .  The sensitiv
ity and specificity of ultrasound for calculous cholecystitis 
are around 8 2 % . 1  In critically ill patients with acalculous 
cholecystitis, the specificity drops significantly. 

• The other common imaging study used to diagnose gallblad
der pathology is a nuclear medicine test called either hepa
tobiliary scintigraphy or a hepatobiliary iminodiacetic acid 
(HIDA) scan (commonly referred to as a HIDA scan . )  In 
this test, a radiolabeled substrate is intravenously adminis
tered, taken up by the liver, and excreted into the biliary tree 
{ FIG 2 ) .  If the substrate fails to fill the gallbladder within 1 
hour, the sensitivity is 96% for acute cholecystitis . 1  A HIDA 
scan will also provide information about obstruction of the 
common bile duct, as substrate will be seen accumulating in 
the duodenum if the duct is not obstructed. In the setting of 
hepatic failure or cholestasis, this study is not useful, as the 
liver often will not take up enough substrate to allow an ad
equate study. Gallstones are not revealed with this study, but 
rather, the presence or absence of cholecystitis is determined 
by assessing patency of the cystic duct regardless of the etiol
ogy. HIDA scintigraphy is generally performed if the clinical 
findings and ultrasound are inconclusive for calculous chole
cystitis or in critically ill patients with suspected acalculous 
cholecystitis . 2 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The vast majority of patients will be appropriate candidates 
for a laparoscopic cholecystectomy. Conversion from lapa
roscopy due to variable anatomy or severe inflammation is 
the most common indication for the open procedure. Rare 
patients in whom a primary open cholecystectomy should be 
considered are the following: 

Septic patients on vasoactive agents for hemodynamic 
support that have failed percutaneous drainage 
Patients with complicated anterior abdominal walls and/ 
or severe adhesions . Specifically, if there are large pieces 

FIG 1 • G a l l b ladder  u ltrasound .  F igure A demonstrates the norma l  u ltrasound appearance of the g a l l b ladder. I n  
F igure 8 ,  t h e  presence o f  ga l l stones, th icken ing  o f  t h e  g a l l b ladder  wa l l ,  and  g a l l b l adder wa l l  edema a r e  suggestive of 
acute cho lecystit is .  
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Positioning 

FIG 2 • H I D  A sc int igraphy. In F igure A, tracer 
promptly f i l l s  the g a l l b ladder and duodenum,  
demonstrat ing  norma l  g a l l b ladder  phys io logy 
and a nonobstructed b i l i a ry system . In F igure 
B, nonfi l l i ng  of the g a l l b ladder  at 1 hour  
fo l lowing  substrate i nject ion i s  consistent 
with acute cho lecyst it is .  

of prosthetic mesh in the umbilical and epigastric areas 
and/or prior RUQ surgery, laparoscopic completion of a 
cholecystectomy can be challenging. 
The need for concomitant open common bile duct 
exploration 

• The patient is positioned supine. Arms can be tucked by the 
side or extended out at right angles to the bed. An oral or 
nasal tube for gastric decompression is placed. 

INCISION 
• The g a l l b ladder  is most eas i ly  accessed through a n  

ob l i que  RUQ i nc is ion (FIG 3) .  T h e  i nc is ion s h o u l d  b e  
p l aced two f ingerbreadths be low t h e  r ig ht costa l  marg i n  
t o  fac i l itate fasc ia l  c losure .  I n  patients with s ign if icant 
hepatomega ly, the i nc is ion may be moved i nferior ly to 

two f ingerbreadths below the pa lpab le  l iver edge, but 
th i s  shou ld  rarely be necessa ry. The i nc is ion is  carr ied 
down to the fasc ia .  

FIG 3 • I nc i s ion .  An ob l i que  RUQ i nc is ion is  created two 
f ingerbreadths below the costa l marg i n  (Kocher's i nc is ion) .  
The r ight rectus abdomin i s  m uscle is  d iv ided before enter ing 
the abdom ina l  cavity. 

Kocher incision � 
1 or 2 f inger-

breadths below --{ 
costal marg in  

-----7--- Costal 
marg in  

------,-- Rectus 
abdom in is 



OPE N I N G  OF THE ABDOMI NAL WALL 

• The anter ior rectus fasc ia  shou ld  be i ncised with e lectro
ca utery. A Ke l ly  or  other l a rge c la m p  i s  p laced under  the 
l atera l border of the rectus m uscle, retract ing  it anter ior ly, 

PLACEMENT OF RETRACTORS 

• This  step is the key to a successfu l operat ion .  Safe ly keep

ing the bowel out of the operative field and de l iver ing 
the g a l l b l adder to the center of the wound wi l l  make 
the rema inder  of the case stra ightforwa rd with proper 
exposure.  A Bookwalter f ixed retractor or  other  ta b le
mou nted retractor shou ld  be used (FIG 4) .  I n  cases of 
dense adhes ions to the g a l l b ladder, sta rt with body 
wa l l  retractors p laced i nferior ly and super ior ly. I n  cases 
of m i n i m a l  ad hes ions or after some i n it i a l  adhes io lysis, 
use moist lapa rotomy pads to push the transverse colon 
and  duodenum i nfer ior and media l ,  respectively, away 
from the g a l l b ladder. M a l leab le  or long r ig ht-ang le  re
tractors for the retractor shou ld  be p l aced i nferomed ia l l y  
and i nferolatera l l y  to  ho ld  these l ap  pads  away from the 

g a l l b l adder. A deep body wa l l  retractor may be req u i red 
i nfer ior ly to adequately open the space between the du
odenum and  g a l l b l adder. Superomed ia l ly, a f l at  deep re

tractor, such as a Harr ington (or Sweetheart) or  med i u m  
r ig ht-ang le  s h o u l d  be p laced aga i nst t h e  l iver t o  p u l l  it 
to the super ior aspect of the wound .  A su pero l atera l 

body wa l l  retractor can be progressively exchanged for 
deeper retractors as the g a l l b ladder  is prog ressively d i s
sected from the g a l l b l adder bed to e levate the l iver and 

separate it f rom the g a l l b ladder. A Kel ly  or l a rge  c l amp 
is then p laced on  the i nfund i b u l u m  of  the g a l l b l adder to 

faci l itate moving it with i n  the space created .  

I NCISION OF THE VISCERAL PERITONEUM 

• The peritoneum is i ncised just off the l iver edge at the 
most a nter ior  po int of the g a l l b ladder  (FIGS S and 6) .  

A tons i l  o r  other  f ine-t i pped d i ssector i s  used to enter 
the p lane  between the peritoneum and the g a l l b ladder. 
E lectrocautery is then used to open the peritoneu m .  Th is  
is  repeated for the other s ide of the g a l l b ladder. 

FIG S • I nc i s ion of the peritoneum and  d i ssect ion of the 
g a l l b ladder  from the g a l l b ladder  fossa . The i nfund i b u l u m  is 
g rasped with a l a rge c lamp (Kel ly) to fac i l itate mob i l izat ion .  
The peritoneum (serosa of the g a l l b ladder) is  i ncised 3 to 
5 m m  from the i nterface with  the su bstance of the l iver and  
the areo la r  t issue between the g a l l b l adder and  the l iver is  
d iv ided with e lectroca utery. The g a l l b l adder is  d issected i n  a 
top-down fash ion toward the porta hepatis .  

C h a p t e r  2 OPEN CHOLECYSTECTOMY 

to fac i l itate d iv is ion of the m uscle with e lectrocautery. 
The super ior  ep igastr ic vesse ls  can be encountered, typ i 
ca l ly a bout ha lfway across the rectus.  The vessels ca n be 
l igated or  cauterized, or they ca n be reflected med i a l ly 
and preserved with the med i a l  ha l f  of the rectus.  

Gallbladder 

Colon 

Liver 

laparotomy 
pads 

FIG 4 • Placement of retractors. Correct app l ication of a fixed 
retract ing device (Bookwa lter) is the key to a successful  and 
safe open cholecystectomy. I nferiorly, moist laparotomy pads 
are carefu l ly p laced behind deep retractors to exclude the 
duodenum, co lon, and sma l l  bowel from the operative f ie ld .  
Superiorly, addit ional  retractors are placed to reta in  the l iver. As 
the ga l l b ladder is d i ssected free from its bed, the more latera l 
superior retractor can be progressively exchanged for deeper 
retractors p laced over the d issected bed to improve visua l izat ion.  

Colon 

Liver 

...T ,_.'-:=-'f-- H epato
duodenal 
l igament 
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RETROG RADE D ISSECTION OF 

THE GALLBLADDER OFF OF THE 

GALLBLADDER FOSSA 

FIG 6 • Ligation of the cyst ic  duct and cyst ic  a rtery. After the 
g a l l b l adder has been d issected free from its bed, a comb inat ion 
of b l u nt and sharp d i ssect ion is  used to i so late the cyst ic  d uct and 
cyst ic  a rtery. D i ssect ion shou ld  be d i rected f rom the g a l l b ladder  
toward the porta l structu res to avo id i nj u ry. Both structu res are  
d iv ided separate ly between l i gatu res. Ca re shou ld  be taken to not 
app ly e lectrocautery when in proxi m ity to the colon,  duodenum,  
or porta l structures. 

sta rt ing  anter ior ly and conti n u i n g  unti l the g a l l b ladder  is  
suspended from its ped ic le .  

• E lectrocautery is then used to d i ssect the g a l l b ladder  free 

from the l iver. This is  performed in a top-down fash ion ,  

LIGATION OF THE CYSTIC DUCT AND 

ARTERY 

• After the g a l l b l adder  has  been d i ssected free from its 
bed, a comb i nat ion of sharp  and b l u nt d i ssect ion  i s  per
formed around the ped ic le  unt i l  the  a rtery a n d  d u ct are 

FIG 7 • Operative photog ra ph of a "top-down"  d i ssect ion 
of the g a l l b ladder  from the undersurface of the l i ver. The 
peritoneum has been inc i sed over the tri ang le  of Ca lot, 
exposing  ad i pose t issue around the i nfund i b u l u m  of the 
g a l l b ladder  and the key porta l structures. 

d i ssected free (FIGS 7-9) .  Trac i ng  the cyst i c  d uct unt i l  its 
i ntersect ion  with the com m o n  b i l e  d u ct i s  not necessa ry 
if the d u ct is confi rmed to be headed d i rect ly out of the 
g a l l b l adder. Because the m ost common i n d icat ion  for 
a n  open cho lecystectomy i s  the presence of severe i n 
f l am mat ion ,  u n n ecessa ry d i ssect ion  i n  the porta hepat i s  
can be unsafe a n d  shou ld be avo ided i f  poss i b l e .  S i m p l e  

F I G  8 • I so lat ion o f  t h e  cyst ic  a rtery. I nfer ior  and  latera l re
tract ion fac i l itates identif icat ion of the cyst ic a rtery as shown. 



ALTERNATIVE: SUBTOTAL 

CHOLECYSTECTOMY 

• Open cholecystectomy is usu a l ly reserved for cases with 
severe inf lam mat ion .  I n  some patients, the infl ammat ion 
may be so severe that d i ssect ion around the neck of the 
g a l l b ladder  to identify the cyst ic  duct becomes unsafe. If 
the cyst ic  d uct cannot be safe ly identif ied and d i ssected 
free due to adhes ions, a subtota l cho lecystectomy may 
be performed.  I n  th i s  case, the g a l l b ladder  neck is  d i s
sected to the reg ion where inf lam mation proh i b its fur

ther d i ssect ion .  The g a l l b ladder  is then transected at 

C h a p t e r  2 OPEN CHOLECYSTECTOMY 

l i gat ion of the cyst i c  d u ct and a rtery a re acco m p l i shed 

with sepa rate t ies .  The g a l l b l adder  i s  then excised 
free. I f  the g a l l b l adder  or  cyst i c  d u ct a p pears necrotic, 
a d ra i n  shou ld  be p l aced to control a b i l e  leak shou ld  
one  occur. 

FIG 9 • I so lat ion of the cyst ic  duct. Once the cystic  a rtery has 
been l i gated and d iv ided, the cystic  duct i s  c i rcumferent i a l ly 
d i ssected .  

• 

that po int and the i nterna l  open ing  of the cyst ic duct 
is l igated with suture (FIG 1 0) .  If a s ign if icant port ion 
of the g a l l b ladder  wa l l  rema i ns, the rema inder  of the 
g a l l b ladder  fu lgurated and  then the edges of the wa l l  
are sewn c losed with a runn ing  monofi la ment suture. I n  
these cases, a d ra i n  shou ld  b e  left, as  t h e  inc idence of 

b i l e  leak after subtota l  cho lecystectomy can be in excess 
of 20% 3 It i s  for th i s  reason that a comp lete cho lecystec
tomy is performed whenever the cyst ic  duct can be safe ly 

ident if ied .  
If s ign if icant b leed ing  from the l iver is  encou ntered, such 
as i n  u nsuspected porta l hypertens ion,  the back wa l l  of 

the g a l l b ladder  can be left adherent to the l i ver.4•5 Fu lgu
rat ion of any v iab le  mucosa i s  advised . 

Ligated 
cystic artery 

' :'11•.-Jif......IL!L--- Amputated 
gal lbladder 

Common bi le duct 

CLOSURE 

• The poster ior and  a nter ior fasc ia  shou ld  be c losed i n  

separate l ayers. T h e  s k i n  is  c losed with stap les due  t o  the 
c lean-conta m i n ated nature of the proced ure.  

FIG 10 • Subtota l cholecystectomy. I n  cases 
where severe inf lam mation i s  encou ntered, 
d i ssect ion to the cyst ic  duct may be u nsafe. I n  
such case, t h e  i nfund i b u l u m  of the g a l l b ladder  
can be amputated at the j u nct ion where 
d i ssect ion m ust be stopped and  the cyst ic  duct 
open ing c losed with suture l igature .  When a 
cuff of g a l l b ladder  rema i ns, it is fu lgurated 
with e lectrocautery and c losed with a runn ing  
a bsorbab le  monofi lament suture. 
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PEARLS AND PITFALLS 

E lectroca utery • To avoid i nj u ry, e lectrocautery shou ld  be avoided when d i ssect ing near the duodenum,  colon,  
b i l i a ry structu res, or porta hepatis .  

V isua l izat ion • If the colon or  d uoden u m  is crowd ing  the operative space, cons ider a deeper blade for the 
retractor that i s  "toed in" s l i ghtly on laparotomy pads.  

Common bi le duct i nj u ry • If the infl ammation is so severe that it is d ifficu lt to d i ssect the cyst ic  duct at the neck of the 
g a l l b ladder, consider a subtota l cholecystectomy. I n  th is  c i rcumstance, leave a d ra i n .  

B leed ing  • Dur ing su rgery for  acute cholecyst itis, inf lam matory b leed ing is often encountered from the  
ga l l b ladder fossa dur ing top-down d i ssect ion .  When present, th i s  can  usua l ly  be best contro l led 
with a laparotomy sponge and pressure app l ied d i rect ly to the raw surface fo l lowing separation 
of the g a l l b ladder from its l iver bed. Often, a deeper retractor blade can be p laced between the 
ga l l b ladder and its bed to ma inta in pressure whi le a lso improving visua l ization .  

POSTOPERATIVE CARE 

• Ileus is unusual after open cholecystectomy, so diet can be rap
idly advanced. Narcotic requirements will be higher than for 
laparoscopic cholecystectomy and a 2- to 3-day hospital stay 
may be necessary for adequate pain control. 6 If a cystic duct leak 
occurs, it will often not be clinically apparent for several days 
after the original operation (an average of 2.3 days) .7 Therefore, 
if drains were placed due to a high-risk cystic duct stump, they 
should be left for several days before being removed. 

OUTCOMES 

• Long-term outcomes after cholecystectomy are excellent. 
Short-term morbidities include cystic duct leak, the incidence of 
which averages about 0.4% for elective patients and threefold 
higher for emergent cholecystectomies. After subtotal cholecys
tectomy, issues from the remnant gallbladder are rare.4•5 

COMPLICATIONS 

• Cystic duct leak 
• Common bile duct injury ( < 1/1 ,000 ) .  

• Wound infection 
• Hemorrhage from the liver 
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Richard J. Bold 

DEFINITION 

• Radical cholecystectomy is defined as the resection of the 
gallbladder and gallbladder fossa and is usually combined 
with a supraduodenal lymphadenectomy for the treatment of 
gallbladder cancer.1 The extent of the hepatic resection may 
include nonanatomic parenchymal resection of the gallblad
der fossa to a standard segment IVbN resection (FIG 1 ) ,  with 
data suggesting superior survival from segment IVbN resec
tion over standard cholecystectomy.2 The goal of the resection 
is complete resection of all histopathologic disease, which may 
necessitate resection of the common hepatic duct/common bile 
duct if clearance of all disease cannot be obtained by division 
at the cystic duct/common hepatic duct junction. 

DIFFERENTIAL DIAGNOSIS 

• A variety of other conditions may mimic adenocarcinoma 
of the gallbladder. These include benign intraluminal polyps 
(due to the mass appearance on imaging) ,  chronic chole
cystitis (due to collapse of the lumen and associated mural 
thickening due to chronic inflammation) ,  or hepatic masses 
within the gallbladder fossa (due to presence of a hepatic 
mass adjacent to the gallbladder) .  3 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• The majority of early-stage gallbladder cancers are clinically 
silent and will not be diagnosed preoperatively but instead 
will be recognized on final pathology following cholecystec
tomy performed for other conditions, such as symptomatic 
cholelithiasis or cholecystitis.4•5 

• Occasionally, polypoid gallbladder cancers will present with 
right upper quadrant pain similar to cholecystitis, presumably 

FIG 1 • Schematic representat ion of rad ica l  cho lecystectomy by 
resect ion of hepatic seg ments IVN (black dot ted lines) and the 
g a l l b ladder. Optiona l  resect ion of the extra hepatic b i l i a ry tree is  
a lso shown (gray dot ted lines). 

from the intraluminal mass effect or the obstruction of the 
fundus/cystic duct. In addition, should the tumor extend down 
the cystic duct to the common hepatic duct, patients may 
present with painless jaundice. 

• Symptoms of abdominal bloating and/or weight loss should 
be concerning for the presence of malignant ascites due to 
peritoneal metastasis, a common site of spread. The liver is 
the most other common site of metastasis. 

• The incidence of gallbladder cancer is three times higher in 
women than in men. 6 

• Hispanics, American Indians, and Mexican Indians have 
been identified as high-risk groups for gallbladder cancer. 6 

• Large, multiple gallstones have an increased association 
with gallbladder cancer; gallstones are present in 60% to 
80% of patients with gallbladder cancer.3 

• Obesity is a risk factor for both gallstones and gallblad
der cancer; furthermore, obesity increases the risk for the 
development of nonalcoholic liver disease, particularly non
alcoholic steatohepatitis (NASH), which may impact the 
suitability for radical cholecystectomy. 7 

• Radical cholecystectomy involves a partial hepatic resection, and 
therefore, risk factors for cirrhosis (e.g., alcohol abuse, chronic 
hepatitis virus infection) are important aspects of the patient's 
history and evaluation for tolerability of hepatic resection. 8 

• Early-stage gallbladder cancer is usually not apparent on 
physical examination. Physical findings suggesting advanced 
disease include the presence of ascites (peritoneal metastasis ) ;  
painless jaundice (either direct extension into the common he
patic duct or bulky portal adenopathy causing external biliary 
dilation) ;  and a nontender, palpable gallbladder (concerning 
for extensive mural involvement) .  In addition, physical find
ings of end-stage liver disease raise the suspicion of underlying 
cirrhosis and therefore preclude radical cholecystectomy. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Radical cholecystectomy is appropriate only for those 
patients with Tlb, T2, or T3 (primary tumor thickness) or 
NO or Nl gallbladder cancer ( FIG 2 and Table 1 ) .9-14 

LL r=r T2 

FIG 2 • H i stology of the g a l l b ladder  wa l l  with correspond ing  
extent of  T1  a, Tl  b, T2 ,  and  T3  carci noma of the g a l l b ladder. 
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Table 1 :  American Joint Commission on Cancer 
Stag ing System for Gal lbladder Cancer 

Primary Tumor (T) 

TX 
TO 
Tis 
T l a  
T l b  
T2 

T3 

T4 

Histopathologic Characteristic 

Pr imary tumor cannot be assessed 
N o  evidence of pr imary tumor 
Carc inoma i n  situ 
Tumor  invades l am ina  propria 
Tumor  invades m uscle layer 
Tumor  invades peri m uscu lar  connective tissue; 

no extens ion beyond serosa or  into l iver 
Tumor  perforates serosa and/or d i rectly invades 

i nto the l iver and/or one other adjacent organ 
or  structure 

Tumor invades ma in  porta l ve i n  or  hepatic 
a rtery or i nvolves m u lt ip le extrahepatic 
structures 

Regional Lymph Nodes (N) 

NX Regiona l  lymph nodes ca nnot be assessed 
NO N o  reg iona l  lymph node metastasis 
N 1 Regiona l  lymph node metastasis 

• The majority of patients will undergo an initial ultrasound 
for evaluation of right upper quadrant pain and suspected 
cholelithiasis. The presence of a gallbladder polyp within 
the lumen raises the suspicion for gallbladder cancer ( FIG 3 ) .  

Given the intraluminal aspect of  any polyp, percutaneous 
biopsy is not usually feasible in the absence of any invasive 
features beyond the gallbladder wallY 

• There is only a weak association between patients with a cal
cified gallbladder ( "porcelain gallbladder" )  and an underlying 
gallbladder cancer, such that prophylactic cholecystectomy 
may no longer be routinely advocated. 16 The calcification 
of the gallbladder wall may not be readily visible on ultra
sound but is clearly seen on contrast-enhanced computed to
mography (CT) scans ( FIG 4) .  This radiologic finding should 

FIG 3 • Long itud i n a l  (A, B) and tra nsverse (C. D) u ltrasonograph i c  
imag ing  of the g a l l b ladder. A polypoid mass (yellow arrows) i s  seen 
with in  the g a l l b ladder  l umen  (green arrows). The re lat ionsh i p  
o f  t h e  polypoid mass t o  t h e  l iver (red asterisks) c a n  be rou g h ly 
determined as i n  A-C, l i ke ly adjacent to the hepatic fossa, or D, 
l i ke ly on the peritonea l/free aspect of the g a l l b ladder. 

FIG 4 • Axia l  (A) and corona l  (B) contrast-enhanced CT f ind ings  
of porce l a i n  g a l l b ladder. The ca lcif ication of the g a l l b ladder  wa l l  
(green arrows) i s  seen as a d i ffuse process, out l i n i ng t h e  l u m e n  of 
the g a l l b ladder  (red asterisks). 

prompt concern for gallbladder cancer, even in the absence of 
any symptoms or associated findings on radiologic imaging. 

• If history, physical examination, or ultrasound findings raise 
concern for gallbladder cancer, contrast-enhanced CT is use
ful for characterization of the extent of the gallbladder can
cer. Radiologic findings of gallbladder cancer on CT include 
a mass within the gallbladder that typically extends into the 
lumen or diffuse wall thickening ( FIG s) Y  

• Magnetic resonance imaging (MRI) may additionally b e  use
ful to characterize any mass seen on either ultrasound or 
contrast-enhanced CT scan given the ability to differentiate 
water density ( i .e . ,  bile) as well as evaluate any potential in
volvement of the biliary tree through use of magnetic reso
nance with cholangiopancreatography (MRCP) .  Findings on 
MRI are similar to that of CT scan, including a mass within 
the gallbladder lumen that is distinct from the density of the 
hepatic parenchyma and therefore useful for the determina
tion of direct hepatic invasion ( FIG 6 )Y 

• Unfortunately, many gallbladder cancers are not diagnosed 
preoperatively but identified in the final pathology specimen 
for early-stage disease after laparoscopic cholecystectomy for 
cholelithiasis; up to 1 0 %  of all laparoscopic cholecystectomies 
performed for benign conditions such as cholelithiasis will 
harbor an incidental gallbladder cancer. 1 8  Additionally, some 



FIG 5 • Axia l  (A,C) and corona l  (B,D) contrast-enhanced CT 
f ind ings of ga l l b ladder cancer. Typica l  appearance may inc lude that 
of a mass with i ntra l um ina l  extension (green arrows; panels A,B) 
or d iffuse th icken ing of the ga l l b ladder wa l l  (yellow arrows noting 

region of gallbladder, and red brackets noting thickened area; 

panels  C,D) with a measured wa l l  th ickness in excess of 2 m m .  

F IG  6 • Axia l  (A) and  corona l  (B) contrast-enhanced MR I  f ind ings  
of g a l l b ladder  cancer. A foca l th icken ing  of the g a l l b ladder  wa l l  i s  
noted (green arrows) adjacent to the normal hepatic pa renchyma 
(red asterisks). 
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FIG 7 • Laparoscop ic  identif icat ion of a g a l l b ladder  cancer with 
d i ffuse, fi rm, nod u l a r  th icken ing  of the g a l l b ladder  wa l l  (yellow 

arrow) with d i rect i nvas ion of the hepatic fl exu re of the colon 
(red asterisk) as wel l  as  the hepatic parenchyma (green arrow). 

advanced-stage tumors may be mistaken for chronic cholecys
titis preoperatively and only identified in the operating room. 
These tumors will have preoperative imaging of a contracted 
gallbladder with thickened walls. Intraoperatively, these 
tumors are clearly identified as malignant, with laparoscopic 
findings of nonpliable tissue, extremely thickened gallbladder 
wall, and often invasion into adjacent structures (e.g., omen
tum, liver, duodenum, hepatic flexure of the colon) ( FIG 7) .  

• The tumor markers carcinoembryonic antigen (CEA) and 
carbohydrate antigen 1 9-9 ( CA 1 9-9)  may be elevated in 
patients with gallbladder cancer but are neither sensitive nor 
specific for diagnostic purposes, or correlation with extent 
of disease. 1 9  

SURGICAL MANAGEMENT 

Preoperative Planning 

• Radical cholecystectomy may involve resection of up to two 
segments ( IVbN).  Therefore, careful preoperative evalua
tion of hepatic function and the evaluation for the presence 
of cirrhosis are critical in determining whether the patient 
will have suitable hepatic reserve following parenchymal 
removal. Biochemical scoring systems such as Child-Pugh 
classification or the Model for End-Stage Liver Disease 
(MELD ) can be useful for predicting morbidity and mor
tality following resection in cirrhotic patients . In addition, 
functional tests such as indocyanine green clearance can be 
a useful functional test, which can be used with computer 
software to preoperatively estimate the amount of resected 
hepatic tissue. 8•20-22 

• Although infections are uncommon following hepatic re
section, prophylactic antibiotics should be administered to 
cover skin flora. If the patient has had recent biliary instru
mentation, including the presence of a decompressive biliary 
stem, antibiotics should include coverage of intestinal flora. 

Positioning 

• Radical cholecystectomy is performed through a right sub
costal incision. To facilitate exposure of the inferior aspect 
of the liver, the operative table may be slightly extended or 
a roll can be placed transversely under the patient's lower 
thoracic region ( FIG SA) .  These maneuvers elevate the costal 
margin and increase operative exposure of the liver. 
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FIG 8 • Patient posit ion for a rad ica l  cho lecystectomy with a latera l v iew (A) demonstrat ing a ro l led sheet (green arrow) under  the back 
to a l low f lexion of the patient, which may be combined with fl exi ng of the operative tab le, and the p l anned r ight subcosta l (Kocher) 
i nc is ion (red arrow, pane l  B) approximately two f ingerbreadths below the costa l marg i n .  

INCISION AND EXPOSURE 

• A r ight subcosta l  i nc is ion offers exce l l ent exposure of the 
g a l l b ladder, hepatic fossa, and porta hepatis (FIG 88) .  

• The fa lciform l igament is d ivided to a l low exposure and 
mob i l ization of the anterior hepatic lobes. A self-reta in ing  

retractor is  p laced, wh ich  a l lows for  retract ion of  the  r ight 
costa l marg i n  and i nfer ior abdom ina l  wa l l  (FIG 9) .  

• 

• 

Exploration of the abdomen is performed to exc lude 
metastatic d isease, which wou ld  prec lude rad ica l cholecys
tectomy. This wou ld  i nc lude hepatic metastasis, peritoneal  

metastases ( inc lud ing port s ite d isease if the pat ient had 
a previous laparoscopic cholecystectomy), or lym ph node 
d i sease of the common hepatic a rtery or  ce l iac  axis .  

The lesser omentum (a I so termed the gastrohepatic 
l igament) i s  d iv ided to a l l ow exposure of the common 

hepatic a rtery as wel l  as the med i a l  aspect of  the porta 
hepatis .  The porta hepatis is  enc i rc led with an u m b i l i ca l  
tape that c a n  b e  used a s  a Rommel  tourn iq uet dur ing  a 
Pri ng le  maneuver if vascu l a r  i nflow occ lus ion is des ired.  

I NTRAOPERATIVE ULTRASOUND 

• U ltrasound  of seg ments IVbN of the l iver is performed 
to eva l u ate any  extent of d i rect i nvas ion of the he

pat ic fossa by the m a l i g n a ncy. A T-sha ped l i near  a rray 
transducer with a broad frequency ra nge (e .g . ,  4 to 1 0  
M Hz) provides exce l lent  reso l ut ion ,  espec i a l ly when 
cou p led with Dopp ler  sca n n i n g  mode to fac i l itate iden
tif i cat ion  of vascu l a r  i nf low structu res for surg ica l  p lan

n i n g  (FIG 1 0) .  

F I G  9 • Exposu re o f  t h e  g a l l b l adder with p lacement o f  a 
se lf-reta i n i n g  retractor to a l low comp lete exposure of the 
g a l l b ladder  (green arrow) as wel l  as  the porta hepatis (yellow 

arrow). Costa l marg ins  are retracted su per ior ly as we l l  as the 
hepatic f lexu re of the co lon i nfer ior ly. 

FIG 10 • I ntraoperative u ltrasound is performed using a 
T-shaped l i near a rray transducer (yellow asterisk) to a l low 
i nterrogation of the hepatic parenchyma after the fa lciform 
l igament (green arrow) has been d ivided, as well as eva luation of 
the hepatic vascu lar  inflow, and the poss ib le extent of the cancer 
from the ga l l b ladder (yellow arrow) i nto the hepatic fossa . 



RESECTION OF SEG MENTS IVbN 

• Although nonanatomic  resect ion of the hepatic fossa has 
been reported and the exact extent of parenchyma l  re

sect ion rema in s  a point of controversy, forma l  resect ion 
of segments IVb ( infer ior aspect of seg ment IV) and V has 
trad it iona l ly been considered the appropr iate segments 

of resect ion for rad ica l  cho lecystectomy (see Part 3, 
Chapter 1 5, Su rg ica l  Anatomy, FIG 2). 

• The hepatic pa renchyma l  transect ion can be performed 
using a variety of techn iques inc lud ing c lam p-crush ing 
techn ique, u ltrason ic  d issection, therma l-sea l i ng  devices 

(e.g. ,  L igaSure, Ha rmon ic), rad iofrequency-sea l i ng  devices 
(Tissuelink), or  water jet d i ssect ion (see Part 3, Chapter 2 1 ,  
Segmenta l Hepatic Resection) .  

• Major hepatic vascu lature can be l i gated with e ither tra
d it iona l  suture l igat ion or  sta p l i n g  devices using vascu l a r  
sta p le  l oads  (FIG 1 1 ) .  

• Shou ld  s ign if icant b leed ing  be encou ntered, the Romme l  
tourn iq uet can be used for  temporary vascu la r  i nf low 

control (Pri ng le  maneuver) to a l low d i rect suture l i gat ion 
or hemocl i p  app l ication to ensure hemostas is .  

FIG 11 • Fol l owing d iv is ion of the hepatic pa renchyma to 
seg ments IVbN, a vascu l a r  stap ler  can be used to d iv ide the 
porta l venous branch (green arrow) to segments IVbN. 

PORTAL LYMPHADENECTOMY 

AND OPTIONAL RESECTION OF THE 

EXTRAHEPATIC BI LIARY TREE 

• If the cyst ic  duct marg i n  status is unab le  to be assessed or  
positive, or  b i l i a ry obstruct ion i s  present, exc is ion of the  
extra hepatic b i l i a ry tree i s  i nd icated .  

• Lymphadenectomy should be performed regardless but may 
lead to ischemia to the extrahepatic b i l iary tree, result ing in 
delayed presentation of b i l i a ry stricture. Thus, some surgeons 
advocate routine excision of the extrahepatic b i l i a ry tree as 

a fundamenta l component of rad ica l cholecystectomy. 
• The peritoneum of the porta hepatis is c i rcumferent ia l ly 

i ncised just be low the l iver p late and  at the l evel of the 
fi rst port ion of the duodenum (FIG 1 3) .  

• The hepat ic  a rtery a n d  porta l ve i n  a re c i rcu mferen
t ia l ly d i ssected of associated lymphatics and sp l anchn i c  

• 

• 

• 
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Fol l owing remova l of seg ments IVbN, the spec imen 
shou ld  be or iented for  the patholog ist with  i ntraopera
tive g ross assessment of the marg ins  if  there is  concern of 

s ign if icant tumor i ng rowth i nto the hepatic fossa . 
The hepatic parenchyma l  surface is i nspected for hemo
stas i s  and any evidence of b i l i a ry leak (FIG 1 2) .  Hemo

stas is  can be obta ined with e ither hemoc l ips  or  suture 
l igat ions; open b i l i a ry rad ica ls  shou ld  be d i rectly suture 
l igated . The ro le  of f ibr in  sea l ants may be to fac i l itate 
ach ievi ng hemostas is  but has not been shown to reduce 
the inc idence of b i l e  leakage.23 

An omenta l f lap shou ld be mob i l i zed from the hepatic 
f lexure of the colon and p laced i nto the parenchyma l  
cavity. This m a y  fac i l itate c losure o f  sma l l  b i l e  leaks. 
A c losed suction d ra i n  is  then p laced i nto the a bdomen 
over the omenta l f lap ensur ing that it provides dra inage 
for the fu l l  extent of the hepatic pa renchyma l  raw surface. 

FIG 12 • Com p leted rad ica l  cho lecystectomy with raw 
su rface of the boundary of resect ion .  The marg i n  between 
segments I l l  and  IVb (yellow arrow), seg ments IVa and IVb 
(blue arrow), and  seg ments V and  VI  (white arrow) defi ne a 
resected rad ica l  cholecystectomy. The porta hepatis (green 
arrow) can be contro l led with a vessel loop (b lue  vessel loop) .  

• 

• 

• 

nerves. L igat ion or b i po l a r  e l ectroca utery shou ld  be 
e m p l oyed as these structures a re r ich i n  vascu l a r  sup
p ly. Care i s  taken to i nc lude  the hepat ic  lymph nodes 
(FIG 1 3) i n  th is  d i ssectio n .  Note that the major ity of the 

porta l l ymph nodes a re poster ior  a n d  l atera l to the p re
served structures. 
If i nd icated, the common bi le duct is  d iv ided as it enters 
the pancreatic parenchyma. The d i sta l  l u men shou ld  

be oversewn with  a ru n n i ng, monofi l ament suture of  
a bsorba b le  materia l .  Assessment of th i s  marg i n  i ntraop
eratively is  controvers ia l .  

T h e  proxi m a l  hepatic duct is  d iv ided just d i sta l  to the 
confl uence of the r ight and left hepatic ducts. An assess

ment of the proxim a l  marg i n  i ntraoperatively may be 

reasonab le  if a n  add it iona l  marg i n  i s  feas ib le .  
Reconstruct ion of  the b i l i a ry tree v ia Roux-en-Y hepati
cojej u nostomy is reviewed i n  deta i l  i n  Part 3, Chapter 1 4. 
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Gal lb ladder 
fossa 

Common 
FIG 13 • Porta l lymph node 

Hepatic artery d issect ion and  opt iona l  resect ion 
bi le duct ---- of the extra hepatic b i l i a ry tree 

(dashed lines). The hepatic a rtery 
and porta l ve i n  a re d issected free 
of a l l  surround ing  lymphatics and  
sp l anchn i c  nerve t issue. The b i l i a ry 
tree is d iv ided (opt iona l )  just d ista l 
to the confl uence of the left and  
r i ght  hepatic ducts and at the level 
of i nsert ion i nto the pa renchyma of 
the pancreas (inset). 

PEARLS AND PITFALLS 

I nd ications 

P lacement of i nc is ion 

Parenchyma l  transect ion 

Vascu la r  control 

C losure 

• Preoperative abnorm a l it ies on u ltrasound shou ld  be further eva luated with contrast-enha nced CT 
scans to ru le  out adva nced/u n resectab le  d isease. 

• Liver funct ion shou ld  be ca refu l ly and thorough ly eva luated to ensure to lera b i l ity of hepatic 
biseg mentectomy. 

• Ga l l b ladder cancers d iagnosed on postoperative pathology from laparoscopic cholecystectomy should be 
reimaged with contrast-enhanced CT scans to ru le out advanced d isease not identified at lapa roscopy. 

• Right su bcosta l  i nc is ions shou ld  be p laced approximately 2 em below the costal  marg i n  to ensure 
suff ic ient exposure yet a l low adequate fasc ia for c losure.  

• If the g a l l b ladder  cancer i s  d iagnosed fo l lowi ng lapa roscopic  cho lecystectomy, cons iderat ion shou ld  
be g iven to exc is ing the previous port s i te  i nc is ions .  

• Care should be taken d u ring  pa renchyma l  tra nsect ion ( independent of the method used) to sea l 
major b i l i a ry rad ica l s  to reduce the inc idence of a postoperative b i l i a ry leak .  

• Mark ing of the p l anned l i nes of parenchyma l  tra nsect ion ca n fac i l itate comp lete resect ion of 
seg ments IVbN, especia l ly poster ior ly at the porta hepatis .  

• Preresect ion i ntraoperative u ltrasound can be usefu l  to identify the major vascu la r  i nf low to ensure 
l i gat ion at the i n it iat ion of parenchyma l  transect ion .  

• An umbi l ica l tape around the porta hepatis can  be a usefu l adjunct to  a l low rapid i n itiation of  a Pring le 
maneuver to a l low for hemostasis; care should be taken to m in im ize the t ime of vascu lar  inf low c lamping.  

• The c losed suct ion d ra i n  should be p laced to a l low comp lete dra inage of the hepatic operative bed 
but not p laced d i rectly adjacent to the parenchyma but i n stead over the transposed omenta l f lap .  

POSTOPERATIVE CARE • The fluid effluent from the closed suction drain can be 
evaluated for bilirubin content to evaluate for a bile leak. 
The drain should be removed as soon as there is no concern 
for a postoperative bile leak. 

• Adequate pain control is critical to the postoperative recov
ery of patients undergoing major hepatic resection. Thoracic 
epidural catheters may be beneficial in environments with 
sufficient expertise for placement and care. 

• Laboratory assessment of coagulation profile should be routinely 
checked and treated if abnormal to ensure adequate hemostasis. 

• Elevated serum bilirubin levels can be a harbinger of bile leak, he
patic insufficiency, or vascular thrombosis. A contrast-enhanced 
Cf scan should be used to differentiate the three etiologies. 

OUTCOMES 

• Long-term hepatic function should not be adversely affected 
if the patient had normal preoperative hepatic function. 

• Hepatic and peritoneal sites are the most common location 
for recurrent gallbladder cancer; outcomes are dependent 



on the initial TNM stage. Early-stage disease (i .e . ,  stage I)  
may be associated with 60% to 80% 5-year survival rates, 
whereas advanced-stage disease ( i .e . ,  stage III ) is associated 
with less than 20% 5-year survival. 

COMPLICATIONS 

• Hemorrhage 
• Bile leak 
• Abscess formation 
• Delayed stricture of the common hepatic duct/common 

bile duct due to devascularization associated with portal 
lymphadenectomy 
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Chapter 4 Endoscopic Retrograde 
Cholang iopancreatography 

. ----------------------------------- ·----------------------------------------------------- .... 

t 
Shailendra S. Cha uhan 

DEFINITION 

• Endoscopic retrograde cholangiopancreatography (ERCP) is 
an endoscopic technique whereby a specialized side-viewing 
upper endoscope (duodenoscope) is passed through the mouth 
to the major papilla in the second portion of the duodenum. 

• Using various instruments through the working channel of the 
duodenoscope, access can be gained into the bile and pancreatic 
ducts and a variety of complex interventions can be performed. 
The ducts are usually visualized with x-ray after injection of 
a contrast medium into the ducts. Alternatively, direct visual
ization of the ducts is also possible via smaller scopes usually 
passed through the working channel of the duodenoscope or 
directly into the ducts without use of the duodenoscope. 

• ERCP allows for minimally invasive management of pancre
atic and biliary disorders, but it can be a challenging tech
nique to learn and has higher potential for complications 
than other standard endoscopic procedures .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Prior to ERCP, a thorough patient history and physical exam 
should be performed to select appropriate laboratory and 
imaging studies for workup. These preprocedural studies 
will enable the proper selection of patients to benefit most 
from ERCP. A careful history of pancreatic and biliary 
symptoms and previous endoscopic and surgical therapy of 
the biliary tree or pancreas is essential. In addition, previous 
intestinal surgery may make ERCP technically difficult or 
impossible (such as a previous Roux-en-Y gastric bypass ) .  
Finally, complicating medical conditions can be elicited, 
which might impact the safety of anesthesia or increase the 
risk of complications of ERCP (such as anticoagulation) .  

• ERCP is  indicated for patients with a variety of  biliary tract and 
pancreatic disorders. 1  For patients with such disorders, specific 
symptoms may include abdominal pain (location, character, 
frequency, duration, alleviating and exacerbating factors) ,  
nausea and vomiting, jaundice, change in color of stools and 
urine, pruritus, steatorrhea, weight loss, and hyper or hypo
glycemia. Physical exam should evaluate for jaundice, detailed 
abdominal exam, and signs of malnutrition or cachexia, which 
may suggest underlying chronic disease or malignancy. 

• Key aspects of social history include tobacco use and alco
hol. In those patients with suspected malignancy, it is impor
tant to elicit any family history of similar malignancies .  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Specific laboratory work obtained to decide the need for 
ERCP usually includes liver enzymes (transaminases, alkaline 
phosphatase, direct and indirect bilirubin) and pancreatic 
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enzymes (amylase and lipase) .  In suspected malignancy, cer
tain tumor markers such as carbohydrate antigen 1 9-9 (CA 
1 9-9) ,  carcinoembryonic antigen ( CEA) ,  and a-fetoprotein 
(AFP) may be obtained as deemed appropriate. Typically, 
coagulation parameters (platelets, prothrombin time [PT] , 
international normalized ratio [INR] , and partial thrombo
plastin time [PTT] ) are not obtained unless the patient is on 
anticoagulation or history suggests coagulopathy. 

• Imaging studies for suspected biliary and pancreatic disease 
may include transabdominal ultrasound; high-quality, cross
sectional imaging such as abdominal computed tomography 
( CT) scan; or magnetic resonance imaging (MRI) or mag
netic resonance cholangiopancreatography (MRCP) .  Trans
abdominal ultrasound is typically not adequate for accurate 
visualization of the entire pancreas. Endoscopic ultrasound 
(EUS) ,  however, can provide valuable information about 
pancreatic ductal and parenchymal anatomy and biliary 
anatomy for proper selection of patients for ERCP. 

SURGICAL MANAGEMENT 

• ERCP has evolved from a diagnostic to an almost exclu
sively therapeutic procedure. 1  Imaging studies that have 
been described in the previous section (transabdominal ul
trasound, CT, MRIIMRCP, intraoperative cholangiography, 
EUS) should provide diagnostic information for proper se
lection of patients requiring therapeutic ERCP. In general, a 
careful assessment of pancreatic ductal and biliary anatomy 
by one of these techniques is required prior to considering 
ERCP. ERCP should almost never be used for diagnostic 
purposes only, as the risk of ERCP outweighs the benefit in 
this circumstance. 

• ERCP is not indicated in the evaluation of abdominal pain 
of obscure origin in the absence of other objective findings 
suggesting biliary tract or pancreatic disease. 1 

• ERCP is indicated in patients with various pancreaticobili
ary disorders . Specific biliary indications include therapy for 
choledocholithiasis, management of benign and malignant 
biliary strictures (including tissue sampling, stricture dila
tion, scenting), and evaluation and treatment of bile leaks. 1 

• Pancreatic diseases that can be evaluated and treated with 
ERCP include recurrent acute pancreatitis, management of 
pain in chronic pancreatitis patients with obstruction of 
pancreatic duct due to stones and/or strictures, pancreatic 
duct leaks, drainage of fluid collections that communicate 
with the pancreatic duct, and pancreatic cancer causing pan
creatic duct and/or bile duct obstruction. 1  

• Other specific conditions that can be  evaluated and treated 
with ERCP include ampullary stenosis, sphincter of Oddi 
dysfunction (SOD),  type III biliary cysts (choledochocele ) ,  
pancreas divisum causing recurrent acute pancreatitis, and 
treatment of ampullary cancers and adenomas. 1  

• Table 1 outlines indications for therapeutic ERCP. 

-
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Table 1 :  Indications for Therapeutic Endoscopic 
Retrograde Cholangiopancreatography 

Biliary 
Cho ledochol i th ias is  

- H igh  preoperative probab i l ity 

- I ntraoperatively d iag nosed 
- Defi n i tive d iag nosis pr ior to su rgery 

Strictures 
- Ben ign 

- M al ignant  
Postoperative b i l e  leaks 

Cho ledochocele (type I l l  b i l i a ry cyst) 
B i l i a ry sph incter of Odd i  dysfu nction 

- Type I 
- Type I I  

Pancreatic 
C h ron ic  pancreatitis 

- Stricture 
- Stones 
- Both 

Pancreatic d uct d isruption 
Transpap i l l a ry pseudocyst drainage 

Strictures 
- Ben ign 
- M al ignant  

Acute pancreatitis 
- Acute b i l i a ry pancreatitis 
- Recurrent acute pancreatitis 

- Pancreas d iv isum ca us ing recurrent acute pancreatitis 
Pancreatic sph incter of Oddi dysfunction 

- Type I 
- Type I I  

Other 
Ampu l la ry cancer or adenoma 

From Pannu DS, Draganov PV Therapeutic endoscopic retrograde 
cholangiopancreatography and instrumentation. Gastro intest Endosc 
C l i n  N Am. 2012;22(3):401-4 1 6. 

Preoperative Planning 

• ERCP is usually performed as an outpatient procedure, but 
postprocedural observation may be prolonged due to the 
potential complexity of the procedure as compared to other 
standard endoscopic procedures. 

• Prior to initiation of the procedure, the endoscopist should 
be absolutely certain of the indication of the procedure 
taking into account all of the preprocedural workup. The 
importance of having a well-defined therapeutic goal for the 

Table 2: Risk Factors for Overal l  
Complications o f  Endoscopic Retrograde 
Cholangiopancreatography 

Definite 

Sph i ncter of Odd i  
dysfunction 

C i rrhosis 

Diffi cu lt  cannu lat ion 
Precut sph incterotomy 

Lower case vo lume 

Percutaneous b i l i a ry 
access 

CBD, common bile duct. 

Possible 

Young age 

Pancreat ic contrast 
injection 

Fai led b i l i a ry dra inage 
Tra inee involvement 

Peri ampu l la ry 
d iverticu l u m  

No 

Comorbid i l l ness 

Sma l l  d i ameter C B D  

Fema le  sex 
B i l l roth II anatomy 

From Freeman ML. Complications of endoscopic retrograde cholangiopan· 
creatography: avoidance and management. Gastrointest Endosc ( l i n  N Am.  
2012;22(3).567-586. 

procedure cannot be overemphasized. ERCP should not be 
performed for diagnostic purposes only. 

• Informed consent should be obtained, explaining all the 
potential benefits, risks, and alternatives. This should include 
a discussion of the risk to that individual patient, taking into 
account the patient and procedural factors which influence 
the rate of postprocedure complications. 

• Table 2 details risk factors for overall complications of ERCP. 
• Patients are kept NPO overnight prior to the procedure. 

Antibiotics with broad-spectrum coverage should be considered 
peri procedurally in only limited circumstances of biliary ductal 
obstruction or transpapillary pancreatic pseudocyst drainage. 

Positioning 

• The patient lies in a left semiprone position on the fluo
roscopy table with both arms at their side. The right chest/ 
shoulder is usually propped up slightly so that the head faces 
the endoscopist ( FIG 1 ). A plain radiograph (scout film) is 
usually taken to ensure the field is clear of any radiopaque 
material such as monitoring wires and to document the pres
ence/absence of any devices such as drains, stents, feeding 
tubes, and so forth. 

• Sedation can be either conscious sedation (combination of 
benzodiazepine and opiate) administered under the supervi
sion of the endoscopist or monitored anesthesia care (MAC) .  
Most units now use either MAC or  general anesthesia, de
pending on patient and case specifics .  
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Video 

Fluoroscopy 
monitor 

Fluoroscopy 
unit 

• Depend ing  on the i nd ications, va r ious maneuvers may be 

performed dur ing  ERCP. H owever, passage of the scope 
to the major pa p i l l a  in the duodenum and selective 

can n u l at ion of the des ired duct is  essent ia l  to every 
successfu l  ERCP. 

I NTUBATION OF ESOPHAGUS AND 

PASSAGE OF SCOPE TO DUODENUM 

• 

• 

Because the d uodenoscope is a s ide-viewing i nstru

ment, passage through the oropharynx and esophagus 
is  more by fee l  than d i rect v isu a l i zat ion .  Before i ntuba
t ion,  ensure that i nstrument is  i n  proper working order. 
The u p-and-down and latera l movement d i a l s  shou ld  
be u n l ocked and  the e l evator checked to ensure proper 
function ing;  the e levator should be i n  a relaxed (down) 

position d u ring  i nsert ion .  The l i ght sou rce and attach
ments to the scope, that i s, i rr igat ion, suct ion,  i nsuff la

t ion should be checked. Once the patient is  adequately 
sedated, the back of the scope i s  l u br icated (tak ing ca re 
not to smear over the lens) and  the scope is  g u ided over 
the patient's tongue to the upper  esophagea l  sph incter. 
With gentle pressu re, the scope shou ld  pass i nto the 
patient's esophagus and down to the stomach .  If any 

abnorma l  resistance is  encou ntered whi le i ntubat ing 
the esophag us, the scope should not be forced .  It may 
need to be removed and the anatomy reviewed with a 

forward-viewing gastroscope.  

Once the scope enters the stomach, s l i ght a ir  i n suff lat ion 

may be req u i red to or ient the t ip  towa rd the a ntru m .  
T h e  scope is  t h e n  passed a long the g reater curvatu re 

• 

FIG 1 • Position ing  of patient for ERCP. 

toward the pylorus.  O nce the exact locat ion of pylorus 
is  determi ned, the scope t ip is  ang led u pward and ad
va nced through the pylorus.  Because of the s ide-viewing 
nature of the scope, the py lorus  wi l l  not be seen as the 
scope passes through it .  
The scope i s  then passed carefu l l y  under d i rect v i s ion to 
the level  of the secon d  port ion of the duoden u m .  F u l l  
fo rwa rd v i s ion i s  n o t  poss ib l e  with th i s  scope, and  duo

dena l  perforat ion  i s  possi b l e  if  a n  attem pt i s  made to 
obta i n  a fu l l  forwa rd v iew of the l u m e n .  At th i s  po i nt, 
the scope is  usua l l y  in a " long posit ion . "  A shorte n i n g  

maneuver i s  performed b y  torque ing  the scope shaft 
c lockwise and  p u l l i n g  the scope out of the pat ient's 

mouth wh i l e  the r ight wheel  is l ocked in a fu l l  r ig ht
ward posit ion .  Th i s  usua l l y  leads to paradoxica l fo rwa rd 
motion of the scope tip such that the scope ends up i n  
t h e  preferred "short posit ion " (FIG 2) .  From th i s  pos i
t ion ,  sma l l  adjustments can be made with a com b i nat ion 
of movement of u p-a nd-down and  l atera l movement 
d ia l s  as  we l l  a s  the endoscop ist changing h i s/her stance 
s l i g ht ly  l eft or  r ight.  These motions u lt imately br ing the 
major p a p i l l a  i nto a n  adequate en face ca n n u lat ing po

s i t ion .  At th i s  po i nt, depend ing  on  endoscop ist prefer
ence, the scope d i a l s may be locked for a more sta b le  

posit ion .  
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B 

FIG 2 • Short (A) and long (B) posit ions of d uodenoscope for major pa p i l l a  ca n n u l at ion .  

MAJOR PAPILLA CANNULATION 

• Selective can n u lat ion of the des ired duct is the most im
portant and most d ifficu lt  sk i l l  to  master for  successfu l 
ERCP. Knowledge of norm a l  pap i l l a ry anatomy is essen
tial ,  as is adequate tra i n i n g  and experience. The most 
com mon reason for fa i l u re is  i nab i l ity to ca n n u late the 
duct of i nterest. Stud ies suggest that 1 80-200 cases i n  
tra i n i n g  a re necessa ry before even moderate rates of 
can n u lat ion are ach ieved .2 Furthermore, it has been 
suggested that it takes about 1 000 ca n n u lat ions to be
come tru ly comfortab le with the tech n ique  and severa l 
thousand more to become expert.3 Va r ious can n u lat ion 
tech n iques have been described but al l  i nvolve the use 
of catheters and gu idewi res. Typica l ly, catheters with cut
t ing w i res (sph incterotomes) and preloaded gu idewi res 
are used for therapeutic ERCP. Another genera l  pr inc ip le  
is  to avo id  too much contrast i nject ion unt i l  the endos
copist is  reasonab ly  sure that the can n u lat ing device is  at 
least superfi c i a l l y  in the des ired duct. This serves to avoid 
too much f luoroscop ic  exposu re, avo id  subm ucosa l i njec
t ion,  and  reduce the r isk of post-ERCP pancreatitis. 

• Se lective b i l i a ry ca n n u l at ion is i n it ia l ly ach ieved by super
f ic ia l ly prob ing the major pa p i l l a  usua l l y  at the 1 0  o'c lock 
to 12 o'c lock posit ion,  thereby stay ing superior to the 
i ntraducta l  septu m and  a i m ing  the catheter u pward 
(FIG 3). Once the catheter t ip  has advanced s l i ght ly i nto 
the duct or if i ce, e ither the g u i dewi re can be advanced 
further or  contrast can be i njected to confirm posit ion .  
I f  i nadvertent pancreatic duct ca n n u l at ion is  ach ieved, i t  
is  i m portant to avo id  or l i m it any contrast i nject ion (un
l ess pancreatic d uct ca n n u lat ion i s  des i red) .  Once super
f ici a l  b i l i a ry can n u lat ion is confirmed, the g u idewire is  
advanced further proxi m a l ly i nto the duct fo l lowed by 
catheter advancement to ach ieve deep can n u l at ion .  

• Selective pancreatic cannu lat ion is ach ieved by approach ing 
the pap i l l a  genera l ly at  its center but  a im ing at  the 2 o'clock 
posit ion .  This usua l ly a l igns the catheter t ip  axis below the 
septum toward the pancreatic duct orif ice (FIG 3). Using 
a comb ination of g u idewire and catheter advancement, 
deep cannu lation can be ach ieved . An i m portant aspect is  
to l i m it contrast i njection to sma l l  amounts so as to avoid 
ac ina rization of the pancreas, thereby decreas ing the po
tent ia l  for post-ERCP pancreatitis. 

• In certa i n  i nstances where selective cannu lation of the de
s ired duct may not be easily achieved due to abnormal or 
pathologic anatomy (such as periampu l la ry d ivert iculum, 

Bi le 
duct 

--'------ Transverse 
fold 

Pancreatic 
duct 

FIG 3 • Approach to major p a p i l l a  for se lective ca n n u l at ion 
of b i le  and pancreatic ducts. 
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mal ignancy, postsurgical anatomy), spec ia l  techniques and/ • 
or devices may need to be used. These may inc lude perfor
mance of a "precut" or "access" sphincterotomy, use of ro
tatable cannu lat ing devices, p lacement of a pancreatic stent 
(to fac i l itate b i l i a ry cannu lation and reduce risk of postpro
cedure pancreatitis), and the use of specific gu idewi res 
which may d iffer in ca l i ber or hydrophi l i c  nature. In certa in  
cases of  postsurgical anatomy, ERCP may be imposs ib le with 
duodenoscopes. In these i nstances, enteroscopes (device or • 
nondevice assisted) may be requ i red, which can make the 
procedure more technica l ly cha l lenging .  Patients who have 
undergone bariatric surgery in whom the stomach and 
proxima l  sma l l  bowel is bypassed pose a spec ia l  chal lenge. I n  
such patients, the  procedure can  be attempted with entero
scopes, but laparoscopic-assisted ERCPs (with the assistance 
of a surgical team) are becoming the preferred approach. 

SPHINCTEROTOMY 

• Once deep access of the desi red duct is obta ined, b i l i a ry 
and/or pancreatic sph incterotomy is genera l ly requ i red 
to perform fu rther therapeutic man ipu lations.  The most 
common type of device for th is  maneuver is a tract ion
type sph incterotomes i n  which the cutt ing wire carr ies the 
e lectrosurgica l  cu rrent and bends the t ip  of the sph i nc
terotome.  These are used when deep g u idewire access of 
the desi red duct has been atta ined .  Such sph incterotomes 
may be rotatab le  (depend ing  on manufacturer) and can 
be especia l ly he lpfu l  i n  postsurgica l  anatomy. Addit ion
a l ly, a "needle-kn ife" sph incterotome may be requ i red 
in d ifficu lt  cannu l at ion cases. Occas iona l ly, needle-kn ife 
sph incterotomes can be used to perform an over-the-stent 
sph incterotomy. E lectrosurgica l  cu rrent for sph incterot
omy genera l ly uses a b lend cu rrent (mixture of cutt ing and 
coagu lat ion) and it is com monp lace to use an  e lectrosurgi
ca l generator with pu lse cutt ing so as to avo id inadvertent 

• 
longer than desi red or too rap id  cuts ("z ipper-cuts") .  
B i l i a ry sph incterotomy is performed when deep b i l i a ry 
access has been ach ieved and the g u idewire is passed 

STONE EXTRACTION 

• Stones are typ i ca l l y  extracted us i ng  b a l loon catheters 
or baskets. Factors that i nfl uence success of stone ex
tract ion  i n c l u d e  t h e i r  s ize  a n d  s h a pe (espec ia l ly i n  
re lat ion  t o  d u ct s i ze) a n d  a bso l ute n u m ber. Add it ion
a l ly, pancreat ic stones can be much  h a rder  to remove 
compared to b i l i a ry d u e  to associated str ictures a n d  
i nfl a m m at ion  f r o m  chron i c  pancreat it i s .  An adequate 
s p h i n cte rotomy i s  essent i a l  p r io r  to extract i o n .  Occa
s i o n a l ly, ba l l oo n  d i l at ion  of the d u cta l or if ice can  be 
performed i f  the  s p h i n cte rotomy i s  deemed to be ad
equate but further cutt i n g  cou l d  cause b l eed i n g  o r  per
forat ion (FIG 4). 

• Typ ica l ly, ba l loons a re used fi rst l i n e, but if th i s  fa i l s, 
meta l baskets a re used to captu re stones for remova l 

• 

In patients whom b i l i a ry ca n n u lat ion is i n it ia l ly u nsuccess
fu l ,  the proced u re can be reattem pted in a day or two 
if the c l i n ica l  s ituation a l lows. Referra l to a center with 
expertise i n  ERCP is a l so reasonab le .  However, if de lay i s  
not feas ib le, patients genera l ly proceed to percuta neous 
b i l i a ry catheter p lacement by i ntervent iona l  rad io logy. 
Depend ing  on case specif ics and  endoscop ist expert ise, 
E US-gu ided b i l i a ry access can be performed too. 
Pancreas d iv isum anatomy poses specif ic can n u l at ion 
cha l lenges because the major dra inage of the pancreas 
i s  v ia the duct of Santor in i  v ia  the m inor  pa p i l l a .  These 
cases can be cha l l eng ing  s ince they may req u i re a " lo n g "  
scope posit ion,  u s e  o f  sma l l e r  ca l i ber catheters and  
gu idewi res, and  poss ib ly  even a pancreatic secretagogue 
such as secret in ,  which may a l l ow for the open ing  of the 
d ucta l or if ice.  

i nto the proxim a l  b i l i a ry tree. Once the scope and sph inc
terotome a re i n  a sta b le  position, the sph i ncterotome 
t ip  is  bowed such that the cutt ing  w i re is  a i m i n g  i n  the 
1 1  o'c lock posit ion .  It is  i m portant to keep as l itt l e  of the 
w i re i n  contact with the tissue so as to get a precise cut 
and avoid coa g u lat ion which causes more of a charr ing 
effect. Us ing the shaft of the scope, the cut is  g u ided 
toward the 1 1  o'c lock posit ion, ta k ing  care to not cut 
past the transverse fo ld  (FIG 3). The s ize of the sph inc
terotomy genera l ly depends on the therapeutic maneu
ver  p lanned .  I n  genera l ,  l a rge b i l i a ry sph incterotom ies 
are o n ly req u i red for remova l of l a rge b i l i a ry stones. 
Fu rthermore, if  a n  adequate sph incterotomy has been 
performed but passage of stones is  sti l l  d i ff icu lt, ba l l oon 
d i l at ion of the b i l i a ry or if ice ca n be performed (FIG 4). 
Pancreatic sph incterotomy i s  performed with s i m i l a r  
techn ique  t o  b i l i a ry sph incterotomy, b u t  t h e  cutt ing w i re 
is a i m i n g  at the 2 o'c lock posit ion .  In genera l ,  pancreatic 
sph incterotom i es shou ld  be sma l le r  i n  length compared 
to b i l i a ry. Some endoscopists prefer to i n it i a l l y  p lace a 
pancreatic stent as a gu ide  and perform an over-the-stent 
cut us ing a needle-kn ife sph incterotome.  

FIG 4 • B a l loon d i lat ion of b i l i a ry or if ice.  
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FIG 5 • Stone extract ion from b i l e  duct. In A and B, sma l l  stones may pass sponta neous ly 
after adequate b i l i a ry sph incterotomy. I n  C, a bal loon extract ion catheter is  dep loyed 
proxi ma l  to a stone and the stone is  be ing extracted .  I n  D, a n  expand ing  wi re basket 
has been dep loyed, enve lop ing  the stone, and  then withd rawn back i nto the duodenum 
lead i n g  to crush ing  and/or remova l of the ca l cu lus .  

(FIG 5). Occas iona l ly, the baskets may become i m pacted 
with a stone and d iffi cu l t  to remove due to stone 
shape a n d/or ducta l a natomy. I n  th i s  case,  mechan ica l 
l ithotri psy with var ious accessories can be performed.  If 
com p l ete stone remova l is  not poss ib le  i n  a s i ng l e  ERCP 
sess ion,  a stent i s  i n serted to ensure ducta l d ra i nage 
pr ior  to next ERCP. 

STRICTURE DILATION 

• Devices for b i l i a ry and pancreatic stricture d i lat ion a re 
ava i l ab le .  Stricture d i l at ion is i nd icated for both ben ign  
and ma l i gnant i nd ications. The  genera l  p r i nc ip le  is  that 
the d i lat ing device is  passed through the working channe l  
of the scope over the preplaced g u idewire unt i l  it is  posi
t ioned across the stricture.  D i lat ion is  usu a l ly performed 
under f luoroscop ic  g u idance to ensure that the device 
does not s l i p  proxim a l  or d ista l  to the strictured area.  

• Cyl i n d r ica l-sha ped ba l loon d i lat ion catheters that exert 
rad i a l  force are typica l ly used for d i lat ion of b i l i a ry stric
tures. The ba l loons can be f i l led with contrast materia l  
and  hence a r e  v is i b le  on f luoroscopy as t h e  ba l l oon i s  
i nflated w h i l e  ensur ing t h e  ba l loon i s  centered on  the 
strictured a rea .  The typ ica l bal loon d i a meter s izes for 
b i l i a ry d i l at ion ra nge from 4 to 1 0  mm. The lengths of 
the ba l loons a re typica l ly 2 to 4 em .  

• 

• 

• 

In cases of fa i led stone extract ion or mechan ica l  l ithotr ipsy, 
other techn iques such as e lectrohydrau l ic l ithotri psy ( EHL), 
ho lm ium laser l ithotri psy, or extracorporea l shock wave 
l ithotripsy (ESWL) may be emp loyed . Surg ica l  remova l of 
b i l i a ry stones is  rarely requ i red.  For fa i led pancreatic stone 
extraction, surgery may be i nd icated to improve patient 
sym ptoms from chron ic  pancreatitis .  

D i lat ion of pancreat ic str ictu res ca n be performed us ing  
s im i l a r  ba l loon d i lat ion catheters as b i l i a ry str ictu res. 
However, owi n g  to the s m a l l e r  size of the pancreat ic 
d u ct, the s izes of the b a l l oons  used are sma l l e r. Ad
d it iona l ly, s m a l l e r  g ra d u ated boug ie  type d i l ators a re 
a l so ava i l a b l e  for d i lat i n g  s m a l l e r  and  t ig hter pancre
at ic  duct str ictu res. These d i l ators provide axi a l  fo rce 
in add it ion to rad i a l  force and ca n be q u ite h e l pfu l  i n  
pat ients with chron ic  pancreatit is a n d  resu ltant f ibrotic 
str ictu res. 
Occasiona l ly, l a rger  d i ameter d i l ators are requ i red for 
b i l i a ry i nd ications .  In cases where the b i l e  duct is  d i lated 
proxim a l  to a stricture or  d i lat ion of a b i l i a ry sph incterot
omy orif ice is  needed for l a rge stone passage, graduated 
esophagea l  ba l l oon d i l ators can be used . In pr inc ip le, 
these devices, designed for esophagea l  strictu res, work 
s i m i l a r ly to ded icated b i l i a ry and pancreatic ba l l oon  
d i l ators. 
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STENT I NSERTION 

• Va rious b i l i a ry and pancreatic stents are ava i l ab le  and 
they  d iffer i n  terms of  materia l  (p last ic  or metal) ,  d i am
eter, length, and  des ign .  Whereas the practice of  p last ic  
stent i nsert ion has not changed much over the years, 
the use of meta l  stents has expa nded g reatly (FIG 6). 
Previous ly, meta l mesh stents were used for p a l l i at ion 
of m a l i g na ncy but newer, covered metal  stents a re ava i l 
ab le .  S u c h  stents a re eas i ly  remova b le  and  hence a re 
be ing used for ben ign i nd icat ions .  The genera l  pu rpose 
of stents is  to serve as a condu it  for d uct dra inage across 
an obstruct ion .  Stents can be p laced temporar i ly for be
n i g n  i nd ications or as a br idge to defi n ite thera py. Ad
d it iona l ly, they can be permanently p laced for p a l l i at ion 
i n  the sett ing of nonoperab le  ma l i gnancy. 

A 

c 

E 

• The genera l  tech n i q u e  for stent i nsert ion  is over a 
g u idewire advanced deep ly  i nto the des i red d u ct .  
Whi le kee p i n g  g u idewire access, the stent i s  dep loyed 
us i ng  endoscop i c  and f l uoroscop i c  g u i d a nce through 
the duodenoscope us ing  a push i n g  catheter. It i s  i m por
tant to keep the scope t i p  c lose to the pap i l l a , m a k i n g  
s u re the stent i s  a i m i n g  i n  the a x i s  o f  the des i red d u ct 
as it is be ing  dep loyed.  If too much  of the stent is ex
posed i nto the d uodena l  l u men,  it  can lead to bowing  
of the stent a n d  d iffi cu lty i n  passage .  Th i s  i s  especi a l ly 
i m portant i n  try i ng  to pass stents across t ight str ictu res. 
Whether or  not to d i l ate str ictu res pr io r  to stent de
p l oyment depends on  str ictu re cha racte r i st ics and en
doscop i st preference .  

FIG 6 • Endoscop ic  and f luoroscop ic  v iews of p last ic  and  meta l b i l i a ry stents. 
A. F luoroscop ic  v iew of a b i l i a ry str icture .  B. Endoscop ic  image of a dep loyed p last ic  
b i l i a ry stent. C. Rad iograph i c  appearance of a p lastic b i l i a ry stent. D,E. Endoscop ic  
v iews of a wel l -posit ioned meta l b i l i a ry stent. F. F luoroscopic  a p pearance of a meta l 
b i l i a ry stent. 
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TISSUE ACQUISITION 

• Tissue can be acq u i red from the b i l i a ry or pancreatic 
ducts for h isto log ic  and cyto log ic  exa m inat ions .  Typ ica l ly, 
th i s  t issue is acq u i red from strictures when the etio logy, 
that is, ben ign  versus m a l i g n a nt, is in q uest ion .  The usua l  • 
devices for h i sto logy and  cyto logy a re cold b iopsy for
ceps and brushes, respectively. These are passed through 

CHOLANGIOSCOPY AND 

PANCREATOSCOPY 

• 

• 

In certa i n  s ituations, d i rect v isua l ization of the i nter ior of 
ducts may be req u i red.  The two m a i n  i nd icat ions at the 
current t ime are visu a l i zat ion of i ndeterminate strictu res 
(and tissue acqu i s it ion under  d i rect endoscop ic  g u id
ance) and l ithotr i psy of l a rge stones. Older systems used 
a " m other-daughter"  system i n  which a sma l le r  scope 
was i nserted through the duodenoscope d i rect ly i nto the 
ducts. These "daug hter" scopes were prone to damage 
from the e levator of the duodenoscope. D isposa ble, m u l 
t i l u men, steerab le  catheter devices a re presently used. 
These can be i nserted through the d uodenoscope chan
ne l  i nto the pancreatic and  b i l i a ry ducts. Through these 
catheters, a reusab le  optica l f iber i s  passed for visua l iza
t ion and speci a l l y  des igned b iopsy forceps can be used for 
t issue acq u isition .  Newer systems a imed to provide im
proved opt ics and  tissue acquis it ion a re be ing deve loped.  
Usage of cho lang ioscopes and pancreatoscopes ca n be 
tech n i ca l l y  cha l l eng ing  beca use the endoscop ist has to 

SPECIAL SITUATIONS 

• 

• 

E RCP can be used in spec ia l  s ituations such as SOD, per
formance of a m p u l l ectomy, or in the ped iatr ic setti n g .  
SOD is a somewhat controvers ia l  topic b u t  h a s  been i m p l i 
cated as a potent ia l  cause of pancreatic  or b i l i a ry d isease. 
Patients with SOD a re espec ia l ly h i gh  r isk for post-ERCP 
pancreatitis, and  the procedure should on ly  be under
taken if there is objective evidence to support the d iag
nos i s  or a n  extens ive pr ior  workup has been un revea l i n g .  
I t  is  genera l ly c lass if ied as b i l i a ry or  pancreatic and  fur
ther subc lassified depend ing  on presence/absence of d i la
t ion of the duct and presence of laboratory abnormal ities 
(elevated l iver or  pancreatic enzymes). Specia l i zed, g rad-

• 

• 

uated manometry catheters a re passed i nto the ducta l or- • 
if ices and pressure is measu red . A susta i ned pressure over 
40 m m H g  is cons idered abnormal  and is  an i nd i cation for 
sph incterotomy. Postprocedura l ly, patients shou ld  be wel l  
hyd rated with i ntravenous (IV) f lu ids  a n d  a prophylactic, 
tempora ry pancreatic stent shou ld  a lways be p laced to re
duce the risk of post-ERCP pancreatitis .  Newer data sug
gests that the use of postprocedu ra l  recta l, nonstero ida l  
ant i infl a m m atory d rugs (NSAI Ds) can a lso reduce the r isk 
of post-ERCP pa ncreatitis i n  such h igh-r isk groups.4 

the work ing  channe l  of the duodenoscope i nto the duct 
and adva nced under  f luoroscop ic  g u idance to the a rea 
i n  quest ion .  Under  rea l -t ime f luoroscopy, the endoscop ist 
ca n then take b iopsy spec imens or brush i ngs, which are 
then sent to the appropr iate laboratory for ana lysis .  
Occasiona l ly, spec imens ca n be taken under d i rect visu
a l izat ion of the i nter ior of the duct dur i ng  choledochos
copy or pancreatoscopy (see next sect ion for deta i l s) .  

ma inta i n  s imu lta neous control of  the d uodenoscope and  
the sma l l e r  scope. Usua l ly, once  g u i dewi re access of  the  
des i red d uct is  ach ieved, the device w i th  its control d i a l  
end is  attached t o  t h e  duodenoscope and  t h e  catheter 
end is  advanced through  the d uodenoscope i nto the 
duct. Us ing both f luoroscop ic  g u ida nce and endoscop ic  
v isua l i zat ion of the i nter ior  of the duct, the endoscop ist 
can eva l u ate for presence or extent of ma l i gnant-a ppear
i ng  les ions, obta i n  b iopsy spec imens, exa m i n e  the duct 
for any stones, or perform l ithotri psy of large stones. 
I n  specif ic s ituat ions when the d uct ca l i ber is  very l a rge, it 
may be poss ib le  to insert a forwa rd-viewing  gastroscope 
d i rectly i nto the b i l i a ry or pancreatic ducts (without the 
use of a duodenoscope). Although such proced u res may 
be tech n i ca l l y  cha l l eng i ng, the potenti a l  advantages 
inc lude i m p roved visua l i zat ion, a b i l ity to pass standard 
s ize b iopsy forceps, and  ca ptu re/remova l or mechan ica l 
l ithotri psy of l a rge stones under  d i rect view. Th is  proce
d u re has been associated with a i r  venous embol ism, so 
the use of carbon d ioxide (C02) as a n  i nsuffl ati ng  agent 
is req u i red . 

ERCP can be used to perform a m p u l lectomy for obstruct
i n g  adenomas (FIG 7). If the les ion i s  la rge, E U S  shou ld  be 
performed fi rst to ensure endoscop i c  resecta b i l ity. Va r i
ous  tech n i q ues for a m p u l l ectomy have been descr ibed; 
if  poss ib le, a n  attem pt shou ld  be made to perform an 
en  b loc hot snare resect ion .  A subm ucosa l i nject ion of 
sa l i n e  may be performed i n it i a l l y  to provide  a ca utery 
cush ion pr ior  to remova l .  If the les ion is too l a rge for 
en bloc resect ion,  p iecemea l a m p u l l ectomy with cauter
izat ion of the edges of the resect ion base can be per
formed.  P lacement of a prophylact ic  pancreatic stent 
and b i l i a ry sph incterotomy a re reco m m ended to reduce 
the r isk of postprocedure pancreatit is and cho lang it is, 
respectively. 
ERCP is l ess common in the ped i atr ic popu lat ion but i s  
usua l ly performed for b i l i a ry stone extract ion .  For sma l l  
ch i l d ren, a spec ia l ized pediatr ic d uodenoscope is  used . 
It is l i m ited by the sma l l -s ized accessory devices, which 
ca n be accom modated through  i ts  work ing chan n e l .  For 
older ch i l d ren and ado lescents, genera l ly, the standard 
d uodenoscope with accessories ca n be used . Other less 
common ind ications cou l d  inc lude postoperative stric
tu res, traumat ic  or  postoperative b i l e  or  pancreatic leaks, 
or chron ic  pancreatitis due  to a genet ic  et io logy. 
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A 

FIG 7 • Pre- and  postam p u l l ectomy endoscop ic  images. A. Endoscop ic  v i sua l izat ion 
of a sess i l e, a m p u l l a ry polyp.  B. Endoscop ic  a m p u l l ectomy has been performed and 
catheter access to pancreatic duct is  ach ieved . The b i l i a ry orif ice is  seen above. 
C. Protective stents i n  both the b i l e  d uct (right) and pancreatic d uct ( left) a re an 
essent ia l  com ponent of endoscop ic  a m p u l l ectomy. 

PEARLS AND PITFALLS 
I nd ications 

I ntubation of esophagus  

Cannu lat ion 

Post-ERCP com p l icat ions 

• ERCP should be performed with a therapeutic i ntent and not for d iag nostic pu rposes on ly. 
• The endoscop ist shou ld  obta i n  d iag nostic i nformation  from patient h i story and physica l ,  imag ing ,  

and  laboratory parameters to ca refu l l y  sel ect those patients who wi l l  benefit most from therapeu
t ic  ERCP. 

• Due to the s ide-viewi ng  nature of scope, passage through oropharynx and esophagus  is mostly by 
feel and  not d i rect v isua l ization .  

• If patient's h i story suggests abnorma l  or  post-surg ica l  a n atomy or  any d ifficu lty i s  encou ntered 
with the d uodenoscope, the a n atomy shou ld  be eva l u ated with a forward v iewing  scope. 

• Selective can n u l at ion of the desi red d uct is  the key to successfu l  E RCP and req u i res expertise and  
patience. 

• Successfu l  ca n n u lat ion i s  ach ieved by knowledge of normal pa p i l l a ry a natomy, proper scope posi
t ion,  and a l i g n i n g  the ca n n u lat ing device to the axis of the d uct of cho ice .  

• The ca n n u lat ing device shou ld  never  be forced i nto the duct. 

• Pat ients that a re h i g hest risk for post-ERCP com p l icat ions (espec ia l ly pancreatitis) are often the 
ones that do not have a firm ind ication for the procedure .  

• I n  those w i th  h i g h  r i s k  fo r  pancreatitis, ensure that  they receive adequate i ntra- and  postprocedure 
IV f l u ids, p lacement of temporary pancreatic stent, and/or recta l  NSAIDs .  It may be wise to a d m it 
these patients postproced u ra l ly for observat ion .  

• If com p l i cat ion i s  suspected or  confirmed, a d m it the patient and treat accord i n g ly. Keep patient 
and fa m i ly fu l ly i nformed of patient prog ress. 
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POSTOPERATIVE CARE 

• Generally, ERCP can be done as an outpatient procedure; 
however, patients may need to be observed longer than those 
undergoing standard endoscopic procedures. High-risk pa
tients (such as those with SOD) or those with difficult cannu
lation have higher rates of post-ERCP pancreatitis and may 
be prophylactically admitted to the hospital for observation. 

• Once patients recover from the procedure, they can resume 
their normal activities, medications, and diet. In patients 
who need to restart anticoagulation, it is generally safe to 
resume postprocedurally. 

OUTCOMES 

• ERCP itself has high procedural success rates when per
formed by skilled endoscopists, but patient outcomes ulti
mately depend on the indications of the procedure. 

• For biliary indications, the procedure has excellent immedi
ate success rates for stone clearance, reestablishing bile flow 
in benign and malignant strictures, and resolution of bile 
leaks. 

• ERCP in patients with chronic pancreatitis should be in well
selected patients that are maximized on medical therapy. 
In such patients, it has potential for good short-term results, 
but due to the nature of the disease, may ultimately need sur
gical therapy. In patients with pancreatic malignancy caus
ing biliary obstruction, ERCP can reestablish immediate bile 
flow, but ultimate outcome will depend on the clinical stage 
of the disease. 

COMPLICATIONS 

• Table 3 

Table 3: Complications of Endoscopic Retrograde 
Cholangiopancreatography 

PosHRCP pancreatitis ( 1 . 5%-20%) 
Hemorrhage (0 . 1  %-2.0%) 
Perforation ( < 1 %) 
Infection ( < 1 %) 
Cardiopulmonary ( 1  %) 
Miscellaneous 

Stent related (migration, occlusion, perforation, acute cholecystitis, biliary or 
pancreatic duct injury) 

Ileus 
Hepatic abscess 
Pneu mothorax/pneum om ed iasti n u m 
Duodenal hematoma 
Portal venous air 
Impaction of therapeutic devices (stone retrieval baskets) 
Perforation of colonic diverticula 

ERCP, endoscopic retrograde cholangiopancreatography. 
From ASGE Standards of Practice Committee; Anderson MA, Fisher L, Jain R, 

et a/. Complications of ERCP Gastroi ntest Endosc. 2012;75(3):467-473. 
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Chapter 5 Intraoperative Cholangiogram 
- ----------------------------------- ·----------------------------------------------------- .. 

Chasen A. Croft Da wood G. Dalaly 

DEFINITION 

• Intraoperative cholangiography (IOC) is the use of radiog
raphy with contrast media injected directly into the biliary 
tree to determine biliary anatomy, assess the biliary tree for 
obstructive processes, and to evaluate for potential injury to 
the biliary tract. 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• Many surgeons routinely perform cholangiography as a part 
of every cholecystectomy. Others selectively use cholangiog
raphy based on the results of preoperative testing or intra
operative findings. A preoperative common bile duct ( CBD) 
diameter greater than 6 mm, obstructive jaundice (direct 
bilirubin >4.0 g/dL), pancreatitis, and small stones in the 
gallbladder have all been forwarded as indications for IOC. 
Intraoperative indications would include palpating stones in 
the CBD, unclear biliary anatomy, or to evaluate for inad
vertent injury to the biliary tree. 1  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Prior to proceeding with cholecystectomy with IOC, patients 
should have an ultrasound evaluation of their biliary tree 
to assess for cholelithiasis, cholecystitis, and to determine 
the diameter of the extrahepatic CBD. Note that abdomi
nal ultrasound is not a sensitive indicator of choledocholi
thiasis as CBD gallstones are often located in the distal CBD 
within the intra pancreatic portion and are thus obscured by 

air in the overlying stomach and/or are beyond the depth of 
penetration of ultrasound. 

• In the absence of cholangitis, but presence of ultrasound or 
laboratory findings suggestive of choledocholithiasis, one 
forwarded option is to preoperatively evaluate the biliary 
tree with magnetic resonance cholangiopancreatography 
(MRCP) to determine the cause of biliary tree obstruction. 
Should biliary obstruction be present, preoperative endo
scopic retrograde cholangiopancreatography (ERCP) is 
then performed to clear the duct of stones prior to cholecys
tectomy or identify more ominous etiologies of the biliary 
obstruction. 

• Alternatively, others have advocated directly proceeding to 
cholecystectomy with roc in this clinical setting, arguing 
that current modalities lack accuracy in identifying clinically 
significant choledocholithiasis and performance of an roc 
often clears the duct of small stones. As such, these surgeons 
argue that the presurgical probability that an ERCP is neces
sary is low and this approach is more cost-effective by avoid
ing unnecessary ERCP. 

SURGICAL MANAGEMENT 

Positioning 

• The patient should be placed in the supine position on the 
operating room table. The left arm is preferentially tucked 
against the torso to provide room for C-arm fluoroscopy. 
The table should be positioned with respect to the support
ing pedestal so as to allow the fluoroscopy C-arm to slide 
underneath the operating table unobstructed ( FIG 1 ) .  

F IG  1 • A.  T h e  patient is  posit ioned s u p i n e  with t h e  left arm tucked . A footboa rd i s  p laced . T h e  C-a rm f luoroscopy u n it i s  posit ioned 
to the patient's left, with the mon itor rea d i ly vis ib le to the operat ing  surgeon who is  on  the patient's r ig ht. B. The patient m ust be 
posit ioned with respect to the pedesta l of the operati ng  table so that there is  adequate room for the C-a rm.  (continued) 
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FIG 1 • (continued) C. Photogra p h  demonstrat ing a c lear  path 
beneath the abdomen of the patient for the C-a rm .  

CHOLANGIOCATHETER PLACEMENT 

• Cystic  d uct approach 
• The g a l l b ladder i nfund i b u l u m  shou ld  be mob i l ized 

and d issect ion of Ca lot's tri ang le  shou ld  identify the 
cyst ic  duct and a rtery enter ing the infu n d i b u l u m .  

• Once the cyst ic d uct is c i rcu mferenti a l l y  d i ssected, a 
c l i p  shou ld  be p laced across the cyst ic duct as proxi
mal as  poss ib le  to the i nfu n d i b u l u m  (FIG 2). 

• A ductotomy shou ld  be made a long  the cyst ic  duct, 
l eaving  adequate length for subsequent doub le  
c l i p  l igation .  Ca re m ust be taken to avo id  fu l l y  
tra nsecti ng the duct w ith  th is  maneuver. An i ntact 
poster ior-cepha lad  cyst ic  duct wa l l  is essenti a l  to 
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• The C-arro fluoroscopy unit should be positioned to the 
patient's right with the screen monitor clearly visible to the 
operating surgeon. 

• The bed should have a footboard placed and the patient 
should be well secured to the operating table, as reverse 
Trendelenburg position is required during the procedure. 

Radiation Safety 

• The surgeon must be knowledgeable in the use of fluoros
copy. This should include successful completion of institu
tional training including certification for use of fluoroscopy 
in the operating theater. 

• All operating room personnel should don appropriate pro
tective garments prior to scrubbing and gowning. 

m a i nta i n  exposure and  fac i l itate p lacement of the 
cho lang iogram catheter (FIG 3). Note that it is  typ i 
ca l  fo r the ductotomy to en l a rge with  the necessa ry 
latera l  retract ion to provide exposure or with ma
n ipu lat ion with the cho lang iogra m  catheter. Fur
thermore, the skeleton i zed cyst ic duct typ i ca l ly l acks 
i ntr ins ic  strength and can tea r eas i ly  with agg ressive 
retract ion once a ductotomy has been made.  

• Two tech n iq ues for p lacement of the cho lang iocath-
eter for l aparoscop ic  IOC have been described: 

The fi rst techn ique  emp loys a 5-Fr cho lang io
catheter i nserted through  a n  i ntrod ucer sheath 
(FIG 4). This  sheath, ava i l ab le  as a com ponent 

FIG 2 • A her c i rcumferentia l  d i ssect ion of the cyst ic duct, a c l ip i s  app l i ed at the j u nction with the i nfund i b u l u m .  
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A B 

FIG 3 • A. A ductotomy is sharp ly i nc ised . B. The ductotomy shou ld  j ust be l a rge enough to a d m it a sma l l-ca l i ber  
catheter. Note the major ity of the cyst ic  d uct rema ins  i ntact. 

of commerc i a l ly ava i lab le  cho lang iogra m  cath
eter k its, i s  i nserted throug h a separate i nc i s ion 
a long  the r ight su bcosta l  m a rg i n .  P lacement 
of this i nc i s ion shou ld  be g u ided by location 
of the ductotomy. Idea l ly, the catheter enters 
the a bdomen l atera l and  caudad to the cyst ic  
duct (FIG S). 
The catheter is  then gently g u ided i nto the cys
tic duct with atrau matic tech n ique  and secu red 
with a part i a l l y  occl ud ing  c l i p  p laced just d i sta l 
to the ductotomy. 
An a lternative techn ique  is to use an O lsen
Redd ick c l amp  (FIG 6). This  device has  a channe l  

/ 

FIG 4 • The cho lang iogram catheter is i nserted i nto the 
cyst ic  d uct. The catheter dep icted has a n  expandab le  cuff that 
can be appreciated with i n  the cyst ic duct. 

• 

through  the center of the c l amp  to accommo
date a 5-Fr cho lang iocatheter. The c lamp is  ad
va nced though a l atera l ly p laced troca r. Once 
i ntraabdomina l ,  the jaws of the c lamp a re 
opened and the cho lang iocatheter is i nserted 
through  the center channe l  unt i l  the catheter 
tip extends beyond the jaws of the c l amp .  The 
catheter is  then d i rected i nto the cyst ic  duct. 
Once in p lace, the jaws of the c l amp are c losed 
a round the cyst ic duct and cho lang iocatheter, 
preventing  leakage of contrast through the 
ductotomy (see FIG 2). 
This  method remove the use of c l i ps a long the 
cyst ic  d uct dur ing IOC.  

I nfund i b u l a r  approach 
• This  approach is less tech n ica l l y  demand ing  than d i 

rect ca n n u l at ion of the cyst ic duct. It is  a lso of va l u e  
s h o u l d  identif ication o f  t h e  cyst ic duct be d ifficu lt  
secondary to i nf lam mation or  sca rr ing of the porta 
hepatis; however, in th i s  c l i n i ca l  sett ing,  the cyst ic  
duct may be occ luded,  prec l ud ing  the approach.  

FIG 5 • Ca n n u lat ion of the cyst ic  duct us ing a f lex ib le  5-Fr 
cho lang iogram catheter. A c l i p  i s  p laced across the cyst ic  
duct just proxi m a l  to i nfund i b u l u m  of the g a l l b ladder and a 
second, nonoccl ud ing  c l i p  is p laced across the cyst ic  d uct and  
catheter to  prevent retrograde leakage of  contrast mater ia l .  



"-'---___:-.,-----�:----- Olsen-Reddick 
clamp 

FIG 6 • An O lsen-Redd ick  c l amp can be used to sta b i l ize and 
expose the cyst ic  duct. The c l amp  has a channe l  fo r passage  of  
the cho lang iogram catheter. 
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• The peritoneum should be incised and the i nfundib
u lum d issected free from the hepatic bed. Once the 
infund ibu lum is mobi l ized, a Kumar c lamp should be 
inserted through a latera l ly p laced subcosta l trocar. 
This c lamp has long, atraumatic jaws, which com
pletely occ lude the infund ibu lum,  and a side channel  
for the i ntroduction of a need le-ti pped cholang io
catheter. The c lamp is app l ied a long the lower body of 
the ga l lb ladder, just above Hartmann's pouch (FIG 7). 

• Advance the Kumar  catheter through  the s ide chan
ne l  and  v isua l i ze the need le  as Hartmann 's pouch is  
punctured.  

• Once the catheter is p laced, asp i rat ion of b i l e  con
tents ensu res adequate b i l i a ry access. 

Fundus  approach 
• If neither cyst ic  duct nor  i nfund ibu l a r  approaches 

a re feas ib le, a cho lang iocatheter ca n be i nserted 
d i rect ly through  the fundus  of the g a l l b ladder. 
Th is  techn ique  is s i m i l a r  to that of the cyst ic  d uct 
approach.  Dur i ng  IOC, a l a rger  vo lume  of contrast 
must be used as the ent i re g a l l b ladder  must fi l l  pr ior  
to visu a l i z ing  the cyst ic  duct. 

Jaws around Hartmann's pouch 
Cholang iocatheter ----

FIG 7 • A Kumar  c l amp  is used when performing  an IOC by i nject ing the i nfu n d i b u l u m  of the g a l l b ladder. Th is  is the l east 
tech n ica l l y  demand ing  approach to IOC but not a n  opt ion in the sett ing of acute cho lecystit is .  
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Butterfly needle 

Contrast-containing 
syringe 

FIG 8 • A 25-gauge butterfly needle ca n be d i rect ly i nserted i nto the CBD. When performed l aparoscop ica l ly, one of the 
f langes of the needle can be removed to fac i l itate passage throug h the troca r. 

• Need le  cho lang iogram approach 
• I n  the c l i n ica l  s ituation of acute cho lecystit is where 

inf lam mation is extens ive and the pr imary i nd ica- • 
t ion for cho lang iography is defi n i n g  the anatomy 
of the b i l i a ry tree, the CBD ca n be d i rect ly cannu
l ated w ith  a sma l l-ga uge butterfly need le  (FIG 8). 
Once comp lete, the puncture s ite shou ld  be c losed 

CHOLANG IOGRAM 

• Pr ior to i nsert ion,  the cho lang iogram catheter shou ld  be • 
fl ushed with sa l i n e  to avo id i nject ion of a i r  bu bb les that 
can easi ly be mis i nterpreted as CBD stones. • 

• Once the cho lang iogra m  catheter has been successfu l l y  
p l aced, the catheter shou ld  be gent ly  f l ushed with  sa l i n e  

with a n  i nterrupted 4-0 a bsorbab le  monofi la ment 
suture .  

Open tech n ique  
• Dur ing  open hepatob i l i a ry surgery, IOC may be per

formed by i nsert ing a cho lang iocatheter in a s i m i l a r  
fash ion u s i n g  any  o f  the aforementioned laparo
scop ic  tech n iq ues. 

to ensure no leakage of contrast w i l l  occur  d u ri ng  chol 
ang iogra phy. 
The f luoroscopy C-a rm shou ld  be moved i nto posit ion, 
tak ing  ca re to m a i nta i n  ster i l ity (FIG 9). 
The accessory laparoscopic  i nstruments and camera shou ld 
be removed.  

FIG 9 • Operative photograph of appropriate C-arm 
position ing .  
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FIG 1 0  • Norma l  cho lang iogra m .  Note visu a l izat ion of the ent i re b i l i a ry tree i nc l ud ing  the i ntrahepatic ducts (arrow) (A) . 
Passage of contrast i nto the d uoden u m  without fi l l i n g  defects is a lso demonstrated (arrow) (B) . 

• 

• 

A test cho lang iogram shou ld  be performed to verify ad
equate posit ion ing  of the f luoroscop ic  C-a rm.  
After posit ion is  verif ied, the IOC i s  performed.  Ten to 
25  m l  of low osmo la r, rad iopaque contrast i s  usu a l ly 
req u i red for v isua l i zat ion of the ent i re b i l i a ry tree. The 

duct, CBD,  left and r ight hepatic ducts, and  passage of 
contrast i nto the duodenum a re a l l  v i sua l ized.  Th is  may 
be fac i l itated by a lter ing patient posit ion i ng, us ing 
Trende lenburg, reverse Trende lenburg, and  latera l rota
tion of the patient (see FIG 6). 

a uthors typica l ly d i l ute the water-so lub le  contrast 1 : 1  • Exa m p les of d ista l obstruct ion  remove from m a l i g n a ncy, 
i n fl a m m at ion,  or ca lcu l i  a re shown in FIGS 1 0  to 1 2 . in norma l  sa l i ne .  An IOC is not adequate unt i l  the cyst ic  

FIG 11 • Visua l i zat ion of a CBD  stone by IOC.  A fi l l i n g  defect 
is  noted in the d ista l CBD;  there is  lack of flow of contrast 
materia l  i nto the duodenum desp ite adequate pressure (black 
arrows). I nc identa l  fi l l i n g  of the pancreatic duct can a lso be 
appreci ated i n  this exa m p l e  (white arrow). 

51 3 
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A B 

FIG 1 2  • A. B i l i a ry obstruct ion due to m a l i g na ncy. B. Note the i rreg u l a r  border of the m a l i g nant "she lf" (arrow).  

PEARLS AND PITFALLS 
Patient select ion 

Surg i ca l  management 

Operative dec is ion 
mak ing  

Cho lang iogram 
i nterpretat ion 

• Routine versus sel ective app l icat ion of IOC is  a subject of controversy. 

• Posit ion ing  of the patient with respect to the pedesta l of the operat ing tab le is essent ia l  for access of 
the C-a rm f luoroscopy u n it .  

• The semicircu lar  va lves of the cystic duct can i m pede the advancement of the cholang iogram catheter. Care 
must be taken to not cause a laceration whi le  advanc ing the catheter into the duct. 

• I ntraoperative cholang iogram dur ing cholecystectomy should be used whenever anatomy is confusi ng .  
• If the cystic duct cannot be adequately mobi l ized, either the infund ibu lar  or fundus  approaches are 

acceptable a lternatives for p lacement of the cholangiocatheter. 

• F l ush the catheter pr ior  to i nsert ion to avoid the i ntrod uct ion of a i r  i nto the CBD .  The bu bb les that 
form cannot be easi ly d ifferentiated from stones.  

• If the entire b i l i a ry tree cannot i n it ia l ly be visual ized dur ing IOC, the patient should be repositioned to 
ensure flow of contrast is not being inh ib ited by hydrostatic pressure.  If ,  after reposit ioning, the b i l i a ry tree 
cannot be seen in  its enti rety, one should suspect an obstructive process or inadvertent ducta l injury. 

• If d ista l obstruct ion is identif ied, l igate the cyst ic  duct rather  than c l i p  it to red uce the r isk of 
postoperative b i l e  leak .  Leave a d ra i n .  

POSTOPERATIVE CARE COMPLICATIONS 

• Postoperative care does not differ from that described for 
cholecystectomy. 

OUTCOMES 

• The selective application of IOC versus routine IOC remains 
a subject of controversy; differences in outcomes between 
the two approaches have not been well demonstrated.2•3 

• IOC with CBD exploration versus postoperative endoscopic 
retrograde cholangiography has been shown to be more 
cost-effective than routine preoperative assessment of CBD 
stones.4 

• Laceration of the cystic duct or CBD 
• Bile leak 
• Radiation injury to the skin 
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Chapter 6 Percutaneous Transhepatic 
Biliary Imaging and 
Intervention 

·----------------------------------------------------- .... 

Brian 5. Geller 

DEFINITION 

• Cholangiography is the term used to describe the evaluation 
of the biliary system by fluoroscopy after injection of radi
opaque material (contrast) .  The introduction of contrast can 
be performed either in a retrograde (via endoscope) or an 
antegrade manner. 

• The antegrade introduction of contrast requires percutaneous 
transhepatic access into the biliary system. A percutaneous 
transhepatic cholangiogram (PTC) is commonly performed 
when a magnetic resonance cholangiopancreatography 
(MRCP) and endoscopic retrograde cholangiopancreatogra
phy (ERCP) were inconclusive or unable to be performed. 

• When an obstruction of the biliary system cannot be managed by 
endoscopic means, a drainage catheter can be placed. This proce
dure is known as percutaneous transhepatic drainage (PTHD). 

• Numerous biliary pathologies are routinely managed by the 
percutaneous route: stone/debris removal, stricture dilation, 
long-term catheter drainage, and metallic stent placement. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A PTC is an invasive procedure and as such, non- or less 
invasive imaging of the biliary system should be attempted; 
these include MRCP and ERCP. If these options fail to make 
the diagnosis or cannot be performed due to the patient's 
anatomy, then a PTC should be performed. 

• Indications for cholangiography include biliary stenosis or 
obstruction, or bile leak. The underlying pathology includes 
stones, malignancy, infection, inflammation, fibrosis/scarring, 
and iatrogenic complications. 

• Patients with biliary obstruction or moderate- to high-grade 
stenosis usually present jaundice with elevations of the alkaline 
phosphatase (ALP) and total bilirubin (TB) .  ALP is a more 

FIG 1 • Axia l  US image of the l iver demonstrat i ng  marked 
i ntra hepatic b i l i a ry ducta l  d i l at ion .  

sensitive identifier of biliary pathology and typically precedes 
elevation of the TB. If the bile has become infected, the patient 
can also present with fever, leukocytosis, and sepsis. Bile leaks 
present with abdominal pain (secondary to a chemical perito
nitis ) ,  fever, leukocytosis, nausea/vomiting, and jaundice. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Ultrasound (US) or computed tomography ( CT) can be used 
to diagnose biliary dilation. Note: Posttransplant livers do 
not normally have dilated ducts when obstructed.  

• First-line imaging of the biliary system is routinely a US. 
This modality is readily available, inexpensive, and uses no 
radiation. US is optimal for detection of biliary dilation, 
gallbladder pathology, and ascites. It also serves a role in 
the identification and characterization of hepatic masses and 
Doppler mode provides information regarding potential vas
cular pathology ( FIG 1 ) .  

• When a broader view o f  the abdomen i s  needed, a C T  scan 
can be performed. Intravenous (IV) contrast is routinely 
administered, and due to the nature of the exam, the patient 
will be exposed to radiation (equivalent of -100 chest 
x-rays) ( FIGS 2 and 3). 

• MRCP can also be performed to evaluate the biliary system 
and surrounding liver parenchyma. Note that the nature of 
the magnetic resonance (MR) protocol that is required to 
optimally visualize, the biliary system, does not optimally 
assess surrounding structures, thus limiting the evaluation of 
nonbiliary pathology ( FIG 4) .  
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FIG 2 • Axi a l  CT image with marked i ntrahepatic b i l i a ry ducta l  
d i lat ion and pancreatic ducta l  d i l at ion .  
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FIG 5 • I mages from a H I DA scan (four  i mages on r ig ht) of a 
tra u m a  patient with a l iver l acerat ion .  There is tracer accu m u lat ion 
i n  the reg ion of the r ight hepatic lobe, which corresponds to an 
i n creas ing f lu id co l l ect ion on CT. 

FIG 3 • Axi a l  CT image with b i loma and  free fl u i d .  The patient 
was fo l lowing  r ight hepatectomy. 

• When evaluating for a bile leak, cholescintigraphy (also known 
as a hepatobiliary iminodiacetic acid [HIDA] or diisopropyl 
iminodiacetic acid [DISIDA] scan) can be performed. The 
radiopharmaceutical is taken up by the liver and excreted into 
the bile. When the tracer is seen accumulating outside of the 
liver, or in intrahepatic cavities, the diagnosis of leak can be 
confirmed (FIG 5) .  

F IG  4 • Corona l  image from M RCP demonstrati ng d i l at ion 
of the r ight a nter ior  and l eft hepatic ducts. The r ight poster ior, 
common hepatic, and  pancreatic ducts a re of norm a l  ca l i ber. 

PERCUTANEOUS TRANSHEPATIC 

CHOLANGIOGRAPHY 

Immediate Preprocedure 

SURGICAL MANAGEMENT 

Preprocedure Planning 

• All related imaging to the patient's condition should be reviewed. 
A PTCIPTIID can be performed either under conscious seda
tion or with general anesthesia (preferred) .  Thus, the patient ide
ally will be nil per os for at least 6 hours prior to the procedure. 

• For any procedure that manipulates the biliary system, there is 
an increased risk of septicemia and endotoxemia. The patient 
should receive antibiotics within 1 hour of start time. The mix of 
gastrointestinal flora should guide antibiotic choice (gram nega
tives and anaerobes) .  At our institution, piperacillin/tazobactam 
3.375 g is routinely used. In patients who are penicillin allergic, 
ciprofloxacin 400 mg and metronidazole 500 mg are given. 

• Unless the left-sided ducts are unilaterally dilated, a right
sided approach is routinely used, as this will drain a larger 
portion of the liver and will decrease radiation exposure to 
the interventionalist. 

Positioning 

• Biliary procedures are performed with the patient in the 
supine position, arms at the side. 

• 

• The patient's abdomen shou ld  be c leaned and  prepped 
from the n ipp le  l i n e  to the left m idaxi l la ry l i ne to 5 em 
below the u m b i l icus and beyond the r ight poster ior  
axi l l a ry l i n e .  

• 

When right-s ided access is warranted, a hemostat should 
be p laced at the r ight m idaxi l l a ry l i ne  at the selected access 
site dur ing deep insp i ration (FIG 6). This is  used to verify 
that the entrance site is  below the greatest d iaphragmatic 
excurs ion .  Access above th is  mark should not be attem pted 
as it exposes the patient to the risk of v io lat ing the p leura, 
result ing i n  pneumothorax or b i l i a ry-p leura l  f istu la .  
Loca l anesthetic shou ld  be used and a sma l l  i nc is ion (2 to 
3 mm) made to fac i l itate needle passage .  
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FIG 6 • Placement of  hemostat to mark the entrance site. 

Duct Cannulation 

• Duct can n u l at ion can be performed with a 1 5-cm, 2 1 -
o r  22-gauge Ch iba need le .  These need les a re relatively 
sma l l  (thereby red uc ing b leed ing  r isk) and  ca n accept a 
0 .0 1 8- in w i re .  

• When left-s ided access is requ i red, US is routi ne ly  used 
to loca l ize a relatively su perfi c i a l  d uct. The duct is  then 
can n u l ated under  d i rect US  gu ida nce. 

• Due to the over ly ing r i bs, r ig ht-s ided access is usu
a l ly accomp l ished with a " b l i n d "  tech n i que, which ca n 
e ither be subclass if ied i nto an a nteg rade or retrograde 
approach.  

• When us ing  the retrograde approach, the C h i ba needle 
is  advanced from the l iver marg in to the m idaxi l l a ry l i ne .  
The  sty let is  removed, and under  f luoroscopy, a sma l l  
amount o f  d i l ute contrast i s  i njected a s  t h e  needle i s  
p u l led back.  

• When us ing the a ntegrade approach, the sty let is  
removed from the Ch iba needle, and  under f luoroscop ic  
gu ida nce, the need le  i s  advanced wh i l e  i nject ing  d i l ute 
contrast unt i l  reach ing  the m idc lav icu l a r  l i ne .  

• Regard less of approach, mu lt ip le passes through the l iver at 
d ifferent ob l iqu ities (cran ia l-caudal  and anterior-posterior) 
are often requ i red before a duct is cannu lated (FIG 7). The 
techn ica l cha l lenge and number of passes requ i red for 
successfu l cannu lation is d i rectly related to the extent of 
i ntrahepatic b i l i a ry d i lation .  This is particu la rly prob lematic 
i n  the sett ing of bile duct i njury with a b i l i a ry tree that is 
ful ly decompressed i nto the peritoneal space. 

• Peri phera l  ca n n u lat ion is the goa l .  Ca n n u l at ion of cen
tra l ly l ocated duct increases the r isk of a rter iob i l i a ry or  
venob i l i a ry f istu la  and hemorrhage.  

Cholangiogram 

• It is very easy for a wel l -p l aced need le to d is lodge wh i l e  
the patient i s  breath ing .  To prevent th i s  from occu rr ing,  

FIG 7 • Fan  pattern of needle passes (solid line, i n it i a l  pass; 
dashed line, subsequent passes) . Yellow i n d i cates m i d ax
i l l a ry l i n e .  

• 

• 

a 0 .0 1 8- in wi re is p laced through the Ch iba need le  and  
co i led with i n  the b i l i a ry system .  The  need le  i s  exchanged 
for the inner port ion of a n  AccuStick catheter. A Tuohy
Borst s idearm i ntroducer is  then p laced over the w i re and  
attached to  the catheter, a l lowing for  contrast i nject ion 
without loss of wi re access. 
Wh i l e  i nject ing d i l ute contrast, e ither a n  ang iograph i c  
run or  static i mages a re  obta ined i n  m u lt ip le  o b l i q u it ies 
(FIG 8). 
Once adequate i mages are obta i ned, the catheter and  
w i re a re removed . 

FIG 8 • PTC in a patient fo l lowi ng l iver transp lant with 
h i story of hepaticojejunostomy str icture.  Cho lang iogram 
demonstrates no  ev idence of str icture .  I ntra hepatic ducts 
were norma l  on other images (not shown).  

51 7 
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PERCUTANEOUS TRANSHEPATIC DRAIN 

• If durab le access to the b i l i a ry tree is ind icated, once a O.D1 8-
in wire is coi l ed with in  the b i l i a ry system, a fu l ly assembled 
AccuStick is advanced and the inner meta l l i c  cannu la  and 
4-Fr catheter are removed. A hydroph i l i c  wire and hockey
stick catheter are then used to cannu late the sma l l  bowel .  

F IG 9 • I nterna l/externa l  b i l i a ry d ra i nage  catheters i n  both 
the r ight anter ior and poster ior  ducts. 

BALLOON DILATION 

Dilations 

• Postsurg ica l  or foca l infl a m m atory sca rr ing can routi ne ly 
be treated with ser ia l ba l l oon  d i lat ion .  

• With a stiff w i re in p lace, ser ia l  d i l at ions, sta rt i ng  with 
ba l l oons 1 to 2 m m  sma l l e r  than the a rea of stenosis and  
then 2 to 3 m m  la rger  than normal  ducts, a re performed.  
The length of the ba l loon can be either 2 or  4 em i n  
length, depend ing  on the a rea o f  stenosis .  

• When a reg u l a r  ba l loon is not adequate, a scor ing ba l loon 
or  a cutt ing  ba l loon can be used i n  certa i n  c i rcumstances, 
which a re dependent on  the anatomic  relationsh i p  of 
the stricture to the hepatic vascu lature (FIG 1 1). 

• After d i l at ion,  the same s ize or l a rger  i nterna l/externa l  
b i l i a ry d ra i n  is  rep laced.  

• D i l at ions are performed every 2 to 3 weeks, for a tota l of 
three d i lat ions .  

Challenge 

• When the patient returns 2 to 3 weeks after the th i rd 
d i lat ion,  a TB is d rawn preoperative ly. 

• 

• 

• 

The hydroph i l i c  w i re is removed and exchanged for a stiff 
wire through the hockey-st ick catheter. The tract is d i l ated 
to accommodate a b i l i a ry dra inage catheter, which is po
sitioned so the proxima l  side holes a re d ra i n i ng  the i ntra
hepatic ducts and the d ista l p igta i l  i s  i n  the bowel (FIG 9). 
The catheter shou ld  then be sutured to the sk in  and  
p laced to  externa l  d ra i nage  for  24 to  48 hours, after 
which it can be capped.  
If the a rea of stenosis cannot be crossed, a n  externa l  
d ra i n  can be p laced with the p igta i l  co i led with i n  the 
i ntrahepatic b i l i a ry ducts (FIG 10). This  catheter m ust be 
kept to g ravity bag dra inage .  

FIG 1 0  • D i g ita l  subtract ion a n g iography (DSA) image of a n  
8-Fr externa l  dra inage catheter with i n  the m a i n  hepatic duct. 

• If the cho lang iogram shows that the a rea of stenosis i s  
patent, a n  externa l  d ra i nage catheter i s  p laced with the 
p igta i l  per ipheral  to the a rea i n  quest ion and capped 
(FIG 1 0). 

Success or Failure 

• The patient returns in 1 to 2 weeks after cha l lenge .  A TB 
i s  d rawn preoperative ly. 

• A cho lang iogram is performed throug h the exist ing  
catheter. If the a rea i n  quest ion rema ins  patent and the 
b i l i ru b i n  i s  norma l ,  the catheter i s  removed. 

• If e ither the cho lang iogram is abnorma l  or the b i l i ru b i n  
i s  e levated, t h e  externa l  d r a i n a g e  catheter is  rep laced 
with a n  i nterna l/externa l  catheter (FIG 1 2). 

• U nti l defi n it ive surg i ca l  management, the pat ient 
w i l l  req u i re rout ine  (every 3 months) cha nges of th is  
catheter. 

• Alternat ive ly, if a natom ica l ly feas ib le, an endoscop i 
ca l l y  retrieva b le  stent can be p l aced unt i l  defi n itive 
surg ica l  ma nagement (see fo l l owing  d i scuss ion of "Stent 
P lacement") .  
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c 

STENT PLACEMENT 

Evaluation 

• O n ly unt i l  recently, meta l l i c  stents were permanent and 
reserved for  those patients w ith  a I i fe  expectancy of  
l ess than 6 months, as there is a 50% occ lus ion rate at  
th i s  i nterva l . '  With  i ntroduct ion of the covered meta l 
stents that can be endoscop ica l ly exchanged, patients 
with longer  l ife expectancies can benefit from i ndwe l l 
i n g  meta l l i c  stents (FIG 1 3). However, i n  patients whose 

FIG 1 1  • A. Standard noncomp l i ant ba l loon .  B. A mod ified 
ba l loon a l l ows for the scor ing of the ducta l  wa l ls, which 
has shown to increase the chances of successfu l d i lat ion .  
C. A cutt ing ba l loon for  extremely d iffi cu lt  stenoses. Due 
to the r i sk  of perforation,  g reat ca re shou ld  be taken when 
us ing th i s  ba l loon .  

FIG 1 2  • Arrow ind i cates res idua l  h i gh-grade a nastomotic 
str icture after cha l lenge.  Pat ient req u i red replacement of the 
i nterna l/externa l  d ra i n age catheter. 

• 

• 

b i l i a ry systems a re not endoscop ica l ly access i b le,  these 
stents ca nnot be changed.  
Once a PTH D  has been performed and the b i l i a ry system 
has had t ime to d ra i n  (24 to 72 hours), a form a l  cho lan
g iogram i s  performed.  
There m ust be an  adequate l and ing  zone (proxi m a l ly 
and d i sta l ly) for a meta l  stent to be used . Add it iona l ly, 
each a rea of stenosis w i l l  usu a l ly req u i re a stent. In most 
s ituations, a s i ng le  centra l a rea of stenosis of e ither the 
r ight, left, and/or main hepatic ducts a re amendab le  
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FIG 1 3  • A covered, se lf-expand ing  meta l b i l i a ry stent. 

to stent p lacement. Patients with Klatsk in  tumors, who 
present with m u lt ip le  a reas of stenosis, are typ ica l ly not 
ca nd idates (FIG 14). 

Placement 

• Over a stiff w i re, a proper ly s ized stent is advanced and 
dep loyed (FIG 1 S). 

• If the stenosis i nvolves the d i sta l  common b i l e  duct, a 
short seg ment of stent (1 to 2 mm) shou ld  extend i nto 
the sma l l  bowe l .  When there is  an associated duodena l  
stricture that a l so req u i res stent ing,  a longer  seg ment of  
the b i l i a ry stent shou ld  extend i nto the bowe l, a longs ide 
the duodena l  stent. 

• A sma l l  catheter shou ld  rem a i n  across the stent for 24 to 
72 hours. 

Follow-up 

• The patient shou ld  return for a cho lang iogram in 24 to 
72 hours to determ ine  if the stent rema ins  patent. If the 
stent is  patent, the catheter ca n be removed . 

• If the stent is occl uded, an i nterna l/externa l  catheter 
shou ld  be p laced.  The patient shou ld  return for routi ne 
catheter changes every 3 months .  

FIG 14  • Cho lang iogram demonstrat ing  m u lt ip le  centra l 
i ntra hepatic b i l i a ry strictu res as we l l  as a long-seg ment 
stricture of the per ipheral  common bi le duct consistent with 
a Klatsk in  tumor. Due to the n u m ber of strictu res, this patient 
was not a stent ca nd idate. 

FIG 1 S • With sheaths and w i res through  both the r ight 
and left b i l i a ry ducts, self-expa nd ing  stents were dep loyed. 
I n  each stent i s  a n  ang iop lasty ba l l oon,  which wi l l  be i nflated 
s imu lta neously to prevent one from crush ing  the other. 
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MISCELLANEOUS BILIARY INTERVENTIONS • When perform ing  a forceps b iopsy, the sheath is p laced 
just prox ima l  to the lesion and two to three samples  a re 
obta ined and p laced in form a l i n .  Brushings/Biopsy 

• 

• 

Once a PTH D  has been performed, the area of stenosis 
crossed and the b i l iary system has had time to dra i n, and any 
associated blood that is i nvariably present after the i n it ia l  
access procedure had cleared, biopsies can be performed. 
Both brushings and a forceps biopsy are routinely per
formed to increase in  the l i ke l ihood of d iagnosis (FIG 16). 
To obta i n  brush i ngs, a sheath must be p laced across the 
stenosis, through which the brush system is advanced . 
The sheath is p u l led back to expose the brush system .  
T h e  brush is  advanced o u t  o f  its catheter m u lt ip le  t imes 
to co l lect the ce l ls .  The brush is  removed and p laced in  
cyto logy so l ution .  

Stone and Debris 

• After adequate d ra i nage, a sheath is p laced through  
wh ich  a noncomp l i ant ang iop lasty ba l loon is  advanced 
to d i late any common b i l e  duct strictu re, if  present. 

• Us ing a com p l iant ba l loon, debr is  and  sma l l  stones a re 
swept i nto the common duct and then pushed i nto the 
bowe l .  

• When the stone is too l a rge  to be pushed i nto the bowe l, 
a stone-crush i n g  basket can be used to break the stone 
i nto smal ler  p ieces. 

FIG 16 • A. B i l i a ry brush .  B. B i l i a ry i ntrod ucer forceps. 

PEARLS AND PITFALLS 
Patient h i story and 
physica l f ind ings  

Operative techn ique  

Postoperative ca re 

• B i l i a ry d i lat ion does not norm a l ly occur  in posttransp lant l ivers. 

• Defin i ng maxi m u m  insp i rat ion is  i m portant to prevent p leura l  transg ress ion .  
• To prevent septicem ia  and  endotoxemia, d i l ated b i l i a ry systems shou ld  be d ra i ned for  24 to 

72 hours after catheter p lacement.  Fu rther i ntervention shou ld  be de layed . 
• Cross ing  the m idc lavicu l a r  l i n e  d u ri ng  d uct ca n n u lat ion increases the r isk of a left-s ided 

can n u l at ion as we l l  as  travers ing centra l vessels i n  the porta hepatis .  
• M i n i m iz i ng  the ducta l  entry angle a l l ows for a proper force vector when d i lat ing the tract and 

advanc ing  the catheter. 
• Each puncture of the l iver capsu le  i ncreases the r isk of b leed i n g .  When red i rect ing the needle, 

care shou ld  be made not to remove it com p l etely from the l iver. 

• U pper endoscopy shou ld  not be performed for u p  to 6 weeks after PTH D  to prevent letha l  a i r  
embo lus  from poss ib le  b i l i a ry t o  hepatic ve i n  f istu l a .  
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POSTOPERATIVE CARE 

• Drainage catheters should be flushed twice a day with 10 mL 
of sterile 0 .9% saline. 

• Patients with internallexternal biliary catheters that are 
capped should be instructed to uncap the catheter and place 
it to gravity bag drainage if they experience abdominal pain, 
fevers, leakage, or pruritus. They should be evaluated in the 
next 24 to 48 hours . 

• During the process of a "challenge,"  it is not uncommon for 
there to be some leakage around the biliary catheter; this 
should resolve in a few days . If it does not resolve, it may 
indicate a challenge failure. 

• When a patient is draining externally, the possibility of dehy
dration and electrolyte loss must be taken into consideration. 
Patients should replace the amount of bile loss with an oral 
fluid that contains electrolyte replacement. 

OUTCOMES 

• For a PTC, the success rate is linked to whether the ducts are 
dilated. For a dilated system, the success rate nears 100%,  
however, in  a non-obstructed system the success rate is con
siderably lower (65 % ) .2 

• The success rate for all biliary interventions is dependent 
on the technical success of cannulating the biliary tree. The 
success rate for a dilated system is significantly higher than 
for a nondilated system (including transplants) ,  99% and 
74 % ,  respectively.2•3 

• Once cannulated, internalization of the catheter is success
ful in 78 % of native livers but only 5 9 %  in transplanted 
livers .4 

• Technical and clinical success rates for balloon dilation 
of benign strictures are 93% to 100% and 75 % to 94%, 
respectively.5 However, there is a wide variation based on the 
location of stenosis. 6 

• Average patency of metallic stents for malignant strictures is 
about 6 months . 1  

COMPLICATIONS 

• The risk of all complications is < 3 % 7  and include: 
Hemorrhage 
Bile leak 
Bile peritonitis 
Sepsis 
Pancreatitis 
Pleural transgression 
Contrast reaction 
Death 
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Chapter 7 Surgically Assisted 
Endoscopic Retrograde 
Cholangiopancreatoscopy 

·----------------------------------------------------- .... 

Kfir Ben-Da vid Steven J. Hughes 

DEFINITION 

• Surgical assistance to successfully perform endoscopic 
retrograde cholangiopancreatoscopy (ERCP) is necessary 
when intestinal continuity has been surgically modified 
such that the ampulla of Vater cannot be accessed via the 
mouth. 

• Previous gastric bypass with a long Roux-en-Y limb is the 
surgical procedure that leads to the need for surgically as
sisted ERCP. 

• The presence of a gastric remnant is essential to the perfor
mance of surgically assisted endoscopic retrograde cholan
giopancreatoscopy (SA-ERCP) .  

• Rarely, a clinical scenario may arise where surgical access to 
a gastric remnant may be indicated to facilitate endoscopic 
ultrasound (EUS) .  

• A s  magnetic resonance cholangiopancreatography (MRCP) 
provides a noninvasive means to assess the pancreatico
biliary duct systems in most patients, ERCP is generally not 
indicated merely as a diagnostic modality-therapeutic in
tent is the indication for ERCP; this concept must be empha
sized when considering SA-ERCP. 

DIFFERENTIAL DIAGNOSIS 

• Choledocholithiasis 
• Sphincter of Oddi dysfunction 

A B 

• Ampulla of Vater pathology 
• Intraductal papillary mucinous neoplasm (IPMN) 
• Chronic pancreatitis 
• Disrupted pancreatic duct syndrome 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Historically, the most common indication for SA-ERCP 
was for the diagnosis and treatment of sphincter of Oddi 
dysfunction (SOD)-a condition thought to be elicited by 
gastric bypass surgery. However, results from a recent study 
have led to serious concerns about the value of therapeutic 
intervention for symptoms attributed to SOD. 1  

• A history of prior cholecystectomy must be  obtained. I f  the 
gallbladder is in situ, a cholecystectomy is likely warranted 
as part of the SA-ERCP. 

• The gastric bypass operative note must be reviewed. The lo
cation of the Roux limb with respect to the gastric remnant 
and transverse colon must be known preoperatively and this 
information factored into the counseling the patient as to the 
risks of the procedure-an antegastric and/or an antecolic 
Roux limb will increase the technical complexity and thus 
risk { FIG 1 ) .  

• Specifically review any potential allergy t o  iodinated con
trast agents. Medical preparation to mitigate an allergic re
action may be indicated. 

c 
FIG 1 • Anatomic  re lat ionsh ips  of the Roux l i m b  fo l lowi ng  gastric bypass (A) retroco l i c, retrogastr ic; (B) a nteco l ic, a ntegastr ic; and  
(C) retroco l ic, a ntegastr ic .  

523 

I 



524 P a rt 3 OPERATIVE TECHNIQUES IN HEPATO-PANCREATO-BILIARY SURGERY 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The potential need for serial ERCP procedures should be 
determined. A gastrostomy tube (G-tube) can be placed at 
the index procedure to facilitate subsequent endoscopic in
terventions. Potentially affected patients should be prepared 
for this possibility. 

• These operations require significant coordination between 
multidisciplinary teams. The authors highly recommend that 
these procedures be scheduled as the first case of the day. 

• The procedure needs to be scheduled in a room that can 
accommodate two teams, a C-arm fluoroscopy unit, and a 
mobile endoscopy cart. 

fluoroscopy 

A 

Endoscopy 
cart 

B 

TROCAR PLACEMENT 

C-arm 
fluoroscopy 

I 

Positioning 

• The operative table should be configured so that C-arm fluoros
copy can be readily performed of the upper abdomen ( FIG 2) .  

• After induction of general anesthesia, a urinary bladder 
catheter is placed. An orogastric tube is rarely necessary. 

• The patient is positioned supine, ideally with both arms 
tucked to facilitate access for both C-arm fluoroscopy and the 
endoscopy team. A footboard is placed. A fixed liver retractor 
can be positioned on either side of the patient if needed. 

• Venous thromboembolism prophylaxis (both mechanical 
and pharmacologic) should be used. Antibiotics are admin
istered within the guidelines of Surgical Care Improvement 
Program (SCIP) criteria for a clean-contaminated procedure. 

• 

FIG 2 • The C-a rm f luoroscopy u n it is posit ioned on  
the patient's r ig ht, and  the mob i le  d uodenoscopy 
eq u i pment on  the patient's left . 

• Trocar p lacement is dep icted in FIG 3. Four  trocars w i l l  
b e  req u i red f o r  p lacement o f  stay sutu res i n  t h e  stomach, 
and  one of these can be su bseq uently used for c l amp ing  
of  the sma l l  bowe l .  A subxiphoid,  transgastric troca r is  
a lso necessa ry. 

• 

I n it i a l  troca r p lacement is performed in the l eft m idc la
v icu l a r  l i ne at the leve l  of the u m b i l icus fo l lowing  insuf
f lat ion of the abdomen with a Veress need le .  The a uthors 
prefer the use of a n  optica l sepa rator and  a 30-deg ree 
scope. 
Subseq uent trocars are p laced under d i rect vis ion . 

FIG 3 • Trocar p lacement for SA-ERCP. Pneumoperitoneum 
is esta b l ished v ia  a l eft m idabdom i n a l  i nc is ion (alternative ly, 
a per i u m b i l ica l  a pproach) .  The fa r r ight abdom i n a l  5-mm 
troca r is  used for g rasp ing and the bowel  c lamp.  The r ig ht, 
m idc lavicu l a r  l i n e  port ( 1 2 mm)  is  used for suture and stap ler  
p lacement. The left a bdom i n a l  5- to 1 2-mm trocar is  used 
for the camera and left port (5 mm) is  used for g rasp i n g .  
T h e  subxi pho id troca r (X) i s  p laced transgastr ica l ly to 
provide access for the duodenoscope. It m ust be at l east 
1 5  mm in d i ameter. 
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GASTRIC PEXY 

• The patient is p laced in reverse Trende lenburg posit ion 
and the locat ion of the transgastr ic  troca r p lacement 
determi ned and ma rked . Idea l ly, the troca r w i l l  enter 
the a nter ior gastric wa l l  at the j unct ion of the body and 
the a ntrum of the stomach at the m i d point  between the  
mesentery of the g reater and  lesser curves. 

• Determ ine  the re lat ionsh i p  of an a ntegastric Roux l i m b  
and t h e  associated mesentery t o  t h e  i d e a l  ta rget f o r  the 
tra nsgastric trocar. D i ssect ion of the Roux l i m b  or  mesen
tery should be taken with g reat ca ution; in jury to or  vas
cu l a r  com prom ise of the Roux l i m b  can be catastroph ic .  
It i s  better to accept a more l atera l target, inc lud ing one 
that may requ i re tak ing  down some of the g reater curve 
mesentery, than to engage in a s ign if icant d i ssect ion of 
the Roux l i m b  from the stomach .  

A 

• 

• 

B 

Four  sta b wounds  a re p laced around the p l an ned site of 
the tra nsgastr ic troca r. 
Sta rt ing  with the cra n i a l  sutu re, fou r  stay sutu res a re 
deeply p laced in the gastr ic  wa l l  and  sna red us ing a 
Ca rter-Thomason device dep loyed through  the appro
pr iate stab wound .  If a G-tube i s  p l anned, the Ca rter
Thomason shou ld  not be passed through  the same tract 
so that the stay suture can u lt imately be used to secu re 
the gastr ic wa l l  to the a nter ior abdom i n a l  wa l l  (Stam m  
techn iq ue) .  Tag each suture without a p p ly i ng  tens ion .  
The tens ion that wi l l  be su bseq uently app l ied to these 
sutu res is s ign if icant and the r isk of these sutu res lacer
ati ng the stomach under  th i s  tens ion m ust not be un
deresti mated . These sutu res shou ld  be posit ioned i n  the  
stomach to create a 3 em x 3 em ta rget for  the tra nsgas
tr ic troca r (FIG 4). 

FIG 4 • A. Stay sutu res are passed i n  a l l  fou r  quadrants to secu re the stomach dur ing  p lacement of the tra nsgastr ic troca r, 
fac i l itate c losure of the gastrostomy, or serve as secu r ing poi nts for a Stam m  gastrostomy. B. C lose u p  of the subxi pho id ,  
transgastric trocar  s ite, and  the associated sta b wounds used for passage of the stay sutu res. 

PLACEMENT OF THE 

TRANSGASTRIC TROCAR 

• Adva nce a 1 5-mm troca r through the abdo m i n a l  wa l l  
(FIG 5). This  l a rger  troca r i s  a bsol utely necessa ry t o  ac
com m odate the s ide-viewi ng d u odenoscope. Wh i l e  
a pp ly ing  gent le tract ion t o  t h e  stay sutu res, u s e  a n  
e l ectrocautery device passed through t h e  1 5-mm troca r 
to create a sma l l ,  a nter ior gastrotomy i n  the center of 
the ta rget. Th i s  m a neuver w i l l  fac i l itate fa l l i ng away 
of the poster ior  gastr ic  wa l l , thus m it igat i ng  the risk 

• 

of i n advertent troca r i nj u ry to the poster ior  wa l l  of the 
stomach .  
Adva nce the 1 5-mm troca r i nto the gastr ic l u m e n  . 
Th i s  can be performed under  d i rect v i s ion  through 
the troca r; a lternat ive ly, th i s  maneuver ca n be v isu a l l y  
supervised from the u m b i l i ca l  troca r. I ntussuscept the 
troca r deep ly  i nto the stomach,  d i rect i ng  it towa rd the 
py lorus w h i l e  app ly ing  tens ion to the stay sutu res. Con
f i rm i ntra l u m i n a l  l ocation  by pass i ng  the l a pa roscope 
i nto the l u m e n  of the stomach v ia  the troca r. Tag the 
stay sutu res. 
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FIG 5 • The tra nsgastr ic troca r is fi rst advanced across 
the a bdom i n a l  wa l l .  E lectrocautery throug h th i s  trocar 
esta b l ishes a n  a nter ior  gastrostomy, centered i n  a 3 em x 
3 em target zone, pr ior  to advanc ing  the troca r across the 
a nter ior gastr ic wa l l .  Th is  fac i l itates hemostas is  and  a l l ows 
the poster ior  gastr ic wa l l  to fa l l  away, thus  red uc ing the 
r isk of poster ior  gastr ic  wa l l  i n jury as the troca r is  adva nced 
through the anter ior wa l l .  

ATRAUMATICALLY CLAMP THE 

PANCREATICOBI LIARY LIMB 

• E levate the omentum and tra nsverse co lon to expose the 
l i gament of Tre itz. The reconstruct ion anatomy can d ra
matica l ly i m pact the ease of th i s  step .  

• I dentify the pancreaticob i l i a ry l i m b  and  p lace an atra u
matic bowel c l amp throug h a r ig ht abdom i n a l  troca r to 
occ lude the l u men and prevent gaseous d i stention of the 
sma l l  bowel (FIG 6). 

• The a uthors routine ly  use a table-mou nted fixed retrac
tor that can sta b i l ize this bowel c l amp d u r ing  the endos
copy phase of the procedure .  

• Once th i s  c l amp is p l aced, tra nsfer C02 i nsuff lat ion to 
the transgastr ic troca r and confi rm an a i rt ight seal  by 
the bowel c l amp .  Th is  i nsufflat ion strategy can be ma in 
ta i ned throug h the ERCP; it assists the endoscop ist.  

DRAPE THE OPERATIVE FIELD AND 

PERFORM ENDOSCOPIC RETROGRADE 

CHOLANGIOPANCREATOSCOPY 

• We prefer to cut a sma l l  ho le  in the center of a l a rge 
lapa rotomy sheet and d rape th i s  over  the ent i re  patient 
so that o n ly the 1 5-mm troca r is  v is i b le .  

GASTROSTOMY CLOSURE OR 

TUBE PLACEMENT 

• The two l atera l stay sutu res a re cut and removed, leavi ng 
the cepha lad and caudad stay sutu res i n  p lace to faci l i 
tate En  do G IA stap ler  c losure of  the gastrostomy. 

FIG 6 • The pancreaticob i l i a ry l i m b  is atra umatica l ly c l amped 
to prevent d i stention of the sma l l  bowe l from i nsufflat ion 
requ i red d u ri ng  the E RCP. 

• ERCP then proceeds. We advise that the surg ica l  team re
m a i n  in the room dur ing  th i s  port ion of the procedure .  

• At comp letion of the ERCP, desufflate the stomach v ia 
the transgastr ic troca r and move the i n sufflat ion to one 
of the rem a i n i n g  abdom i n a l  trocars. The duodenoscope 
and the 1 5-mm troca r (no longer  ster i le) are removed be
fore the second surg ica l  d rape is  removed. 

i nto the l u me n  of the stomach  (FIG 7). The b a l loon  is 
i nfl ated a n d  the stay sutures secured u n d e r  d i rect v i 
s ion  if poss i b l e .  Occas io n a l ly, the  p n e u m o per ito n e u m  
w i l l  l ead  to excess ive t e n s i o n  of these sutu res a n d  se
c u r i n g  them s h o u l d  be deferred u n t i l  p n e u m o per ito
n e u m  i s  re leased .  

• Alternat ive ly, a l l  stay sutu res a re l eft i n  p l a ce a n d  used • 
to secu re the  stomach  to the  a nter io r  gastr ic  wa l l .  

Cons ide r  p l a c i n g  a p u rse-st r i n g  a r o u n d  t h e  g a stros
tomy u s i n g  m o n of i l a m ent suture .  This w i l l  a l low 
the  ca l i be r  of the  g a strosto my to equa l  that  of the  
G-t u b e .  

• If i n d icated, a l a rge-ca l i ber  G-tube with a n  i nf lata b l e  
b a l loon  i s  adva nced t h roug h the abdom i n a l  wa l l  a n d  
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A B 

FIG 7 • A,B. Operative photogra phs of the laparoscop ic  p lacement of a G-tube.  I nfl ate the ba l loon, release the 
pneumoperitoneum, and  then t ie the stay sutures. 

PEARLS AND PITFALLS 
Patient h i story and 
physica l f ind ings  

• You m ust know the reconstructive anatomy pr ior  to surgery. An a ntegastric (and then potent ia l l y  
a nteco l i c) Roux  l i m b  i m pacts the comp lexity and  thus r i sk  of  the procedure .  

• Therapeutic management of SOD is now very controvers i a l .  H ave c lear  therapeutic goa l s  for  the 
procedure before embark ing on SA-ERCP. 

Surg ica l  ma nagement • Take la rge, deep b ites of the stomach with the stay sutu res. The stomach is  prone to l acerat ion by 
the sutu res g iven the s i gn if icant tens ion that is  typica l l y  app l i ed d u ri ng  th is  procedu re .  

• A d uodenoscope wi l l  not pass  through a 1 2-mm troca r. Use a 1 5-mm troca r. 
• If you do not effect ively occ lude the pancreaticob i l i a ry l i m b  with a bowe l c l amp, you w i l l  not be 

ab le  to see a nyth ing  once the ERCP is completed. The bowel w i l l  be d istended with gas .  

Postoperative ca re • If m u lt ip le  ERCP sess ions a re p l an ned, leave a l a rge-ca l i ber, ba l loon-t ipped, G-tube.  

POSTOPERATIVE CARE 

• Patients should be monitored overnight for evidence of 
complications . 

• A liquid diet can usually be initiated the evening of surgery. 
• If a G-tube has been placed, it should be left to gravity drain

age overnight and can be clamped the morning of the first 
postoperative day prior to discharge. 

COMPLICATIONS 

• Devascularization or laceration to the Roux limb 
• Posterior gastric wall injury 
• Pancreatitis 
• Other complications of ERCP (i .e . ,  retroduodenal perforation) 

OUTCOMES 

• SA-ERCP should be successfully completed in a very high 
percentage of cases.2 The supine position can be challenging 
for even experienced endoscopists . 

• Outcomes should be equivalent to those reported for ERCP 
without the need for surgical access to a gastric remnant. 
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DEFINITION 

• Choledochojejunostomy involves the anastomosis of the 
common bile duct ( CBD) to the jejunum, thereby reestab
lishing continuity of biliary flow ( FIG 1 ) .  It may be used 
for repair of biliary strictures, after traumatic or iatrogenic 
CBD injury, or following for surgical resection for benign or 
malignant disease of the distal CBD. It may also be incor
porated in resection of duodenal, ampullary, or pancreatic 
tumors, such as in pancreaticoduodenectomy. 

• Our discussion here is limited solely to choledochojejunostomy. 

DIFFERENTIAL DIAGNOSIS 

• Choledochal cyst excision (type I, II, or III) 
• Repair of CBD strictures 
• Repair after traumatic or iatrogenic injury of the CBD 
• Diversion of biliary flow in the presence of distal obstruction 

or pending obstruction for palliation 
• Orthotopic liver transplantation 
• Reestablishing biliary continuity after resection of benign or 

malignant disease, including biliary, ampullary, duodenal, or 
pancreatic head neoplasms 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A thorough medical history and physical exam is important 
in determining the possible etiology causing the need for 
reestablishing biliary continuity. The overall health of the 
patient must be considered in determining whether the patient 

Remnant 
bi le duct 

FIG 1 • I l l ustration  of a Roux-en-Y cho ledochojej u n ostomy. 
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is a surgical candidate. Past surgical history is essential to 
identifying those patients at risk of iatrogenic strictures. 

• Symptoms of easy bruising, pruritus, acholic stools, nausea, 
vomiting, right upper quadrant pain, fevers, chills, mental 
status changes, and weight loss are important indicators of 
hepatic dysfunction and biliary obstruction. 

• Physical exam findings of abdominal mass, abdominal pain, 
abdominal surgical scars, jaundice, and scleral icterus should 
be sought. Additionally, indicators of cholangitis should be 
identified and rapidly treated: Charcot's triad (right upper 
quadrant abdominal pain, jaundice, and fever) or Reynolds' 
pentad (Charcot's triad findings plus mental confusion and sep
tic shock) indicate the need for preoperative biliary drainage. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Hilar anatomy must be evaluated prior to surgery, identify
ing any aberrant biliary or arterial anatomy and elucidating 
the possible etiology, site of injury, extent of obstruction, 
and planned surgical approach needed. 

• Contrast-enhanced computed tomography (CT) or magnetic 
resonance imaging (MRI) should be used to properly identify 
the anatomy and assess for potential vascular involvement in 
neoplastic processes or injury in iatrogenic biliary injuries. 
Magnetic resonance cholangiopancreatography (MRCP) is 
particularly useful to elucidate the biliary and pancreatic 
ductal anatomy and adjacent structures ( FIG 2 ) .  Imaging 
is useful and often helpful in predicting the etiology of be
nign or malignant neoplasms. Image-guided percutaneous 

FIG 2 • M RCP image dep ict ing normal  b i l i a ry anatomy. 5, stomach; 
D, duodenum; GB, ga l lb l adder; arrowheads, pancreatic duct; thin 
arrow, conf luence of the r ight and left hepatic ducts; thick arrow, 
CBD; star, cyst ic duct; white circle, accessory pancreatic  duct. 

-



C h a p t e r  8 ROUX-EN-Y CHOLEDOCHOJEJUNOSTOMY 529 

FIG 3 • E RCP image revea ls  d i l ated i ntrahepatic and extrahepatic 
ducts, with the CBD d i l ated at 17 m m  and na rrowing  of the d ista l 
port ion at the a m p u l l a  in an a m p u l l a ry cancer. 

approaches with ultrasound or CT guidance may enable tis
sue biopsy of suspicious lesions. 

• Evaluation with endoscopic ultrasound (EUS) or with endo
scopic retrograde cholangiopancreatography (ERCP) offers 
another method to assess the anatomy and for tissue biopsy 
( FIG 3 ) .  

• I n  cases o f  cholangitis o r  biliary obstruction, biliary decom
pression by ERCP or percutaneous transhepatic cholangiogra
phy (PTC) may be warranted prior to surgical repair. It should 
be noted that biliary stenting in the face of asymptomatic mild 
to moderate hyperbilirubinemia, prior to elective surgery, 
may increase the postoperative risk of infection.1  

• A previously obtained intraoperative cholangiogram (IOC) 
may be available and prove beneficial. Many cases of iat
rogenic injuries occurring during laparoscopic cholecystec
tomy (LC) are identified by this technique ( FIG 4) .  

SURGICAL MANAGEMENT 

• Indications include: 
Bypass of distal or ampullary strictures .  
Reconstruction after traumatic or iatrogenic injuries. 
Reconstruction following Choledochal cyst excision (type I, 
II, or III ) .  
Benign or malignant disease: biliary, ampullary, duodenal, 
or pancreatic head neoplasms. It can be included for 
palliative diversion or following resection. 
Reconstruction during Orthotopic Liver transplantation. 

Preoperative Planning 

• Standard optimization of comorbidities should be managed 
as permitted; for example, diabetes, hypertension, and car
diopulmonary status. 

FIG 4 • IOC image with identif ication of a n  iatrogen i c  d uct 
i nj u ry occu rr ing d u ri ng  an attem pted LC for acute cho lecyst it is .  
Su rg ica l  c l i ps are noted.  Contrast is  seen with a ntegrade f low i nto 
the duodenum,  but no retrograde f low is appreciated, i nd icat ing  
iatrogen ic  occ lus ion of the proxi m a l  b i l e  d uct. 

• Coagulation disorders, if present, should be corrected with 
vitamin K as required.  

• In the appropriately selected jaundiced patient, preoperative 
stenting via ERCP and/or PTC may be necessary. 

• Cholangitis, if present, should be treated with appropriate 
drainage and antibiotics. Common biliary pathogens include 
Escherichia coli, Klebsiella spp, Enterococcus spp, strepto
cocci, Enterobacter spp, and Pseudomonas aeruginosa. 

• In the absence of cholangitis, preoperative antibiotics should 
be given, and expanded in the presence of biliary stenting 
due to the increased risk of biliary contamination, even in 
asymptomatic patients. 

• In malnourished patients, nutritional support may be con
sidered preoperatively and continued into the postoperative 
period to minimize postoperative complications. Adequate 
nutrient absorption may be hindered preoperatively due to 
biliary blockage or diversion. 

• In the face of malignant disease, preoperative workup should 
also be tailored to the assessment of the type and extent of 
disease present. Surgical resectability is of primary concern 
in malignant processes; however, choledochojejunostomy 
may be undertaken as a palliative biliary diversion in unre
sectable malignancies. 

Positioning 

• Patient is  placed in supine position with both arms at 
90 degrees, ensuring pressure points are protected and 
padded ( FIG S ) .  

• We use a bilateral post, framed retractor system (FIG 6 ) to 
maximize exposure via a bilateral subcostal incision. 
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FIG 6 • B i l atera l su bcosta l i nc is ion with a b i l atera l post retractor 
system in p l ace to max imize exposure.  

FIG 5 • Proper patient position ing with arms at 90 degrees and 
placement of an a i rflow warm ing device over the patient's upper 
body to prevent hypothermia .  Solid line denotes the costa l marg in .  
Dotted line depicts p lanned placement of  b i latera l subcosta l incis ion. 

PLACEMENT OF INCISION AND 

OPERATIVE EXPOSURE 

• A b i l atera l subcosta l i nc i s ion provides optim a l  exposure.  
Once the peritoneum is entered, adhes ions are c leared if 
present, and  the fa lc iform l igament is  d iv ided between 
ties or  with an energy device. This further exposes the 
operative f ie ld and perm its retractor p lacement (FIG 6). 

• The abdomen is explored and a l l  peritoneal surfaces a re pal
pated if ma l ignancy is suspected . The root of the mesentery 
is palpated early to assess for foreshorten ing due to tumor 
infi ltration, inf lammation, or previous surgery, which may 
impact the ab i l ity to develop a Roux l imb for reconstruction. 

• Exposure of the porta he pat is is beg un  by mob i l i z i ng  the 
hepatic flexure of the colon,  as necessa ry. 

• Kocher izat ion of the duodenum provides opt ima l  expo
sure of the d i sta l CBD .  

• The g a l l b ladder, if p resent, is removed in a top-down 
fash ion .  If the porta hepatis is  i nvolved i n  acute and/or 
chron i c  i nf l ammation,  the cyst ic  duct shou ld  be traced to 
locate the common hepatic duct (CHD) and  the C B D .  

• Meticu lous d i ssect ion of the porta hepatis is necessa ry to 
identify essent ia l  structures to prevent i n advertent i nju ry. 
Ca re shou ld  be taken to sea rch for and prevent in jury 
to a berrant or rep laced anatom ic  var iat ions .  A rep laced 
r ig ht hepatic a rtery ar i s ing from the super ior  mesenteric 
a rtery w i l l  l ie to the r ight and deep to the CBD and can 
be i nj u red d u ri ng  CBD tra nsect ion if not ant ic i pated.  
The r ight hepat ic  a rtery common ly  cou rses beh ind the 
CHD but on occas ion the a rtery may l ie a nter ior to the 
CHD. B i l i a ry anatom i c  va r iat ions should a lso be expected 
(see Part 3, Chapter 1 5, FIG 1 7) .  The a bsence of a berrant 
anatomy on preoperative imag ing  should not usurp 
ca refu l  d i ssect ion with a nt ic i pation of var iance.  

• 

• 

• 

Di ssect ion and exposure of the CBD may be d ifficu lt  i n  
t h e  face o f  infl a m m atory changes resu lt ing from pr ior  
surger ies, rad iat ion exposu re, and/or preoperative p l ace
ment of a b i l i a ry stent. At t imes, i ntraoperative u ltra
sound may be he lpfu l  in proper identif ication of the 
structu res with i n  the porta hepatis .  Another method to 
identify the CBD when d i ssect ion is  d ifficu lt i s  to use a 
sma l l -gauge need le  and  asp i rate look ing for b i le .  
With  proper  identif ication and d i ssect ion of the CBD, 
the site of tra nsect ion is se lected proxi m a l  to the loca
t ion of i nj u ry or  obstruct ion .  It shou ld  be noted that the 
a rter ia l  supp ly  to the bi le duct runs a long  the l atera l and  
med i a l  aspects of  the CBD and CHD,  and  ca re  shou ld  be  
taken to  avoid extensive d i ssect ion or mobi l i zat ion that 
may comprom ise this b lood supp ly. When tra nsect ion of 
the b i l e  duct with end-to-s ide reconstruct ion i s  p l anned, 
the predominant b lood supp ly  w i l l  come from the r ight 
hepatic a rtery near the l iver h i l u m .  Thus, a h igher  point 
of transect ion is  desi red to opt im ize b lood supp ly  to 
the a nastomosis .  The marg in of resect ion shou ld  be 
patho log ica l ly assessed i ntraoperatively i n  the face of 
ma l i gna ncy. 
With the transect ion site sel ected, the CBD can be d i 
v ided sharp ly  or  w ith  e l ectrocautery i n  cut  mode to  
m i n i m ize therm a l  damage .  If a stent has been p laced 
preoperative ly, it is  removed at this poi nt. Cu ltures of the 
b i l e  f l u id  may be warra nted . The proxi m a l  duct shou ld  be 
probed to ensure patency and confi rm ducta l  a natomy
The probe shou ld  be g u ided up both the left and  r ight 
hepatic ducts. Cho lang ioscopy can be undertaken if 
there is  concern for proxi ma l  obstruct ion or  hepato l i 
th ias is .  To control b i l e  sp i l l age  and fac i l itate hemostas is, 
the prox ima l  stu m p  is tem porar i ly c losed with a vascu la r  
b u l l dog c l amp .  



CREATION OF THE ROUX LIMB 

• Although choledochoduodenostomy or choledochojeju
nostomy using a loop of jejunum are reconstructive options 
that may be appropriate i n  the c l i n ical  sett ing of a short 
l ife expectancy or a particu larly host i le abdomen due to 
adhesions, a defunctiona l ized segment of jejunum using a 
Roux-en-Y technique is preferred due to superior outcomes. 
Beg inn ing at the l igament of Treitz, the jejunum is examined 
to the fi rst point at which a loop can easily be brought up 
to the d ivided CBD without tension based on the length of 

CHOLEDOCHOJEJUNOSTOMY 

ANASTOMOSIS 

• The cho ledochojej unostomy is created in a s i ng le- layer, 
i nterru pted fash ion us ing no.  4-0 or no .  5-0 polyd ioxa
none monofi la ment a bsorbab le  suture. I f  nonabsorba b le  
suture i s  used, a l l  knots m ust rest outs ide of the a nasto
mosis to prevent stone format ion .  

• Stent ing across the a nastomosis is not routi ne ly under
taken, even in the case of a norma l -s ized duct. 

• An end-to-side anastomosis provides for ease of exposure 
dur ing the reconstruction. E lectrocautery is used to create 
an enterotomy on the anti mesenteric side of the Roux l imb 
approximately 3 to  4 em from the  stapled end .  The  enter
otomy is sized smal ler than the transected CBD width, in an
ticipation of "enterotomy stretch"  that occurs with sutu r ing.  

• The CBD is reopened, b i le  f low is aga in  confirmed, and the 
duct c lea red as necessa ry. The duct is  tr immed as needed 
with Potts scissors, a l lowing for maxi ma l  d iameter; sha rp, 
crisp edges; and identification of good vascu lar ity. 

FIG 7 • Creation of the choledochojejunostomy anastomosis. 
Corner sutures p laced to permit latera l traction and orientation of 
the posterior and anterior rows. Posterior row of monofi lament 
sutu res are p laced in  such a way that the knots wi l l  lay with in  
the lumen .  
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• 

• 

• 

the mesentery and at a point where the vascular arcade can 
be preserved to both l imbs as determined by transi l l um ina
tion of the mesentery. A gastrointest ina l  anastomosis (GIA) 
stapler is used to d ivide the jejunum at this point. The mes
entery is then d ivided down to its base using l igatures for 
hemostasis. Care m ust be taken to ma inta in  proxima l  and 
d ista l orientation of the d ivided jejunum.  A defect is created 
in the transverse mesocolon, to the right of the middle co l ic  
vessels, and the Roux l imb is brought up  i n  a retrocol ic  ori
entation to serve as the defunctional ized b i l i a ry-enteric l imb  
and placed without tension near  the  d ivided CBD .  

The  jej u n u m  is p laced near the CBD stum p, posit ioned 
so as to l i m it red undancy and k ink ing  of the jej u n u m .  
Latera l tract ion sutu res a re p laced fu l l  th ickness out-to- in 
on the jej u n u m  and i n-to-out on the b i l e  duct, l eft u ntied, 
and  p laced on  hemostats under gentle latera l tract ion .  
The posterior row sutures are p laced approximately every 2 
to 3 mm apart, taking ful l-th ickness bites of the duct and je
junum, work ing from one latera l corner to the other. Be cer
ta i n  that the jejuna l  mucosa is i ncorporated i nto the stitch .  
Sutures a re  placed in-to-out on the  jejunum and out-to-i n  
on the  duct, such that when tied the  knot wi l l  be  with in  
the  l umen  (FIG 7). Gentle upward traction on the  anterior 
wa l l  of the bile duct provides n ice exposure of the l umen to 
ensure proper suture placement through the posterior wa l l .  
The sutures a re tagged and left untied t o  a l low t h e  Roux 
l imb to be man ipu lated freely to maxim ize exposure.  
G reat ca re is  taken to m a i nta i n  or ientat ion of the suture 
so that it does not become twisted .  Suture order must 
be preserved to prevent over lap ing ,  and  thus  na rrowing 
of the anastomosis when the poster ior  row is comp lete 
and the knots t ied .  S m a l l  hemostats shou ld  be used to 
tag each suture and place them in the proper or ientat ion 
and order on  a sponge forceps, thus making th i s  task less 
cum bersome and  more effic ient (FIG 8). 

FIG 8 • Sutu res p laced dur i ng  creat ion of the poster ior  
and anter ior rows are l eft untied, tagged with hemostats, 
and  the i r  or ientation and  order m a i nta ined by arrang ing  
them on a sponge forceps c l amped to  a lapa rotomy sponge.  
This  is  p laced above the retractor system on the d ra pes and 
opti m i zes effic iency when tying  the sutu res. 
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• Once a l l  of the poster ior  row sutu res are p laced, we 
beg i n  tyi ng  each suture in order from one corner to the 
other, ca refu l l y  laying the knots to ensure opti m a l  in
terva ls a long the way. If a n  i nterva l is  determined to be 
too large (>3 to 4 m m), a n  add it iona l  suture is  p laced, 
t ied, and then the rem a i nder of the row sutu res are tied 
(FIG 9). The corner sutu res are left u nt ied to a l low mob i l 
ity and maxi m u m  exposure of the entire back  row wh i l e  
p lac ing  the a nter ior row of  sutures. Suture ta i l s  a re then 
cut short and the a nter ior row i s  add ressed . 

• The anter ior row sutu res a re p laced in an out-to- in  
fash ion on  the jej u n u m  and a n  in -to-out fash ion  on the 
d uct so that the knots wi l l  be on the outs ide when t ied 
(FIG 1 0). Aga in ,  i nterva ls are assessed and add it iona l  
sutu res p laced as needed.  

• Once com p l ete, the a nastomosis is inspected for evidence 
of a b i l e  l eak  (FIG 1 1). Absence of tens ion on the a n as
tomosis is  conf i rmed.  The surg i ca l  f ie ld is  d r ied, ensur ing 
good hemostas is  and  a c lean,  wh ite surg ica l  sponge is  
ca refu l ly packed around the a nastomosis, and  attention 
is  turned to creat ing the jej u n ojej u n a l  a nastomosis .  

FIG 9 • The choledochojejunostomy poster ior row sutu res have 
been tied and the row inspected. The previously p laced latera l 
traction sutu res are left untied in preparation for p lacement 
of the anterior row sutures. Gentle downward tract ion on the 
Roux l imb  enhances exposure as shown i n  the p icture.  

JEJUNOJEJUNAL ANASTOMOSIS 

FIG 1 0  • The anter ior row of sutu res have  been  p laced .  
Visu a l  i nspect ion confi rms proper i nterva l p lacement of the 
sutu res. The sutu res a re ready to be t ied to com p l ete the 
cho ledochojej u nostomy a n astomosis .  

FIG 11 • The a nterior row sutures have been t ied, and the 
choledochojejunostomy anastomosis is ca refu l ly  i nspected for 
any b i le  leak. A sma l l, c lean, wh ite gauze (not p ictured) is p laced 
posterior to the anastomosis to aid in eva luation of a b i l i a ry leak.  

• The sma l l  bowe l mesenteric defect is c losed at the Roux
en-Y a nastomosis .  

• I ntest ina l  conti nu ity is reesta b l ished by a Roux-en-Y • 
a nastomosis .  The proxi m a l  b i l iopa ncreatic l i m b  is a nasto
mosed to the b i l i a ry-enteric Roux l i m b  a pproximately 45 

If a retroco l i c  posit ion  fo r the b i l i a ry-enter i c  l i m b  was 
used, any  red unda ncy l ay ing  in the subhepat ic  bed i s  re
d uced without p l ac i ng  tens ion on  the a nastomos is .  The 
mesoco l i c  defect i s  c l osed, i ncorporati n g  a serom uscu l a r  
bite o f  the pass i ng  jej u n um,  w i t h  no .  3 - 0  s i l k  sutu res to 
prevent the possi b i l ity of l i m b  m i g rat ion a n d/or i nter
n a l  hern iat ion .  Every attem pt shou ld  be made  to ensure 
that th i s  c losure does not i m p i nge  upon the bowe l .  

t o  65 em downstream from t h e  choledochojejunostomy 
a nastomosis to m i n i m ize enteric refl ux. We prefer to cre-
ate a s ide-to-s ide, funct iona l  end-to-end a n astomosis 
us ing a l i near  sta p l i n g  device,  then c los ing the common 
enterotomy with a s i ng le  row of i nterrupted no .  3-0 s i l k  
sutu res u s i n g  a mod ified Gam b e e  tech n i que .  
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PREPARING FOR CLOSURE 

• Retu rn ing  to the choledochojejunostomy, the previous ly 
p laced sponge is  ca refu l ly removed and i n spected for 

CLOSURE 

• We rout ine ly  p lace a s i ng le  fl uted surg ica l  d ra i n  on c losed 
suct ion poster ior  to the cho ledochojej u nostomy a nasto
mosis and down i nto Morr ison's pouch, then out through 
a sepa rate stab i nc is ion on the r ight s ide of the abdomen.  
The d ra i n  is  appropr iately secured with sutu re at the sk in .  

PEARLS AND PITFALLS 

• 

• 

any b i l e  sta i n i n g .  If present, further i nspect ion of the 
anastomosis is  warra nted and add it iona l  sutu res a re 
p laced as needed. 

The abdom i n a l  fasc ia i s  c losed i n  two layers (poster ior  
fascia and anter ior fasc ia)  with no .  1 absorbab le  synthetic 
monofi l ament. 
The skin is  reapproxi mated with bu ried, deep dermal ,  i n 
terrupted, no .  3 -0  a bsorbab le  bra ided sutures. The sk in  is  
c losed with surgica l  g l ue .  

I nd ications • A thorough  h i story and phys ica l  (H  & P) exam with good preoperative imag ing  i s  i m portant in 
a nt ic ipat ing the extent of the procedure .  

D i ssect ion • Antic i pate aberrant and accessory a n atomy with i n  the porta hepat is .  

Exc is ion • Send CBD margins for frozen sect ion ana lysis when cons ider ing m a l i g nant d isease. 

Cho ledochojej unostomy • Meticu lous suture tech n ique  i s  cr it ica l .  There shou ld  be no concerns with the poster ior  row pr ior  to 
proceed ing  with the anter ior row. 

• Avoid  the u rge to p lace too many sutu res. 
• Proper suture or ientat ion is  i m portant as any cross ing  of suture knots w i l l  lead to ischem ia  of the 

i nterposed t issue.  
• Ensure there is  no  tens ion on the anastomosis .  

POSTOPERATIVE CARE 

• We typically remove the nasogastric tube (NGT) early 
( i . e . ,  1 to 2 days postoperative ) ,  unless ileus is  anticipated 
(e .g . ,  emergency surgery, active cholangitis ,  extensive 
enterolysis ) ,  and start a clear liquid diet. 

• The patient is encouraged to begin ambulating on postop
erative day (POD) 1. Appropriate postoperative thrombo
embolism prophylaxis is started on POD 1 .  

• Drain output i s  assessed and followed for the presence 
of bile. If present, the drain will be kept until bile output 
has cleared, as it almost always will do so on its own. If 
drain output is serous, then the drains can be pulled with 
little concern for volume of output. Drains are pulled after 
the patient is tolerating a diet and usually prior to discharge. 

• Postoperative laboratory studies are followed on a daily 
basis to include a complete blood count, serum chemistry, 
and liver function tests. 

OUTCOMES 

• Long-term survival rates after choledochojejunostomy are 
dependent on the underlying indication for the procedure. 

COMPLICATIONS 

• Complications occur in up to 40% of cases2 and include the 
following: 

Wound infection 
Biloma--can usually be managed with percutaneous drainage 
Anastomotic leak (biliary and/or enteric)-may require 
operative drainage but often can be managed with the 
surgically placed drain or by radiologically placed percu
taneous drains 
Cholangitis-generally indicates reflux from ileus; it can 
be managed with NGT decompression and antibiotics; 
PTC may be used to decompress Roux limb specifically if 
NGT ineffective. 

• Biliary stricture (can occur up to 1 0  or more years after 
surgery)-heralded by rising alkaline phosphatase; often 
can be treated with PTC and balloon dilation but may 
require surgical revision of the anastomosis 
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DEFINITION 

• Hepaticojejunostomy is the operative formation of an anasto
mosis between the biliary tree and a Roux limb of the jejunum 
to manage biliary obstruction secondary to benign or malig
nant strictures, or to reconstruct continuity following resection 
of the extrahepatic biliary tree or pancreaticoduodenectomy. 

DIFFERENTIAL DIAGNOSIS 

• Benign 
Traumatic or iatrogenic bile duct injury 
Chronic pancreatitis 
Choledochal cyst 
Mirizzi's syndrome 

• Malignant 
Extrahepatic cholangiocarcinoma (palliative or after 
resection) 
Periampullary tumors (palliative or after resection) 
Portal lymphadenopathy (palliative) 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• History-The following features may be obtained: 
Weight loss (malignancy vs. malabsorption) 
Fevers/chills (cholangitis) 
Yellow eyes/skin (obstructive jaundice) 
Tea-colored urine (obstructive jaundice) 
Acholic stools (obstructive jaundice) 
Right upper quadrant pain (distended gallbladder, may 
suggest a process distal to the cystic duct confluence) 

• Physical examination 
Temporal wasting (cachexia) 
Scleral icterus 
Jaundiced skin 
Right upper quadrant tenderness 
Courvoisier's sign-painless, palpable gallbladder with 
jaundice 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Ultrasonography-preferred initial evaluations as it is read
ily available and inexpensive. Findings may include the fol
lowing: 

Gallbladder 
Stones 
Cholecystitis 

Biliary tree 
Extrahepatic duct dilatation 
Intrahepatic duct dilatation 

• Cross-sectional imaging 
Computed tomography abdomen/pelvis (CT AlP) with in
travenous (IV) contrast-Triple-phase CT AlP is warranted 
in most cases of obstructive jaundice as part of determining 
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the probable etiology and defining surgical anatomy. This 
includes the following: 

Determine location of hepatic arteries and potential 
anomalous anatomy 
Compression, invasion, or thrombosis of portal, splenic, 
and/or superior mesenteric veins 

Magnetic resonance imaging/magnetic resonance chol
angiopancreatography (MRI/MRCP) with IV contrast is 
preferred by some institutions. It is superior to ultrasound 
(US) and CT in identifying the location of biliary strictures. 

• Cholangiography 
Endoscopic retrograde cholangiopancreatography (ERCP) 
is the "gold standard" when biopsy or other therapeutic 
intent is warranted. 

Provides superior diagnostic information by identifying 
level of obstruction/anatomy 
Allows for sampling of tissues at the level of obstruction 
via brushings for cytology 
Is therapeutic by placement of biliary endoprosthesis to 
decompress biliary tree 

Percutaneous transhepatic cholangiography (PTC) is re
served for therapeutic intervention when ERCP is techni
cally not feasible, that is, following gastric bypass or in the 
clinical setting of concomitant gastric outlet obstruction. 

Second option-Palliation is less effective as the patient 
will have pain from the PTC site and will need to per
form daily care to the catheter. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Underlying cardiopulmonary disease must be evaluated 
when considering the laparoscopic approach; affected pa
tients may not tolerate reduced venous return or clear in
creased concentrations of carbon dioxide resultant from the 
pneumoperitoneum. 

• An extensive past abdominal surgical history or previous 
peritonitis may impact the ability to perform the hepatica
jejunostomy laparoscopically due to extensive adhesions . 
Prior abdominal surgery may also impact the approach of 
initial peritoneal access and subsequent port placement ( i .e . ,  
avoiding abdominal wall defects ) ,  or mandate modification 
of the formation or routing of the reconstructive Roux limb. 

• Morbid obesity can preclude adequate laparoscopic visual
ization, but these patients have the greatest potential benefit 
of a minimally invasive approach due to the reduced wound 
morbidity. Obesity mandates several considerations: 

Distinct, longer instrumentation may be required to reach 
the right upper quadrant and level mechanics, thus may 
impact fine motor movements limitations with suturing 
and intracorporeal knot tying. 
Mobilization of the hepatic flexure and a Kocher maneu
ver are made more difficult when the transverse mesocolon 

-
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Positioning and omentum contain more fat and organs are larger in 
size overall. 
Large, friable livers as a result of fatty liver disease and 
are prone to lacerations (hemorrhage within the operative 
field significantly impairs image brightness ) .  

• The patient is positioned supine with both arms abducted on 
arm board extensions of the operating table. 

LAPAROSCOPIC 

CHOLEDOCHOJEJUNOSTOMY 

• Port p lacement and  ro le  of each in the proced ure is de
p icted i n  FIG 1 . 

• To fi rst create the Roux l i m b, e levate and retract the • 

omentum and  tra nsverse co lon to the upper  abdomen.  
The l i gament of Treitz i s  identif ied at the base of the 
tra nsverse mesoco lon .  Reverse Trende lenburg posit ion-
ing may fac i l itate v isua l i zat ion by dropp ing the sma l l  
bowel i nto the  lower abdomen.  

• A point for d iv is ion of the proxi m a l  jej u n u m  is identif ied 
d i sta l enough from the l i gament of Tre itz to fac i l itate 
the jej u n ojejunostomy and such that the mesentery w i l l  
have adequate length t o  reach t h e  r ight u p p e r  quadra nt 
without tens ion on the b lood supp ly. At th i s  l ocation, the 
sma l l  bowel is  d iv ided us ing a l aparoscop ic  stap ler  with 
a 2 . 5-mm stap le  load after a wi ndow is created between 
the vasa rectae of the sma l l  bowe l .  

• Use b i p o l a r  e nergy device or a vascu l a r  sta p l e  load  to 
d iv ide  the  mesentery towa rd the  base .  Use care not 
to encroach o n  the a rte r i a l  a rcad e  o n  either s ide of 
the d iv ided bowe l .  Th i s  m a neuver w i l l  g ive a d d i t i o n a l  
l ength of the  m esentery necessa ry to reach the  b i l e  

X 
5 mm 

• 
T � 

"j\� e c,, 
5 mm �.\ � / 5 mm 

· ··--..-· Ruq Luq 
12 mm C 5-1 2 mm 

12 mm 

• A nasogastric tube and Foley catheter are placed. 
• Use a footboard. 

d uct without putt i n g  the a nastomos i s  u n d e r  u n d u e  
tens i o n .  T h e  bowel proxi m a l  to the  sta p l e  l i n e  i s  t h e  
a l i m enta ry l i m b; a n  a d d i t i o n a l  4 0  t o  60 em o f  sma l l  
bowel d i sta l t o  t h e  sta p l e  l i n e  i s  measu red a n d  referred 
to as the  Roux l i m b .  
A s ide-to-s ide jejunojejunostomy is fash ioned .  Two 3-0 
stay sutu res a re p laced 6 to 10 em apart. Sma l l ,  adjacent 
enterotom ies are created i n  each l i m b  of the jej u n u m  
with t h e  cautery. An a rt i cu l at ing 60-mm l o n g ,  2 .5 -mm 
stap le  load is  i ntroduced i nto the bowe l v ia the enter
otom ies.  Ca re m ust be taken to ensure that the mesen
tery is  outs ide the stap le  load. The a nastomosis between 
the a l i menta ry and Roux l i m bs i s  created with the sta p ler. 
The common enterostomy is oversewed with a 3-0 a b
sorba b le  runn ing  suture. Alternatively, th i s  common de
fect ca n be c losed with a n  add it iona l  f ir ing of the sta p ler. 
The jejunojej u n ostomy mesenteric defect is c losed with a 
runn ing  2-0 nona bsorba b le  suture to prevent futu re in 
terna l  hern ias .  Avo id fu l l -th ickness b ites across the bowel 
mesenteric edge that was previous ly sea led with an en
ergy device; th i s  can lead to unnecessa ry hemorrhage, 
ischemia ,  or  hematoma near your a nastomosis  resu lt i ng  
i n  b leed ing ,  perforat ion,  or obstruct ion postoperative ly. 
So le ly  suture the peritoneum superfi c i a l l y  together. 

Rsc = Right subcostal port 

Ruq = Right upper quadrant port 

Luq = Left upper quadrant port 

Lsc = Left subcostal port 

C = Camera port 

X = Liver retractor port 

T = Target 
-- <8-cm width acceptable 
-- Instrument length and direction 

FIG 1 • Laparoscop ic  access ports. The surgeon is  posit ioned on the patient's r ight. The l iver i s  retracted a nter ior with a fixed 
retractor. The fi rst assistant on  the patient's left fac i l itates the proced u re by m a i nta i n i n g  tens ion on the runn ing  suture at a l l  
t imes and assist ing  i n  t h e  position i ng  o f  t h e  Roux l i m b  t o  fac i l itate accu rate p l acement o f  sutures. 
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• Next, v isu a l ize the Roux l i m b  mesenteric edge and trave l • 
down toward the root of the mesentery to ensure the 
mesentery i s  not twisted (th is is  worth doub le- or  tr i p le
check ing as peri phera l  v isua l izat ion is l i m ited dur ing  
lapa roscop ic  surgery) . 

• Create a defect in the transverse mesoco lon with the 
tissue-sea l i n g  device to the r ight of the r ight branch of 
the m idd le  co l i c  a rtery. Preserve the left space i n  case a 
futu re pancreatic Roux l i m b  is needed. 

• Mark the Roux l i m b  stap le  l i n e  with a stitch or a Penrose 
d ra i n/co lored tourn iq uet to make pass ing the bowel 
through the mesenteric defect to the porta hepatis eas ier 
(opt iona l ) .  

• Attention is tu rned to the mob i l izat ion of the common 
b i l e  d uct with i n  the hepatoduodena l l i ga ment.  
• If cholecystectomy has not been previous ly per

formed, identify the cyst ic  d uct and d i ssect proxi
m a l ly toward the common hepatic-b i l e  duct 
j unct ion;  if the g a l l b ladder  is surg ica l l y  a bsent, sta rt 
the d i ssect ion us ing a latera l to med ia l  approach to 
the soft t issues of the hepatod uodena l  l i gament.  
I n c ise the peritoneum over ly ing the anter ior aspect 
of the hepatoduodena l  l i gament to expose the b i l e  
d uct and hepatic a rteria l  supp ly. The b i l e  duct w i l l  
be l atera l t o  t h e  hepatic proper a rtery. Be  m i ndfu l  
that the r ight hepatic a rtery trave l s  a nter ior to the 
common hepatic duct i n  1 0 %  of patients. 

• Mob i l ize the l i gament further by inc i s ing  the per i
toneum l atera l ly, extend ing  the d i ssect ion down 
toward the i nfer ior vena cava . Anter ior  retract ion 
of the b i le  duct wi l l  fac i l itate exposure of the p lane  
between the common b i l e  d uct and  porta l ve i n .  
T h i s  step is  i m portant t o  fac i l itate t h e  next step, 
the b l i n d  passage of an i nstrument from the med i a l  
s ide, between t h e  hepatic a rtery and t h e  b i l e  duct 
wh i l e  stay ing a nter ior to the porta l ve i n .  

• Enc i rc le  the b i l e  d uct with a vesse l loop or Pen rose 
dra in ;  use meta l l i c  c l i ps to secure the ta i l s  together. 

• Pass a r ig ht-ang le  i nstrument poster ior  to the b i l e  
d uct and sha rp ly  d iv ide the b i l e  d uct. Ca refu l a p
p l ication of cautery or f ine a bsorbab le  sutu res can 
be used to obta i n  hemostasis at the 3 o'c lock and 
9 o'c lock a rter ia l  supply at the cut edge of the proxi
mal b i le duct. The bi le duct should b leed br iskly; if 
it does not, then cons ider shorten ing  the bi le duct 
proxim a l ly to better perfused t issue. 

• If a b i l i a ry endoprosthesis or percuta neous b i l i a ry 
d ra i n  is across the b i l e  duct, it shou ld  be removed at 
th i s  t ime .  If stent ing the b i l i a ry-enter ic  a nastomosis  
is  des i red, the idea l  s ituation is  to p l ace a new 8- to 
1 2-Fr b i l i a ry endoprosthesis across the a nastomosis  
after the poster ior  row has been comp leted. 

• A lapa roscop ic  bu l l dog c l amp is commerc i a l l y  ava i l 
ab le  and  ca n be used t o  c l amp  t h e  proxi ma l  cut 
edge of the bi le duct; i n  some cases, this may a l low 
for a s l i ght d i l atat ion of a sma l ler  b i l e  d uct and m i n i
m ize b i l i a ry so i lage of the peritoneum.  

B i l i a ry-enteric anastomosis 
• Most surgeons prefer the Trendelenburg position at 

the t ime of an i ntracorporea l hand-sewn choledocho
jejunostomy to take tension off of the a nastomosis 
by way of the sma l l  bowel mesentery using g ravity to 
br ing the Roux l i m b  c loser. Reverse Trendelenburg po
sition is usefu l in obese patients by us ing g ravity to re
tract the hepatic f lexure away from the porta hepatis. 
The Roux l imb  is  usua l ly  supported with a g rasper 
from one of the assistant port sites i n  either scenar io .  

• For l a rger  b i l e  ducts (>5 mm in d i ameter), a runn ing  
suture techn ique  is  appropr iate. T ie  two sepa rate, 
1 5- to 20-cm long,  4-0 a bsorba b le  sutu res together 
to create a doub le-armed suture .  For sma l l  b i l e  
ducts, i nterru pted 4-0 a bsorba b le  sutu res a re used 
for the poster ior  and anter ior rows. 

• An enterotomy is made in the ant imesenteric bor
der of the Roux l i m b .  Keep th i s  enterotomy shorter 
than the d i ameter of the b i l e  duct-it w i l l  stretch .  

• A stay suture is p laced at 1 2  o'c lock posit ion on the 
b i le  duct for retract ion of the a nter ior wa l l  du r i ng  
creat ion of  the poster ior  row (opt iona l ) .  

• The "dou b le-a rmed " suture that was created is i n 
troduced i nto the peritoneum;  one arm i s  passed 
"outside- i n "  on the bowel and the other  outs ide- in  
on the b i le  duct (sta rt i ng  at 3 o'c lock posit ion) .  Thus, 
both needles a re " i ns ide" and  the knot is "outs ide"  
(FIG 2A,B). 

• The poster ior  row is created fi rst by tak ing  the su
ture ins ide the b i le d uct and going " i ns ide-out" on  
the bowe l, then outs ide- in  on  the b i l e  duct, and  so  
forth, advanc ing  2 to 3 m m  with  each  passage of the  
suture across ent i re poster ior  row. 

• U pon com p l et ion of the poster ior  row, tens ion m ust 
be m a i nta i ned on the poster ior  suture. A bu l ldog 
c lamp or  equ iva lent instru ment is  p laced on  the pos
ter ior  row st itch to m a i nta i n  this tens ion (FIG 3A,B). 

• The opt iona l l y  p laced 1 2  o'c lock stay suture shou ld  
be removed now to prevent confus ion .  

• Stent ing the b i l i a ry-enteric a nastomosis wou l d  
occu r e ither n o w  or m idway through  com p let ing  
the anter ior row. 

• S i m i l a r ly, the anter ior row is com p leted by ta k ing  
the suture i ns ide the bowel and go ing  ins ide-out on  
the b i l e  duct, then outs ide- in on the bowe l, and  then  
end-over-end across ent i re a nter ior  row (FIG 4A,B). 

• The a nastomosis is com p l eted by tyi ng the two su
tu res on the outs ide at the 9 o'c lock posit ion .  

• After com pletion of the anastomosis, the redundant 
Roux l imb is pu l led back through the mesocolon defect 
toward the jejunojejunostomy; it is important to m in i
m ize the risk of an afferent l imb  obstruction or b i l i a ry 
stasis in the Roux l imb. The l imb is secured d i rectly to 
the peritoneum at the mesenteric defect with 3-0 non
absorbable suture to prevent future herniation. 

• Surg ica l  dra inage of the a nastomosis is by surgeon 
preference. 
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A B 

FIG 2 • A. The i n it i a l  suture is p laced in the 3 o'c lock posit ion,  such that the knot used to form the doub le-armed sutu re is  
externa l  to the p l an ned anastomosis .  B. Intraoperative photog ra ph of the 3 o'c lock suture. 

A B 

FIG 3 • A. Artist's rend it ion of the poster ior suture l i ne .  Note that the f ina l  suture w i l l  be on the jejuna l  s ide (outs ide the bowel) 
to fac i l itate tyi ng  th is  arm to the a nterior suture row arm. B. I ntraoperative photograph of the anastomosis at the comp letion of 
the poster ior suture l i ne.  
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A B 

FIG 4 • A. Artist's rend it ion of the com p lete a nastomosis pr ior  to tyi n g  the two arms of suture. B. I ntraoperative photog ra ph 
of the a nastomosis at the comp let ion of the a nter ior suture l i ne .  Th i s  arm of the suture w i l l  f in i sh  on  the outs ide of the b i l e  
duct. 

ROBOTIC CHOLEDOCHOJEJUNOSTOMY 

• Overa l l  tech n ique  is s i m i l a r  to that of the l aparoscop ic  
cho ledochojejunostomy. • 

First Step • 

• Port p lacement for robotic choledochojejunostomy as 
seen i n  FIG 5. 

• 

• 

• 

Port p lacement is set further away from the ta rget 
of d i ssect ion due  to the long robotic instruments 
and  i n a b i l ity of the robot to optim a l ly a rt i cu late 
when the arms approach g reater than or  equa l  to 
90-deg ree ang le  to the patient. 
Addit iona l ly, the robotic ports should be p laced 
wider than the lapa roscop ic  ports. This he lps avo id  
" confl i ct "  or  co l l i s ions between the robotic a rms .  

Mob i l i zat ion of  the hepatic f lexu re, creat ion of the Roux 
l i m b, creat ion of the jejunojej u nostomy, and i ntroduc-

• 

t ion of the Roux l i m b  through  the transverse mesoco lon 
a re performed with conventiona l  l aparoscopy before 
dock ing the robot. 
The patient is  p laced in a steep reverse Trende len burg 
posit ion with the r ig ht s ide t i lted s l i ght ly u p .  
T h e  robot is  docked as fo l l ows: 
• 
• 

Robot is posit ioned over the patient's r ight shou lder  . 
P lace a foam pad over the patient's arm and face . 

• Posit ion the robot correct ly in terms of both ma in 
ta i n i n g  it centered i n  its "sweet spot" (the a rrow 
must po int to the a rea with i n  the b lue  str ipe vis ib le  
on the front of  the robot) as we l l  as creati ng  suf
f ic ient d i stance between the robotic a rms.  

• The function of the robotic arms is opt ima l  when 
the arm n u m ber is  fac ing  d i rect ly out .  

The b i l i a ry enter ic  anastomosis i s  performed robotica l ly 
as described previous ly. 



C h a p t e r  9 MINIMALLY INVASIVE CHOLEDOCHOJEJUNOSTOMY 539 

/
T

\�m 

R1 "-. () 8 mm R3 
8 mm "-. / c , - ,/1. 2- R2 

R1 • .... • mm 
A 

1 2  mm 
A 

c 

R1 = Robotic operative port (horizontal) 
R2 = Robotic operative port (horizontal) 

R3 = Robotic retraction port (horizontal) 

A = Assistant port (horizontal) 

C = Camera port (vertical) 

T = Target 

-- 8-cm width (handbreadth) 
-- Instrument length and d i rection 

Gray letters shown if distance 

between xiphoid and umbi l icus 

is <1 6 em 

FIG S • Robotic access ports. R 1 serves as the surgeon's left hand and R2 serves as the i r  r ight hand .  R3 provides l iver retract ion .  
The assistant provides tens ion on the runn ing suture or provides add it iona l  exposure v ia retract ion of the jej u n a l  l i m b .  

POSTOPERATIVE CARE 

• Depending on the extent of the resection, the return of bowel 
function will be variable but can be virtually immediate. The 
authors remove the nasogastric tube on postoperative day 1 .  
Liquids are initiated on postoperative day 2 .  

• Monitor the patient for signs o f  biliary fistula; a lack o f  bile 
in an operatively placed drain does not ensure the absence of 
an evolving fistula . 

Fevers 
Tachycardia 
Right upper quadrant pain 
Leukocytosis 
Persistent ileus 

• CT with percutaneous drainage of any identified fluid collec
tions is employed if fistula is suspected. 

OUTCOMES 

• Biliary-enteric reconstruction patency rate 
Open: 70% to 90% 
Minimally invasive: no  data 

• Follow-up 
Four weeks postoperatively with laboratory studies (com
plete blood count [CBC], complete metabolic panel [CMP] ) .  
An  elevation in  the alkaline phosphatase i s  usually the ear
liest and most sensitive indicator of biliary obstruction or 
stricture. 
Twelve weeks postoperatively with a right upper quadrant 
US to examine for dilated intrahepatic ducts or postoperative 
fluid collections, or sooner if liver function tests are abnormal. 

Twenty-four weeks postoperatively with a technetium-
99m Choletech scan in nuclear medicine to assess filling 
of the Roux limb with radiotracer (optional) .  
The risk of stricture persists for 1 0  years. The authors rec
ommend obtaining liver injury tests every 3 months for the 
first year, and then semiannually until the fifth anniversary 
of the operation. 

COMPLICATIONS 

• Mortality: 1 %  
• Morbidity: 1 0 %  to 20% 

Biliary fistula (early) 
Biliary stricture ( late ) 
Jejunojejunostomy leak or stricture ( < 1  % )  
Afferent limb obstruction ( < 1  % )  
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Chapter 1 0  Choledochoduodenostomy 
·----------------------------------------------------- .. 

Ka therine A. Morgan Da vid B. Adams 

DEFINITION 

• Choledochoduodenostomy (CDD) describes an anastomo
sis between the extrahepatic biliary tree and the duodenum 
undertaken to provide internal drainage of an obstructed 
distal common bile duct ( CBD ) .  

DIFFERENTIAL DIAGNOSIS 

• Choledocholithiasis 
• Autoimmune-induced biliary strictures 
• Chronic pancreatitis 
• Periampullary malignancy 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• The primary indications for CDD are benign causes of bili
ary obstruction including chronic pancreatitis and distal 
biliary stricture related to choledocholithiasis. In the current 
era of endoscopic retrograde cholangiography, the frequency 
of operative biliary bypass has decreased; nonetheless, 
CDD remains an important part of the general surgeon's 
armamentarium. 

• Patients with distal biliary obstruction will typically pres
ent with right upper quadrant abdominal pain and associ
ated jaundice. If cholangitis is attendant, fever and chills 
( Charcot's triad)  or, in more severe cases, hypotension and 
altered mental status (Reynolds' pentad) may be evident. 

• Elevated serum hepatic chemistries are essential to the diagno
sis of significant biliary obstruction. Total and direct bilirubin, 
alkaline phosphatase, and gamma-glutamyltransferase are 
elevated preferentially to the hepatic transaminases in cases of 
biliary obstruction as contrasted to intrinsic hepatic disease. 

• Patients with chronic pancreatitis who present with biliary 
obstruction may have a reversible component to the inflam
matory obstruction, and thus are often best managed initially 
with endoscopic stenting. In cases with persistent biliary ob
struction due to constricting fibrosis in the pancreatic head, 
marked by elevated serum hepatic chemistries and a dilated 
CBD, surgical intervention is warranted. In patients with an 
accompanying inflammatory pseudotumor in the head of the 
pancreas or a concern for malignancy, pancreatic head resec
tion may be indicated. When resection is not indicated, CDD 
is an excellent means of biliary bypass while minimizing peri
operative morbidity and preserving pancreatic parenchyma. 

• Patients with a terminal biliary stricture due to long-standing 
choledocholithiasis do well with CDD. Common indications 
include a dilated CBD ( > 1 .5 em) ;  multiple CBD stones; and 
primary, recurrent, or recalcitrant choledocholithiasis. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Right upper quadrant ultrasound is the frontline test for 
biliary obstruction, visualized as dilated intrahepatic and 
extrahepatic biliary ducts . It is highly sensitive, noninvasive, 
inexpensive, readily available, and requires no radiation. 
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• Contrast-enhanced computed tomography (CT) is a use
ful modality to evaluate abdominal pain. CT will demon
strate a dilated biliary tree and can help in the evaluation for 
causative-associated pathology including choledocholithia
sis, chronic pancreatitis,  and periampullary malignancy. 

• Magnetic resonance cholangiopancreatography (MRCP) 
can give detailed information about biliopancreatic ductal 
anatomy and pathology (T2 weighted images) and soft tis
sue abnormalities related to pancreatitis or neoplasm (Tl 
weighted images) .  MRCP is an important tool for assess
ment of biliary obstruction because of the advanced ductal 
imaging capability. 

• Endoscopic retrograde cholangiopancreatography (ERCP) is 
the primary initial therapeutic approach to biliary obstruc
tion in the current era. ERCP can be both diagnostic and 
therapeutic in the management of biliary obstruction. It can 
be used to identify stones and apply a variety of maneuvers 
that facilitate stone clearance: 

Sphincterotomy 
Balloon cholangioplasty and sweeping 
Basket retrieval 
Lithotripsy 

• Strictures can be dilated and stented endoscopically. Even 
with alternative strategies (metal stents, multiple plastic 
stents ) ,  endoscopic stenting lacks durability in the man
agement of chronic, longer segment CBD strictures due to 
chronic pancreatitis and stone disease and CDD is often 
employed in these cases. 

• Endoscopic ultrasound (EUS) can be helpful in the careful 
evaluation of the terminal biliary tree for the diagnosis or 
exclusion of malignant obstruction and the assessment for 
occult cholelithiasis. EUS has also been more recently used 
for an endoscopic-directed choledochoduodenal stent. 

• Percutaneous transhepatic cholangiography (PTC) is under
taken to study the biliary tree and allow for biliary drain
age in cases where endoscopic transampullary access is not 
possible. Maturation and dilation of the tract after PTC can 
allow for percutaneous instrumentation to be used under 
radiographic guidance to clear stones from the biliary tree. 

SURGICAL MANAGEMENT 

• CDD is indicated in patients with a benign terminal bili
ary stricture, with an associated dilated CBD ( > 1 .5 em 
diameter) ,  most commonly due to chronic pancreatitis or 
choledocholithiasis. CDD has been effectively used in the 
management of malignant biliary obstruction. 

• When planning a biliary bypass procedure, a neoplastic cause 
for biliary obstruction should be sought out and recognized, 
as a malignant (or potentially malignant) process may call 
for a divergent operative approach. 

• When biliary bypass is indicated in unresectable periampul
lary malignancy, CDD may be selected as an alternative to 
hepaticojejunostomy. 

• Classically, the CDD anastomosis is performed in a side
to-side fashion but may also be performed with an end 

-



(bile duct) to side (duodenum) technique, particularly when 
using a laparoscopic approach. Both methods are presented. 

Preoperative Planning 

• CDD is best undertaken in an elective setting. Acute pancre
atitis should be allowed to settle and cholangitis should be 
properly treated. Often, endoscopic stenting can be helpful 
to temporize patients and allow for medical optimization. 

• Particular attention should be taken to the nutritional sta
tus of the patient, as patients with chronic inflammation are 
often malnourished. Enteral or parenteral supplementation 
may be appropriate to condition the patient for surgery. 

CHOLEDOCHODUODENOSTOMY, 

SIDE-TO-SIDE 

Incision and Exposure 

• An upper  m i d l i n e  i nc i s ion or a r ight subcosta l i nc i s ion 
may be used for th i s  operat ion (FIG 1 ). The abdomen i s  
exp lored for unexpected f ind ings  inc lud ing evidence for 
d istant m a l ignancy. Cauda l  mob i l izat ion of the hepatic 
f l exu re of the co lon i s  undertaken to a id  i n  adequate 
duodena l  exposure.  

• Use of self-reta i n i n g  retractors fac i l itates exposu re of the 
term i n a l  b i le duct and the fi rst and  second port ions of 
the duodenu m  (FIG 2). 

• An extensive Kocher maneuver is performed to optim a l ly 
mob i l ize the duodenu m .  Th is  mobi l i zat ion is a crit ica l 
step for the success of a tens ion-free a nastomosis .  The 
pancreatic head and term i n a l  bi le duct a re pa l pated and  
exa m i ned to  assess fo r  extent of  d i sease and  unexpected 
f ind i ngs .  

• If the g a l l b ladder  rema ins  in p lace, a cho lecystectomy i s  
performed (FIG 3). 

• The porta hepatis is exa m ined and  the CBD c lear ly  identi
f ied for the cou rse of g reater than 3 em along its a nter ior 
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• Hepatic function should also be assessed prior to surgery, as 
it may be compromised in patients with long-standing bili
ary obstruction. Vitamin K supplementation, in particular, 
may be useful. 

• Patients with terminal biliary stenosis due to chronic pan
creatitis may have associated duodenal stenosis, pancre
atic ductal obstruction and dilation, or splanchnic venous 
obstruction, which may require operative management and 
should be confirmed with preoperative evaluation. 

• Patients with terminal biliary stenosis and cavernous trans
formation of the portal vein may undergo CDD safely, al
though additional emotional and physical work is demanded 
in the conduct of the procedure. 

an i ntraducta l b i l i a ry stent or asp i rat ion of b i l e  with a 
f ine  need le  and syr inge .  

wa l l .  I n  cases with  s ign if icant inf lam mation and  f ibrosis, • I nc i s ion of the peritoneum at the cepha lad  aspect of the 
fi rst port ion of the duodenum can fac i l itate the esta b
l i shment of a p lane  between the poster ior  wa l l  of the 

the anatomy can be d i storted .  Pa l pation of the hepatic 
a rtery can be he lpfu l  i n  or ientat ion,  as  can pa l pation of 

FIG 1 • The a uthors favor a r ight subcosta l i nc i s ion .  

FIG 3 • When present, retrograde d i ssect ion of the ga l l 
b ladder  fac i l itates identif icat ion of  the cyst ic  d uct confl uence 
and d ista l CBD .  
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A 

FIG 4 • A. After ca uda l  mob i l izat ion of the duodenum,  stay sutu res are p laced in the d i sta l  CBD (fi ne monofi l ament 
sutu res) and  the d uoden u m  ( l a rger  bra ided sutu res) to fac i l itate exposu re .  B. Add it iona l  v iew from the patient's 
r ight further demonstrates how th i s  mob i l izat ion fac i l itates a n  anastomosis free of tens ion .  P l an ned ductotomy and 
d uodenotomy (white lines). 

duodenum and the a nter ior  wa l l  of the CBD,  provid i ng  
add it iona l  length and i m p rovi ng the  proxi m ity of  the 
p l an ned ductotomy and  d uodenotomy s ites, thus reduc
i ng  potent ia l  tens ion on the a nastomosis (FIG 4). 

Choledochoduodenal Anastomosis 

• I dentif ication of the CBD is confirmed by asp i rat ion with 
a 2 1 -gauge need le .  

• An anter ior ductotomy is made sharp ly, typica l ly with a 
no .  1 1  b lade at the site of the need le  asp i rat ion,  l a rge 
enough to permit  entrance i nto the duct with the t ip  of  
a f ine hemostat. An a nter ior long itud i n a l  choledochot
omy is  then extended with scissors or e lectroca utery for • 
1 . 5 em in length .  The ductotomy is made on the d i sta l 
CBD  as c lose as safe ly poss ib le  to the duodenu m .  Arter ia l  
b leed i n g  on the d ista l ductotomy means "far enoug h . "  

• The d i sta l CBD and common hepatic duct shou ld  be 
i rr igated with an 8-Fr catheter to c lear  the duct of stones 
and s ludge .  If ducta l l ith ias i s  i s  present, cho ledochoscopy 
shou ld  be undertaken to confi rm c learance of the d uct of • 

stones. Resid u a l  stones may req u i re ba l l oon catheter or  
basket extract ion .  

• When cavernous tra nsformation of the porta l ve i n  is  
present, the venous network surround ing  the common 
d uct w i l l  req u i re a comb inat ion of  suture l igat ion,  co
a ptive e lectrocautery, and a rgon beam coagu lat ion to 
ach ieve hemostas is .  • 

• The m o b i l ity of d u o d e n u m  is assessed to determ i n e  
where a n  a nastomos i s  w i l l  m ost s u itab ly  l i e  without 

ten s i o n .  A d uodenotomy i s  then  made  with e l ectrocau
te ry, with cutt i n g  cu rrent i n  the  postbu l ba r  duode n u m .  
T h e  a n g l e  o f  t h e  d uodenotomy w i l l  vary from pat ient 
to pat ient, d e p e n d i n g  on  the  under l y i ng  d i sorder  a n d  
var iat ion  f r o m  n o r m a l  a n atomy. I n  p a ncreat it is, t h e  
m o b i l ity of the  d u o d e n u m  va r ies  w i t h  the under l y i ng  
per ipa ncreat ic  fi b ros i s  so the  l ocat ion  of the  d uode
notomy w i l l  va ry accord i n g ly. The duodenotomy is  usu
a l ly a n  o b l i q u e  i nc i s ion ,  with the  goa l  of a comforta b l e  
a nastomos i s  without d i stort ion  o f  the d u o d e n a l  fl ow. 
The duodenotomy s h o u l d  be cut at a l ength of a bout 
1 .0 em as  it  w i l l  a l ways stretch m o re than expected 
(F IG 5). 
If a preoperative prograde or retrograde stent has been 
p laced, it may be prudent to leave it i n  p lace to serve as 
a postoperative stent, part icu lar ly  i n  the d ifficu lt  a nas
tomosis in the presence of severe peri pancreatic f ibrosis, 
recog n iz i ng  the r isk of stent- ind uced postoperative b i l i 
a ry sepsis related to the s i a lomuc in  stent b iofi l m  ha rbor
i ng  g ram-negative bacter ia .  
A s ing le  layer  of i nterrupted sutu res with f ine  4-0 or 5-0 
monofi la ment a bsorba b le  suture i s  used for th i s  anasto
mosis .  Fu l l -th ickness corner sutu res a re p laced through 
the duodenum and  then the b i l e  d uct at e ither end of 
the anastomosis such that the ta i l s  are outs ide the l umen .  
They a re marked w i th  a hemostat and act fo r  exposure 
and for conceptua l  p l a n n i n g  (FIG 6). 
The poster ior  row of sutu res is p l aced with the ta i l s  on  
the i ns ide of the l u men, beg i n n i n g  with  the m idd le  su 
ture to a i d  i n  spat i a l  p l a n n i n g .  Th i s  suture  wi l l  be at the 
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end of the cho ledochotomy and  at the m idd le  of the 
duodenotomy. The i n d iv idua l  sutu res a re tagged and 
then t ied down at the com p l et ion of the poster ior  row, • 
except the corner stitches, which rema i n  u nt ied to a id  i n  
exposure (FIG 7). 

• The a nter ior row of sutu res is then p laced, beg i n n i n g  
with t h e  m idd le  sutu re, with t h e  ta i l s  on  the outs ide of • 

A a B a 

b ) 
c ..o::oiiiiiiiiil� d c ..o::oiiiiiiiiil� d 

a / 

C h a p t e r  1 0  CHOLEDOCHODUODENOSTOMY 

FIG 5 • An anter ior cho ledochotomy is performed 
i n  a n  ob l ique  m a n ner, at least 1 . 5 em i n  length.  An 
ob l i que  duodenotomy i s  made i n  a config u rat ion 
that wi l l  a l low for a tens ion-free a nastomosis 
without d i stort ion of the duodenum, approximately 
1 .0 em i n  length as it wi l l  stretch .  

t h e  anastomotic l umen .  A l l  rem a i n i n g  sutu res a re then 
t ied secure ly i n  p lace (FIG 8). 
When the anatomy is favorab le, part icu lar ly  with a th i ck
ened b i l e  duct, a l a rge anastomosis, and easy duodena l  
mob i l ity, the anastomosis can be constructed with  con
t inuous  sutures. 
A c losed suct ion d ra i n  i s  p l aced nea r the a nastomosis .  

FIG 6 • Schematic d rawing of how the two ostom ies a re 
or iented for the a n astomosis .  A. Depict ion of the ostom i es 
as they l i e  perpend i cu la r  to one another. B. Stay sutu res a re 
p laced on both s ides of the m i d po i nt of the choledochotomy 
(ha lfway between a and b). C. These stay sutu res a re then 
used to take fu l l-th ickness b ites of the d uoden u m  at the ends 
of the d uodenotomy. This a l i g ns the structu res for p lacement 
of the poster ior  sutu re l i ne .  

FIG 7 • Anatomic  dep ict ion of the corner  sutu res that  are 
p laced with ta i l s  outs ide the l umen  and  tagged to a id  for  
exposu re and  spat ia l  p l a n n i n g .  The back row of sutu res is  
performed i n  a n  i nterru pted fash ion,  with ta i l s  on  the ins ide .  
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FIG 8 • A. The a nter ior row of sutu res is then p l aced i n  
a n  i nterru pted fash ion,  with ta i l s  on  t h e  outs ide o f  the 
l umen,  and  t ied i n  turn to com p lete the a nastomosis .  
B. Schematic d rawing of the com p l eted a nastomosis .  

CHOLEDOCHODUODENOSTOMV, 

END-TO-SIDE 

Incision and Exposure Including Portal Dissection 

• The inc i s ion and exposure a re s i m i l a r  to that for the 
s ide-to-s ide tech n iq ue, i nc l ud ing  a n  extensive Kocher 
m a neuver to mob i l ize the duoden u m .  I n  the end-to-
side tech n iq ue, however, c i rcu mferent ia l  d i ssect ion of 

B 

Choledochoduodenal Anastomosis, End-to-Side 

• A long itud i n a l  inc i s ion is made in the second port ion 
of the duodenum near where the d iv ided b i l e  d uct i s  
located . A s ing le  layer  of f ine  (4-0) a bsorba b le  suture is  
a lso used for th i s  a nastomosis .  Fu l l -th ickness corner su
tures fi rst through the bowel, then through  the bi le duct, 
and  a re p laced at e ither end of the a nastomosis for expo-
sure and spat ia l  p l a n n i n g .  

t h e  CBD i s  necessa ry. I n  cases with severe i nfl a m mation • If an anastomosis with i nterrupted suture is p l anned, 
the conduct of the a nastomosis is  identica l to that of 
the s ide-to-s ide techn ique .  If a n  a nastomosis with a run
n ing suture is  p l an ned, the corner sutu res a re t ied and 
left long with need le  i n  p lace .  On one end, the needle 
i s  passed to the ins ide and run a long  the poster ior  wa l l  
ins ide t h e  l u m e n  a n d  t ied t o  t h e  other  corner's ta i l .  The 

and  f ibrosis of the porta hepatis, a s ide-to-s ide tech n ique  
may be prudent to  avo id  vascu l a r  i nj u ry. Med ia l  to  latera l 
d i ssect ion of the poster ior  CBD  away from the hepatic 
a rtery and porta l ve i n  is  the safest tech n ique .  Once the 
CBD has been enc i rc led, it i s  d iv ided as d ista l ly as possi-
ble, with attent ion to precise control of the rad i a l  b lood 
supply of the duct, avo id ing  excess ive use of cautery. The 
d i sta l end of the d iv ided bi le duct is  then oversewn in a 
runn ing  fash ion us ing a n  a bsorbab le  suture. 

LAPAROSCOPIC 

CHOLEDOCHODUODENOSTOMY 

Patient Positioning and Port Placement 

• The patient is posit ioned sup ine  and  in reverse Tren
de lenburg with a left s ide down t i lt . 

• Lapa roscop ic  port s ites are p laced in an a rc a bove the 
level of the u m b i l icus with a r ig ht-s ided b ias .  Port s ite 
p l acement s i m i l a r  to a l aparoscop ic  cholecystectomy. 

other suture is  then run a long  the anter ior wa l l  and t ied 
to the other  corner's ta i l .  

• A c losed suct ion d ra i n  is p l aced near the a nastomosis .  

Initial Dissection 

• The cond uct of the operat ion is s i m i l a r  to that for the 
open tech n i q ue, i n c l u d i n g  m o b i l i zat ion of the  hepat i c  
f lexu re of the  co lon  a n d  a n  extens ive Kocher  m a n eu
ver to m o b i l ize the  duode n u m .  A l a p a roscop i c  l iver 
retractor i s  n ecessa ry to expose the  porta hepat is .  Por
ta l d i ssect ion  is carr ied out with ca re u s i n g  the  hook  
e lectroca utery. 



Choledochoduodenal Anastomosis 

• When poss ib le, an end-to-side technique is favored laparo
scopical ly, as this anastomosis without tension is often tech
nica l ly easier to perform. In cases with severe inf lammation 
and f ibrosis of the porta hepatis, however, c i rcumferentia l  
b i le  duct d issection may  be  treacherous and a side-to-side 
technique is favored. 

PEARLS AND PITFALLS 

• 

• 
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A f ine a bsorbab le  suture i s  used for the a nastomosis . 
The a nastomosis is beg u n  with corner sutu res p laced and  
t i ed  without cutt ing  the need le .  The  poster ior  row i s  run  
f rom med i a l  to latera l and  t ied  to the ta i l  of the other 
corner suture .  The anter ior row is then s i m i lar ly  run,  now 
l atera l to med i a l  and  t ied to the other corner's ta i l .  
A c losed suct ion d ra i n  i s  p l aced near t h e  a nastomosis . 
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I nd ications • A thorough  preoperative eva l uat ion of the cause for b i l i a ry obstruct ion is  i m porta nt, specif ica l ly 
recogn iz ing  neoplas ia  if present to a l low for proper operative dec is ion mak ing .  

Preoperative p l ann ing  • I nf lam mation associated w i th  acute pancreatitis and  infect ion and inf lam mation rel ated to 
cho lang it is  on presentat ion shou ld  be proper ly treated and a l l owed to resolve pr ior  to proceed ing  
w i th  th i s  e lective operat ion .  

• Patient n utrit iona l  status shou ld  be opti m ized pr ior  to surgery to m i n i m ize morbid ity. 

I nc i s ion and exposure • An extensive Kocher maneuver shou ld  be performed to mob i l ize the duodenum and m i n i m ize ten
sion potent ia l l y  lead ing  to anastomotic fa i l u re .  

Cho ledochod uodena l  
anastomosis 

• The choledochotomy and d uodenotomy should be confi g u red i n  a way so as to m i n i m ize a nasto
mot ic  tens ion and duodena l  d istort ion .  Ca refu l i ntraoperative p l ann i ng  and an ob l i que  b ias  to the 
i nc is ions a re usefu l .  

• T h e  a nastomosis shou ld  b e  g reater than 1 . 5 em i n  length t o  avoid stenosis resu lt i ng  i n  cho lang itis, 
hepatic a bscess, stones, and potent ia l ly s u m p  synd rome.  

POSTOPERATIVE CARE 

• Nasogastric decompression should be undertaken in the 
initial postoperative period. 

• The closed suction drain is removed once diet is tolerated 
and there is no evidence of anastomotic leak. 

OUTCOMES 

• Outcomes following CDD are limited to small, retrospec
tive, single institution case series, including both open and 
laparoscopic approaches. Postoperative morbidity fol
lowing CDD is reported as 9 . 8 %  to 2 8 % ,  with the most 
common complications being wound infection and anas
tomotic leak. 

• A phenomenon known as "sump syndrome" has been de
scribed following CDD where food debris or stones accumu
late in the terminal portion of the CBD, resulting in episodes 
of abdominal pain, fever, and cholangitis. The incidence of 
sump syndrome after CDD appears to be relatively uncom
mon, reported as 0% to 9% in case series, and presents 
in a delayed fashion, typically years after the procedure. 
Anastomotic stenosis has been implicated as the cause for 
sump syndrome as well as for the rare occurrence of recur
rent stones, cholangitis, and hepatic abscess, and therefore, 
generous anastomotic girth is encouraged to prevent these 
complications . 

COMPLICATIONS 

• Intraoperative hemorrhage from portal vein or proper he-
patic artery 

• Anastomotic leak, duodenal fistula 
• Anastomotic stricture 
• Cholangitis 
• Hepatic abscess 
• Choledocholithiasis or intrahepatic ductal stones 
• Sump syndrome 
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Chapter 1 1  Resection of Hilar 
Cholangiocarcinoma 

·----------------------------------------------------- .... 

t Ryan T. Groeschl T. Clark Gamblin 

DEFINITION 

• Hilar cholangiocarcinoma (HC),  also referred to as Klatskin's 
tumor, is an extrahepatic cancer of biliary epithelial ori
gin near the confluence of the right and left hepatic ducts . 
The hepatic artery and portal vein are in close proximity 
to the bile duct, and vascular involvement is common. Given 
the limited effectiveness of other therapies, margin-negative 
resection is the optimal treatment. Although multimodal 
therapy combined with transplantation is also a potential 
approach to HC,l this chapter focuses on the resection tech
nique for this biliary disease. 

DIFFERENTIAL DIAGNOSIS 

• Growth patterns for HC may be exophytic, infiltrative, pol
ypoid, or any combination thereof ( FIG 1 ) .  The differential 
diagnosis includes pathologies that may mimic any of these 
appearances. 

Papilloma-composed of vascular connective tissue and 
covered with columnar epithelium; low-grade malignant 
potential 
Adenoma-glandular tissue surrounded by fibrous stroma; 
low-grade malignant potential 
Benign biliary stricture from recurrent pyogenic cholan
gitis, primary sclerosing cholangitis, choledocholithiasis, 
Mirizzi's syndrome, previous surgery, or trauma. 

Exophytic 

Po lypo id 

FIG 1 • Var ious 
cho lang ioca rci noma .  
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g rowth 

I nfi ltrative 

Combi ned 

patterns of extrahepatic 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Successful hepatectomy must maintain an adequately healthy 
liver remnant. Initial assessment of the patient must not only 
focus on the malignancy itself but also on general liver func
tion. Underlying liver dysfunction (due to chronic alcohol 
exposure, viral hepatitis, fatty liver disease, etc . )  may alter 
operative planning and the minimum remnant required. 

• History 
Symptoms: jaundice, itching, unintentional weight loss, 
abdominal pain 
Broader aspects of patient history: gallstones, cholangitis, 
primary sclerosing cholangitis, ulcerative colitis, previous 
surgery or trauma, viral hepatitis, cirrhosis, alcohol con
sumption, international travel, obesity, diabetes, hyperlip
idemia, bruising, immune deficiency 

• Physical exam 
Jaundice or scleral icterus; muscle wasting may be present. 
If disease occludes cystic duct, gallbladder may be palpa
ble (Courvoisier's sign ) .  

• Assess for stigmata of  cirrhosis, portal vein thrombosis, or  
portal hypertension: ascites, encephalopathy, spider angio
mata, skin telangiectasias, palmar erythema, bruising. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Transabdominal ultrasound 
May identify duct dilation and large hilar tumors, but pri
marily functions as a screening tool 
Doppler may identify narrowing or thrombosis of the 
hepatic artery or portal vein. 

• Cross-sectional imaging: computed tomography and mag-
netic resonance 

Good visualization of mass lesions and ductal dilation 
Staging: may identify intraabdominal lymphadenopathy 
and/or metastases 
Contrast enhancement allows assessment of vascular in
volvement and identification of anomalous hepatic inflow, 
which are critical to operative planning. 
Signs of cirrhosis or portal hypertension may be present: 
irregular hepatic capsule, caudate hypertrophy, cavernous 
transformation, hypersplenism, ascites, recanalized um
bilical vein. 

• Cholangiography 
Magnetic resonance cholangiopancreatography 

Noninvasive; allows visualization and three-dimen
sional reconstruction of ductal anatomy 
Does not provide opportunity to sample tissue 

Endoscopic retrograde cholangiography 
Allows visualization of ductal anatomy, provides 
opportunity for brushing or biopsy, and allows stenting 
in case of biliary obstruction 
Invasive; risk of procedure-induced pancreatitis 

-
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Cholangiography via percutaneous catheters 
If percutaneous biliary drainage catheters have been 
placed, contrast can be used to delineate ductal anat
omy and also allow brushings. 
Ideally, such catheters are placed in the future remnant 
liver or bilaterally. 

• Endoscopic ultrasound 
Allows evaluation of the duct and regional lymph nodes, 
which may also be sampled with fine needle aspiration or 
core biopsy when available ( 1 9  gauge to 22 gauge) 
Intraductal fiberoptic direct visualization (with biopsy) 
and intraductal ultrasonography are available at some 
centers. 

• Positron emission tomography 
Fluorodeoxyglucose (FDG) avidity is typically limited to 
mass lesions greater than 1 em but provides poor qual
ity for identifying cancers with infiltrative growth; hence, 
limited use beyond standard cross-sectional imaging for 
assessing primary tumor. 
May identify occult metastatic disease 

• Laboratory evaluation 
Cholestasis may be indicated by elevated bilirubin, alka
line phosphatase, and gamma-glutamyltransferase levels. 
Albumin and prothrombin time evaluate synthetic function. 
Aspartate and alanine aminotransferase levels are often 
normal. 
Low platelet levels may reflect hypersplenism due to por
tal hypertension. 
Elevations in carbohydrate antigen 1 9-9 (CA 1 9-9)  or 
carcinoembryonic antigen may be elevated in patients 
with HC. 

CA 1 9-9 may be spuriously elevated in the setting of 
jaundice. 
When workup reveals tumor marker elevation, these 
levels may be followed after resection to assess for dis
ease recurrence. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patients with jaundice should be drained either endoscopi
cally or percutaneously to optimize liver remnant function. 

• Operations for HC involve the dissection of critical struc
tures, biliary and vascular reconstruction, and adaptation 
to intraoperative findings. Expertise in hepatobiliary anat
omy and surgical technique is essential. In particular, fa
miliarity with common patterns of anomalous ductal and 
arterial hilar anatomy ( FIG 2 ) will prevent injury to unin
tended structures. Features of unresectability are shown in 
Table 1 .  

• When a diminutive liver remnant i s  anticipated, preoperative 
angioembolization of the contralateral (tumor-supplying) 
portal vein should be pursued in an attempt to hypertrophy 
the potential remnant. 

• The Bismuth-Corlette classification is used to describe the 
extent of right and left duct involvement ( FIG 3 ) .  Care
ful review of cholangiography and cross-sectional imaging 
will identify resectable patients and aid in operative 
planning. 

Table 1 :  Liver-Specific Criteria for Unresectable 
Klatskin Tumors 

Tumor extension to bilateral secondary branches of hilar structures 
Portal vein 
Hepatic artery 
Bile duct 

In patients with normal background liver 
Future remnant liver <25% 
Inability t o  preserve two adjacent segments 

In cirrhotic patients 
If resection is considered, preservation of a large remnant is essential to 
prevent postoperative liver failure. 
These patients can be considered for transplantation in the context of an 
established multimodal treatment protocol or clinical trial. 

• Right hepatectomy or trisectionectomy is generally indicated 
for types II and Ilia tumors.  

• Left hepatectomy, and especially left trisectionectomy, is 
uncommonly performed and often carries a higher compli
cation rate . This type of resection is usually reserved for type 
Illb tumors, or those cases where the future left-sided rem
nant would be inadequate for type II tumors. 

• Type IV tumors are unresectable unless a full sectoral branch 
is uninvolved and free of tumor. 

• Type I HC may occasionally be amenable to local biliary re
section alone; however, RO rate and thus survival have been 
directly linked to the use of hepatic resection. 2 

• Apparent invasion of the portal vein or vena cava does not 
preclude resection. Large tumors can narrow adjacent ves
sels on imaging; however, this may be mass effect and not 
necessarily represent invasion. 

• Contraindications to resection include distant metastatic 
disease and bilobar liver involvement. 

• Although enthusiasm has grown for laparoscopic liver sur
gery, the dissection and reconstruction required for resec
tion of HC currently requires laparotomy in most cases. 
However, a preliminary laparoscopy (performed immedi
ately before planned resection) will identify occult disease 
in at least half of unresectable patients, who are then spared 
laparotomy.3 

• Intraoperative ultrasound should be used liberally through
out the operation to assess extent of disease, location of 
ducts, and location/patency of vessels. 

Positioning 

• Supine position with arms perpendicular to body axis ( FIG 4) 
• Sterile skin preparation extends cranially beyond the nipple 

line, caudally to the groins, and laterally to the posterior 
axillary lines (particularly on the right side ) .  

• I f  the need for portal vein reconstruction with autologous 
internal jugular vein is suspected, a sterile field is also pre
pared at the neck. 

• If preoperative biliary catheters were placed, they are 
prepped into the field. 

• Both groins are prepped if venovenous bypass is an antici
pated strategy. 
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Type 1 - 55% 

Common bile duct 

Gastroduodenal artery 

Type 1 1 - 1 0% 
Middle hepatic artery 

Right 

hepatic 

artery ----------��,rl 

Cystic 

artery 

Common hepatic artery 

Left 

gastric 

artery 

Middle hepatic artery 

Left hepatic artery 

Proper hepatic artery 

Common hepatic artery 

Right gastric artery 

Type 1 1 1 - 10% 

Right hepatic 

artery ----------'1• 
Cystic 

artery ---"""">"'MW"\'\11• 

Right hepatic artery 

Left hepatic artery 

Proper hepatic 

artery 

Superior 
mesenteric 
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FIG 2 • Common va r iat ions of h i l a r  a rter ia l  a natomy. Although the usua l  cou rse of the r ight hepatic a rtery is from the common hepatic 
a rtery and cross ing l atera l ly poster ior  to the bi le duct confl uence, a rep laced (or accessory) r ight a rtery may or ig i n ate from the super ior  
mesenteric a rtery. A rep laced (or accessory) left a rtery may be found  i n  the gastroco l i c  l i ga ment or ig i nat ing from the left gastr ic  a rtery. 

Type I Type I I  Type l i la Type l l lb Type IV FIG 3 • B ism uth-Corlette c lass if ication of Klatsk in  
tumors. 
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PRELIMI NARY LAPAROSCOPY 

• Using the Hasson method, a 1 0- to 1 2-mm periumb i l ica l 
port is p laced . A 1 0-mm 30-degree laparoscope is used to 
i nspect the abdomen for evidence of metastases: peritoneal 
cavity, l iver surface, porta hepatis, gastrohepatic l igament. 

• If necessa ry, an add it iona l  5-mm port is p laced under  
d i rect v isua l i zat ion i n  the subxi pho id  m id l ine  (to be 
inc l uded i n  the potent ia l  l a pa rotomy i nc i s ion) .  

LAPAROTOMY 

Incision and Abdominal Inspection 

• The a bdomen is entered with a r ight subcosta l  i nc i s ion 
with subxi pho id  extens ion (FIG 4). 

• The l i gamentum teres hepatis (round l i gament) is d iv ided 
and fa lc iform l i ga ment taken down from the a nter ior  
abdom i n a l  wa l l .  

• The abdomen is i n spected thoro u g h ly to confirm a bsence 
of d istant d i sease. The l iver is i nspected with b imanua l  
pa l pation and i ntraoperative u ltrasonography. 

• Along with control of the h i l a r  vesse ls, c i rcu mferentia l  
control o f  t h e  supra- and i nfra hepatic vena cava with 
a tape can be used selectively, which a l l ows for nearly 
com p l ete vascu l a r  control of the l iver shou ld  venovenous 
bypass be necessa ry. 

Paraaortic Node Assessment and Biliary Dissection 

• The omentum is freed from the tra nsverse colon,  a l l ow
ing  access to the omenta l bursa .  

• The hepatic flexure of the colon is mob i l ized and rotated 
med i a l ly unt i l  the duodenum and vena cava a re identified . 

• A Kocher maneuver is performed, retract ing the d uode
num to the l eft unti l  the aortocava l g roove is  exposed . 

• F i rm or en l a rged paraaort ic  nodes a re samp led for im
mediate patho log ic  exa m inat ion .  
• If nodes are g rossly posit ive, the operation i s  

term inated. 

• 

• 

• 

• 

• 

FIG 4 • Proper posit ion ing  of the patient in the sup ine  posit ion with 
a rms perpend i cu la r  to the body axis .  The r ight su bcosta l  i nc i s ion with 
subxi pho id  extens ion i s  a l so shown. 

Potentia l  metastases should be b iops ied for i m med iate 
patho log ic  ana lysis .  
If d istant metastatic d i sease or b i lobar  l iver d i sease i s  
noted, the operation i s  term inated. 
If there are no s igns  of un resectab i l ity, proceed to 
lapa rotomy. 

• If nodes show m icroscop ic  d i sease, a l l  exposed para-
aort ic  f ibrofatty and nodal t issue is  resected .  

• If nodes a re negative, no further para aortic d i ssect ion.  
The g a l l b ladder  is  d issected from the l iver and left 
attached to the spec imen v ia the cyst ic  d uct. 
Segment 4b is  l i fted to expose the h i l a r  p late. Connective 
tissue i nvest ing the b i le  duct, hepatic a rtery, and porta l 
vein in this area is add it iona l ly covered by a tissue conf lu
ence from G l i sson's capsu le  on the l iver surface. F ine scissor 
d issection here w i l l  expose h i l a r  structures and clear fasc ia l  
and lymphatic tissue from the f ie ld (FIG S). A " no-touch " 
approach is recommended for hand l i ng  the tumor and 
h i la r  vesse ls .  I nstead, manua l  man ipu lation should ta rget 
periadventit ia l  and other noncritica l connective t issues. 
• The hepatic a rtery is identif ied prox ima l ly. Its b i 

fu rcat ion typ i ca l ly i s  cauda l  to the b i l e  duct and  
porta l ve i n  confl uences. The  r ight hepatic a rtery 
most often cou rses poster ior  to the proxim a l  com
mon bi le d uct. Carefu l exa m i nat ion of h ig h-q u a l ity 
cross-sect iona l  i m a g i n g  shou ld  a l low the surgeon to 
a nt ic i pate the cou rse of the a rtery and  protect it. 

• Replaced or accessory a rteries may or ig i nate from 
the left gastr ic a rtery through  the gastrohepatic 
l i ga ment ( lesser omentum) on  the left or from the 
super ior  mesenter ic a rtery poster ior  to the common 
bi le duct on the r ight. 

• Although the midd le  hepatic a rtery most often arises 
from the left hepatic artery and crosses anterior to the 
left duct, its or ig in  and orientation a re h igh ly variab le .  
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FIG 5 • D issect ion of the h i l a r  p late beg ins  with proxima l  
identif ication of  the b i le  duct and hepatic a rtery, wh i ch  l i e  
anterior t o  t h e  porta l ve i n .  T h e  g a l l b ladder h a s  been removed 
from the base of the l iver and is  used for retract ion .  A no-touch 
tech n ique should be observed when d i ssect ing near the tumor. 

• The proxima l  extent of tumor is determined by caudal re
traction of the b i le  duct and ga l lb ladder. This step is critica l 
as it w i l l  determ ine whether r ight or left hepatectomy is 
undertaken. Some l iver parenchyma may need to be tran
sected to adequately assess either duct. D ivid ing connective 
tissue between the base of segment 4 and the b i le  duct con
fl uence (tumor) wi l l  often fac i l itate lowering the h i l a r  p late. 
• To adequately inspect the left hepatic duct, the na r

row br idge of l iver parenchyma under  the u m b i l i ca l 
fissu re ca n be d iv ided.  The left duct has a longer  ex
trahepatic course and  l i es perpend i cu la r  to the com-

• 

mon duct before enteri ng the l iver parenchyma at 
the base of the u m b i l ica l f issure .  The length of the 
extra hepatic port ion of the l eft duct is  the pr imary 
reason that a r ight l iver resect ion is most often per-
formed in pursu it of an RO resect ion .  
The extra hepatic r ight hepat i c  d uct is  typica l l y  
shorter and  ra p id ly ascends l atera l ly i nto t h e  paren-
chyma .  I n  near ly one-fou rth of patients, a r ight seg-
menta l duct wi l l  cross Cant l ie's l ine to join the m a i n  
left hepatic d u ct. Due  t o  its short length and or ien-
tat ion,  the r ight duct is  prone to i nadvertent i nju ry. 
I ntraoperative cho lang iogra m  serves as a va luab le  
too l  to  c la rify the a natomy. 

• The poster ior  super ior  pancreaticod uodena l  a rtery 
(PSPD) crosses the common b i l e  d uct near  the super ior  
aspect of the pancreatic head .  The common b i le  d uct w i l l  
b e  l i gated and  transected i n  t h i s  a rea :  

• 

• 

• 

• If no tumor i nvolvement nearby, the PSPD may be 
left i n  s itu. 

• If adherent to tumor, the PSPD shou ld  be l i gated 
and resected en  bloc with tumor speci men .  

• If tumor extends i nto pancreatic head but the 
PSPD is  not i nvolved, then the PSPD i s  d ivided and 
retracted to a l low d i ssect ion of tumor i nfer ior ly 
i nto pancreatic parenchyma .  I n  rare cases of H C, a 
pancreaticod uodenectomy may be necessa ry for 
marg i n -negative resect ion .  

The d i sta l  common b i l e  duct i s  transected just a bove the 
pancreas and  a d i sta l  marg i n  sent for i m med iate patho
logic assessment.  
• The d ista l per ipa ncreatic stu m p  is oversewn with 

runn ing  5-0 Pro lene.  
• If b i l i a ry dra inage catheters a re in p lace, they are re

tracted i nto the hepatic parenchyma, a l lowing for the 
proxima l  duct to be tied off and retracted superiorly. 

Caudate resect ion is recom mended .4•5 Exploration  com
mences by expos ing the i nfer ior  vena cava ( IV C) poster ior  
to the l i ver. The most i nfer ior  hepatic ve ins  a re l i gated 
and d iv ided to a l l ow poster ior  exposure of the caudate. 
• Veins  less than 5 m m  in d i ameter ca n be d iv ided 

with standard suture l igat ion or  c l i ps .  
• Common ly, there w i l l  be at least one ve i n  g reater 

than 5 mm in d i ameter beh ind the caudate. Such 
ve ins  shou ld  be contro l led with a Sat insky c l amp 
on the vena  cava, t ie l i gated at the caudate aspect, 
d iv ided, and  the cava l stu m p  oversewn with runn ing  
5 -0  Pro lene suture (FIG 6). 

• F igu re-of-e i g ht stay sutu res p laced in the caudate 
a re a usefu l  means of retract ing the ca udate off the 
vena cava (FIG 7). 

• The left aspect of the hepatocava l l i ga ment may 
have to be d iv ided to a l l ow visua l i zation .  

Porta l ve i n  i nvolvement is  assessed by  retract ing the b i l e  
duct a nter ior  and cra n i a l .  

<5 mm 

• If g ross d isease extends to a l l  fou r  hepatic sectiona l  >5  mm 

ducts, the tumor is  un resectab le  and  further opera-

• 
tive exploration is not wa rra nted . 

The r ight gastr ic  a rtery is l i gated and  d iv ided at its or ig in  
f rom the common hepatic a rtery. 

FIG 6 • Techn ique  of d iv id ing  short hepatic ve ins  from 
seg ment 1, 4, 5, or  8 .  
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FIG 7 • To assist with caudate retract ion,  f ig u re-of-e ight stay 
sutu res can be p laced in the ca udate parenchyma and  gently 
retracted. 

• Caudate preservation is on ly  poss ib le  if suff ic ient b i l i a ry 
outflow can be spared.  Although va r i ab i l ity exists, the • 
caudate w i l l  typica l ly have at least two ducts, which most 
often d ra i n  to the m a i n  left duct, the m a i n  r ight duct, or  
the r ight poster ior sect iona l  branch .  

• If caudate resect ion is performed, then sma l l  porta l ve i n  • 
branches (poster ior  aspect of both r ight and left m a i n  
porta l ve in s) m ust be l i gated and d iv ided.  

• Caudate mob i l izat ion is assisted by approach ing  from 
both the r ight side and left s ide of the vena  cava . 

FIG 8 • Hepaticojeju nostomy. 

A Roux-en-Y jej u n a l  l i m b  is broug ht through  the co
lon i c  mesentery to the r ig ht of the m idd le  co lon i c  ves
sels (retroco l i c), with suff ic ient mob i l izat ion to a l l ow for 
tens ion-free hepaticojej u nostomy. 
An enterotomy i s  created on  the ant i mesenter ic  border 
of the Roux l i m b, s ize-matched to the ta rget hepat ic 
d u ct .  When practica l ,  m u lt i p l e  adjacent d u cta l branches 
ca n be i ncorporated en masse to the a nastomos is  (FIG 
8). 

Hepatectomy 
• I nterru pted, doub le-armed 5-0 Pro lene sutu res a re i n i 

t ia l ly p laced i n  the  anter ior wa l l  o f  the  d uct and gently 

• 

• 

• 

As previous ly described, the cho ice of hepatectomy is 
d i rect ly related to the extent of ductal ,  porta l venous, 
and  hepatic a rter ia l  i nvolvement. 
• R ight hepatectomy is described in Part 3, Chapter 23 .  
• left hepatectomy is described in Part 3, Chapter 25 .  
• R ight tr isegmentectomy is described in Part 3, 

Chapter 30 .  
• left tr isegmentectomy is descr ibed i n  Part 3, 

Chapter 3 1 .  
Porta l ve i n  cons iderat ions are un ique  d u ri ng  hepatec
tomy for H C, however, and described here.  
E n  b loc hepatic a rter ia l  resect ion and reconstruct ion 
is  rarely needed,  as th i s  extent of tumor is  genera l ly 
deemed un resectab le .  

Biliary Resection and Reconstruction 

• 

• 

• 

• 

• The duct is cut sharp ly  without ca utery a rt ifact. Per iduc- • 
ta l  b leed ing  is contro l led with d i g ita l p ressure.  

• Frozen sect ion patho log ic  ana lysis g u ides the extent 
of b i l i a ry resect ion i nto the rem nant l i ver. Stay sutu res • 
(5-0 Pro lene) in the duct a l low further retract ion and d is
sect ion if a more proxi m a l  marg i n  is  necessa ry. 

retracted with shods to fac i l itate exposu re .  
Anastomosis beg ins  a long  the poster ior  wa l l ,  where a 
s ing le  layer of 5-0 Prolene sutu res i ncorporate the fu l l 
th ickness wa l l  of  both duct and Roux  l i m b .  Knots are t ied 
once a l l  poster ior  sutu res are successfu l ly p laced .  
If a l ready present, percutaneous transhepatic stents a re ad
vanced and left i n  p lace  across the b i l ioenteric a nastomosis. 
As an a lternative, a 4- to 6-Fr transanastomotic tu be 
ca n be p laced through the ant imesenter ic  wa l l  of the 
Roux l i m b  with the Witzel tech n iq ue, p laced prox i m a l ly 
i nto the rem nant b i l i a ry tree, brought out through  the 
abdom i n a l  wa l l ,  and  connected to a dra inage bag .  This 
a l l ows access to the b i l i a ry tree without p lac ing  retro
g rade b i l i a ry catheters through  the l iver (FIG 9). 
The previous ly shod-retracted anter ior ducta l 5-0 Pro lene 
sutu res a re i ncorporated i nto the bowe l wa l l  and  t ied to 
com p l ete the a nastomosis .  
The f inal  h i l a r  m a rg i n  should be ma rked with c l i ps 
(or go ld  f iduc ia l  ma rkers) to gu ide  su bsequent needs for 
externa l  beam rad iation .  
C losed suct ion d ra i n s  a re p laced adjacent to  the b i l ioen
teric anastomosis and  under  the r ight d i aphragm before 
abdom i n a l  c losure .  
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FIG 9 • Alternative p lacement of transanastomotic tube.  

Division of Portal Vein 

• If the porta l ve i n  is free of tumor, then the porta l ve in is  
d iv ided i n  sta ndard fash ion as for rout ine hepatectomy. 

• If the r ight or left porta l ve in  transect ion p lane encroaches 
i nto the confl uence due to tumor i nvolvement (FIG 10) 
• C lamp the m a i n  and contra l atera l porta l ve i n  

branch separately and  tra nsect t h e  v e i n  as necessa ry 
to ach ieve tumor-free marg ins .  

• Close the porta l defect in a transverse or ientat ion 
with ru n n i n g  6-0 Pro lene .  Longitud ina l  c losure re
su lts in unnecessa ry na rrowing  and skewing  of the 
rem a i n i n g  porta l ve i n .  

• If tumor i nvolves the porta l confl uence, ve in resect ion 
and  reconstruct ion is  performed later  i n  the operation 
(after l iver parenchyma has been ful ly tra nsected and left 
hepatic duct d i ssected). 

FIG 10 • Va rious a pproaches to porta l ve i n  resect ion .  When 
comp lete tumor resect ion encroaches on  the porta l ve i n  
confl uence, c losure shou ld  be performed i n  a tra nsverse 
fash ion,  as  long itud i n a l  suture l i n es may cause stenosis of the 
rem a i n i n g  vesse l .  

• Porta l ve in  resect ions of u p  to 3 em can be repa i red 
pr imar i ly. 

C l amp  the m a i n  and contra l atera l porta l ve in ,  
and  excise the porta l ve in  en  b loc with tumor. 
Hepar in  is a d m i n istered systemica l ly pr ior  to 
c l amp ing  the m a i n  porta l ve in and is reversed 
at the comp letion of the operatio n .  
After ensur ing proper mob i l i zat ion o f  rema in 
i ng  vei n, runn ing  6 -0  Pro lene sutu re i s  used to 
approximate ends .  

• Porta l ve i n  resect ions  g reater than  3 em in length 
typica l l y  req u i re i nterposit ion  a utog raft (the  
authors prefer e ither  l eft ren a l  ve i n  or  i nte rna l  
jugu la r  ve in ) .  

PEARLS AND PITFALLS 
I nd ications 

Ske leton iz ing  the 
hepatoduodena l l iga ment 

Var iab le  anatomy 

Caudate resect ion 

• M u lt idetector cross-sect iona l  imag ing shou ld  accu rate ly stage  most patients and  wi l l  often revea l  
anoma lous  h i l a r  vascu la r  a natomy. Ca refu l preoperative review of these images is  essent ia l .  

• Observe a no-touch techn ique  when mob i l i z i ng  t h e  tumor, ducts, and  a rteries.  
• G rasp ing  adjacent connective t issue (such as per iadventit i um or  neural p lexus) w i l l  avoid i atro

gen ic  in jury and tumor capsu le  v io lat ion .  

• Comp lexity of ducta l and  vascu la r  d i ssect ion i ncreases with the presence of tumor bu lk  and  inf i l 
trat ion i n  the h i l u m .  

• Review o f  i m a g i n g  and  knowledge o f  common a n atomic var iants w i l l  exped ite a safe operat ion .  

• Shou ld  be routi ne ly performed and  can be approached from e ither  s ide 
• The caudate and r ight poster ior  sect ion shou ld  be d iv ided by parenchyma l  tra nsect ion toward 

the r ight cava l edge.  
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POSTOPERATIVE CARE 

• Standard thromboprophylaxis should be given immediately. 
• Early ambulation and pulmonary toilet are mandatory. 
• Early ultrasound is a vital tool for any suspected insult to the 

remnant liver. 
• High-volume ascites may signify postoperative hepatic fail

ure and is an early sign of portal thrombosis. 
• Bilious drain output may indicate a disconnected biliary 

duct in the remnant or an anastomotic leak. This should be 
evaluated with cholangiogram and cross-sectional imaging. 

• Closed suction drains are typically removed after biliary tree 
catheters are clamped, provided there is no substantial bile 
leak or ascites. This typically occurs prior to discharge. 

OUTCOMES 

• After curative intent resection for HC, 5-year survival IS 
25% to 3 0 % .6 

• Rate of RO resection is typically 64% to 71 % .  
• Postoperative morbidity and mortality rates range up to 

50% and 1 0 % ,  respectively. 
• Bile leaks may occur in up to 20% of resected patients. 
• Left liver resection (particularly left trisectionectomy) is as

sociated with greater morbidity and a higher rate of positive 
margins.  

COMPLICATIONS 

• Bile leak 
• Bilioenteric anastomotic stricture 
• Torsion of liver remnant 
• Thrombosis of portal vein, hepatic vein, hepatic artery, or 

vena cava 
• Cholangitis or abscess 
• Liver failure 
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Chapter 1 2  Intrahepatic Bi I iary-Enteric 
Anastomosis 

. ----------------------------------- ·----------------------------------------------------- ..... 

t Reid B. Adams Victor Zaydfudim 

DEFINITION 

• Intrahepatic biliary-enteric anastomosis is defined as biliary 
reconstruction at the level of the hepatic hilum (biliary con
fluence)  or more proximal bile ducts. 

• Intrahepatic biliary-enteric anastomoses are indicated for de
finitive treatment of hilar biliary strictures; rarely, they may 
be indicated for palliation of malignant hilar obstruction. 

DIFFERENTIAL DIAGNOSIS 

• Biliary strictures at the hepatic hilum can be due to benign 
or malignant processes. Common malignant etiologies in
clude hilar cholangiocarcinoma and gallbladder carcinoma; 
benign strictures typically are a result of prior biliary tract 
surgery or intervention. 

• Uncommon benign etiologies include inflammatory or auto
immune diseases such as primary sclerosing cholangitis or 
lgG4 immune-mediated sclerosis. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The most common presentation is jaundice. Associated 
symptoms may include pruritus, cholangitis, or less com
monly, pain. If the patient has had biliary surgery, they may 
present with an acute abdomen or sepsis due to a biloma or 
biliary fistula. 

• In the absence of prior biliary surgery, stone disease should 
be suspected. 

• If a history of prior biliary surgery or instrumentation is 
present, a benign stricture should be suspected. Postopera
tive strictures present within the first 6 months in approxi
mately 70% of patients. However, benign strictures can 
present years after biliary surgery. 

• In the absence of stone disease and prior biliary surgery, a 
malignant stricture should be suspected. 

• A complete history and physical examination is required 
to ensure the patient does not have evidence of infection or 
symptoms suggestive of metastatic disease. This assessment 
also should assess whether the patient is a candidate for 
major surgery. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A fundamental knowledge of biliary anatomy and the adja
cent vascular structures is critical for success, both in decid
ing whether operative intervention is indicated, and if so, 
the type of procedure and an approach to ensure it is safe 
and effective. Biliary anomalies are frequent and should be 
expected; imaging studies should clearly define these struc
tures and their relationship to each other. Hepatic vasculo
biliary anatomic details are reviewed in Part 3, Chapter 1 5 ,  
Surgical Anatomy. 
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• The aim of the diagnostic evaluation is to define the anat
omy for restoration of biliary-enteric continuity in patients 
with benign strictures or plan appropriate palliative care in 
patients with malignant disease not amenable to curative 
resection. Magnetic resonance cholangiopancreatography 
(MRCP) is the initial diagnostic study of choice in patients 
with obstructive jaundice thought to be due to stone dis
ease. Otherwise, magnetic resonance imaging (MRI) with 
intravenous contrast and MRCP is the initial study of choice 
for patients with obstructive jaundice due to a stricture 
( FIG 1 ) .  Ideally, it should be performed prior to any biliary 
interventions such as endoscopic retrograde cholangiogra
phy (ERC) or percutaneous transhepatic cholangiography 
(PTC) .  However, most patients come for referral with prior 
invasive studies or biliary stents in place; these can make 
image interpretation challenging ancl/or lead to cholangitis 
in obstructed segments. 

• MRIIMRCP gives a detailed view of the biliary tract and 
the level or type of obstruction when a stricture is the cause 
( FIG 2) .  The vascular phases allow assessment of hepatic ar
tery and portal vein involvement in the case of malignant 
processes and whether the hepatic arteries are intact and 
patent in cases of benign strictures related to prior biliary 
surgery. Finally, it allows for the assessment of direct hepatic 
involvement or metastatic disease. 

• When contrast for MRI cannot be given or the vascular 
anatomy is not adequately assessed, B-mode and Doppler 
ultrasonography (US) is highly accurate in assessing vascu
lar patency and/or involvement.1 •2 It is important to note 
whether lobar atrophy is present, as this dictates treatment 
options. 

• ERC and PTC are supplementary techniques for defining 
the anatomy of the biliary tract and the extent of a stricture 

FIG 1 • M R I  dur ing  the porta l venous phase showing the r ight 
porta l ve i n  (RPV) and left porta l ve in (LPV) .  The d i l ated l eft 
hepatic duct (LHD) l i es anter ior and  super ior  to the LPV. 

-
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FIG 2 • This  M RCP shows a d i l ated r ight b i l i a ry d uct (RBD) and 
left b i l i a ry duct (LBO), lead i n g  to a type I I  h i l a r  stricture at the  
prox ima l  most com mon hepatic d uct (white arrow). 

when these are not clear from the MRCP. Either or both may 
be used to obtain a tissue diagnosis in unresectable patients 
or for stent placement to treat symptoms and/or for preop
erative preparation. There is considerable debate as to which 
technique is optimal for treating hilar biliary strictures and 
this discussion is beyond the scope of this chapter. 

• To effectively relieve jaundice, approximately 30% of the 
functioning liver volume must be drained.3 The functioning 
and proposed drained volumes can be estimated using calcu
lated liver volumes from preoperative cross-sectional imaging 
(computed tomography [CT] or MRI) .4 Conversely, drainage 
of an atrophied hepatic lobe or segment is not effective. 

SURGICAL MANAGEMENT 

• Issues associated with repair of benign strictures are dis
cussed separately from malignant strictures.  

• Intrahepatic biliary-enteric anastomoses are complex proce
dures that require experienced, multidisciplinary, hepatobili
ary team care. If this is not available at your institution, the 
patient should be referred to an appropriate institution for 
definitive repair. 

• All procedures are done with 2 .5X magnification using 
loupes. This allows for meticulous surgical technique and 
allows precise dissection and reconstruction. 

• It is important to establish a standardize approach for bil
iary-enteric anastomoses. Use this each time and the high 
intrahepatic anastomosis will be easier to perform. 

Preoperative Planning 

Benign Stricture 
• The goal for benign strictures is definitive restoration of 

biliary-enteric continuity. The type of stricture will dictate 
the nature of the biliary-enteric anastomosis ( FIG 3).5 Types 
E1 to E3 strictures are amenable to a Hepp-Couinaud ap
proach.6 E4 and E5 strictures require a modified Hepp
Couinaud approach and generally two separate anastomoses 
to reconstruct the right and left ducts separately? 

• Prior to undertaking surgery, sepsis and biliary fistulae must 
be resolved and all the biliary segments drained. Biliary 
drainage usually requires a PTC for hilar (high) strictures or 
injuries. 

• In the clinical setting of sepsis, operative repair should 
not be undertaken until a minimum of 6 to 12 weeks have 
passed. This waiting period allows for resolution of active 
inflammation and evolution of any ischemic injury. Both of 
these are critical issues, as repair prior to resolution of these 
processes will decrease the success of the repair. 

• Prior to operative repair, each isolated segment of the biliary 
system ideally should have a PTC placed. Just prior to surgi
cal repair, the PTC drain(s )  is exchanged such that the tip is 
guided into the distal most part of the intubated duct(s )  to 
intraoperatively facilitate localization. 

Malignant Stricture 
• For this group, the preoperative evaluation focuses on 

whether the patient is a candidate for potentially curative 
resection. If so, they are approached as outlined in Part 3 ,  
Chapter 1 1 .  

• With unresectable disease, current percutaneous and en
doscopic techniques (drainage with plastic or expandable 
metallic stents and intraductal photodynamic therapy or 
radiofrequency ablation) provide excellent palliation; thus, 
there is little to no role for a planned palliative intrahepatic 
biliary-enteric bypass. 

• Consequently, intrahepatic biliary-enteric anastomosis gener
ally is reserved for patients with biliary obstruction found 
to be unresectable at the time of exploration and who are 
expected to survive more than 6 months. Otherwise, the 
morbidity and mortality associated with bypass is not jus
tified. For instance, patients with unresectable gallbladder 
carcinoma have a median survival of 20 weeks. Thus, stent
ing is a better choice for palliation. On the other hand, the 
median survival for unresectable hilar cholangiocarcinoma is 
52 weeks and a bypass may be reasonable under these cir
cumstances.8  Even this circumstance is questionable, as there 
appears to be no survival advantage between surgical and 

FIG 3 • Strasberg c lass if ication of b i l i a ry strictures. 
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nonsurgical drainage approaches and the morbidity and mor
tality for surgical approaches are significant in comparison.9 

• Other intrahepatic biliary-enteric anastomotic approaches 
are not included in this discussion as they are primarily of 
historical interest. These include the Longmire approach, 
mucosal graft operation, and right duct approaches. Current 
alternatives provide better palliation with lower risks. 

• This discussion, therefore, is limited to the segment 3 bypass 
(round ligament or ligamentum teres approach) as the pri
mary practical option for these patients. Although a right 
sectorial duct bypass can be done, the circumstances where 
it might be applicable are quite limited and the results rela
tively poor. 8 As such, it has little practical value and the best 
palliation for these patients is stenting and possibly tumor 
ablation to prevent liver failure and cholangitis. 

• Patients eligible for a segment 3 bypass are limited to those 
with unresectable Bismuth types I, II, or Ilia strictures 
without atrophy of the left hepatic lobe; to be effective, at 
least 30% of the functioning liver volume must be drained. 
Types Illb and IV lesions are not effectively drained by a 
segment 3 approach. Importantly, there is no role for this 
bypass if the right ductal system has been contaminated by 
prior right duct intubation, as these patients will require 
continued right duct drainage to prevent cholangitis. 

FIG 4 • Operative posit i o n i n g  i s  sup ine  with arms extended .  
Pos it ion the percuta neous tra nshepat ic  catheters (black arrows), 
l eav ing them i ntact d u r i n g  the procedure .  Ster i l e l y  prep those 
port ions  l eft i n  the f ie ld and cover them with a n  adherent 
d ra pe .  

Positioning 

• The patient is placed in the supine position with both arms 
extended ( FIG 4) .  

• The percutaneous drains are aseptically prepped but po
sitioned out of the field as much as possible ( i .e . ,  under 

H I LAR HEPATICOJEJUNOSTOMY 

(HEPP-COUINAUD APPROACH} 

Preparation 

• This  approach takes advantage of the extrahepatic 
cou rse of the left hepatic duct as it runs a long the base 
of seg ment 4 for approxi mately 2 to 3 em from the b i l i a ry 
confl uence to the u m b i l ica l f issure (FIG 5). It is the a nte
r ior-super ior  most structure in the h i l um,  and th is  po
s it ion fac i l itates its exposure and the anastomosis wh i l e  
m i n i m iz ing  i nj u ry to  the porta l ve in and  hepatic a rtery 
(FIGS 6 and 7). 

Incision 

• A r ight su bcosta l  1nc 1 s 1on  a l l ows access to the hepatic 
h i l u m .  Often, a m i d l i n e  extens ion fac i l itates fu l l  exposu re 
(FIG 8). 

Exposure 

• I dent ify, doub ly  c l a m p, a n d  d iv ide  the fa lc iform l i g a 
m e n t .  L igate e a c h  end a n d  leave a long  t ie  on  t h e  
s u p e r i o r  s ide  to u s e  as  a h a n d l e .  D i v i d e  the fa lc iform 
l i g a ment super ior ly to the super ior edge (d i a p h ragm)  
of the l i ver. When the pat ient has  extens ive adhes ions, 
the l i g a mentum teres i s  an i nva l u a b l e  g u ide to locat i ng  

additional sterile draping) and ideally left to  drain. The 
catheters will need freedom of movement from within the 
abdominal cavity during the procedure, thus, extreme care 
must be taken to ensure that this is feasible without undue 
risk of inadvertent dislodgement of the drains. 

FIG 5 • The left hepatic duct runs in the h i l a r  p l ate. F ind  it 
j ust poster ior  to the base of seg ment 4 (white arrowheads) at 
its j u nct ion with the hepatoduodena l  l i gament (black line). 
The base of the g a l l b ladder fossa is  shown (black arrowhead) 
as wel l  as the base of the u m b i l ica l  fissu re (black arrow). The 
left hepatic duct runs approximately 1 to 2 em to the patient's 
left of the base of the g a l l b ladder  fossa to the base of the 
u m b i l ica l  f issure. The u m b i l i ca l  fissu re (dotted white line) runs 
between segment 4 and the seg ments 2 and  3 of the left lobe.  
A br idge of l iver t i ssue (white arrow) between seg ment 4 and 
seg ment 3 freq uently covers a port ion of the u m b i l ica l  f issure. 
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Umbi l ical fissure 

Segment 4 
(Quad rate) 

Segment 3 

--- Hepatod uodenal 
l igament 

FIG 6 • This  ob l i que  sag itta l sect ion shows 
the relationsh i p  of the left hepatic d uct 
and  porta l ve in in the h i l a r  p l ate (su per ior  
most port ion of the hepatod uodena l  
l i gament) and  the p late's re lat ionsh i p  to 
seg ment 4 (q uad rate lobe) .  The base of 
seg ment 4 covers the a nter ior-super ior  
most port ion of the h i l a r  p late. At th i s  
locat ion,  the left hepat ic  duct l i es anter ior
super ior  to the left porta l ve i n .  The l eft 
hepatic a rtery usu a l ly is not present at th i s  
s i te  as it runs a long the left latera l edge 
of the hepatod uodena l  l i gament and  
jo ins  these structu res at  the base of the  
u m b i l i ca l  f issure. As  seg ment 4 l i es over 
the anter ior h i l a r  p l ate, this necessitates 
i nc i s ing G l isson 's ca psu le  at this s ite to 
push segment 4 super ior ly and a nter ior ly, 
thereby expos ing  the h i l a r  p l ate and  the 
left hepatic duct. 

Left hepatic 

artery (within the 

fi berous sheath) 

the u m b i l i ca l  f issure .  D u r i n g  d i ssect ion ,  fo l l ow it pos
ter ior ly  to locate the u m b i l i ca l  f issu re; this ass ists in 

e lectroca utery. This exposes the u m b i l i ca l  f issure and fa
c i l itates exposu re of the left hepatic duct (FIG 1 0). 

i dentify i ng  the anter ior  s u rface of the hepatod uodena l  • Carry the d i ssect ion to the base (poster ior  aspect) of seg
ment 4 and its j u nct ion with the hepatod uodena l l iga
ment (FIG 5). Retract the base of seg ment 4 su per ior ly 
and anter ior ly with a m a l leab le  retractor if necessa ry for 
exposu re .  

• 
l i g a ment .  
Ta ke down adhes ions to the i nfer ior  su rface of the l iver 
and the a nter ior su rface of the hepatod uodena l l i ga 
ment to expose the g a l l b ladder fossa and the base  of  
seg ment 4 (FIG 9). It i s  eas iest to work  f rom the r ight 
edge of the l iver back toward the h i l u m  when ta k ing  
down adhes ions .  There  often is  a free space at the r ight 
edge of the l iver that a l lows access poster ior ly a round 
the latera l edge of the adhes ions .  

• Place a c l amp beh ind the usua l ly present l iver br idge 
jo in ing seg ments 4 and  2 or  3, and  d iv ide it with 

FIG 7 • Corona l  MRI  showing  the relat ionsh i p  between the 
l eft hepatic duct (bent white line) and the left porta l ve i n  
(asterisk). T h e  d uct l i es a nter ior-super ior  t o  t h e  left porta l 
ve i n  at the base of segment 4. The l eft hepatic a rtery (white 
arrowhead) runs a long  the left s ide of the hepatoduodena l 
l igament and jo ins  the duct and ve i n  at the base of the 
u m b i l i ca l  fissu re (black arrow). 

FIG 8 • A r ight su bcosta l i nc i s ion (solid line) often a l l ows 
suff ic ient exposure to the hepatic h i l u m .  If not, a m i d l i ne 
extens ion to the x ipho id  fac i l itates access to the h i l u m  and 
super ior  l iver. The r ig ht su bcosta l i nc i s ion typica l l y  i s  two 
f ingerbreadths (-4 em) below the r ight costa l marg in  (white 
arrows/dotted line). Th is  image shows the two PTC tubes 
secu red off the f ie ld except at the l evel  of the x ipho id  process 
(so l i d  "V") .  
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FIG 9 • I n cise adhes ions to expose the i nfer ior surface of the 
l iver and a nterior su rface of the hepatoduodena l  l i gament 
(white double-headed arrow). This exposes the g a l l b ladder 
fossa (curved white line). The base of segment 4 i s  not 
apparent i n  th is  i mage, as a n  exophytic lobe of seg ment 4 
(asterisk) covers it. The br idge of l iver t issue con nect ing  
seg ment 4 with  seg m ent 3 (black arrow) l i m its access to the  
base  of seg ment 4.  The foramen of Wins low (curved arrow, 
patient's r ight) a l l ows access poster ior  to the hepatod uodena l  
l i gament.  Open ing  the gastrohepatic l i ga ment to the left 
of the hepatod uodena l l i ga ment (curved arrow, patient's 
left) connects with the space poster ior  to the l i gament and  
super ior  to  the duodenum (curved black line). 

• Caution is warranted if the patient has r ight hepatic lobe 
atrophy and left lobe hypertrophy. The hepatod uodena l  
l i gament a n atomy often is d i storted w ith  the b i l e  duct 
comp lex and hepatic a rteries rotated to the r ight and  
poster ior ly. Conseq uently, the m a i n  porta l ve i n  often 
is  the anter ior-most structure i n  the l i gament i n  th i s  
s ituatio n .  

F IG 1 0  • To o p e n  t h e  b r i d g e  o f  l iver con nect ing  seg ment 4 
and seg ment 2 or 3 (white line), place a c l amp  between it 
and  the l i gamentum teres (white arrow). This  can be d iv ided 
with e lectrocautery because there a re rarely vessels of any 
s ize with i n  th is  structure.  Th is  opens the u m b i l i ca l  fissu re 
expos ing  porta l structures for seg ment 4 (white arrowheads). 
This  patient has a n  exophytic port ion of seg ment 4 (asterisk). 
A sma l l  porta l ped ic le  connected th i s  exophytic lobe.  It was 
d iv ided and the lobe removed to fac i l itate exposure to the 
base of segment 4 .  

FIG 11 • At i ts  junct ion with the hepatoduodena l  l i gament, 
incise G l i sson's capsu le  (black arrowheads) to expose the 
hepatic parenchyma (asterisk) superior to the h i l a r  p late (curved 
white line). The a nterior surface of the left hepatic duct (white 
double-headed arrow) is i nc ised long itud ina l ly, exposing the 
PTC tube with in  the duct. Pu l l  the PTC from with in  the duct and 
p lace a nylon sutu re through the stra ight port ion of the tube 
(black arrow) to man ipu late the tube during the proced ure.  

Lower the Hilar Plate 

• I ncise G l isson 's capsu le  at its j u nct ion with the hepato
duodena l  l i gament at the base of segment 4.  This leads 
to entry i nto the hepatic parenchyma adjacent to the 
h i l a r  p late (FIG 1 1 ). Venous b leed ing  wi l l  occu r; it is eas
i ly contro l l ed with pressure .  Once the base of seg ment 4 
is re leased, it is retracted further su per ior ly and a nte
r ior ly, expos ing  the h i l a r  p late and provid i ng  access to 
the left hepatic duct (FIG 1 1). This  i s  the Hepp-Cou inaud  
approach or  " lower ing the h i l a r  p l ate" to  expose the left 
and r ight hepatic ducts.6 

Locate the Left Hepatic Duct 

• Pa l pate the stent in the l eft duct to locate it with i n  the 
f ibrous sheath of the hepatic p late. I ntraoperative u ltra
sound can he lp  locate the stent with i n  the duct. L i kewise, 
asp i rat ion of b i l e  us ing a 2 5-gauge needle and syr inge 
can assist i n  locat ing the duct and  verify ing  i t s  posit ion .  

Incise the Hepatic Ducts 

• Once located, make a long itud i n a l  i nc is ion in the anter ior 
surface of the duct unt i l  the l u men is  entered (FIG 1 1 ). 
The l u men w i l l  be evident from the stent with i n  it. The 
stent serves as a g u ide, de l i neati ng the l u men and cou rse 
of the duct. Use a b l unt probe to exp lore the left and r ight 
hepatic ducts and identify the confl uence of the two. 

• Grasp the stent and p u l l  it out of the duct .  P lace a mono
f i l ament suture through the stra ight port ion of the stent 
a bove the curved end (FIG 1 1). Cut the stent just d i sta l  
to the sutu re, thus  remov ing the self-reta i n i n g  end of the 
stent. The suture through the stent serves as a "hand le"  
to  move the stent i n  and  out  of  the opened duct. A l l ow 
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F IG 1 2  • Cut  the PTC tube  d i sta l to  the ny lon  sutu re, a l lowing 
it to retract a bove the s ite of the a nastomosis .  The left d uct 
orif ice is  shown (white arrowhead). 

it to retract a bove the d i sta l left duct (FIG 1 2). Removing 
the d ista l end of the stent fac i l itates prob ing  and open
ing of the d uct. Hav ing the stent out of the opened duct 
ma kes suture p lacement eas ier d u r i ng  the a nastomosis .  

Roux-en-Y Jejunal Limb Construction 

• Identify the l igament of Treitz. Fu rther d ista l ly, f ind the fi rst 
jejuna l  a rcade by transi l l u m inat ing the sma l l  bowel mesen
tery. D ivide the bowel at this s ite with a l i near stapler. 

• Div ide the mesentery between c l amps to deve lop a ped i
c le  of suff ic ient length to reach the r ight upper  quadra nt. 

• Approximately 55 to 60 em d i sta l to the end of the Roux 
l i m b, construct a s ide-to-s ide enteroenterostomy with the 
l i near  sta p ler. C lose the resu lt ing enterotomy with run
ning a bsorbab le  sutu res. Oversew th i s  suture l ine with 
i nterru pted a bsorbab le  sutu res i n  a Lembert fash ion .  

• 

• 

• 

Close the mesenteric defect with runn ing  a bsorba b le  
suture. 
Br ing the Roux l i m b  i nto the r ight upper quadra nt 
through the transverse mesoco lon in the avascu l a r  space 
to the r ight of the m idd le  co l i c  vessels .  Th is  resu lts i n  a 
retroco l i c  Roux l i m b  that passes a nter ior to the second 
port ion of the duode n u m .  
I m b ricate t h e  R o u x  l i m b  stap le  l i ne w i t h  i nterru pted 
a bsorba b le  sutu res in a Lembert fash ion (FIG 14). This  
prevents dense adhes ions to the stap le  l ine i n  the event 
reoperation i s  necessa ry. 

• With a r ight-ang le  i nstrument, the stent, or a probe Hepaticojejunostomy 
with in  the duct as a gu ide, use a kn ife to sharp ly open the 
duct a m i n i m u m  of 1 em for the a nastomosis; open it lon
ger if the patient's anatomy a l l ows. Alternatively, ang led 
(e.g. ,  Potts) scissors can be used to open the duct. The duct 
is opened toward the patient's left to the base of the um
b i l ica l  f issure or just to the r ight of the segment 4 (midd le) 
hepatic a rtery, which often l i es a long the r ight edge of 
the u m b i l i ca l  f issure. This a rtery runs anterior to the left 
hepatic duct; ta ke ca re to avo id  i nju ry to it. Reverse the d i 
rect ion of the i nc is ion and open the duct to the patient's 
r ight to the base of the g a l l b ladder fossa .  Th is  w i l l  open 
the d ista l r ight hepatic duct (FIG 13). The goa l  is  exposure 
of v iab le  duct and hea lthy mucosa for the a nastomosis .  

FIG 13 • I nc i s ing  the duct toward the base of the u m b i l i ca l  
f issure (white arrowhead) exposes a port ion o f  t h e  left 
hepatic duct (between black arrow and white arrowhead, L) 
a long  the base of seg ment 4. Inc i s ing  the duct toward the 
base of the g a l l b ladder fossa (white arrow) opens the very 
short extra hepatic port ion of the r ight hepatic duct expos ing  
i t s  orif ice (black arrowhead, R) . The septum between the r ig ht 
and left ducts (black arrow) i s  shown i l l ustrat i ng  the longer  
extrahepatic cou rse of the left hepat ic  duct. The left d uct 
orif ice is shown (white arrowhead, L) .  

• 

• 

M a ke an a nti  mesenteric jejunotomy near the end of the 
Roux l i m b  that is  approximately two-th i rds the length of 
the longest d i ameter of the ducta l  open i n g .  
U s i n g  6-0 monofi la ment a bsorbab le  sutu res, tack the je
j u n a l  m ucosa to the serosa a round the c i rcu mference of 
the jejunotomy (FIG 14). We be l ieve th i s  step is  cr it ica l 
to ensure the jej u n a l  m ucosa is in apposit ion with the 
bi le duct mucosa upon comp letion of the anastomosis .  
Fu rthermore, th i s  tech n ique  is  much eas ier than try ing  to 
f ind the mucosa d u r i ng  each stitch of the a nastomosis, 
especia l ly if the duct is sma l l  or it is d i ffi cu lt  to see we l l  
i n  t h e  depth o f  t h e  f ie ld .  Th is  tech n ique  is  part icu la r ly 
he lpfu l  to ensure the m ucosa i s  i n corporated i n  the a nte
rior layer when p lac ing  the anter ior row of sutu res in the 
bowel after the poster ior  l ayer has been t ied.  

FIG 14  • I m br icate the stap le  l ine (white arrow) of the Roux 
l i m b  i n  a Lem bert fash ion .  Tack the jej u n a l  mucosa to the edge 
of the serosa (white arrowheads) at the jejunotomy (curved 
white arrow i nd icat ing  the l u men) to ensure a mucosa l-to
m ucosa l a nastomosis  with the b i l e  d uct. 
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FIG 15 • When two sepa rate d uct open ings  a re i n  c lose 
approxi mation,  a s i ng le  l u men is  constructed as th i s  
fac i l itates a s ing le  b i l i a ry-enter ic  a nastomosis .  Use f ine (5-0 
or  6-0) a bsorba b le suture to approximate the adjacent b i l e  
duct wa l l s  to form a common septu m .  The corner  sutu res 
are tied on  the outside and the rem a i n i n g  sutu res are t ied 
i n  the i nter ior. 

• If two sepa rate ducts are present and they are c lose • In the event two anastomoses a re requ i red, treat them 
as one and  p l ace a l l  the anter ior sutu res fi rst. Try ing to 
perform each a nastomosis sepa rate ly makes construct ion 
of the second one very d ifficu lt .  When two a nastomoses 
a re requ i red, p lace the a nter ior sutu res i nto the fi rst d uct 
in a s i m i l a r  fash ion to that described previous ly. Once 
they are la id out under tension, p lace a wh ite towel over 
these sutu res and c l amps .  P lace the a nter ior row sutu res 
in the second d uct. Us ing th i s  method, the two sets of 
sutu res w i l l  not get confused when it is  t ime to comp lete 
the anter ior row sutures. 

• 

enough to be jo ined i nto a s i ng le  a nastomosis, th i s  i s  
desi rab le .  I nterru pted a bsorbab le  monofi l ament sutu res 
a re used to approximate the ducts (FIG 1 5). 
Typ ica l ly, 5-0 or 6-0 (depend ing  on duct s ize, th ickness/ 
fri ab i l ity of the t issue) i nterru pted monofi l ament a bsorb
ab le  sutu res on  a sma l l  need le  are used for the anastomo
s is .  P lace the corner sutu res i n  the bi le d uct fi rst (9 o'c lock 
and 3 o'c lock posit ions) such that the knot wi l l  be t ied on 
the outside of the a nastomosis .  P lace the a nter ior row 
sutu res through the b i l e  duct next such that the knot w i l l  
be t i e d  on t h e  outs ide o f  t h e  anastomosis (FIG 16). Place • Keep the bowel and b i l e  d uct apart wh i l e  p lac ing  the 

poster ior  row sutu res. It i s  eas ier to precisely p lace 
each suture us ing th i s  tech n ique .  Sta rt by p lac ing the 
corner sutu res through  each corner of the jej u n otomy, 
then p lace a c l amp  on the suture and put it under  ten
s ion (FIG 18). To sta rt the poster ior  row, p lace a suture 
through the poster ior  wa l l  of the jej u n otomy and then 
the poster ior  duct ha l fway between each corner stitch, 
thereby b isect ing  the d ista nce between the two. Th is  
p laces the poster ior  row sutu res so the knots wi l l  be t ied 
on  the i ns ide of the a nastomosis .  P lace th is  suture and 
each su bseq uent one on a c lamp and organ ize the su
tures as done for the a nter ior row to prevent ta n g l i n g .  
Comp lete the r ight ha l f  of the poster ior  row b y  p lac ing  
sutu res to seq uentia l ly b isect the rem a i n i n g  d i sta nce be
tween the r ight corner and m idd le  sutu res unt i l  there a re 
no gaps of more than 4 to 5 m m .  Comp lete the left ha l f  
of the poster ior  row i n  a s im i l a r  fash ion .  

sutu res approximately 4 to 5 m m  apart .  Leave the needle 
on  and  secu re each suture with a f ine c l amp, p lac ing  it on 
moderate tensio n .  It i s  essent ia l  to esta b l i sh a system to 
keep the sutu res organ i zed (FIG 1 7). P lac ing the a nter ior 
row fi rst and keep ing  it under tens ion opens the duct to 
fac i l itate the rem a i n i n g  port ions of the a nastomosis and 
ensure prec ise suture p lacement. 

FIG 16 • P lace the corner sutu res i n it i a l l y  i n  the bi le duct 
(white arrowheads) so they w i l l  be t ied on the exter ior. P lace 
the rem a i n i n g  a nter ior sutu res such that they w i l l  be t ied 
on the exter ior. P lace the fi rst suture to b isect the d ista nce 
between the corners .  Then p lace the rema i n i n g  sutu res to 
b isect each ha l f  unt i l  the sutu res are 4 to 5 mm apart. The 
scarred and obstructed proxi ma l  common hepatic duct (black 
arrow) is seen at its j unct ion (black arrowheads) with the l eft 
and r ight hepatic ducts. 

• S l ide  the bowel to the b i l e  d uct wh i l e  keep ing  each of 
the sutu res taut. Tie the corner suture furthest from the 

FIG 17 • After each anter ior suture is  p l aced i n  the b i l e  
duct, attach a f ine c l amp  and  organ i ze each  suture to  prevent 
tan g l i n g .  P lac ing each suture under  moderate tens ion and 
arra n g i n g  them on wh ite towe ls  as shown fac i l itates th is .  The  
wh ite towels  m a ke the sutu res eas ie r  to see  on the f ie ld .  
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surgeon fi rst. Sequent ia l ly t ie each next sutu re, work ing 
from the t ied corner  to the other corner  suture .  The assis
tant can use forceps to hold the a nter ior  l ip of the bowe l 
i nfer ior ly, open ing  the a nastomosis and  a l l owing  the sur
geon to observe each suture as it is t ied, thus ensur ing 
apposit ion of the bowel and  b i l e  d uct mucosa (FIG 1 9). 
Once the poster ior  row sutu res are t ied, place a r ig ht
ang le  c l amp  i nto the l u men of the jejunotomy and  gen
t ly open the c lamp.  Th is  ensures that none of the a nter ior 
m ucosa is  tra pped i n  the poster ior  sutu res whi le tyi ng  

FIG 1 8  • Place the poster ior  suture row by  p l ac i ng  each 
corner suture i n  the correspond ing  corner of the jejunotomy. 
P lace each of these under  tens ion as shown in FIG 1 7 . Keep 
the bowe l and bi le duct sepa rated by 5 to 10 em wh i l e  p lac ing  
the rem a i n i n g  poster ior  sutures. P lace  the rem a i n i n g  sutu res 
so they w i l l  be tied on the i nter ior. The fi rst suture i s  p laced 
to b isect the d i stance between the corner sutures. Next, the 
r ig ht ha l f  sutu res a re p l aced, again by b isect ing the d istance 
between the corner and the m idd le  suture. Th is  i s  done unt i l  
the d i sta nce is  4 to 5 m m  between the sutu res. F i n ish the 
poster ior  row by plac ing the l eft ha l f  sutures. 

them. This prevents webs or  strictu res i n  the a nastomosis • 

a re two pr imary reasons why stents a re not left travers
i ng  the a nastomosis .  F i rst, if  the a nastomosis is  done as 
described, a stent in the a nastomosis provides no tech n i 
ca l  advantage i n  assu r ing a precise a nastomosis .  Second, 
one o n ly has to observe the i ntense infl a m m ation,  t issue 
in jury, and th icken ing  associated with b i l i a ry stents to be 
concerned that a stent p laced across a n  a nastomosis  w i l l  
cause s i m i l a r  changes and l e a d  t o  a postoperative stric
ture. F i na l ly, there i s  no  evidence that stent ing a surg i 
ca l l y  constructed a nastomosis  i m p roves outcomes. 
Comp lete the a nastomosis by p lac ing  the anterior row 
sutu res through the bowel,  tyi ng  the knots on  the out
side (FIG 20). Place the suture c losest to each corner 
fi rst, then the adjacent suture next, worki ng toward the 
center of the a nastomosis .  It i s  eas ier to see each suture 
p laced i n  th i s  fash ion rather than work ing from one cor
ner  to the other. 

• 
as a resu lt  of trapped m ucosa . 
If the i ntraducta l  stent is protrud ing  i nto the anastomo
s is, p u l l  the reta i n i n g  suture down and cut the stent so 
the end w i l l  rest proxim a l  to the a nastomosis .  If it i s  a l 
ready i n  g o o d  posit ion a bove t h e  a nastomosis, c u t  the 
reta i n i n g  suture. We never stent our  a nastomoses. There 

FIG 1 9  • Tie the poster ior  row sutu res by push ing  the 
bowel i nto apposit ion with the bi le d uct. Sta rt by tyi ng  the 
corner furthest from the surgeon, tyi ng  each next suture 
in success ion .  Forceps retract ing  the anter ior edge of the 
jejunotomy (white arrow) a l low exa m i nat ion of the poster ior  
wa l l  of the a nastomosis to ensure a mucosa l -to-mucosa l 
anastomosis (opposi ng black and white arrowhead). 

Final Steps 

• Upon complet ion  of the anastomosis, use sutu res to tack 
the Roux l i m b  to the cyst ic  p late or other f ibrous t issue to 
prevent tens ion on the a nastomosis .  

• Tack the Roux l i m b  to the tra nsverse mesoco lon with 
i nterru pted a bsorbab le  sutu res to prevent it from hern i 
at ing i nto the r ight upper  quadrant .  

• P lace a 1 9-Fr  round B l a ke d ra i n  through  a separate inc i 
s ion and p lace the end i n  the subhepatic space. 

• If the PTC tu bes were m a n i p u l ated and the f ibrous 
sheath a round them was d isrupted, p l ace a s i lk  pu rse 
str ing  in the l iver and  tie it around the tube at the exit 
site to prevent b i l e  leakage.  

• After c los ing the i nc is ion,  suture the PTC to the sk in  to 
prevent d is lodgement .  A lthough the a nastomosis is not 
stented by the PTC, it is left in p lace postoperatively to 
g ravity dra inage unt i l  the patient is ready for d ischa rge .  
Just pr ior  to d i scha rge, a cho lang iogram is comp leted. I f  
no leak or stricture is  seen,  the tube is  removed.  
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SEGMENT 3 HEPATICOJEJUNOSTOMY 

(LIGAMENTUM TERES OR ROUND 

LIGAMENT APPROACH) 

Preparation 

• This  approach takes advantage of the posit ion of the 
seg ment 3 duct, which l i es cra n i a l  to the l eft porta l ve i n  

A 

FIG 20 • Com p lete the anastomosis by p lac ing  the a nter ior 
row sutu res through  the bowel and  tyi n g  them on the exter ior  
of the a nastomosis .  

(FIG 21 ) at the a nter ior-infer ior aspect of the u m b i l i ca l  
f issure (FIG 22). The l i ga mentum teres (re m nant o f  the 
u m b i l ica l  ve in ,  which jo ined the term i n a l  left porta l ve in  
i n  utero) runs  i n  the dorsa l port ion of  the fa l c iform l i ga 
ment  as it passes i nto the u m b i l ica l  f issure. Advantage is  
taken of the relationsh i p  between the l i gamentum teres 
and the left porta l ve i n  to fac i l itate identif ication of the 
segment 3 b i l e  d uct. 

FIG 21  • The seg ment 3 duct (white arrowhead) i s  l ocated cra n i a l  to the left porta l ve i n  (white 
arrow) with i n  the u m b i l i ca l  f issure. A. Axia l  contrast-enhanced porta l  phase M R I .  B. Corona l  contrast
enhanced porta l ve in phase M R I .  C. Sag itta l T2 weig hted M R I .  
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F IG 22 • The  l i g a mentum teres (black line) runs i n  the  
dorsa l port ion of  the fa l c iform l i ga ment and its j unct ion 
with seg ment 3 (white arrow) he lps  locate the approxi m ate 
posit ion  of the seg ment 3 duct.  

• Contra ind ications to the segment 3 approach i nc lude an  
isolated r ight ducta l system that  is  infected or has been in
strumented by a n  endoscopica l ly or percutaneously p laced 
dra in,  atrophy of the left hepatic lobe, metastatic  d i sease, 
or tumor i nvolvement of the secondary b i le  ducts of the 
left lobe or posterior to the base of the umb i l ica l  fissure. 

Locate the Segment 3 Duct 

• The i n it i a l  steps i nc l ud ing  posit ion ing ,  i nc is ion,  exposu re, 
and  construct ion of the Roux l i m b  a re the same as de
scr ibed i n  the prior sect ion .  L i kewise, construct ing the he
paticojejunostomy fo l l ows the pr inc ip les outl ined earlier . 

A 

Falciform 
l igament 

----- Ligamentum 
teres 

Incision 
line 

FIG 23 • Retract ing the l i gamentum teres (black arrow) 
i nferior ly and to the r ight whi le  retract ing the latera l segment 
of the l iver (white arrow) superior ly and a nteriorly opens the 
umb i l ica l  f issure and fac i l itates exposure to the segment 3 
porta l ped ic le .  The l iver is d ivided just to the left of the fa lciform 
l igament (dotted black line) to access the segment 3 duct. 

• 

• 

B 

Retraction of the l igamentum teres i nferior ly and to the 
r ight whi le retract ing the adjacent l iver superior ly and an
teriorly fac i l itates exposure to the segment 3 duct (FIG 23). 
D iv ide the l iver j ust to the left of the fa lc iform l i ga ment 
sta rt i ng  super ior to the u m b i l ica l f issure and i nc ise the 
l iver i nfer ior ly and poster ior ly toward the j u nct ion of 
the left port ion of the l i ga mentum teres with seg ment 3 
of the l iver (FIG 23). If necessa ry, remove a sma l l  wedge 
of hepatic parenchyma to expose the seg ment 3 duct 
(FIG 24). This  approach avoids d iv id ing  the porta l ve i n  

---- Ligamentum 
teres 

Incision 
in duct 

Segment 
3 duct 

FIG 24 • A. Remov ing a wedge of l iver just to the left of the fa lc iform l i gament w i l l  expose the seg ment 3 duct. B. Once the 
segment 3 duct is  exposed, p lace stay sutu res super ior and i nfer ior to the proposed ductotomy and  long itu d i n a l ly i ncise the duct. 
Once the l umen  is  identif ied, probe the d uct in each d i rect ion and open the d uct for a m i n i m u m  of 1 em for the a nastomosis .  
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branches to segment 3. Avo id  d i ssect ion of more than 
the a nter ior  surface of the d uct to avo id  devascu la r iza-
t ion of the d uct. • 

• I ntraoperative u ltrasound ca n he lp  locate the d uct. L i ke
wise, asp i rat ion of b i l e  us ing a 25-gauge need le and 
syr inge can assist i n  locat ing  the duct and verify ing  its 
posit ion .  

Incise the Hepatic Ducts, Biliary-Enteric 
Anastomosis, and Final Steps 

• Once l ocated, p l ace f i ne  stay sutu res i n  the anter ior  
d u ct wa l l ,  e l evate them,  a n d  make  a l o n g itu d i n a l  in 
c i s ion  i n  the exposed su rface of the  d u ct unt i l  the 

• 

• 

l u men is entered (FIG 24). Use a b l u nt probe to exp lore 
the d u ct .  
With a r ight-ang le  i nstrument ins ide the duct, use a kn ife 
to sharp ly open the duct a m i n i m u m  of 1 em for the a nas
tomosis; open it longer  if the patient's a n atomy a l lows. 
Alternative ly, ang led (e .g . ,  Potts) scissors can be used 
to open the duct. Reverse the d i rect ion of the i nc i s ion 
and open the duct to the patient's r ight to the extent 
feas ib le .  
The b i l i a ry-enter ic  a nastomos is  to the Roux l imb i s  
constructed as descr ibed i n  the prev ious  sect i o n .  P lace 
the anter ior  row sutu res fi rst fo l l owed by the poste
rior row. 
The f ina l  steps a re s i m i l a r  to those described previous ly . 

PEARLS AND PITFALLS 
I nd ications 

Preoperative 
eva l uat ion 

Ben ign  

M a l i gnant 

Identify ing  the 
h i l a r  b i le duct 

Segment 3 

Construct ing  the 
b i l i a ry-enteric 
a nastomosis  

F ina l  steps 

• B i l ia ry-enter ic  a n astomosis may be necessa ry for ben ign or  m a l i gnant d isease. 
• The str ictu re etiology (ben ign  or  m a l ignant) d i ctates the a nastomotic l ocat ion and opt ions .  

• M RCP/M R I  is  the i n it i a l  imag ing  study of choice .  
• Endoscop idpercuta neous cho lang iography is  a supp lementary study for defi n i n g  b i l i a ry a natomy. B i l i a ry 

stenti ng  often is necessary for preoperative preparat ion .  

• Al low 6 to 12  weeks fo l lowing reso l ut ion of sepsis and/or control of  b i l i a ry fistu lae before proceed ing with repa i r. 
• Ensure a l l  ducts a re accou nted for and  each i so lated b i l i a ry seg ment has a PTC with i n  it .  

• Nearly al l  patients with un resectable d isease can be effectively pa l l iated without a b i l i a ry-enteric anastomosis. 
• A seg ment 3 bypass i s  reasonab le  for patients with m a l i g na nt h i l a r  obstruct ions that do not extend to the 

secondary rad ic les of the left hepatic duct. 

• At the base of seg ment 4 and its j u nct ion with the hepatod uodena l l igament, i ncise G l isson 's capsu le  at th i s  
j unct ion to " lower" the h i la r  p late. 

• The left hepatic duct l ies a nter ior and superior i n  the h i l a r  p l ate. 

• Identify the duct at the superior-posterior portion of the segment 3 porta l tr iad by u ltrasound or aspirati ng b i le .  
• The duct l ies cran ia l  to the left portal  ve in  i n  the a nterior-inferior portion of  the umb i l ica l fissure. 
• I n c ise the l iver just to the l eft of the fa lc iform l i ga ment and carry this i nfer ior ly to the super ior  port ion of the 

l i gamentum teres. Remove a sma l l  wedge of l iver if  necessa ry. 
• I n c ise the duct long itud i n a l ly. 

• Tack the mucosa to the serosa at the jejunotomy site. 
• Cut the PTC tube(s) a bove the level of the a nastomosis .  
• Place each corner suture fi rst i n  the b i le  duct and then the anter ior row so the sutu res wi l l  be tied on the exterior. 
• Place a c lamp in the i ntest ina l  portion of the anastomosis and open to ensure the anterior mucosa is not trapped . 

• Tack the Roux l i m b  to the h i l a r  p l ate and tra nsverse mesoco lon .  
• Secure any PTC tube to the l iver to prevent a b i l e  l eak .  
• If present, perform a cho lang iogram through the PTC pr ior  to d ischarge. If no leak or str ictu re, remove the PTC. 

POSTOPERATIVE CARE in the first year, every 6 months in years 2 and 3, and if 
stable, annually for life. 

• If a preexisting PTC is left in place following biliary re
construction, leave it to gravity drainage. Just prior to dis
charge, perform a cholangiogram. If there is no leak and the 
anastomosis is patent, remove the PTC prior to discharge. 

• If no bile is present in the Blake drain, remove it prior to 
discharge. Otherwise, leave it until the leak has ceased. 

• Long-term follow-up is necessary to assess for early and late 
anastomotic stricture. This includes symptom assessment 
for pruritus, jaundice, or cholangitis and serial serum liver 
studies (LFTs ) .  Liver tests typically are done every 4 months 

OUTCOMES 

• Approximately 80% to 90% long-term excellent results are 
reported for hilar hepaticojejunostomy. The more complex 
the injury (E4, E5) ,  the lower the success rate. 

• Approximately 70% of anastomotic strictures occur in the 
first 3 years following surgery and 8 0 %  within the first 
5 years. Follow-up longer than 5 years is important as late 
strictures may develop in up to 5% of patients even after 
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more than 12 years. 10 A recent study confirmed improved 
results in recent patient cohorts undergoing biliary-enteric 
anastomosis . 1 1  

• Modest serum liver test elevations are seen following biliary
enteric anastomosis in patients with excellent results. Caution 
is warranted when interpreting these tests and trends over 
time are more useful than individual data points.U  Rising 
values, particularly in the alkaline phosphatase, should lead 
to investigation for an anastomotic stricture . 

COMPLICATIONS 

• Bile leak, fistula, or biloma 
• Cholangitis 
• Anastomotic stricture 
• Infection-organ space or wound abscess 
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Chapter 1 3  Operative Management of 
Choledochal Cyst 

·----------------------------------------------------- .... 

t Charles 5. Cox, Jr. Robert Hetz 

DEFINITION 

• Choledochal cyst represents a spectrum of cystic abnormali
ties of the extrahepatic biliary tree. It is not an isolated defect 
of the choledochus, rather, it also includes a constellation of 
abnormalities of the pancreaticobiliary system/junction. 

• The classification of the cystic structural abnormalities (types I 
to V) as originally described by Alonso-Lej 1 and modified by 
Todani2 is typically used ( FIG 1 ) .  

Type I is the predominant type of cyst (90% to  95% of  
cases ) and is a fusiform, solitary dilation of the common 
bile duct ( CBD) and hepatic duct. Type I is further subdi
vided into a, b, and c subtypes. 

Type Ia Type l b  

Type I I  Type I l l  

Type IV Type V 
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Type II is a cystic diverticulum of the CBD. 
Type III ( subtypes 1 and 2) is called a choledochocele 
and is a cystic dilation of the duct at the junction with 
the duodenum ( intraduodenal subtype 1 ) ,  with the CBD 
and pancreatic duct entering the intraduodenal choled
ochocele separately and draining into the duodenum via a 
stenotic/inflamed opening; and rarely, the intrapancreatic 
subtype 2, the choledochocele, is a diverticulum off the 
CBD at the level of the ampulla of Vater. 
Type IV is a combined dilation of the intra- and extrahepatic 
biliary tree and is the second most common type of cyst. 
Type V is also known as Caroli's disease and is single or 
multiple intrahepatic cyst ( s ) .  

Type lc 

Type 1 Type 2 

FIG 1 • The five major c lass if ications of 
choledocha l  cysts a re shown in schematic 
d rawing .  The c lassif icat ion and de l i neat ion of 
a n atomic type has s ig n if icant i mpact on surg i ca l  
p l a n n i n g .  Previous ly, these anatom i c  i mages 
were d i sp layed c l i n ica l ly v ia u ltrasound and/or 
cho lang iography (i ntraoperative in neonates 
and ERCP in o lder  ch i l d ren) .  More recently, 
M RCP has demonstrated g reater a natom ic  de
ta i l  i n  a non i nvasive m a n ner. 

-
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• In terms of anatomy of the distal CBD, symptomatic infants 
often have a stenotic opening, and older patients have a pat
ent communication. The types II, III, and V are all very rare, 
representing only a few percent of the total number of cysts. 

DIFFERENTIAL DIAGNOSIS 

• The differential diagnosis of choledochal cyst is age-dependent. 
• In infants, the differential of most concern is cystic variants 

of biliary atresia; other abdominal cysts, including renal, are 
in the infant differential. 

• For older children, cystic lesions of the pancreas, hepatic 
tumors, rhabdomyosarcoma of the biliary tree, and cystic 
neuroblastoma are considerations. Most of these are distin
guished on more advanced imaging, once the issue is raised 
with ultrasound. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients with choledochal cysts are usually characterized as 
either infantile (now includes fetal or in utero diagnoses ) or 
noninfantile forms. 

• Infantile (in utero) :  The infantile patient with an in utero 
diagnosis is an increasing cohort of patients; the cystic mass 
adjacent to the liver is usually noted on prenatal ultrasound 
in midgestation. There have been reports of cystic lesions 
visualized as early as 15 weeks, but most are in the 20 to 
24 weeks of gestation range. The antenatal abnormality 
should be confirmed by ultrasound postnatally. The issue 
that arises is timing of surgical intervention, as even the in
fantile forms are often asymptomatic for months. 

• Infantile forms that are not in utero diagnoses are by 
definition symptomatic-abdominal pain/mass, jaundice
mixed hyperbilirubinemia, acholic stools, and/or signs and 
symptoms of pancreatitis or cholangitis. In general terms, 
the infantile forms do not present with an abdominal mass 
or other signs of inflammation, rather, these patients are 
increasingly identified in utero with prenatal ultrasound and/ 
or on postnatal ultrasound as part of the initial evaluation 
for mixed hyperbilirubinemia.  Other presentations include 
failure to thrive and vomiting with mixed hyperbilirubinemia.  

• Noninfantile forms: Symptoms and signs of the noninfantile 
forms of choledochal cyst are classically described as right 
upper quadrant pain, jaundice (direct hyperbilirubinemia) ,  
and a mass. Pain and jaundice are the major symptoms, and 
it is rare that a right upper quadrant mass is palpable. The 
triad is present in fewer than 1 0 %  of patients. A bigger issue 
is the cause for delayed diagnosis/referral. The principal 
cause is either misdiagnosis of mixed hyperbilirubinemia 
as hepatitis and an incomplete evaluation of an episode 
of pancreatitis or hyperamylasemia with abdominal pain. 
Rarely, children can present with cyst rupture; there is no 
correlation between cyst size and risk of rupture. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Ultrasound is the initial imaging study of choice. Ultrasound 
is the least invasive and most cost-effective method of 
investigating the biliary tree after an episode of pancreatitis 
or abnormal elevations in liver enzymes in association with 
abdominal pain (with or without jaundice) .  This modality 

FIG 2 • ERCP in an o lder  ch i l d  demonstrat ing a type I cyst with 
fusiform morpho logy and moderately d i l ated right and left 
hepatic ducts. 

will suffice in the setting of calculus disease, but additional 
imaging with greater resolution is required when dilation of 
the biliary tree is identified. 

• Endoscopic retrograde cholangiopancreatography (ERCP) 
versus magnetic resonance cholangiopancreatography 
(MRCP) (FIGS 2 and 3) :  Both types of imaging of the biliary 
tree can be useful. ERCP was more frequently used in older 
children to obtain direct contrast injection into the extrahe
patic biliary tree under fluoroscopic guidance. It provides 
excellent detail of the structural anatomy of the cyst but very 

FIG 3 • M RCP in an o lder  ch i l d  demonstrat i ng  a type I cyst. Th is  
image demonstrates a g reater deta i l  i n  the a natomic  relat ionsh i p  
o f  t h e  pancreatic d uct. T h i s  a l so shows h o w  there i s  a relative 
cont i nuum between types I and IV cysts . 
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FIG 4 • I ntraoperative cholangiogram demonstrating a type IV 
cyst with m u lt ip le proxima l  ducta l cysts that have areas of na rrow
ing between the d i l ated reg ions (as opposed to the type I cyst). 

little input into the relationship to structures other than the 
pancreatic duct. ERCP has the advantage over MRCP in 
that it can also be therapeutic in the setting of obstructive 
jaundice. MRCP provides a similar level of detailed imaging 
of the ductal relationships with 3-D reconstruction of the 
anatomy of adjacent structures as well. MRCP also has the 
advantage of being noninvasive and thus is associated with 
less risk. FIG 4 shows an intraoperative cholangiogram of 
a type IV cyst that can be an adjunct to the other imaging 
modalities. 

• Computed tomography (CT): CT imaging is most commonly 
used when investigating abdominal pain of an undetermined 
etiology and when the findings suggest a choledochal cyst. 
With the more advanced CT imaging and 3-D reconstruction 
/multiplanar imaging now available, MRCP or ERCP is 
rarely required if a CT has been obtained. 

SURGICAL MANAGEMENT 

• The technique described in the following text represents the 
principal management of types I and IV cysts, which repre
sents over 95% of choledochal cyst cases. Timing of inter
vention: The debate surrounding immediate (first 2 weeks 
of life ) versus delayed (6 weeks to 3 months of age) surgi
cal intervention hinges on whether there is a risk for pro
gressive liver dysfunction developing in the interim time of 
waiting. There are no solid data to support either approach. 
The rationale for not waiting indefinitely is due to the fact 
that it can be somewhat difficult to distinguish the cystic 
variant of biliary atresia from a choledochal cyst in infancy. 
Missing the window to surgically correct a patient with bili
ary atresia is a potentially devastating complication that is 

avoidable. A reasonable intermediate approach is to follow 
the asymptomatic, anicteric patient serially with serum bio
chemical studies and ultrasound with a planned operation at 
6 weeks of age to earlier if worsening. Symptomatic patients 
or patients with a mixed hyperbilirubinemia undergo early 
operation if other comorbidities are manageable. Older pa
tients can undergo operation when physiologically stable. If 
these patients present with cholangitis/pancreatitis, they can 
typically be managed akin to an adult with gallstone pancre
atitis. Once the acute inflammatory response has subsided, 
an operation is performed during that admission, as early 
recurrent pancreatitis is the norm. 

Preoperative Planning 

• We advise the use of an epidural catheter for perioperative 
pain management, and this is placed after the induction of 
anesthesia. Two peripheral intravenous lines, radial arterial 
line, Foley catheter, and nasogastric tubes are routinely in
serted under aseptic conditions. Any coagulopathy is cor
rected preoperatively (unusual),  and 20 mL!kg body weight 
of packed red blood cell (PRBC) are crossmatched and avail
able for the procedure. Preoperative cefoxitin (40 mg/kg 
body weight) is used as antibiotic prophylaxis and redosed 
at 4 hours if needed. 

Positioning 

• The patient is placed supine on the operating room table 
such that fluoroscopic cholangiography can be performed 
if needed. A small towel " bump" is placed under the right 
flank. The right arm is on an armboard at 90 degrees ( FIG S ) .  

F IG  5 • T h e  patient i s  p laced s u p i n e  on t h e  operati ng ta b le  
with  the abdomen ava i l ab le  for  f luoroscop ic  imag ing .  A sma l l  
towel b u m p  is p laced u n d e r  t h e  r ight f lank .  T h e  r ight arm is at 
90 deg rees and i s  the s ite for a rad i a l  a rter ia l  catheter for b lood 
pressure mon itor ing/sam p l i n g .  
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• The rat iona le  for tota l cyst exc is ion is to m i n i m ize the r isk • 
of m a l i g na nt degenerat ion in the future. Roux-en-Y cyst 
jej u n ostomy is favored over cyst duodenostomy because 
of poor long-term resu lts associated with the latter, 
name ly  recurrent cho l ang it is and  anastomot ic  stenosis 
lead ing  to ins id ious b i l i a ry c i rrhosis .  We exc l usively use 
a n  open lapa rotomy with tota l cyst exc is ion for types I 
and  IV les ions (over 9 5 %  of cases) with Roux-en-Y hepati
cojeju nostomy. 

I NCISION AND EXPOSURE 

• A standard r ight subcosta l i nc i s ion is made to enter 
the abdomen .  For l a rger  cysts, the inc i s ion is  extended 
to a part ia l  chevron to g a i n  adequate exposure .  A self
reta i n i n g  retractor (Bookwalter or Thom pson) is used. 
The r ight colon and hepatic fl exu re a re mob i l ized from 
l atera l to med i a l, ta k ing  down the peritonea l  reflect ion 
to expose the porta hepatis and  d uoden u m .  

GALLBLADDER AND ARTERIAL 

DISSECTION 

• Mob i l i zat ion of g a l lb ladder-"top-down approach " :  
Once t h e  self-reta i n i ng retractor is  i n  p lace and t h e  ana
tom i c  f ie ld is  identif ied i n  genera l  terms, the g a l l b ladder  
is  mobi l i zed from the fundus  down to the cyst ic  d uct/cyst 

• 

The use of m i n i m a l l y  invas ive approaches has been 
described and is  tech n ica l ly feas ib le .  There are no long
term data on  th is  approach; l aparoscop ic  portoenter
ostomy for b i l i a ry atres ia  has been abandoned not due  
to  tech n ica l  issues but  rather due  to exacerbat ion of 
hepatic i nsuffic iency that i s  thought to be due  to e ither 
techn ica l  d i ssect ion of the porta l p late or  more recently, 
a red uct ion of hepatic/porta l b lood f low for the t ime of 
operat ion . 3  

Next, the duodenum is fu l ly mobi l ized (Kocher maneuver) .  
Be prepared for  the potentia l  severe acute and/or chronic 
inf lammation inc lud ing sapon ification of these tissue 
p lanes, making d issection ted ious, b loody, and potentia l ly 
hazardous. If the anatomy is d ifficult to d iscern, an i ntra
operative cholang iogram can be very he lpfu l .  This can be 
performed in  the usual manner at the cystic duct us ing 
Omn ipaque 300 and f luoroscopy. A 5-Fr i nfant feed ing tube 
is used to cannu late the cystic duct, and rea l-t ime f luoros
copy can identify the anatomy and he lp resolve any ana
tom ic questions. 

j u nct ion .  The cyst ic  duct and g a l l b ladder  a re d i lated . The 
cyst ic  a rtery is  identif ied and traced back to the r ight he
patic a rtery (RHA) or its or i g i n .  The g a l l b ladder is  then 
ava i l a b l e  for tract ion and can be rotated med i a l ly to 
fac i l itate exposure and identif icat ion of the porta l ve i n  
(PV), poster ior ly. FIGS 6 and 7 demonstrate t h e  d i ssect ion 

FIG 6 • This  i ntraoperative photogra ph (type I cyst MRCP 
i n  FIG 3) demonstrates the c i rcumferent ia l  d i ssect ion of  
the cyst (ye l low vessel loop, C), with the RHA and LHA 
looped (red). The g a l l b ladder  (GB) has been comp letely 
mob i l ized and the duodenu m  Kocher ized.  The cyst i s  
part i a l ly d i ssected poster ior ly from the porta l  ve i n  (PV) .  
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of the g a l l b ladder and c i rcumferent ia l  d i ssect ion of the 
cyst i n  sepa rate patients. 

• RHA identif ication and further d i ssect ion of hepatic a r
tery and  left hepatic a rtery (LHA): Once the RHA is iden
t if ied,  the hepatic a rter ia l  anatomy can be d issected off 

CIRCUMFERENTIAL DISSECTION OF CYST 

• Typ ica l  approach :  The goa l  of the d i ssect ion is a rad i - • 
ca l exc i s ion  of the comp lete cyst from the l evel of the 
confl uence of the hepat ic  d ucts to the j u nct ion with the 
pancreatic d u cts d i sta l ly. To ach ieve th i s, the a rter ia l 
a natomy is i so l ated a nter ior ly as descr ibed i n  the p revi-
ous  text, and then the back wa l l  of the cyst i s  d issected 
free from the PV. I dentify the PV just before it b i fur
cates, a n d  c i rcu mferent i a l l y  d i ssect on the undersu rface 
of the cyst unt i l  the cyst i s  enc i rc led with an u m b i l i ca l  
tape or  vesse l loop .  D iv i d i n g  the cyst at the confl uence 
of the r i ght a n d  left d u cts a l l ows a nter ior  tract ion  on  
the cyst a n d  provides exposure of the a nter ior  aspect 
of the PV as the d i ssect ion i s  carr ied d i sta l l y  towa rd the 
super ior  mesenter ic ve i n  (SMV) .  Once the cyst i s  off of  
the PV a n d  d iv ided proxi m a l ly, then the b i l i a ry tree i s  re-

CYST EXCISION 

• Leve l of d ista l resect ion :  As the cyst is c i rcumferent i a l l y  
d i ssected down toward the pancreas, it i nvar iab ly  tapers 
down to a narrow neck. Preoperative imag ing  provides 
g u i dance as to the site of the confl uence with the pan
creatic duct; it can be q u ite h igh i n  cases of pancreatic
b i l i a ry m a l u n ion .  Th is  d i ssect ion typica l ly d ives i nto the 
head of the pancreas and  it is  cr it ica l to stay d i rect ly on 

FIG 7 • This  i ntraoperative photog raph of another type I 
cyst (C) demonstrates us ing the same operative approach 
of g a l l b ladder (GB) mobi l izat ion and c i rcumferent ia l  
d i ssect ion of  the cyst cepha lad  to  the cyst ic  duct confl uence 
(b lue  vesse l  loop) .  The duodenum i s  com p l etely Kocherized 
and under the retractor/lapa rotomy pad .  There i s  m i n i m a l  
i nfl a m mation i n  t h i s  case. 

of the cyst. The ease of this d i ssect ion i s  dependent on 
the degree of per icyst ic  inf lammat ion .  Vesse l loops can 
be p l aced a round the hepatic a rteries, and then, the d is
sect ion can proceed d i rectly on the cyst wa l l  a nter ior and  
latera l to  the a rtery. 

t racted a nter ior ly  as d i ssect ion d i rect ly  on the cyst wa l l  
toward the j u nct ion  with the pancreat ic duct .  
Alternat ive a p p roach :  I n  the sett ing  of extensive per i 
cyst ic  infl a m mat ion that obscu res the a n atomy a n d  p re
c l udes safe c i rcu mferent i a l  d i ssect ion ,  L i l ly4 descr ibed 
a n  a lternat ive approach of i ntra m ura l  d i ssect ion  that 
l eaves the poster ior  wa l l  i n  p l ace, ak in to abdom i n a l  
aort i c  aneurysm repa i r. T h e  cyst i s  opened tra nsverse ly, 
a n d  the p l ane  with i n  the cyst wa l l  that a l l ows sepa ra
tion of the m u cosa from the t h i n ner  exter ior  cyst wa l l  i s  
deve loped .  There are n u merous perforat ing  sma l l  ves
se ls  that ca n be contro l led with cautery. Th i s  d i ssect ion  
proceeds super ior ly  a n d  i nfer ior ly, leav i n g  the back wa l l  
i n  p lace and  adherent t o  t h e  PV. T h i s  a p p roach a l l ows 
remova l of a l l  of the potent i a l l y  m a l i g nant m ucosa a n d  
prevents the potenti a l  catastroph i c  com p l icat ion o f  i n 
j u ry to the PV. 

the cyst wa l l  for the d i ssect ion and not i nadvertently vio
late the pancreatic duct-a catastroph ic  error that i nva r i
a b ly leads to pa ncreatic f istu l a .  FIG 8 demonstrates the 
u pward tract ion on  the d iv ided extrahepatic b i l i a ry tree 
and d i ssect ion down to the d i sta l end of the cyst. Once 
the d ista l extent of the cyst is  determi ned, it is  d iv ided 
at th i s  level and  oversewn with monofi l a ment suture 
(3-0 or  4-0 Pro lene), us ing ca re to preserve the pancre
atic duct. 
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BILIARY-ENTERIC RECONSTRUCTION 

• Typ ica l  approach:  retroco l i c  Roux-en-Y hepaticojej u nos
tomy-The standard approach is  to create a 40-cm Roux 
l i m b  that or ig i nates 10 em from the duodenojej u n a l  j u nc-
t ion .  This is  i l l ustrated i n  the d rawings in FIG 9 and the • 
i n it i a l  anastomosis is shown in photog ra phs in FIG 1 0. 

• N u merous techn i ques are com mo n ly used for the jeju
nojej u nostomy. Most pediatr ic surgeons prefer a n  end 
(proxi m a l  jej u n u m) to s ide (d ista l jej u n u m), two-layered, 
hand-sewn a nastomosis i n  o lder  c h i l d ren .  The i n ner row 

Right and left hepatic arteries 

-la---- Roux-en-Y 
hepatica

jejunostomy 

FIG 8 • This  i ntraoperative photog raph demonstrates 
the extrahepatic b i l i a ry tree retracted anter ior ly, after 
the proxim a l  cyst has been d iv ided at the j u nct ion of the 
confl uence of the hepatic ducts (HD), and  the g a l l b ladder  
is  used as the point of  tract ion .  The duodenum (D) i s  fu l ly 
Kocherized, expos ing  the poster ior  aspect of the pancreas 
(P), and the red vesse l loop is  on  the LHA. Stay sutu res are 
on the tra nsected d uct. The cyst is  ta per ing down to the 
j unct ion with the pancreatic duct i n  a n  i ntrapancreatic 
posit ion  (BPJ). The trans it ion to a n  i ntramura l  d i ssect ion 
is  noted on the a nter ior wa l l  of the cyst ha l fway down the 
d i ssect ion .  

of sutu res is p laced us ing 4-0  Vicry l  and  hem i-Conne l l  
techn ique  and the outer row th rown us ing lembert 
techn ique  and  us ing 3-0 s i l k .  I n  i nfants/sma l l  ch i l d ren, a 
s ing le- layer a nastomosis of i nterru pted 5-0 or 4-0 Vicryl is  
most often emp loyed . 
The end of the Roux l i m b  is c losed in two l ayers and  
then  brought through  a defect created i n  the transverse 
mesoco lon,  just to the r ight of the m idd le  co l i c  vesse ls .  
The ant imesenter ic  s ide of the Roux l imb is  used for 
the anastomosis to the confl uence of the hepatic ducts. 

FIG 9 • This d rawing is  a schematic d iagram of the Roux
en-Y hepaticojej u nostomy. The s ide jejunotomy is matched 
to the s ize of the hepatic duct, l eaving  a sma l l  d i stance of 
"j " confi g u rat ion to the l i m b .  Th is  is  not left more than 
a few cent imeters to prevent sumping of b i le, as th i s  w i l l  
g row with t h e  c h i l d .  
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I nterru pted 4-0 or 5-0 polyd ioxanone (PDS) or equ iva lent 
monofi l ament, a bsorbab le  sutu res a re p l aced to create a 
s ing le- l ayer anastomosis .  Th is  shou ld  be tens ion free and 
ca re shou ld  be ta ken to  ensure that  the l imb is  not  k i n ked 
or  twisted in the f ina l  a natom ic  config u rat ion .  FIG 1 1  
demonstrates a comp leted anastomosis .  The l i m b  is  
secu red to the mesoco l i c  defect with i nterru pted sutu res 
and the mesenteric defect of the jej u n a l  anastomosis is 
c losed as wel l .  
I n  cases that a re compl i cated d u e  t o  m u lt ip le  previous 
bouts of pancreatitis and/or cho lang it is, most surgeons • 
prefer to leave a dra in ;  in stra ightforward cases (usua l l y  
the i nfa nt i le  forms), most omit  the d ra i n .  Adm itted ly, 
there are no data to support e ither a pproach.  
Alternative approach : hepaticoduodenostomy-The group 
at Ch i ldren's Hospita l of Ph i lade lph ia  has presented an  

FIG 1 0  • This  i s  a n  i ntraoperative photog raph of the Roux 
l i m b  on  stay sutu res at 3 o'c lock and 9 o'c lock posit ions and 
the suct ion t ip  i n  the hepatic d uct confl uence.  The duct was 
i rr igated with sa l i n e  to ensure no debr is/stones were i n  the 
proxi ma l  ducts. After the sutu res were la id i n  the back wa l l  
o f  t h e  anastomosis, i t  was "parachuted " down, a n d  then 
the anter ior row was com p l eted . 

a lternative to the Roux-en-Y reconstruction, us ing a d i rect 
hepaticoduodenostomy.5 The rationa le for this approach is 
that there is a more physio logic end point for b i le  dra inage 
and a s impler  reconstruct ion.  I n  their  hands, the operations 
were shorter by approximately 1 hour, and there were 
fewer comp l ications requ i ring rei ntervention .  The long
term fo l low-u p  is not yet ava i lab le .  Of note, these patients 
were selected and not random ized patients with hepatico
duodenostomy being used i n  those patients i n  whom there 
wou ld  not be a tension at the anastomosis. 
Other approaches: There have been a n u m ber of other 
reconstructive options forwa rded by others, such as 
va lved Roux- l i m b  condu its to the duodenum or  use of 
the append ix  as a pedic led g raft.6 These approaches are 
unnecessa r i ly  com p l ex and in the case of the a ppend ix, 
have worse long-term outcomes. 

FIG 1 1  • The comp leted hepaticojejunostomy i s  i n  the 
proper a natomic  or ientat ion .  
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LAPAROSCOPIC APPROACH 

• The l aparoscop ic  approach to cho ledocha l cyst exc is ion 
and reconstruct ion has been descr ibed by n u merous 
a uthors. Mon itor posit ion ing  and port p lacement a re 
shown in FIG 1 2. 

• The laparoscop ic  techn ique  is much more amenab le  to 
the patient who has not experienced m u lt ip le  bouts of 
cho lang it is/pa ncreatit is .  

• U n l i ke the open proced u re, the g a l l b ladder  is d iv ided at 
the cyst ic  duct and then it is used to retract cepha lad  to 
expose the cyst/porta hepatis; the g a l l b ladder  is removed 
at the conc lus ion of the procedure .  

A 

Anesthesiolog ist 

• 

• 

• 

The proced ure is otherwise performed in the seq uence of 
events as described in the previous text. The hepatic f lex
u re is  mob i l ized to fac i l itate a Kocher maneuver. The cyst 
d i ssect ion is as  described for the open approach sta rt ing  
with  cepha lad ,  super ior  exposu re of the cyst and su bse
q uent d i ssect ion of the vessels from proxi m a l  to d i sta l .  
The jej u n ojejunostomy can b e  performed v i a  a n  extended 
u m b i l ica l  inc is ion i n  i nfants to a l low a n  extracorporea l 
jejunojej u n a l  a nastomosis .  
Ear ly  resu lts are s i m i l a r  between open and lapa roscop ic  
cases. 

B 

Optional additional --+-
retraction port 

Surgeon 

Scrub 
tech 

Assistant 
Surgeon 

working ports 

FIG 1 2  • Laparoscop ic  approach:  d isp lay arrangement and port p lacement. A. The surgeon is  posit ioned on the 
patient's r ight s ide with a mon itor over the patient's left shou lder. B. A 5-mm u m b i l i ca l  port and 30-degre� camera 
are employed. Two subseq uent ports a re p laced in the r ight m idabdomen as shown. Another left-s 1ded port 1 s  p laced 
in the m idclavicu la r  l i ne  a bove the u m b i l icus; this is  the r ig ht-handed working  port of the assistant. An opt iona l  
retract ion port is  i n  the r ight u pper quadrant, be low the costa l marg in  i n  the m idaxi l l a ry l ine .  

OTHER CYST TYPES (I I, I l l, V) 

• Type I I :  The type I I  cyst is a d ivert icu l u m  of the C B D .  Th is  
configu ration, especia l ly with a long,  na rrow neck, is  
most amenab le  to a m i n i ma l ly i nvasive approach.7  Most 
surgeons recommend remova l of the g a l l b ladder at the 
same operat ion .  

• Type I l l :  The type I l l  cysts or choledochoceles a re more com- • 
plex procedures that are best addressed by transduodenal  
resection and sph incteroplasty. Once the duodenum is fu l ly  
Kocherized, it is opened transversely a long the antimesen
teric border. The i ntraduodenal ,  stenotic ampu l l a  is can
nu lated and opened . An i ntraoperative cholang iogram is 
usefu l, at t imes, and usua l ly best done through the open
ings of the bi le duct and pancreatic duct via the duodenum.  

Excis ion and then  reapproximation of  the  duct to  duode
nal mucosa with 5-0 or 6-0 Vicryl is standard .  This can be 
done over a ca l i brati ng stent of a 5- to 7-Fr catheter. The 
i ntrapancreatic lesions should be managed with i nternal 
d ra i nage, and conceivably, th is cou ld  not be accompl ished 
and requ i re a pancreaticoduodenectomy. The ga l l b ladder 
is  trad itiona l ly  removed at the same operat ion.  
Type V: Caro l i 's d i sease is  characterized by u n i l atera l or  
b i l atera l cyst ic  d i lat ion of the i ntra hepatic b i l i a ry tree. 
This is  surg ica l ly treated by lobectomy if there is  d i sease 
isolated to a s i ng le  a natom ic  lobe. Pa l l i at ion i s  often 
done by i nterventiona l  rad io logy by d i lat ion of m u lt ip le  
str ictu res and stone retrieva l .  Liver transp la ntat ion may 
be req u i red to effectively treat th i s  prob lem .  
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PEARLS AND PITFALLS 
Ti m i n g  of operation • Delaying operat ion i n  the i nfanti le  form can potent ia l ly a l low b i l i a ry c i rrhosis to prog ress due 

to e ither stasis or  b i l i a ry atres ia  misd iag nosis .  Operat ion by 6 weeks of age  should m it igate this 
r i sk and a l low any other  comorb id it ies to be addressed .  

• Operat ing  d u ri n g  acute pancreatitis i n  the non infanti le  form can increase the d ifficu lty of  
d i ssect ion and  lead to increased com p l icat ions such as vascu l a r  i nj u ry and  a nastomotic leak .  

Cyst exc is ion • Too d i sta l  of a d i ssect ion with a h igh un ion of the pancreatic duct to the CBD/cyst can re
sult in pancreatic duct i nj u ry or l igat ion .  Appreciat ion of preoperative imag ing  with the 
pancreaticob i l i a ry m a l u n ion (PBM) in m i n d  can avo id  th i s  com p l ication .  

B i l i a ry-enteric reconstruct ion • Ensure proper a natomic  or ientat ion of the Roux l imb.  D isor ientat ion can create a loop of 
proxim a l  jej u n um-hepatic duct anastomosis or  k ink ing of a proper ly  corrected Roux l i m b .  

POSTOPERATIVE CARE 

• The postoperative care of the patient who undergoes resection 
of a choledochal cyst is similar to many patients undergoing 
major hepato-pancreato-biliary operations. As stated in the 
preoperative management, we use nasogastric decompression 
early in the perioperative period (usually 48 hours) and epidu
ral analgesia with a combination of narcotic/local anesthetics. 
The postoperative pain management is augmented with 
scheduled intravenous Toradol and/or acetaminophen. No 
prophylactic, postoperative antibiotics are given. With return 
of bowel function, diet is slowly advanced. Serum chemistries 
(bilirubin, amylase/lipase) are followed in the first few days to 
ensure progressive decline. 

• If present, the drain posterior to the hepaticojejunostomy 
is monitored for the character and volume of the output. 
Once the patient is tolerating a diet, and the drain effluent is 
serous, then the drain is removed prior to discharge. 

• Some surgeons maintain these patients on suppressive anti
biotics against cholangitis as with biliary atresia. 

• Postoperative follow-up is at 2 weeks as part of routine care. 
Long-term follow-up is every 3 months for year 1, then an
nually in asymptomatic patients. This includes monitoring of 
serum liver enzymes (aspartate aminotransferase [AST] , ala
nine aminotransferase [ALT] , -y-glutamyltransferase [GGT] ) ,  
bilirubin, and amylase/lipase. Patients with elevations in 
their chemistries or clinical symptoms will undergo either 
a screening ultrasound with a focus on intrahepatic dilation 
or possibly a hepatobiliary iminodiacetic acid (HIDA) scan 
to evaluate functional bile excretion into the Roux limb. If 
there is a question about the Roux limb, a CT scan of the 
abdomen may be helpful. The long-term issue is related to 
anastomotic stricture and/or late stone formation as the eti
ology of the obstructive symptoms. 

OUTCOMES 

• The long-term outcomes for the surgical resection of 
choledochal cyst with Roux-en-Y hepaticojejunostomy are 
excellent (symptom free and overall survival over 90 % ) .  

The historical issue o f  malignancy and high rates of 
cholangitis/stones (90 % )  due to retained cysts has largely 
been eliminated due to the approach of complete excision 
and reconstruction, although there are rare cases after cyst 
excision. These cases probably represent incomplete ex
cision of proximal or distal margins of the cyst. In broad 
terms, 2% to 1 0 %  of patients develop intrahepatic stones 
as follow-up goes out to 20 years. Stone formation can be 
associated with cholangitis, stricture, or both. 

COMPLICATIONS 

• Hemorrhage: PV or branches of the hepatic artery 
Hepatic artery anastomotic leak pancreatitis 
Late stricture 

Cholangitis 
Recurrent stones 

Adhesive bowel obstruction 
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DEFINITION 

• Biliary atresia is an inflammatory process of unknown etiol
ogy that results in obliteration of the extrahepatic bile ducts 
in newborn infants . The incidence of biliary atresia is quoted 
as 1 per 1 0,000 live births, which in most U.S. referral cen
ters should translate into approximately 4 to 5 cases per year. 

Type I I  

Type I l l  

• The Japanese Society of Pediatric Surgeons has classified the 
anatomic configurations of biliary atresia ( FIG 1 ) .  The most 
common pattern is obliteration of the ducts from the porta 
to the common bile duct (CBD) (type I ) .  

• Other variants not shown include fibrotic ducts and porta 
with a patent gallbladder and distal CBD. 

Type I - cystic 

FIG 1 • Classif icat ion of b i l i a ry atres i a .  Type I i s  associated with atres ia  at the level of the CBD; i n  type I I , the atres ia  is  at the level of the 
hepatic duct; i n  type I l l ,  atres ia  occu rs at the porta hepatis .  
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• The " surgically correctable" form of biliary atresia is rare 
( 1 0 %  of cases ) .  In this situation, there is patency of a proxi
mal segment of hepatic and/or common duct. 

DIFFERENTIAL DIAGNOSIS 

• The differential diagnosis of a mixed hyperbilirubinemia in 
an infant includes the following: 

Biliary atresia 
Neonatal hepatitis 
a 1 -Antitrypsin deficiency 
Other metabolic deficiencies 
Alagille's syndrome (biliary hypoplasia, pulmonary steno
sis, vertebral anomalies, and elfin facies ) 
Choledochal cyst 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Infants are usually referred at approximately 6 to 8 weeks of 
age, placing a premium on rapid evaluation, diagnosis, and 
scheduling of operation. They typically present for evalua
tion of a mixed hyperbilirubinemia and the primary physi
cal findings are jaundice and hepatomegaly. They also have 
acholic stools and dark urine. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Laboratory: The hallmark of the laboratory evaluation is 
a mixed hyperbilirubinemia. Investigations will be focused 
on excluding neonatal hepatitis, metabolic diseases, and 
a 1 -antitrypsin deficiency. 

• Nuclear medicine: Technetium-based hepatobiliary scans 
are often used in the evaluation of infants with a mixed 
hyperbilirubinemia. Pretest preparation with phenobarbital 
for 3 to 5 days is useful. Visualization of the tracer in the 
duodenum/small intestine excludes biliary atresia. Slow up
take is indicative of a global hepatocyte dysfunction. 

• Ultrasound: Imaging is usually supportive of the diagnosis 
of biliary atresia but is not definitively diagnostic. Usually, 

there is a thickened, contracted gallbladder and difficulty vi
sualizing the extrahepatic biliary tree. 

• Percutaneous liver biopsy: Recently, percutaneous needle bi
opsy has become one of the most definitive diagnostic tests in 
the evaluation of biliary atresia. The histologic appearance 
is that of any bile duct obstruction: portal tract edema and 
fibrosis, bile duct proliferation, and stasis. Mimics of biliary 
atresia are giant cell hepatitis, as it has some similar find
ings, most notably multinucleated giant cell infiltrates that 
can also occur with biliary atresia. Similar findings occur 
with Alagille's syndrome, which is characterized by biliary 
hypoplasia but associated with a characteristic elfin facies, 
pulmonary stenosis, and vertebral anomalies. 

SURGICAL MANAGEMENT 

• An important issue in the surgical management of patients 
with biliary atresia is the timing of the operation. In gen
eral terms, earlier is better. Results are better if the opera
tion is performed before the infant reaches 6 weeks of age. 
Portoenterostomy may be reasonable up to 120 days of age, 
recognizing that the prognosis declines rapidly with delayed 
intervention. 

Preoperative Planning 

• Ensure that there is no coagulopathy. If present, must be 
treated with vitamin K (phytomenadione, 1 mg per day 
intramuscularly) and/or fresh frozen plasma replacement. 
Typically, a central vascular catheter or arterial line is not 
necessary. Epidural catheter anesthesia is a useful adjunct 
to intra- and postoperative pain management. A second- or 
third-generation cephalosporin should be administered prior 
to incision and continued until transition to oral cholangitis 
prophylaxis can be achieved. 

Positioning 

• The patient is placed in the supine position. A small towel 
roll is positioned transversely under the patient at the level 
of the lower chest/abdomen. 

• The a uthors recommend proceed ing  d i rectly to an open 
exp loration  and cho lang iogra m .  If  posit ive, a c lass ic  
Kasa i portoenterostomy b i l i a ry dra inage procedu re is  

performed.  The use of a lapa roscop ic  approach has been 
associated with s ign if icantly worse outcomes . ' -2 

I NCISION 

• I n it i a l ly, a sma l l  r ig ht-s ided subcosta l i nc i s ion is made 
to perform the cho lang iogra m  and  then extended to 
fac i l itate the procedure once confi rmation of the d iag
nos i s  has occurred . (FIG 2). 
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CHOLANGIOGRAM 

• The g a l l b ladder is identified; it is usua l ly  sma l l  and con
tracted with clear or m i l ky bi le i n  the l umen .  A purse-str ing 
suture of 5-0 s i lk on a TF need le  (or equ iva lent) is used 
and a cholecystotomy is made of a s ize to adm it a 5-Fr 
i nfant feed ing  tube (FIG 3). Nond i l uted O m n i paque 300 

Duodenum / 

LIVER BIOPSY 

• With more l i bera l  use of percutaneous b iopsy, there i s  
l itt le  need for a red undant b iopsy at the t ime of por
toenterostomy. H owever, a c lass ic b iopsy that prov ides a 
l a rger  sa mp le  is often i nformative rega rd i ng  degree of 

FIG 2 • I nc i s ion .  A mod if ied hem i-chevron inc i s ion is used . 
Some centers use a more l i m ited r ight su bcosta l i nc is ion,  but 
to ful ly mob i l ize the l iver req u i res a l a rger  inc i s ion .  

is  i njected under f luoroscopic  v isua l izat ion .  If there is  no 
v isua l ization of the i ntrahepatic b i l i a ry tree, the d i sta l 
porta hepatis shou ld be occ luded to promote visual ization 
of the prox ima l  hepatic ducts. If there is  nonvisua l ization 
of the i ntrahepatic b i l i a ry tree, th is  typ ica l ly confi rms the 
d iagnosis of b i l i a ry atres ia .  

FIG 3 • I ntraoperative cho lang iogra m .  A 5-Fr i nfant feed ing  
tube  i s  used to  can n u late the dome of  the g a l l b ladder  v ia a 
pu rse-str ing suture.  O m n i paque 300 is used as a fu l l -strength 
contrast agent to v i sua l ize the extra hepatic b i l i a ry tree. 
Aspiration of clear b i l e  usua l ly is  i nd icative of b i l i a ry atres ia .  
It can be d ifficu lt to be certa i n  that  the can n u l a  is  tru ly with i n  
t h e  l umen  o f  t h e  g a l l b ladder. 

l iver in jury and  is essenti a l  when a percuta neous b iopsy 
has not been obta ined .  Th is  is  performed as dep icted i n  
F IG  4. U s i n g  a 2-0 chromic  suture on a n  SH  or  equ iva
lent needle, two mattress-type sutu res are p laced i n  a 
"V " confi g u rat ion from which the wedge b iopsy w i l l  be 
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2 

3 4 
FIG 4 • Liver b iopsy. A V-shaped i nc is ion is made between two mattress sutu res of 2-0 chromic  that a re then t ied together over 
a Gelfoam bolster for hemostas is .  

obta ined .  A no .  1 5  b lade kn ife i s  used to excise a wedge 
of l iver, and  the bed i s  coagu lated with the cautery. 
The ta i l s  of the chrom ic  suture a re l eft long and used 
to rea pproximate the edges of the l iver over a Ge lfoa m 
bolster that renders the f ie ld hemostatic .  Th is  shou ld  be 

HEPATIC MOBILIZATION 

• To fu l l y  expose the porta hepatis, a fu l l  mob i l izat ion of 
the l iver is performed . Both tr i angu l a r  l i gaments and  the 
fa lciform l i ga ment are d ivided, and  the l iver is  rotated 
up i nto the wound .  Th is  is  fa r more effective in i nfants 
and  ch i l d ren than in adu lts. Lapa rotomy pads a re p laced 
beh ind  the l iver to m a i nta i n  the exposu re .  However, ca re 
must be taken to not a l l ow excess ive tens ion to be p laced 
on the porta l vascu la r  structu res. An assistant's hand can 

done i mmed iately after the cho lang iogram to opt ima l ly 
ensure the site is hemostatic  at the conc lus ion of the pro
ced u re and to prevent inadvertent om iss ion of the bi
opsy fo l l owing  the m a i n  port ion of the procedure-the 
portoenterostomy. 

further sp lay open the porta dur ing  cr it ica l e lements of 
the d issect ion .  Some authors have advocated aga i nst th i s  
maneuver a rg u i n g  that  it i ncreases retrohepatic sca rr ing 
i n  case of futu re transp lantat ion .  The a uthors are of the 
op in ion  that the va lue  of opti m u m  exposure to provide 
the g reatest prec is ion of the porta l d i ssect ion and a nas
tomosis outweighs  the add it iona l  d i ssect ion that w i l l  be 
req u i red shou ld  l iver transp lant  u lt imately be req u i red 
(FIG S). 
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PORTAL DISSECTION 

• Identif icat ion of vascu l a r  structures: The g a l l b ladder  is  
mob i l ized i n  a retrograde fash ion us ing e lectroca utery • 
unt i l  the cyst ic  a rtery is ident if ied.  Th is  is then traced 
back to the r ight hepatic a rtery. Fu rther a nteg rade d i s
sect ion beg i n n i n g  near the ce l iac a rtery trifu rcat ion fi rst 
identif ies the common hepatic a rtery and then or ig in  
of the left and r ight hepatic a rteries. Aberrant a rter ia l  
anatomy m ust be cons idered . Expect d i sproportionately 
en l a rged lymph nodes in the reg ion .  The l eft and r ight 
hepatic a rteries shou ld  be isol ated with vessel loops or  
0 s i l k  sutu re. Poster ior  and left i n  the porta, the a nter ior 
aspect of the porta l ve i n  (PV) i s  exposed . 

• D iv is ion of d ista l extra hepatic b i l i a ry tree: With the 
hepatic vessels identif ied, the g a l l b ladder  is  used for 
tract ion to d i ssect the poster ior  aspect of the atretic 
extra hepatic b i l i a ry tree from the vessels (FIG 6A) .  Th is  
d i ssect ion is  carr ied d ista l ly to the head of the pancreas. 
The d i sta l seg ment is  l i gated and sharp ly d iv ided.  The d i s
sect ion is  then fo l l owed prox ima l l y  revea l i n g  a cone of 
t issue in the porta (FIG 68). 

• Proxima l  d i ssect ion :  The outl i ne  of the porta l p late d is
sect ion is  the crescent-shaped boundary of the PV and 
the r ight and left hepatic a rteries f rom wh ich  the atretic, 

FIG 5 • I ntraoperative photographs of the 
hepatic and ga l lb ladder mobi l i zation .  The left and 
r ight triangu lar  l igaments and the l igamentum 
teres are al l  d ivided u p  to the hepatic venous 
h i l u m .  This a l l ows complete mobi l ization of the 
l iver up  i nto the i ncis ion, thus provid ing  exce l lent 
exposure of the porta hepatis. The ga l l b ladder 
is  mobi l ized after the cholang iogram and used 
for a traction "gu ide" to the atretic extrahepatic 
b i l i a ry tree. The vei l  of peritoneum overly ing the 
porta l structu res is  d ivided with cautery and the 
vascu lar  structu res a re identified and separated 
from the atretic b i le  ducts. 

extrahepatic b i l i a ry tree exits the hepatic parenchyma .  
A s  d i ssect ion enters t h e  l i ver, there shou ld b e  a transit ion 
from f ibrotic, atretic, pa le  structu res to softer, da rker l iver. 
Porta l transect ion :  The cr it ica l e lement of the operation 
is  the depth and bounda ries of the porta l d i ssect ion .  The 
confl uence of the PV must be retracted i nfer ior ly and the 
left and r ight branches m ust be retracted latera l l y  with 
sma l l  tr ibutar ies l i gated or  ca uterized (b ipo lar  e lectro
cautery can be usefu l ) .  The entire l iver p l ate is  sharp ly 
transected either with ang led scissors or a beaver-b lade 
kn ife (FIG 6C). The opti m a l  level is to be just at but not 
i nto the l iver parenchyma .  The opti ma l  level for the por
toenterostomy is represented by the v i rtua l l y  trans lucent, 
th in  l ayer that is  left in p l ace. B l eed ing  is contro l led with 
1 : 1 00,000 ep inephr ine-soaked Ge lfoam and pressure 
using cotton tip app l i cators. Very m i n i m a l  need le  t ip/ 
low-sett ing ca utery ca n be used jud ic ious ly if a bsol utely 
necessa ry. The Ge lfoam can be left i n  p lace and the l iver 
returned to the a bdomen as the Roux l i m b  is  created and  
the jejunojej u nostomy performed.  Some surgeons send 
th i s  proxi m a l  marg in  of  the porta l d i ssect ion for specif ic 
eva l uat ion of ducta l d i ameter to gu ide  further d i ssect ion 
and/or prog nos is; however, the a uthors have not found  
th i s  to  be part icu lar ly  usefu l i ntraoperative i nformat ion .  
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A 

Dissected 
portal plate 

c 

Portal vein 

Distal atretic 
common bile duct 

Portal plate 
inferior to 

portal vein 

B 

Side view 

FIG 6 • Porta l d i ssect ion .  The porta l d i ssect ion com mences once the vascu l a r  and  ducta l structures a re ident if ied .  The CBD 
is  d iv ided and  l igated d i sta l ly, then  d i ssected u p  unt i l  the t issue fans  out i nto a con i ca l  config u rat ion bordered by the PV 
i nfer ior ly  and  latera l ly. A. The g a l l b ladder  is  mob i l ized and  used as tract ion to expose the cone of t issue at the porta . B. Latera l  
v iew of the d issect ion showi ng  how the cone of the porta l p l ate d i ps i nfer ior  to the PV confl uence and  why retract ion down 
on the PV to p lace the poster ior  row of sutu res i s  i m portant.  C. The d i ssected porta l  p late i s  tra nsected j ust at the l evel of the 
l iver capsu le .  

ROUX-EN-Y LIMB CREATION 

• Retroco l i c  Roux-en-Y hepat icojej u nostomy. The sta n
dard approach is  to create a 40-cm Roux l i m b  that or ig i 
nates 10  em from the duodenojej u n a l  j unct ion .  Th i s  i s  
i l l u strated i n  the d rawings  i n  FIG 7 and  the i n it i a l  a nas
tomosis  i s  shown in FIG 8. N u merous tech n i q ues a re 

common ly  used for the jej unojej u nostomy. The a uthors 
prefer a n  end (proxi m a l  j ej u n u m) to s ide  (d ista l jeju 
n u m), s i ng l e  layer, h a nd-sewn a nastomosis us ing  i nter
ru pted 5-0 sutu res. The end of the Roux l i m b  is c losed i n  
two layers and  t h e n  brought through a defect created i n  
t h e  transverse mesoco lon t o  t h e  r ight o f  t h e  m i d d l e  co l i c  
vessels .  
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Raux l imb 
to portal plate 

FIG 7 • Portoenterostomy. The a n astomosis is  created us ing  5-0 absorba b le  monofi la ment sutu res. The PV is retracted i nfer ior ly 
and the sutu res on the hepatic parenchyma/capsu le  a re p laced para l le l  to the PV. Knots ca n be ins ide or  outs ide without 
affect ing  b i l i a ry dra inage .  The anter ior row i s  p laced with the same type of p lacement of suture on the hepatic parenchyma 
and knots on  the outs ide .  

Duodenum 

Mobi lized l iver 
Raux l imb 

FIG 8 • Comp leted portoenterostomy. The i ntraoperative photog ra ph shows a comp leted anastomosis at the level of the 
porta with a we l l -perfused Raux l i m b  with a side anastomosis .  
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PORTOENTEROSTOMY 

• The ant imesenter ic  border of the Roux l i m b  is used for 
the a nastomosis to the porta l p late. Absorbab le  5-0 
monofi lament sutu res a re used to create an i nterru pted, 
s ing le- layer a nastomosis (see FIG 7}. F i rst, the poster ior  
row of sutu res is  p laced i n  the l iver capsu le  para l l e l  to 
the porta border  wh i l e  i nfer ior ly retract ing the PV. Th is  
retract ion maneuver m i n i m izes the r isk of occ l ud ing  the 
p late with the edge of the anastomosis/jej u n a l  border. 
The cr it ica l e lements of the anastomosis a re des igned to 

PEARLS AND PITFALLS 

capture the b i l i a ry dra inage from the reg ions adjacent to 
the PV branches; these a re latera l in the porta l p l ate. To 
accomp l ish th is, the hepatic capsu l a r  sutu res shou ld  be 
or iented para l l e l  to the PV, retract ing the PV to get as fa r 
back from the site of dra inage so as not to occ lude these 
ductu les with the su bseq uent a nastomosis .  The anter ior 
suture l ine i s  then comp leted. FIG 8 demonstrates a com
p leted a n astomosis .  The l i m b  i s  secu red to the mesoco l i c  
defect with i nterru pted sutu res, and  t h e  mesenteric 
defect of the jej u n a l  a nastomosis is  c losed as wel l .  

I nterpretat ion o f  cho lang iogra m  • I t  i s  cr it ica l t o  occ lude t h e  d ista l CBD  t o  ensure that potent ia l ly hypoplast ic  proxim a l  ducts 
ca n fi l l .  Th i s  avo ids  performing  a Kasa i for b i l i a ry hypop las ia .  

Roux l imb certa i nty • Always doub le  check Roux l i m b  a n atomy such that d ista l l y  d iv ided jej u n u m  is used for the 
l i m b; a n  error can be made by erroneously bri n g i ng proxi m a l  jej u n u m  to the porta . Al so, 
ensure that there is  not a redundant seg ment that can k i n k  as the norma l  a natomic  position  
of the l iver i s  reesta b l i shed.  

Porta l d i ssect ion/a nastomosis • The cr it ica l d i ssect ion is  to d iv ide the porta just at the l iver capsu le  to a trans l ucent layer, 
beh ind  which is the hepatic parenchyma.  Do not cut i nto the l iver as it on ly  b leeds and 
increases sca rri ng .  

• Ensure latera l d i ssect ion at the zone  i nto wh i ch  one can imag ine  the b i l e  ducts exit ing  the  
l iver norm a l ly. Do not  a l l ow hepatic sutu res to occ lude the sites of  dra inage; p l a ce  these 
sutu res para l le l  to the vessels as the PV i s  retracted .  

Vascu la r  in jury • If the hepatic a rteries a re looped, do not a l low them to stay on tens ion for any s ign if icant 
per iod of t ime; thrombosis has been reported .  

POSTOPERATIVE CARE 

• Standard-The postoperative care is routine. A nasogastric 
tube remains in place until the patient passes flatus (2 to 
3 days ) .  A small Jackson-Pratt drain can be left in Morrison's 
pouch, but this could easily be omitted without consequence. 
If present, the drain is removed once the patient is on a diet 
and there is no bile in the drain. Pain control is heavily aug
mented by an epidural catheter and allows minimization of 
narcotics. Avoid the use of acetaminophen or other hepato
toxic drugs . 

• The most important prognostic sign is the transition of the 
color of the stool with a green diaper representing an excel
lent day for the patient and team; pigmented stools suggest 
successful bile flow. 

• Antibiotic prophylaxis for cholangitis-Intravenous anti
biotics against Gram-negative organisms are continued be
yond the perioperative prophylaxis time period to minimize 
the risk of cholangitis. Once the patient has begun an oral 
diet (usually days 2 to 4 ) ,  they can be transitioned to trim
ethoprim (TMP)-sulfamethoxazole at 2.5 mg/kg!day based 
on the TMP component. 

• Nutritional supplementation-We routinely discharge pa
tients with vitamins A, D,  E, and K supplements. 

• Steroids-The perioperative use of steroids is controver
sial. The rationale is that biliary atresia is a progressive 

inflammatory process and also has choleretic effects. Cur
rently, approximately half of pediatric surgical centers use 
perioperative steroids. The Biliary Atresia Research Consor
tium is studying this issue; however, the results are not yet 
available. Davenport et aP reported a hastening of jaun
dice resolution without an effect on transplant-free survival. 
Their regimen was 2 mglkg!day of prednisolone from days 7 
to 2 1  tapering to 1 mg!kg!day from days 22 to 28 .  We use a 
higher pulse dose and start earlier according to the schedule 
noted in Table 1 .  

Table 1 :  Post-Kasai Steroid Pulse-Taper Dosing 
Schedule 

Postoperative 
Dose Days Day 

1 0  mg/kg 1 1 
8 mg/kg 1 2 
6 mg/kg 1 3 
4 mg/kg 1 4 
2 mg/kg 1 5 
1 mg/kg 7 6-1 2  
0 . 5  mg/kg 7 1 3- 1 9  
0 . 3  mg/kg 7 20-26 
0.2 mg/kg 7 27-33 
0 . 1  mg/kg 7 34-40 
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OUTCOMES 

• Early, successful biliary drainage is defined as a total serum 
bilirubin less than 2 .0  mg/dL in the first 3 months post
Kasai. In multiple studies, the postoperative resolution of 
jaundice ranges from 40% to 60%.  The 1 -year transplant
free survival in those patients with successful drainage was 
approximately 50%,  thus early successful bile drainage is a 
strong indicator of a durable operative result. 4•5 

COMPLICATIONS 

• Cholangitis-This complication typically presents with 
fever, an acute rise in the bilirubin, and return of acholic 
stools. This occurs more frequently in the first 6 months 
post portoenterostomy, and we aggressively treat this with 
parenteral antibiotics against Gram negatives, a repeat ste
roid pulse/taper regimen, and occasionally, a brief course of 
phenobarbital as a choleretic. Repetitive bouts of cholangitis 
should be investigated with a hepatobiliary iminodiacetic 
acid (HIDA) scan to rule out an afferent limb obstruction as 
the etiology rather than failure of the portoenterostomy. 

• Progressive hepatic failure/portal hypertension-Despite 
bile drainage, some patients develop progressive hepatic 
insufficiency with a normal bilirubin. Typically, this is first 
manifest by hepatosplenomegaly and platelet sequestration 
in the spleen. Ascites and growth failure typically ensue. 
Duplex imaging of the portal venous system should be per
formed to evaluate for thrombosis or hepatofugal flow in 
the PV. The complications of portal hypertension are usually 
long-term management issues ( > 1 0  years ) .  Varices should be 
conventionally managed with sclerotherapy or banding as 
appropriate. Rarely is portosystemic shunting required, and 

this usually corresponds with the need for ultimate hepatic 
transplantation. 

• Early cessation of bile flow-Portoenterostomy revision 
has traditionally been discouraged due to the successful re
sults with hepatic transplantation and the assumption that 
reoperation would only increase the difficulty of ultimate 
transplantation. This issue has been recently challenged. 1 
Candidates for revision of the portoenterostomy should be 
limited to those with initially satisfactory bile drainage, or 
those with recurrent cholangitis and jaundice. Revision in a 
select group of patients ( i .e . ,  good initial bile drainage, not 
primary failure of the portoenterostomy) converted these pa
tients to similar long-term transplant-free survival as those 
patients with durable bile flow. It remains controversial but 
probably reasonable to revise the portoenterostomy in this 
select group of patients. 
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SIZE AND POSITION 

• The human liver is the largest internal organ in the body. 
It is estimated to weigh 0 .2% to 0 .3% of ideal body weight, 
or approximately 1400 to 2 1 00 g in an otherwise healthy 
adult patient,1 depending on age, sex, and various disease 
processes. 

• The liver sits in the right upper quadrant of the abdomen, 
beneath the diaphragm, and is sheltered by the ribs. 

• In broad terms, the liver extends from the right 5th intercos
tal space superiorly to the edge of the costal margin inferi
orly. A liver palpable below the costal margin often is a sign 
of hepatomegaly. 

• The left lobe of the liver extends beyond the midline and can 
reach as far left as midclavicular line. 

• Its location relative to external landmarks is neither consis
tent nor static and can vary depending on patient position, 
individual anatomy, and respiratory cycle. This must be 
taken into account when performing percutaneous proce
dures; radiographic guidance is essential. 

• Liver dimensions vary depending on age, gender, and disease 
states .  Average dimensions are presented in Table 1 .  

• The right and left hemilivers are anatomically and spatially 
divided by Cantlie's line, which runs from the fundus of the 
gallbladder to the suprahepatic inferior vena cava (IVC) .  
Within the substance o f  the liver, the middle hepatic vein 
courses along this same path and is the true division of the 
right and left hemilivers ( FIG 1 ) .  

COUINAUD'S SEGMENTS 

• In 1 954, Couinaud2 published his seminal work, Le Foie: 
Etudes Anatomiques Et Chirurgicales , in which he clas
sified the liver into segments, each with their own in
flow, outflow, and biliary drainage ( FIG 2 ) .  He based his 
segments on the arborization of the portal vein within 
the liver. These segments begin with the caudate lobe 
(segment 1 )  and continue in a clockwise fashion from left 
to right. 

• Couinaud3 further divided the liver based on sectors, which 
are based on the arborization of the hepatic veins, each of 
which relies on a portal pedicle ( FIG 3 ) .  

Table 1 :  Average Dimensions o f  the Adult Liver 

Direction 

Anterior to posterior 
Right to left 
Caudad to cephalad 

Length (em) 
1 0 .0-1 2 . 5  
20 .0-25 . 5  
1 5 .0- 1 7 . 5  

From Kennedy PA, Madding GF. Surgical anatomy of the liver. S u rg C l i n  North 
Am. 7 977;57.233-244. 
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GOLDSMITH AND WOODBURN£ 

CLASSIFICATION 

• Goldsmith and Woodburne4 divided the liver into the 
caudate lobe and four distinct segments: 

Left lateral (Couinaud segments 2 and 3 )  
Left medial (Couinaud segment 4 )  
Right anterior (Couinaud segments 5 and 8 )  
Right posterior ( Couinaud segments 6 and 7 )  

BISMUTH CLASSIFICATION 

• Bismuth divided the liver based on fissures: three vertical 
lines corresponding to the divisions made by the three major 
hepatic veins.5 

• The fourth fissure, named the transverse fissure, is based on 
the level of the portal vein bifurcation within the liver and 
divides the "upper" liver from the " lower" liver. 

• Bismuth identified eight subsegments: 
Caudate lobe ( Couinaud segment 1 )  
Left superior subsegment (Couinaud segment 2 )  
Left inferior subsegment (Couinaud segment 3 )  
Left medial subsegment (Couinaud segment 4 )  
Right anterior inferior subsegment (Couinaud segment 5 )  
Right posterior subsegment ( Couinaud segment 6 )  
Right posterior superior subsegment (Couinaud segment 7 )  
Right anterior superior subsegment (Couinaud segment 8 )  

THE BRISBANE TERMINOLOGY OF 

LIVER ANATOMY AND RESECTION 

• Due to the confusion between various classifications, the 
International Hepato-Pancreato-Biliary Association (IHPBA) 
formed a committee in 1 998 to delineate an accepted and 

FIG 1 • Axi a l  CT image showi ng the MHV, which sepa rates the 
r ight and left hem i l ivers. The /VC, l eft hepatic ve i n  (LHV), and the 
branch ing  of the r ight hepatic ve i n  (RHV) are a lso shown. 

-



C h a p t e r  1 5  SURGICAL ANATOMY OF THE LIVER 585 

FIG 2 • Diagram showing the segments (numbered 1 to 8) of 
the l iver as described by Cou inaud .  The IVC as wel l  as the r ight 
(R), midd le  (M), and left (L) hepatic veins. The porta l ve in  (PV) i s  
a lso shown. (From Smadja C, B l umgart L. The b i l i a ry tract and the 
anatomy of b i l i a ry exposure.  In :  B l umgart L, ed.  Surgery of the Liver 
and Biliary Tract. New York, NY: Church i l l  L ivingstone; 1 994: 1 1 -24.} 

universal terminology to describe hepatic anatomy and, more 
specifically, hepatic resections.6 ln 2000, their terminology was 
published. In it, a nomenclature for anatomic terminology and 
that of surgical resection were clearly delineated (Table 2) .  

CAUDATE LOBE 

• The caudate lobe is distinct in many ways. Because of its 
distinct inflow, outflow, and drainage, it is sometimes termed 
"the third lobe of the liver. " 

• Embryologically, it is derived from the right lobe/ laying on 
the posterior surface of the right hemiliver, bordered on the 

FIG 3 • Axia l  CT i mage, venous phase, showing the r ight (RHV}, 
m idd le  (M HV), and left (LHV) as they enter the i nfer ior vena cava 
(IVC). Blue lines show approx imate d i rection of hepatic veins as 
they traverse the l i ver. I nd iv idua l  l iver sectors a re labeled (RL, r ight 
latera l ;  RPM, r ight paramedian;  LPM, left paramed ian;  LL, l eft 
latera l ) .  Also labeled a re the caudate lobe (CL), esophagus (Es), 
aorta (Ao), and spleen (Spl) . 

left by the ligamentum venosus. It is bordered superiorly by 
the hepatic veins as they enter the IVC and posteriorly by the 
IVC itself. Inferiorly, it is bordered by the hilum of the liver 
and the bifurcation of the left and right portal veins . 

• Anatomically, there are three portions to the caudate lobe 
( FIG 4) ,  each based on the portal inflow: 8  

The Spiegelian lobe (or  Spiegel's lobe) 
The paracaval portion (or Couinaud's segment 9 )  
The caudate process 

Table 2: The Brisbane 2000 Terminology of Liver Anatomy and Resections 

Anatomical Term* Couinaud Segments Surgical Resection Term Based Upon 

Right Liver 5-8 Right Hepatectomy 
Right Hemiliver Right Hemihepatectomy 
Left Liver 2-4 Left Hepatectomy 
Left Hemiliver Left Hemihepatectomy 

Midplane of liver 

Right Anterior Section 5, 8 Right Anterior Sectionectomy 
Right Posterior Section 6, 7 Right Posterior Sectionectomy 
Left Medial Section 4 Left Medial Sectionectomy 

Hepatic artery and biliary duct divisions 

Left Lateral Section 2, 3 Left Lateral Sectionectomy 
Right Anterior Sector 5, 8 Right Anterior Sectorectomy 
Right Paramedian Sector Right Paramedian Sectorectomy 
Right Posterior Sector 6, 7 Right Posterior Sectorectomy 
Right Lateral Sector Right Lateral Sectorectomy 
Left Medial Sector 3, 4 Left Medial Sectorectomy 
Left Paramedian Sector Left Paramedian Sectorectomy 

Portal vein divisions 

Left Lateral Sector 2 Left Lateral Sectorectomy 
Left Posterior Sector Left Posterior Sectorectomy 

*Terms that include segment 1 should be stated as such (i. e. ,  left hepatectomy extended to segment 1). 
Adapted from Strasberg SM. Terminology of liver anatomy and resections: the Brisbane 2000 terminology In: Clavien PA, Sarr MG, Fang Y, eds. Atlas of Upper Gastro

intesti na l  and Hepato-Pancreato- B i l iary Su rgery. Berlin: Springer; 2007:313-317. 
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FIG 4 • A. Axia l  CT image showing the caudate lobe.  The caudate 
process (CP) i s  bounded by the a ntero latera l su rface of the /VC, the 
left port ion of l iver h i l u m, and the left hepatic vei n  (not shown). 
Seg ment 9 (Sg 9) i s  known as the pa racava l process and is  bounded 
by the a nterior surface of the IVC. the middle hepatic ve in  (MHV), 
and the r ight hepatic ve in  (RHV). Also shown is the porta l vei n  
(PV). B. Axia l  C T  image (s l i g ht ly more cauda l  t h a n  i n  [A]) showing 
Sp iegel 's lobe (Sp)-a lso known as segment 1 -as it wraps  around 
the med ia l  aspect of the IVC. 

• Surgically, the caudate can be divided in two: segment 1 
(Spiegel's lobe) and so-called segment 9 (paracaval portion 
and caudate process) ( FIG 5} .  

• The use of terminology related to  Couinaud segment 9 is 
often dropped from the literature and this term is neither 
universally accepted nor used. 

• The paracaval portion, which projects medially, can circum
ferentially wrap around the IVC.9 This can be misinterpreted 
on computed tomography (CT) scan as an enlarged lymph 
node, and the surgeon should be aware of this to avoid inap
propriate preoperative staging of a patient. 

• The caudate derives its portal inflow from the left and right 
portal veins; venous drainage is directly into the IVC via 

FIG 5 • In situ photograph showi ng  Sp iege l 's lobe (Sp) and the 
ca udate process (CP) i n  re lat ion to the hepatic h i l u m .  Also shown 
a re the g a l l b ladder  and  the l i gamentum teres. 

multiple small caudate veins . Thus, in diseases of hepatic 
venous obstruction, such as Budd-Chiari syndrome, it will 
hypertrophy and provide alternate routes for obstructed 
hepatic venous flow. 

SURFACE ANATOMY 

• The liver is covered by a thin membrane called Glisson's 
capsule. This epithelial layer is contiguous with internal 
anatomy of the liver as sheaths around the portal veins, 
hepatic arteries, and bile ducts. 1 0  

• Despite its rounded, pyramidal shape, the liver can be described 
as having two surfaces: visceral and diaphragmatic. 

The visceral surface is inferior. 
The diaphragmatic surface can be divided into anterior, 
posterior, superior, and lateral aspects. 

The anterior aspect opposes the diaphragm and the 
posterior abdominal wall. It is generally smooth and 
has few if any impressions. 
The posterior aspect contains the bare area of the liver 
as well as the confluence of the hepatic veins prior to 
their entry into the IVC. 
The lateral aspect opposes the right ribs 7 to 1 1 ,  which 
often leave impressions on the liver surface. 
The superior aspect is a continuation of the anterior 
surface and ends at the coronary ligament. It contains 
the cardiac impression and extends medially and later
ally, sitting below the left and right lungs and pleura. 
This is clinically important as neoplasms of the dome 
of the liver can manifest by sympathetic effusions and 
diaphragmatic splinting. 

• The majority of the surface of the liver is free of perito
neum, but there are several attachments and reflections of 
peritoneum-referred to as ligaments-that suspend the 
liver in its position. 

Failing to properly understand these attachments can lead 
to injury to the associated visceral organs or the diaphragm. 

• The falciform ligament is a bileafed peritoneal reflection, 
which envelops the ligamentum teres .  

The ligamentum teres, or round ligament, is the remnant 
of the umbilical vein. 
After enveloping the ligamentum teres, the peritoneum 
attaches anteriorly and superiorly to the posterior abdominal 
wall, tethering the liver slightly to the right of the midline. 



Left 

Ligamentum Teres 

FIG 6 • Poster ior  v iew, dep ict ing the peritonea l  reflect ions 
constitut ing  the l i gaments of the l iver. Note the bare a rea at 
the ca uda l  poster ior  surface of the l iver. Also note the relat ive 
length of the left tr ian g u l a r  l igament as compared to the r ight 
tr i angu l a r  l i gament.  The dotted line represents Cantl ie's l i ne, 
which d iv ides the r ig ht and left h e m i l ivers. 

Posteriorly and inferiorly, the ligamentum teres enters the 
liver between segments 3 and 4, whereas, in utero, the 
umbilical vein drains into the left portal vein. 
Although technically obliterated early in life, the umbilical 
vein recanalizes in cirrhotics and other patients with por
tal hypertension and must be carefully controlled when 
divided. 

• The ligamentum venosus, also known as Arantius' ligament, 
in which the remnant of the ductus venosus lies, sits between 
the caudate lobe (segment 1 )  and the left lobe of the liver. 

It forms a bridge between the left portal vein and the left 
hepatic vein, or sometimes to the junction of the left and 
middle hepatic veins. This can be very useful in locating 
the left hepatic vein during hepatic resection. 

• The coronary ligament is the reflection of the visceral perito
neum as it attaches to the diaphragm. This creates a fibrous 
peritoneal ring or crown (Latin: corona ) around the caudal 
posterior surface of the right hemiliver, encircling the bare 
area of the liver (FIG 6) .  

The bare area i s  s o  named because there i s  nothing between 
the liver and the diaphragm other than loose areolar tissue. 
As the coronary ligament makes a sharp turn at the right 
posterior lateral edge of the liver, it creates an acute angle 
and is called the right triangular ligament. 
On the left, the anterior and posterior edges similarly 
combine to form the left triangular ligament, which is 
longer and suspends the left lobe from the diaphragm. 

• Visceral ligaments include the hepatorenal, gastrohepatic, 
and hepatoduodenal ligaments (FIG 7) .  

The hepatorenal ligament reflects off o f  the right coronary 
ligament posteriorly and inferiorly and then again off the 
right adrenal gland and superior pole of the right kidney. 
The gastrohepatic ligament is a reflection off of the lesser 
curve of the stomach and the left coronary ligament inferiorly. 
The gastrohepatic ligament is contiguous with the hepato
duodenal ligament, in which the porta hepatis runs, and 
together they form the lesser omentum. 
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FIG 7 • D iagra m  showing the attachments of the gastrohepatic, 
hepatoduodena l ,  and  hepatorena l  l i ga ments. The free edge 
of the I iver is  rotated super ior ly as dep icted by the arrow. The 
gastrohepatic and  hepatod uoden a l  l i ga ments a re contiguous .  

BLOOD SUPPLY 

• The liver has a dual blood supply, the hepatic artery and the 
portal vein, which equally provide the liver with oxygen. 

• The portal vein supplies the liver with approximately 75 % 
of its blood volume and the remainder is supplied by the 
hepatic artery. 

Hepatic Arteries 

• The common hepatic artery comes directly off the celiac 
trunk and gives rise to the right gastric and gastroduodenal 
arteries before becoming the proper hepatic artery (FIG 8) .  

• The proper hepatic artery travels within the hepatoduodenal 
ligament. It is spatially anterior to the portal vein and medial 
to the common bile duct. It divides into right and left hepatic 
arteries prior to entering the porta hepatis. 

• The cystic artery most commonly comes off the right hepatic 
artery but can come off the proper hepatic artery or left 
hepatic artery, making misidentification of this structure a 
risk during cholecystectomy or other operations. 

Right hepatic artery 
• The right hepatic artery is generally longer than the left and 

follows a slightly more oblique angle, curving toward the 

FIG 8 • CT ang iogram showing classic a rteria l  anatomy. The 
common hepatic a rtery (CHA) and sp len ic  a rtery (SPL) come off of 
the ce l i ac  axis (CA). The CHA then g ives off the gastroduodenal  
a rtery (GOA) and becomes the proper hepat ic a rtery. This then 
d ivides i nto the r ight (RHA) and left (LHA) hepatic a rteries. The 
aorta is  a lso labeled, as is  the left gastr ic a rtery (LGA) and the SMA. 
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FIG 9 • A CT ang iogram showing a replaced r ight hepatic 
a rtery (RRHA) com i n g  off the SMA. A stent (CBDS) i s  seen i n  the 
common bi le duct, which shows the a natomica l  re lat ionsh i p  of 
the RRHA as it passes behind the common bi le duct and porta l 
ve i n  (not shown).  

neck of the gallbladder before arching again toward the 
posterior sectarY Due to its meandering course, it can be 
injured during cholecystectomy or misinterpreted as the cys
tic artery and ligated. 

• After arching toward the gallbladder, it bifurcates intrahe
patically into anterior (supplying segments 5 and 8) and 
posterior (supplying segments 6 and 7) sectoral branches. 
These, in turn, branch inferiorly and superiorly, to form the 
individual segmental branches. 

FIG 10 • CT a n g iogram showing a n  accessory left hepatic a rtery 
(ALHA) com i n g  off of the l eft gastr ic a rtery (LGA). The r ight 
hepat ic  a rtery (RHA) i s  seen com i n g  off i n  norma l  a natomic  
posit ion,  f rom the common hepatic a rtery (CHA) j ust after it g ives 
off the gastrod uodena l  a rtery (GOA). The true left hepatic a rtery 
(LHA) is  a l so seen, a lthough it is  fa r less pronounced than the 
RLHA which is  the dom inant a rter ia l  supply to the left hem i l iver. 
Also shown a re the fo l lowi n g :  SMA, ce l i ac  axis (CA), and sp len i c  
a rtery (SPL). 

• In up to 20% of patients, the right hepatic artery has a vari
able anatomy. 12•13 The most common variant is the replaced 
or accessory right hepatic artery ( FIG 9) ,  which originates 
from the superior mesenteric artery (SMA) ,  traveling poste
rior to the portal vein. 

• The pancreatobiliary surgeon must always be cognizant of 
this aberrant anatomy. 

• In approximately 10% of patients, the right hepatic artery will 
cross anterior to the common bile duct prior to entering the liver. 

Left hepatic artery 
• The left hepatic artery bifurcates early, into the medial 

(segment 4) and lateral ( segments 2 and 3) sectoral branches. 
In some patients, the left hepatic artery does not exist, and 
the left medial sectoral branch arises from the right hepatic 
artery, crossing the midline passing posterior to the left lat
eral branch to supply segment 4 . 14 

• The replaced or accessory left hepatic artery is less common, 
occurring in 1 0 %  to 1 5 %  of patients. When present, it arises 
from the left gastric artery, traveling instead in the gastro
hepatic ligament ( FIG 1 0) .  

Portal Veins 

• The portal vein originates at the confluence of the splenic 
and superior mesenteric veins ( FIG 1 1 ) .  It then runs supero
laterally into the hilum of the liver, posterior and medial to 
the proper hepatic artery and common bile duct ( FIG 1 2 ) .  
The portal vein then divides early, most often while still in 
the hepatic hilum, into right and left portal veins. 

Right portal vein 
• The right portal vein follows a more linear path and 

branches early into anterior (segments 5 and 8) and posterior 
( segments 6 and 7) branches. These, in turn, give off the 
individual superior and inferior segmental branches. 

• The right portal venous anatomy is often variable and pre
operative as well as intraoperative; imaging is recommended 
prior to resection. 

FIG 1 1  • Corona l  CT demonstrat ing the confl uence of the 
splenic ve i n  (SpV) and the super ior  mesenteric ve i n  (SMV) as 
they form the porta l ve i n  (PV) .  The left porta l vei n (LPV) m a kes 
a sharp ang le  from the PV, whereas the right porta l ve i n  (RPV) 
is more d i rect. Note the proxim ity of the SMV and  the SMA to 
the pancreatic head.  Also shown a re the /VC and m idd le  hepatic 
ve i n  (MHV). 
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FIG 1 2  • Axia l  CT demonstrat ing the normal  anatom ic relationsh i p  
o f  t h e  b i le  duct (green circle), hepatic a rtery (red circle), and porta l 
vein (blue circle). And they enter the h i l u m  of the l iver. Also labeled 
a re the IVC, splenic vein  (SpV), aorta (Ao), and SMA. This patient 
had a mass i n  the head of the pancreas. 

Left portal vein 
• The left portal vein extends longer than the right. It makes 

an abrupt angle as it enters the liver from the hilum (FIG 1 3 } .  
The section o f  vein after the bifurcation and prior t o  the 
arborization of the left portal system is often referred to as 
the pars transversus.B This is important to identify when 
performing left hepatectomy. 15 

• The obliterated umbilical vein (ligamentum teres) and the 
obliterated ductus venosus (ligamentum venosus) join it as it 
enters the left lobe. 

• The left portal vein most often gives off the dominant portal 
branch to the caudate lobe and usually does so prior to its 
segmental arborization. 

• The left portal vein differs from the segmental anatomy of 
the hepatic artery and bile ducts, in that it does not give 
off a main branch to segments 2 and 3. Instead, it gives off 
branches to segments 3 and 4 and then continues as a single 

FIG 13 • Corona l  CT demonstrating the branch ing of the left 
(LPV) and r ight (RPV) porta l veins  off the ma in  porta l vein (PV), 
which orig inates at the confl uence of the super ior mesenteric vein 
(SMV) and the splenic ve in  (SpV). Note the acute angle made by the 
LPV as it enters the l iver. Also shown is the left hepatic ve in  (LHV). 

FIG 14 • I n  v ivo photograph showing the d ivided left hepatic vein 
(LHV) as it courses toward the d ivided MHV. 

portal pedicle, sometimes referred to as the umbilical por
tion of the portal vein, before supplying segment 2 . 16 

Hepatic Veins 

• The hepatic veins divide the liver into its Couinaud 
sectors . 

• The left and middle hepatic veins combine to form a com
mon vein (truncus communis ) prior to entering the IVC, 
although this occurs with some variety (FIGS 14 and 1 S } .  

• The caudate lobe has direct venous drainage t o  the IVC and 
is not drained by the three major hepatic veins. 

Right hepatic vein 
• The right hepatic vein separates segments 6 and 7 from seg

ments 5 and 8 .  

F IG  1 S  • Axia l  C T  sca n showing  t h e  relat ionsh i p  o f  t h e  hepatic 
ve ins  as they converge to the IVC. The m idd le  (MHV) and l eft 
(LHV) hepatic ve ins  jo in  to form the truncus com m u n is (TC), 
which empties i nto the IVC. The r ight hepatic ve i n  (RHV) i s  a lso 
shown, s i m i l ar ly  d ra i n i n g  i nto the IVC. 
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FIG 1 6  • Axia l  CT showing an accessory hepatic ve i n .  The i nfer ior 
poster ior r ight hepatic ve in  (IPHV) occurs i n  u p  to 25% of patients. 
Notice the position of the I PHV, fa r poster ior on the l i ver. This is of 
utmost i mportance to characterize pr ior to operati ng on the l iver. 
Also seen are the r ight hepatic vein (RHV), MHV, and the IVC. 

• It drains segments 6 and 7 as well as parts of segment 8 .  
• There can b e  accessory right hepatic veins, the most common 

of which is the inferior posterior right hepatic vein ( FIG 1 6) ,  
which occurs in  20% to  24% of patients and can lie within 
the portocaval ligament. The surgeon must be aware of this 
possible anatomy prior to performing right hepatectomy. 17 

Middle hepatic vein 
• The middle hepatic vein (MHV) follows Cantlie's line and is 

the line of division for right and left hepatectomy. 
Right hepatectomy is performed just to the right of the MHV, 

preserving its length and ligating its rightward branches. 
Left hepatectomy is conversely performed just the left of the 
MHV, preserving its length and ligating its leftward branches. 

• It drains segments 4 and 5 and parts of segment 8 .  

Left hepatic vein 
• The left hepatic vein drains segments 2 and 3 as well as parts 

of segment 4.  
• Its arborization is variable, and careful identification of 

both the left and middle hepatic veins is paramount prior to 
performing left hepatic vein ligation for left hepatectomy. 

BILIARY SYSTEM 

• Bile is made by the hepatocytes and travels via an inter
lobular network of capillaries and ductules to the minor, 
then major biliary ductules, and eventually into the hepatic 
ducts . 

• The right and left hepatic ducts come together to form the 
common hepatic duct ( CHD ),  which accepts the cystic duct 
approximately 4 to 6 em distal to the hepatic duct conflu
ence. This then forms the common bile duct and travels 
another 4 to 8 em before joining the pancreatic duct and 
emptying into the ampulla of Vater. 

• There is considerable variation in biliary anatomy. The "typical 
anatomy" only occurs in 50% to 60% of patients18•19 (FIG 17) .  

• The cystic duct is often tortuous and also often displays vari
able anatomy leading to misidentification and injury during 
cholecystectomy. 

• The gallbladder sits in the gallbladder fossa between seg
ments 4 and 5 and is attached to the liver surface.  It is 
covered by peritoneum, and its fundus projects beyond the 
liver anteroinferiorly. Surgical considerations and anatomy 
of the gallbladder will be discussed further elsewhere in 
this book. 

Right Hepatic Duct 

• The right hepatic duct (RHD) is formed from the confluence 
of the right anterior hepatic duct (RaHD) and the right pos
terior hepatic duct (RpHD) .  

The RaHD drains the anterosuperior (segment 8 )  and 
anteroinferior ( segment 5) ducts . 
The RpHD drains the posterosuperior (segment 7) and 
posteroinferior (segment 6) ducts. 
There exists considerable variation in the drainage pattern 
of the right system. The most common variant is Type Ct, 
where the RaHD drains directly into the CHD ( FIG 1 8) .  

• The RHD i s  anterior and lateral while i n  the hilum o f  the 
liver; however, intrahepatically, it dives posterior to the por
tal vein in both RaHD and RpHD branches. 

Left Hepatic Duct 

• The left hepatic duct is longer than the right and can display 
similarly variable anatomy.20 

• It drains the left lateral and medial hepatic ducts . 
The left lateral hepatic duct drains the laterosuperior 
(segment 2) and lateroinferior (segment 3) branches. 
The left medial hepatic duct drains the mediosuperior 
(segment 4A) and medioinferior (segment 4B) branches 

• Unlike the right side, the left hepatic ductal system remains 
anterior to the portal vein throughout its intra- and extra
hepatic course. 

Biliary Drainage of the Caudate Lobe 

• The caudate lobe drains directly into the left and right 
hepatic ducts, although this is variable. 

• There is often a direct branch draining the caudate process 
into the RHD. 

INNERVATION 

• The liver has both sympathetic and parasympathetic 
innervations. 

• The parasympathetic innervation is mostly via the left vagus 
nerve as it rotates anteriorly upon entering the abdomen. 
This is the anterior hepatic nerve plexus and travels mostly 
with the hepatic artery. There are also posterior hepatic 
fibers, which come from the right (posterior) vagus nerve, 
and travel mostly with the portal vein. 

• Sympathetic innervation arrives via the splanchnic divisions 
of T7-T9, through the celiac ganglion, and runs mostly with 
the hepatic artery. 

• Sensory fibers of the peritoneum of the liver run via the right 
phrenic nerve, and this leads to referred pain interpreted to 
be from the subscapular region with hepatic and diaphrag
matic irritation from infection, tumor, or insufflation. 
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Type A Type B Type C1 Type C2 FIG 1 7  • Typica l  and atypical 
var iant anatomy, with percentages of 
frequency, of the hepatic ducts and 
b i l i a ry tree. Type A is typical  anatomy. 
Type B shows the absence of a true 
RHD.  Type C is  a variation i n  which 
the one of the r ight hepatic branches 
dra ins i nto the CHD d i rectly. Type D is 
a variation in  which one of the r ight 
hepatic branches dra ins into the left 
ductal  system .  Type E is a variation i n  
which there is an absence of  a true 
confl uence of r ight and left hepatic 
ducts. Type F shows a var iant where 
the r ight posterior hepatic duct 

RaHD 

� RpHD 

0 1 %  

Type 01 Type 02 Type E1 

RaHD 

Type F 

FIG 18  • Magnetic resonance imag ing (MRI) showing b i l i a ry 
anatomy. The r ight and left systems d ra in ing  i nto the CHD. This is  
jo i ned by the cystic duct (CyD), which is notably tortuous as it dra ins 
into the b i l i a ry tree. This confluence marks the beg inn ing  of the 
common b i le  duct (CBD), which jo ins the pancreatic duct (PO) to 
dra in into the second portion of the duodenum.  The ga l lb ladder 
(GB) can a lso be seen, with three large stones present. This patient's 
anatomy revea ls a common variant (Type C1), with the r ight posterior 
hepatic duct (RpHD) jo in ing the left hepatic duct (LHD) while the 
right anterior hepatic duct (RaHD) drains d i rectly into the CHD. 

1 %  

Type E2 

LYMPHATICS 

drains d i rectly i nto the cystic duct. 
RaHD, r ight anterior hepatic duct; 
RpHD, r ight posterior hepatic duct; 
LHD, left hepatic duct; Sg, segmenta l 
branch with corresponding Cou inaud 
segment number. (From Smadja C, 
B l umgart L. The b i l i a ry tract and 
the anatomy of b i l i a ry exposure. In :  
B l umgart L ,  ed. Surgery of the Liver 
and Biliary Tract. New York, NY: 
Church i l l  Livingstone; 1 994: 1 1 -24.) 

• The liver parenchyma drains lymph via empty spaces (space 
of Disse) between the endothelium and the hepatocytes them
selves. This lymph is collected into larger spaces in the portal 
triad (space of Mall ) .21 These are not actual lymphatics but 
rather nonendothelialized channels through which lymph 
passes. Lymph is eventually collected in true lymphatics 
within the portal triad and follows the path of these vessels. 

• Lymphatics drain primarily into the lymph nodes of the 
porta hepatis followed by the celiac nodes. These lymph 
nodes should be evaluated for metastasis prior to resection 
when indicated (FIG 1 9) .  

• Secondary lymphatics follow the hepatic veins and drain 
into the phrenic lymph nodes. 

• Superficially, beneath Glisson's capsule, lymph drainage 
from the liver follows one of five avenues:22 

Anterior phrenic lymph nodes: drain anterosuperior surface 
Lateral phrenic lymph nodes: drain posterosuperior surface 
Left gastric lymph nodes: drain posterolateral surface 
Celiac lymph nodes: drain posterior surface 
Hepatic lymph nodes: drain visceral surface 

CONCLUSIONS 

• The anatomy of the liver is extremely complex and requires 
in-depth preoperative study prior to undertaking any liver 
operation. 
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FIG 1 9  • Axia l  CT showing  a n  en l a rged lymph node (LN) 
abutt ing the ce l i ac  bifu rcat ion .  A hepatoce l l u la r  carc inoma can 
be seen i n  seg ment 6 .  Also l abe led are the porta l ve i n  (PV) and 
the common hepat i c  a rtery (CHA). 

• The segmental anatomy as described by Couinaud is 
based on the portal venous anatomy. This knowledge has 
allowed surgeons of the modern era to perform increas
ingly specific and sparing resections, thus expanding the 
number of patients who can receive surgical therapy of 
liver disease and reducing the incidence of postoperative 
liver failure. 

• The inflow and outflow of the caudate lobe are distinct from 
that of the rest of the liver. 

• The liver has many variations of the biliary and vascular 
anatomy, and preoperative imaging is increasingly impor
tant in planning and executing successful liver operations. 
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Chapter 1 6  Intraoperative Ultrasound 
of the Liver 
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Kristopher Croome KMarie Reid Lombardo 

INTRODUCTION 

• Intraoperative ultrasound (IOUS) of the liver involves the 
use of ultrasound imaging to provide real-time assessment 
during surgical procedures of the liver.1-3 

• In 1 9 8 1 ,  Makuuchi et al.4 described the use of iOUS ( FIG 1 ) 
of the liver as an adjunct for hepatectomy; since then, the 
use of IOUS has expanded to include open percutaneous 
ablative techniques and various laparoscopic applications. 

• During laparoscopic surgery, where tactile examination is less 
feasible, IOUS can be extremely valuable during the explor
atory phase of the operation. The following chapter provides 
a review on the technical aspects of IOUS of the liver. 

The Physics behind Ultrasonography 

• Ultrasound measures the reflectivity of tissue to sound waves. 
Amplitude is the maximum variation occurring in the 
sound wave ( FIG 2 ) .  

F IG  1 • IOUS  with T-probe. 

Rarefaction com pression 

Wavelength is the distance between the onset of peak 
compression or cycle to the next (FIG 2 ) .  
Velocity i s  the speed a t  which sound waves travel through 
a particular medium. Velocity is equal to the frequency X 
wavelength. Higher frequency will allow for greater 
penetration of the liver. 
V = f X  A 

Applications 

• IOUS has numerous applications with the goal of improv
ing surgical decision making, guiding the operation, and 
thereby improving outcomes. Here are common examples 
of its use: 

Evaluation of known hepatic lesions to determine the 
extent of known disease and scrutinize the proximity of 
lesions relative to major structures such as hepatic and 
portal veins . For primary liver tumors, this can be helpful 
in staging. 
Detection of occult lesions not detected on preoperative im
aging. Subcentimeter metastatic lesions may not be detected 
by preoperative computed tomography (CT) or magnetic 
resonance imaging (MRI) .  Their number and locations may 
alter surgical plan. IOUS has a reported sensitivity of 90% 
for the detection of hepatic lesions with positive and nega
tive predictive values of 90% and 78 % ,  respectively.2 
Operative planning as resection planes may not follow 
anatomic segments and as such, it is important to delin
eate the mass and relationship to hepatic or biliary pedi
cles to ensure adequate hepatic vein and biliary drainage. 
IOUS has been shown to alter the operative plan, when 
that plan was based on preoperative imaging, in 1 7% to 
44% of cases in several reports.2•5 
Targeting of lesions for biopsy. If an unsuspected lesion is 
identified during surgery, IOUS-guided biopsy will help to 
determine the next steps.  
Targeting of lesions for therapeutic ablation, microwave, 
or cryotherapy. Metastatic disease such as colorectal liver 
metastases may require a multimodality approach to 
treatment in order to achieve optimal control of disease. 

FIG 2 • Wave properties such as a m p l itude and 
wavelength .  
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FIG 3 • S imp le  hepatic cyst with poster ior  acoustic enhancement 
(arrow).  

Liver Parenchyma 

• Normal liver parenchyma has a homogeneous echo pattern. 
Steatotic and cirrhotic livers have poor sound transmission 
and may appear diffusely hyperechoic. 

Differential Diagnosis of Hepatic Lesions 

• If a lesion is encountered, it should be examined in both 
transverse and longitudinal directions to determine its full 
extent. Its proximity and extension to neighboring vessels 
should be determined. 

Benign lesions 
Cyst-The ultrasound appearance is a well-defined 
lesion, with very thin, almost unapparent walls, without 
circulatory signal at Doppler investigation. The content 
is transonic suggesting fluid composition ( FIG 3 ) .  
Hemangioma-Hemangiomas frequently appear as 
well-circumscribed hyperechoic lesions with sizes of 
2 to 3 em. Doppler exploration reveals no circulatory 
signal, because although the lesions are highly vascular, 
the blood flow through them is relatively slow ( FIG 4) .  
Adenoma-Adenomas can b e  very difficult t o  distin
guish from other benign lesions such as focal nodular 
hyperplasia (FNH) .  The appearance of adenomas can 
range from hyper- to hypoechoic; however, they are 
most frequently hypoechoic ( FIG 5 ) .  

FIG 4 • Hemang ioma (arrow). 

FIG 5 • Adenoma .  

Neoplastic lesions 
Hepatocellular carcinoma (HCC)-HCC appearance 
on 2-D ultrasound is that of an isoechoic or hypoechoic 
solid tumor, with imprecise delineation, with hetero
geneous structure, uni- or multilocular (encephaloid 
form) .  HCC may also frequently invade portal and 
hepatic veins and so these should be examined particu
larly in larger tumors ( FIG 6 ) .  
Colorectal liver metastases (CRLM)-CRLM usually 
appear hypoechoic. They may take on a "target" or 
" bull's-eye" appearance due to alternating layers of 
hyper- and hypoechoic tissue. This pattern is highly sug
gestive of malignancy ( FIG 7) .  
Neuroendocrine tumors (NETs)-Because NETs are hyper
vascular, they often appear as a hyperechoic lesion (FIG 8) .  

Required Equipment for Ultrasound 

• Liver IOUS is best performed using a real-time B-mode scan
ner system with a 5-MHz or 1 0-MHz side fire T-shaped lin
ear array probe. Saline or conductive gel can be applied to 
the liver surface to augment wave transduction. Required 
components for IOUS include the following: 

Transducer-Transducers help to transmit ultrasound 
waves through the hepatic parenchyma. There are a 

FIG 6 • HCC (arrow). 
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FIG 7 • CRLM showing per i phera l  r im or b u l l 's-eye appearance 
(arrow). 

variety of probes that are currently available and selection 
is based on the goal for the examination, body habitus 
and quality/character of hepatic parenchyma, and user 
preference. High-frequency probes allow for more adept 
superficial imaging, whereas lower frequency probes allow 
for deeper evaluation of the parenchyma. The most com
monly used probe in open surgery is a T-probe. Probes can 
either be chemically sterilized or used with a sterile cover. 
Our group uses chemically sterilized probes ( FIG 9) .  
Processing unit: A variety of processing units are com
mercially available, most will include preset controls to 
adjust frequency, gain, depth, focus, freeze screens, and 
calipers to acquire measurements. We recommend famil
iarizing yourself with the processing unit available in your 
institution. 
Common controls: 

Frequency: Determines how much tissue penetration 
will occur with scanning (higher frequency allows for 
better resolution) .  
Gain: Gain amplifies the echography, which manifests 
as contrast. This determines how the brightness of the 
image is depicted. To reduce the brightness of an image 
one would lower the gain. 
Depth: The depth from which the returning ultrasound 
signals will be displayed. The scale on the image repre
sents the depth. The maximum amount of depth will 
depend on the probe frequency. Higher frequencies will 

FIG 8 e N ET. 

T-probe Finger probe Laproscopic 
probe 

Transducer 

FIG 9 • Exa m p l e  of some transducer probes ava i l ab le .  

allow for improved depth penetration and potentially 
improved resolution. 
Measurements : By freezing the image, calipers can then 
measure areas of interest. 

Display: Units are usually depicted as black and white 
with color available in Doppler mode. 

Three Modes Commonly Used for Intraoperative 
Ultrasound of the Liver 

• B-mode or 2-D mode: In B-mode (brightness modulation) 
ultrasound, a linear array of transducers simultaneously 
scans a plane through the liver that can be viewed as a two
dimensional image on screen ( FIG 1 0) .  

FIG 1 0  • 8-mode o f  t h e  l iver. 
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• Doppler mode: Information is sampled along a line through 
the body, and all velocities detected at each time point are 
presented (on a time line) .  When sound is reflected from a 
moving object, the frequency of the reflected echo changes in 
proportion to the velocity of the object ( FIG 1 1 ) .  

• Duplex mode: The simultaneous presentation o f  2-D 
(B-mode) and (usually) pulsed wave (PW) Doppler informa
tion. (Using modern ultrasound machines, color Doppler is 
almost always also used; hence the alternative name Triplex . )  
( FIG 1 2 ) .  

F IG  11  • D o p p l e r  mode.  

PRESCAN PREPARATION 

First Step 

• The l i g hts of the operati ng  room shou ld  be d i m med to 
i m p rove v isua l izat ion of the screen .  

Second Step 

• No coup l i n g  ge l  is genera l ly req u i red except if the tra ns
d ucer is p laced in a ster i le  bag .  If a ster i le  bag is used, 
then ca re shou ld  be taken to ensure no air bu bbles are 
present at the contact su rface. 

Third Step 

• I nsti l l  sa l i n e  i nto the abdomen to a id  in the tra nsduct ion 
of sound waves. 

Fourth Step 

• The operator shou ld  be in good posit ion to adequately 
v isu a l ize the conso le  mon itor (FIG 1 3). 

FIG 1 3  • Operat ing posit ion ing  for adequate visua l ization of the 
mon itor. 

FIG 1 2  • D u p lex mode of the l i ver. 
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SCANN I NG 

• Hav ing  a system i c  tech n i q u e  to hepat i c  u ltrasou n d  i s  

superfi c i a l  les ions and to  detect les ions i n  the poster ior  
seg ments of the l iver. 

of utm ost i m porta nce .  There are  m a ny a pproaches Systematic Approach 
that have been descr i bed .  You w i l l  need to use two 
methods for u ltraso u n d  p l acement in open a n d  l apa 
roscop i c  cases .  

Contact Scanning 

• 

• 

For contact sca n n ing,  the probe shou ld  be in d i rect con
tact with the l iver surface. 
This tech n ique  is  used for survey ing  the l iver i n  most 
s ituations, with a systematic approach across the l iver 
su rface ( F igure 1 4) .  

Stand-off Scanning 

• In stand-off sca n n i ng, water is app l ied to the su rface of 
the l iver for cou p l i n g  in order to adequately v isu a l ize the 
r ig ht poster ior  segments (segments 6 and  7) .  The probe 
is  then held off of the l iver surface immersed with i n  
t h e  water. T h i s  tech n ique  c a n  b e  part icu l a r ly usefu l for 

METHODS 

Lawn-Mower Method 

• The l iver is scanned with over lapp ing f ie lds from the dome 
to the caudal  edge,  proceed ing  from left to r ight through 
the enti re organ i n  a seq uentia l  manner  (FIG 14). 

Pedicle Tracking Method 

• To scan the l iver, the ped ic le track ing  method can be used 
instead of the lawn-mower method.  Us ing this techn ique, 
the l iver is  sca nned segment by seg ment by fo l lowing the 

• 

• 

• 

• 

• 

I dentify the confl uence of the hepatic ve ins  with the 
i nfer ior vena cava ( IVC) .  Th is  can be used as a rough  
i nd icator of  the patient's centra l venous pressure (CVP) 
or vo lume  status based on IVC d i stent ion .  Fo l low the left, 
m idd le, and  r ight hepatic vei ns, respective ly. 
Identify the porta l ve i n  bifu rcat ion .  Fo l low the left por
ta l  ve i n  to identify seg ment 4 and the b ifurcat ion of 
seg ments 2 and 3 .  
A g a i n ,  identify t h e  porta l ve i n  b ifurcation  and  fo l l ow 
the r ig ht branch to its b ifurcation and  identify the r ight 
a nter ior and r ight poster ior  pedic les .  
If there a re known les ions, identify these u ltrasonograph
ica l ly i n  order to determ ine  the echogen ic  profi le  that w i l l  
a i d  i n  identify ing occu lt les ions o f  t h e  s a m e  patho logy. 
Next, su rvey the entire l iver for any add it iona l  d i sease . 
The two most com mo n ly used su rvey methods a re the 
lawn-mower method and  the ped ic le  track ing method.  

vascu la r  i nf low and outflow. The hepat ic  u ltrasonogra
pher should be wel l  versed i n  hepatic segmenta l anatomy 
fo l lowing  Cou inaud nomenc lature (The B risbane 2000 
term ino logy of hepatic a natomy and resections) .'  

In-Plane and Out-of-Plane 

• 

A 

It is important to understand the concepts of in-plane and 
out-of-plane when visual iz ing structure. In-plane refers to 
the visua l ization of structures in  their long axis. Out-of-plane 
refers to visua l iz ing structures at a 90-degree angle (FIG 15). 

B 

FIG 1 5  • A. An u ltrasound probe in p lane  with structure 
FIG 14 • The pattern for sca n n i n g  with the lawn-mower (vesse l i n  this case) . B. The u ltrasound probe at 90 deg rees 
method . with structure.  
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IMAGING EXAMPLES 

Hepatic Vein Confluence into Inferior Vena Cava 
( FIG 1 6 ) 

• The th ree hepatic ve ins  can be identif ied enter ing i nto 
the IVC. 

• The m idd le  and left vei ns can usua l l y  be seen form ing  a 
common confl uence before go ing  i nto the IVC. 

• The hepatic ve ins  a re a nechoic vesse ls, freq uently lack ing 
a v is i b le  wa l l  structure .  

Portal Vein Bifurcation ( FIGS 1 7  and 1 8) 

• The porta l ve i n  can be identif ied branch ing  i nto its m a i n  
r ight and left branches.  

• The porta l ve ins  can be d ifferentiated from the hepatic 
by their wh ite out l i ne, a resu lt  of i nvested G l i sson's 
capsu le .  

• The hepatic h i l u m  can be located at the base of segments 
4 and  5 .  

• The r ight and left porta l ve i ns then ram ify i nto the i r  FIG 1 7  • Porta l ve i n  b ifurcation i nto its m a i n  r ight and left 
sect ion branches (anter ior  and poster ior  on r ight and branches.  

med i a l  and  l atera l on the left) . 
• The a rteries and b i l e  ducts run para l le l  to the porta l 

ve ins  from the l iver, branch ing  out i nto the l iver from the 
h i l u m .  

• The a rter io le  and  b i l i a ry branches l i e  a nter ior to the 
porta l ve ins .  

• Dup lex co lor  imag ing  is usefu l in d ifferentiat i ng  the he
patic a rteries from the bi le ducts. 

Left Portal Vein Bifurcation into Segments 2, 3 ,  
and 4 ( FIG 1 9 ) 

• The left porta l ve i n  branch is longer  than its r ight coun
terpart .  It turns  anter ior ly (towa rd the probe) as i t  
ascends i nto the u m b i l i ca l  fissu re. 

FIG 16 • The hepatic ve i n  confl uence with the IVC. Note that 
the left and m idd le  hepatic ve ins  often share a common tru n k  
(arrow). 

Right Portal Vein Bifurcation into Anterior and 
Posterior Pedicle ( FIG 20) 

• If one fo l l ows the r ight porta l ve i n  from its or ig in, one can 
identify the b ifurcat ion i nto the r ight a nter ior (su pp ly ing 
seg ments 5 and 7) and  the r ight poster ior  (su pp ly ing seg
ments 6 and 7) branches.  

FIG 18 • D iffe rent iat i n g  porta l branches  from hepat i c  
ve i n  (top arrow) branches  can  be d o n e  by look ing  for the  
wh ite o ut l i n e  i n  porta l ve i n  (bottom arrow) branches  as  a 
resu l t  of i nvested G l i sso n 's ca psu l e .  
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FIG 19 • Left porta l ve i n  b ifu rcat ion i nto seg ments 2, 3 ,  
and  4.  

TARGETING OF LESIONS 

• M u lt ip le  d i fferent methods of IOUS-ass isted target ing  
a b lat ion tech no log ies. 
• The ab lat ion probe and the u ltrasound shou ld  be 

" i n  p l ane"  so that the approach to the target ing le
s ion ca n be visu a l i zed (FIG 21 ). Once the probe has 
reached its  i ntended target, the u ltrasound probe 

FIG 20 • R ight porta l ve i n  bifu rcat ion i nto a nter ior and 
poster ior  ped ic le .  

can be turned 90 degrees to ensure that it i s  i n  the 
center of the i ntended ta rget. 

• Fol lowing ablation, a s ign ificant artifact w i l l  be gener
ated, l im it ing ab i l ity to target further lesions in that 
field. As such, deeper lesions should be targeted fi rst if 
m u lt ip le lesions are being targeted i n  one area. 

• Pre- and postablat ion i mages shou ld  be ca ptured 
for the medica l  record.  

FIG 21  • Imag ing  in-p lane ta rgeti ng  of les ion .  
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LAPAROSCOPIC ULTRASOUND 

• Laparoscopy has obvious shortcomings in eva l uati ng the 
l iver because it e l im inates the surgeon's ab i l ity to pal
pate the hepatic parenchyma to detect les ions. IOUS  
attempts to  restore some of  the loss of  tact i le  feedback 
whi le provid ing  i m portant i nformation as seen i n  open 
procedures (FIG 22). The main goals  of laparoscopic  IOUS 
a re the same of ones presented ear l ier  i n  this chapter i n  
open  l iver surgery. Laparoscopic  IOUS has a few theoretica l 
d rawbacks if compared to tradit iona l  IOUS, inc lud ing the 
d ifficu lty i n  the u ltrasound study of the super ior and pos
terior segments. Some of th is  is  dependent on probe type, 
as probes with vary ing degrees of freedom a re ava i lab le .  

CHECKI NG FOR BILIARY LEAK BY USE OF 

AIR CHOLANGIOGRAM 

• This  tech n ique  has been shown to resu lt  in a l ower rate 
of postoperative b i l e  ( 1 . 9 %  vs. 1 0 .8%)6  (FIGS 23 and  24). 
• 

• 

• 

• 

A cho lang iography catheter is i nserted i nto the 
cyst ic  duct and secu red with a s i lk t ie .  
A syr inge of a i r  is  then i njected to fi l l  the b i l i a ry 
tree wh i l e  occ l ud ing  the d ista l common b i l e  duct by 
f inger  com p ress ion .  
IOUS  i s  then used to look at a l l  l iver seg ments to 
ensure b i l e  duct patency. If there i s  a n  exc luded seg
ment, it w i l l  have a n  a bsence of pneu m o b i l i a .  
Nonvisua l i zation o f  pneumob i l i a  suggests that there 
is  a bi le duct obstruction, a massive air leak via a l a rge 
open b i l e  duct, or  i ncomp lete manua l  occ l us ion of  
the d ista l common b i le  duct. 

Discon nected 

ducts 

Air 
in ducts 

FIG 22 • Laparoscop ic  IOUS .  Typ ica l ly, sta rt h i gh  on the 
patient, to the r ig ht of the fa lc iform.  

A B 

FIG 23 • A. I nject ion of a i r  i nto cyst ic duct fo l lowi ng  
resect ion .  B. Appearance of the l iver fo l l owing  i nject ion on  
a i r. The appearance is  that  of "Ch ristmas tree l i g hts" i n  l iver 
seg ments that are in cont inu ity. 

FIG 24 • A. The l iver, pr ior  to resect ion,  showi ng the b i l i a ry system .  B. The l iver fo l lowing  resect ion,  showing  a i r  with i n  
seg ments i n  cont inu ity and no a i r  i n  exc luded seg ments. 
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IDENTIFYING STRUCTURES I N  THE 

HEPATIC H I LUM • 

consist ing  of the b i l e  duct to the r ig ht, the hepatic a rtery 
to the left, and the porta l ve i n  poster ior ly. 
The use of IOUS  in the h i l u m  can be usefu l for identify
i ng  the level of the hepatic a rtery b ifu rcat ion as wel l  as 
any other  ana molous  anatomy such as a replaced r ight 
hepatic a rtery. 

• U ltrasound of the hepatic h i l a r  structu res ca n be per
formed by p lac ing the probe d i rectly on the hepatic 
h i l u m  (FIG 25) .  The c lass ic appearance of the hepatic 
h i l u m  on IOUS has been described as " Micky Mouse ears"  

FIG 25 • Relationsh i p  of structu res of the h i l u m .  

PEARLS AND PITFALLS 
I nd ications • U ltrasound (US) is  a n  essent ia l  adjunct d u r i ng  l aparoscopic  proced ures. 

Prescan preparation  • Be fam i l i a r  w ith  you r  i nstitut ion 's US  transducers and processor. 
• I m merse the l iver in sa l i ne to optim ize reso l ut ion .  

Sca n n i ng • Sca n a known les ion fi rst to identify the US imag ing  cha racterist ics of the pathology of i nterest. 
• Use a system to assu re the ent i re l iver is  assessed . 
• Use " stand-off" sca n n i n g  to avoid m iss i n g  su perfic i a l  les ions .  

Ta rget ing • Obta i n  permanent i mages for  the medica l  record before and after a b lat ion .  
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Chapter 1 7  Fenestration or Enucleation of 
Hepatic Cystic Disease 

. ----------------------------------- ·----------------------------------------------------- .... 

t Purvi Y. Parikh 

DEFINITION 

• Fenestration is defined as the removal of the free wall of a hepatic 
cystic lesion with the intent of forming a permanent communica· 
tion between the residual cyst cavity and the peritoneal cavity. 
Thus, the procedure allows for any secreted fluid subsequently 
produced by the cyst lining to be absorbed by the peritoneum. 

• Enucleation involves removal of the cyst in toto without 
spillage of contents; the intent is to use the capsule of the 
cyst as a resection plane to preserve hepatic parenchyma. 

DIFFERENTIAL DIAGNOSIS 

• Common cystic lesions range from the single, simple, small 
liver cyst to polycystic liver disease. 

• More uncommon lesions are mesenchymal hamartomas, 
biliary hamartomas, and ciliated foregut hepatic cysts . 

• Parasitic infection of the hepatic cyst must be ruled out 
prior to proceeding with surgery. Serology and characteristic 
imaging features make this determination straightforward. 

• Biliary cystadenomas/cystadenocarcinomas that have malig
nant potential require enucleation rather than fenestration. 
The identification of bile in the cyst is the most important 
factor in identifying cysts with malignant potential that war
rant the increased morbidity of enucleation. 

PATIENT illSTORY AND PHYSICAL FINDINGS 

• Most simple hepatic cysts are asymptomatic and detected as 
an incidental finding during imaging of the abdomen. 

• Simple hepatic cysts are congenital lesions, which are pro
gressive dilatations of biliary microhamartomas known as 

A B 

von Meyenburg's complexes . Such cysts are lined by flat
tened biliary epithelium without a separation from adjacent 
hepatic parenchyma. They do not communicate with the 
biliary tree. These cysts contain serous fluid, which is con
tinuously excreted by thin lining of epithelial cells. 

• The prevalence of hepatic cysts is 1 6 %  to 1 8 % .  Females are 
affected more frequently than males. 

• The frequency increases with age, with the peak incidence 
between ages 50 and 60 years. 

• Large cysts may exert a mass effect and cause upper abdomi
nal discomfort and early satiety ( FIG 1 ) . 

• Symptoms are more common with right-sided cysts . 
• Ultrasound-guided percutaneous cyst aspiration has mini

mal role in treatment of symptomatic cysts, as the recurrence 
rate is high and as rapid as 2 weeks. 

• If symptoms persist after needle aspiration, the cyst is not the 
likely cause and other diagnoses should be investigated. 

• Alternatively, if symptoms resolve after aspiration and return 
with recurrence of the cyst, definitive treatment of the cyst is 
indicated. 

• Indications for intervention include pain, j aundice, infec
tion, and hemorrhage. Occasionally, compression results in 
portal hypertension and indicates resection is appropriate. 

• Most cysts that are incidentally identified do not warrant 
resection, provided the cyst lacks features of malignant po
tential. These features include septations; heterogenous at
tenuation; and a thickened, enhancing cyst wall. 

• Complications are rare but include intracystic hemorrhage, 
biliary obstruction due to compression, cyst rupture, and 
cyst torsion. Bacterial infection leading to symptoms is 
occasionally observed. 

FIG 1 • A. Large, s imp le  b i l obar  l iver cyst. B. Large, s imp le  b i lobar  l iver cyst (ax ia l ) .  
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Because most hepatic cysts are asymptomatic, they are most 
frequently detected on imaging of the abdomen obtained for 
other indications. 

• Laboratory tests of liver enzymes (aspartate aminotransfer
ase [AST] , alanine aminotransferase [ALT] , bilirubin, alka
line phosphatase) and tumor markers (carcinoembryonic 
antigen [CEA] , carbohydrate antigen 1 9-9 [CA 1 9-9] ) and 
serologies (hydatid) 

FENESTRATION 

Preoperative Planning 

• Prior to operation, the patient should be counseled regard
ing the pros and cons of laparoscopic versus open surgery. 

• Although the r isk of i nfect ion after l iver surgery is l ow, 
ant ib iot ic  prophylaxis s ign if icantly reduces the r isk of 
postoperative i nfect ion. 

Laparoscopic Fenestration 

• Lapa roscop ic  cyst fenestration has evolved to be the fi rst
l i ne  surg ica l  approach for sym ptomatic cysts. 

• Port placement. A th ree-port l aparoscopic  techn ique  is  
used (FIG 2) :  camera (30 or  45 degree), g rasper for the 
cyst wa l l ,  and  cutt ing  i nstrument (cautery, Harmon ic  sca l 
pe l ,  or  scissors) . One of the ports shou ld  be 10  m m  for c l ip  
app l icat ion .  

• Grasping of cyst. The cyst can be e levated with a g rasper 
once it has been punctu red through the exposed wa l l  im-
med iately adjacent to the l iver parenchyma by i nsert ion A 
of a cutt ing i nstrument .  The contents a re dra ined and 
sent  for  ana lysis (FIG 3). 

0 • 
5 mm 10mm 

10mm B 

• Ultrasound scanning demonstrates a rounded, anechoic in
trahepatic mass with good thorough transmission and an 
imperceptible wall. 

• Computed tomography shows a benign hepatic cyst as a ho
mogenous lesion of low attenuation with no enhancement 
of the wall or content following administration of contrast. 

• Magnetic resonance scanning diagnostic criteria are a ho
mogenous lesion with low attenuation in Tl weighted im
ages and a very high-signal intensity on T2 weighted images. 

• Importantly, neuroendocrine and sarcoma hepatic metasta
ses occasionally appear cystic. 

FIG 3 • A. G rasp ing of the l iver cyst wa l l .  B. G rasp ing and  
e levat ing  the l iver cyst . 

FIG 2 • Trocar placement.  
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• 

• 

• 

FIG 4 • Resect ion of l iver cyst wa l l .  

Resection o f  cyst wall. A w ide  exc1s1o n o f  the  cyst 
wa l l  is perfo rmed u s i n g  b i p o l a r  e l e ctroca utery or H a r
m o n i c  shea rs .  The  i ntent is to exc i se  the  ent i re free 
wa l l  and n ot to venture i nto the  hepat ic parenchyma 
(F IG 4) .  
Removal of  resected cyst. The resected cyst wa l l  i s  
removed i n  a n  endoscop ic  retrieva l bag and the remnant 
cyst epithe l i u m  inspected. 
Obliteration of remnant cyst epithelium. Obl iterat ion of 
the remnant cyst wa l l  aga i nst the hepatic parenchyma 
should be treated with e lectrocautery, a rgon beam 
coagu l at ion,  or  topica l sc lerosant. 

FIG 5 • Open b i l i a ry cystadenoma resect ion .  

• If omentop lasty is not poss ib le, it is i m portant to 
resect the maxi m a l  amount of the wa l l  of the cyst 
to enha nce retract ion of the rem nant edge of the 
cyst, thus prevent ing rea pprox imat ion of the r im by 
contract ion with subsequent recu rrence. 

• After remova l ,  the cyst wa l l  is assessed h isto log ica l ly . 

Open Fenestration 

• Open cyst fenestrat ion is reserved for recu rrent d i sease 
or patients with extens ive abdom i n a l  adhes ions from 
prior surg ica l  p roced u res. 

• Omentoplasty. To m i n i m ize the r isk of the resu ltant • 
space-occupyi ng defect evo lv ing i nto a f lu id  co l l ect ion,  

Incision. A right subcostal or m id l i ne incision; tr iangu lar  and 
coronary l igaments are d ivided to rotate the l iver (FIG 5) .  

a n  omentoplasty is  advised . A ped ic le  of omentum is 
mob i l ized from the tra nsverse colon and advanced i nto 
the cyst cavity. It can be sewed in p lace with sutu res or 
he ld  in p l ace with l aparoscopic  c l i ps .  

ENUCLEATION 

Laparoscopic Enucleation 

• La paroscop ic  enuc leat ion ca n be effectively emp loyed i n  
t h e  management o f  peri phera l  cysts, espec i a l ly those lo
cated i n  the left l atera l lobe or  i n  the anter ior seg ments. 

• The epithe l i a l  wa l l  and associated pseudocapsule eas i ly 
lacerate, and cystic  les ions often compress adjacent vas
cu lature; thus, laparoscopic enucleation of hepatic cysts is 
often perceived as a stra ightforward option that can rap
id ly  deter iorate i nto a loss of the surgica l  p lane, s ign ificant 
hemorrhage, and carbon d ioxide gas venous embol i sm.  

• A m i n i m u m  of th ree ports a re necessa ry. Add itiona l  
troca rs can fac i l itate th i s  approach.  

• 

• 

• 

• Us ing the nondom inant hand,  the surgeon pu l l s  the 
l iver toward the m i d l i n e  to com p lete the exposu re 
of the cyst. The cyst is  u n roofed to the level of the 
parenchyma. 

The most common instru ments used to estab l ish a hemo
static p lane between the pseudocapsu le  of the cyst and 
the hepatic pa renchyma a re u ltrason i c  shears, b ipo la r  
e lectroca utery, and surg i ca l  stap lers (FIG 6A,B) .  

Addit iona l  ports shou ld  be p laced to provide optim a l  
posit ion ing  o f  the i nstrument t o  ach ieve comp lete cyst 
resect ion with the i ntent of spa r ing of hea lthy paren
chyma. The deve lopment of a d i ssect ion plane is  most 
eff ic ient ly and safe ly ach ieved with the shaft, rather  than 
the t ip, of the i nstrument. 
Once the d i ssect ion i s  comp leted c i rcumferent i a l ly and  
the cystadenoma is enuc leated, the speci men shou ld  be 
sent for i m med iate g ross i nspect ion and h isto log ic  ana ly
s is, as  i nd icated, to exc lude occu lt  cystadenocarci noma.  
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B 

FIG 6 • A,B. Tech n iques to resect a l iver cyst. 

After d i ssect ion of the cyst from the hepatic parenchyma 
is comp leted, hemostas is  i s  ach ieved and confi rmed by 
e lectrocautery and d i rect i nspect ion .  • 
If a b leed ing  vesse l is identif ied, hemostas is  is secu red by 
e lectrocautery, surg ica l  c l i ps, and  hemostatic agents or 
devices. 

of the l i ver, cou ntertract ion i s  m a i nta ined by the non
dominant hand of the surgeon.  

Open Enucleation 

Identification of interface. The i nte rface between the  
cyst pseudoca psu le  a n d  the  hepat ic  parenchyma i s  
i dent if ied a n d  deve l o ped (F IG 7A,B) . E l ectroca utery 
is typ ica l ly e m p l oyed to i n it i a l ly enter the d i ssect ion  
p l a n e  between the  cyst wa l l  a n d  the pa renchym a .  
B l u nt d i ssect ion  s h o u l d  be adopted short ly  thereaf
ter, as th i s  a p p roach w i l l  fac i l itate dev iat ion from the  
surg i ca l  p lane  a n d  externa l  i dent if icat ion  of major  
vasc u l a r  structu res that have been compressed by cyst 

• 

• 

S m a l l  cysts and  b i l i a ry cystadenomas concerned for 
m a l i g nancy req u i re en ucleat ion of the cyst en  toto. 
Mobilization of the liver. The affected lobe shou ld  be 
fu l ly mob i l ized prior to en ucleat ion .  After mob i l izat ion expa ns ion .  

A B 

FIG 7 • A. Mob i l izat ion of the l i ver. B. Identif icat ion of the i nterface. 
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• Dissection and enucleation. The d i ssect ion shou ld pro
ceed a nter ior to poster ior, m a i nta i n i n g  a broad p la ne; 
avoid the deve lopment of narrow, deep d i ssect ion p la nes. 
Once the d i ssect ion is  comp leted c i rcumferent ia l ly and  
the cystadenoma is enuc leated, the spec imen shou ld  
be sent for  i m med iate g ross i nspect ion and h isto log ic  
ana lysis, as  i nd icated, to exc lude occu lt  cystadenocarci
noma (FIG 8) .  

• I n j u ry to the adjacent, com p ressed b i l e  d u cts can be 
i ntr ins i c  to this proced u re .  A f ine (4-0 o r  5-0 a bsorb
a b le)  monofi l a ment sutu re i s  used for repa i r. Abd o m i 
n a l  d ra i nage  i n  th i s  sett i ng  i s  o pt iona l ,  but  the author  
rout i n e ly p l aces a c l osed suct ion  d ra i n  i n  th i s  c l i n i ca l  
sett i ng  (FIG 9) .  

• Comp lete exc is ion of the cystadenoma e l i m i nates r isk of 
recu rrence. 

FIG 8 • E n ucleat ion of entire cyst . 

FIG 9 • Repa i r  of i nadvertent in jury. 

PEARLS AND PITFALLS 
Different ia l  d iag nosis 

Surg ica l  tech n ique  

• Fenestrat ion i s  stra ightforward; en ucleat ion is  cons iderably more morb id .  Concern for  m a l i g nant 
potent ia l  m ust be present to just ify en ucleat ion .  

• B i le  i n  the cyst wa rra nts en ucleat ion . The s i te  of com m u n ication  with  the b i l i a ry t ree  i s  often not 
obvious .  A cho lang iogram via the cystic  duct with methy lene b lue  can fac i l itate identif icat ion of th i s  
s i te  of com m u n icat ion .  

• Make certa i n  the porta l tr iad is  access ib le  for  a Pr ing le  maneuver. 
• Dur ing l aparoscopic resect ion of hepatic cysts, be aware that major ped ic les may not be amenab le  to sea l

i ng  devices. Surg ica l stap lers a re the best option to laparoscopica l ly  control  and div ide these structu res. 
• When encounter ing s ign if icant hemorrhage d u r i ng  l aparoscopic  proced u res, de lay from hesitat ion to 

convert to an open proced ure often leads to unnecessa ry transfus ion or carbon d ioxide embo l i sm that 
ca n be l ife threaten ing .  

• I n  a n  emergent convers ion,  u se  a m i d l i ne i nc is ion. 
• Look for sma l l  b i l i a ry radica ls after enucleat ion .  Dra inage is  not a good a lternative for repa i r  or l igat ion.  
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POSTOPERATIVE CARE 

• If a drain has been placed, it can be removed on the first 
postoperative day, provided there is no bilious effluent. 

• After a liver cyst fenestration, most patients should have 
routine postoperative surveillance. 

• Consider intermediate or intensive care units for compli
cated cases of polycystic disease or for resections resulting in 
significant blood loss ( > 1 ,000 mL) .  

OUTCOMES 

• The results of laparoscopic cyst fenestration are excellent. 
Three studies have reported outcomes in patients treated 
with laparoscopic cyst fenestration with a near follow-up 
of more than 4 years. There is no reported mortality with 
asymptomatic recurrence seen in up to 50% but symptom
atic recurrence noted in only 4.5 % .  

COMPLICATIONS 

• Intraabdominal bleeding 
• Bile leak 
• Subphrenic abscess 

• Biloma 
• Wound infection 
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Chapter 1 8  Surgical Management 
of Hepatic Trauma 

:-----------------------------------------------------.... 
t Walter L. Biffl Carlton C. Barnett, Jr. 

DEFINITION 

• Hepatic trauma is defined as injury to the liver. It may be 
associated with hemorrhage, bile leak, or devitalized tissue. 
There is a spectrum of severity of liver trauma (Table 1 ) ,1 
and a broad range of techniques may be employed to man
age various injuries.2-4 

DIFFERENTIAL DIAGNOSIS 

• Abdominal trauma can be associated with injuries to any ab
dominal organ. Major sources of hemorrhage include solid 
organs (e.g. ,  liver, spleen, kidneys) and major vessels in the 
retroperitoneum (e.g. ,  aorta, inferior vena cava [IVC] , renal 
vessels )  or mesentery. Peritonitis may result from bile leak or 
from any injury to a hollow viscus (e.g. ,  bowel, biliary tree, 
pancreas ) .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Liver injuries may occur following either blunt (e.g. ,  motor 
vehicle crash, fall) or penetrating (e.g. ,  gunshot or stab 
wound) trauma to the abdomen. 

• The liver is one of the most commonly injured organs follow
ing blunt trauma. Impact to the lower right chest or the abdo
men puts the patient at risk of liver injury. Any high-energy 
mechanism should raise concern of intraabdominal injury. 

• The liver, due to its large surface area, is frequently injured 
in penetrating abdominal or lower thoracic trauma. The 
path of gunshot wounds to the torso cannot be determined 
based on physical examination alone. 

Table 1: Grading of Liver Injuries 

Grade 

Ill 

IV 

v 

Hematoma 
Laceration 
Hematoma 

Lacerat ion 

Injury Description 

Subcapsu la r, < 10% surface a rea 
< 1 em parenchymal  depth 
Subcapsu la r, 10%-50% su rface area; intraparen

chyma l ,  < 10 em d iameter 
1-3 em parenchymal  depth, <10 em length 

Hematoma Subcapsu lar, >50% surface area or  expand i ng; 

Lacerat ion 
Lacerat ion 

Laceration 

intraparenchymal ,  > 10 em d iameter or expanding,  
or ruptured 

> 3 em parenchymal  depth 
Pa renchymal  d is rupt ion involv ing 25%-75% of 

hepatic lobe or  1-3 Cou inaud's segments i n  a 
s ing le  lobe 

Parenchyma l  d isruption involv ing > 75% of 
hepatic lobe or  > 3 Cou inaud's segments i n  a 
s ing le  lobe 

Vascu la r  Juxta hepatic venous in ju ries 
VI Vascu la r  Hepatic avu ls ion 
Advance one g rade for m u ltiple in ju ries up to g rade Ill. 

From Moore EE, Cogbill TH, Jurkovich GJ, et a/. Organ injury scaling: spleen 
and liver (1994 Revision) J Trauma. 1995;38:323-324. 
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• Abdominal pain or tenderness on examination raise concern 
for abdominal injury; however, patients may have severe 
liver injuries in the absence of pain or tenderness. Vital signs 
are a critical component of the assessment of trauma pa
tients, as the decision to proceed with surgical (versus non
operative) management is primarily based on physiologic 
condition of the patient. The vast majority of liver injuries 
are managed nonoperatively. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Ultrasound-in particular, the focused abdominal sono
graphic examination for trauma (FAST)-is increasingly 
used as an initial triage tool in trauma patients. Following 
blunt trauma, the finding of free fluid in the abdomen in 
the presence of shock is an indication to proceed to explor
atory laparotomy (LAP) without delay. The finding of hemo
peritoneum on FAST exam in the absence of hemodynamic 
instability is not an indication for LAP; injuries to abdomi
nal wall, omentum, or liver often stop bleeding spontane
ously and do not require any interventions. 

• The FAST exam is less useful in penetrating trauma victims. 
Those with gunshot wounds should undergo immediate 
LAP. Those with stab wounds should undergo LAP if they 
exhibit shock, evisceration, or peritonitis .  Otherwise, they 
should be admitted for serial clinical assessments to detect 
ongoing hemorrhage or hollow viscus injury. 

• Most liver injuries due to blunt trauma are diagnosed by 
computed tomography ( CT) ( FIG 1 ) .  CT is indicated in any 
patient with major abdominal blunt trauma mechanism, 
abdominal pain or tenderness, hemoperitoneum on FAST 
exam in a stable patient, pelvic fractures, or the inability 
to clinically assess the abdominal exam and the potential 

FIG 1 • CT sca n image of a grade IV l iver i nj u ry. Desp ite the 
extens ive i nj u ry to the l i ver, note the rel ative paucity of b lood 
surround ing  the l i ver. Th is  i s  a p itfa l l  of FAST u ltrasonography, 
as it detects pr imar i ly free f l u id .  It a lso speaks to the lack of 
sensit ivity of FAST for i n d iv idua l  organ  in ju r ies.  It detects b lood 
but not the source of the b leed i n g .  

-
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for abdominal trauma (e.g. ,  a patient with severe traumatic 
brain injury following motor vehicle crash) .  Specific to liver 
laceration, the identification of intravenous contrast extrav
asation warrants treatment rather than observation. 

• Arteriography with embolization can be selectively employed 
as a primary treatment or as an adjunct to surgical manage
ment of liver lacerations with arterial hemorrhage. This may 
be employed more frequently in centers with hybrid operat
ing room (OR)/interventional radiology (IR) suites. 

• Cholangiography is sometimes useful to determine whether 
there is biliary injury and ongoing bile leak. This is generally 
performed later in the postinjury course. The presence of a 
biliary injury and bile leak generally calls for intervention 
either surgical or endoscopic. 

• Magnetic resonance imaging has little role in the manage
ment of liver trauma. 

SURGICAL MANAGEMENT 

• Severe abdominal pain or tenderness, peritonitis, evisceration, 
or shock with a presumed abdominal injury warrant LAP. 

SKIN I NCISION 

• Exploratory LAP for trauma  shou ld  be performed through 
a generous m i d l i n e  abdom ina l  inc i s ion .  Although it may 
not i n it ia l ly extend from the xiphoid to pub is, as  is  c las
s ica l ly suggested, once a major l iver in jury is identif ied, 
extens ion u p  to the x ipho id  process is  recommended to 
afford opti ma l  exposure .  Some e lective l iver surgery is  
performed throug h r ight or  b i l atera l subcosta l i nc is ions, 

ABDOMINAL EXPLORATION 

• The i n it i a l  object ive of tra u m a  LAP is to determine  if 
there is exsan g u inat ing hemorrhage and  from where 
it emanates. B lood must be evacuated and  the source 

MANUAL COMPRESSION 

• The fi rst step in hepatic hemorrhage control is manua l  
compress ion (FIG 2) .  This  shou ld  be ab le  to control 
the vast majority of l iver b leed i ng .  The i m portance of 
s i m u ltaneous agg ressive resuscitat ion ca nnot be overem
phasized. Restorat ion of b lood vo lume  and m a i ntenance 
of tissue perfus ion,  correct ion of coagu lopathy, and 
active wa rming  of the patient a re cr it ica l to avo id  the  
" b l oody v i c ious  cyc le"  that  can lead to ear ly  mortal ity. 

FIG 2 • M a n u a l  compress ion of the l iver is  performed 
to restore the normal a natomic  contour  of the l iver and  
tam ponade b leed i n g .  Th i s  maneuver can control hemorrhage 
whi le  p l ann i ng  pack ing  or  defi n itive i nterventions .  

• Following stab wounds, the presence of shock, evisceration, 
or peritonitis is a clear indication for LAP. Gunshot wound 
to the abdomen, given its high association with significant 
injury, is an indication for LAP regardless of the initial physi
cal findings. 

Preoperative Planning 

• Prior to taking the patient to the OR, the surgeon should 
communicate with the OR team regarding the suspected di
agnoses and planned interventions, anticipated blood loss 
and transfusion requirements, positioning and incisions, 
extent of skin preparation, the need for imaging, and any 
special equipment needs. 

Positioning 

• The patient should be positioned supine. There is no advan
tage to tucking the arms. In the setting of trauma, it is best 
to leave both arms out to allow the anesthesiologist's access 
for venous and arterial catheterization and sampling. 

with or without cepha lad  extens ion in the m i d l i ne .  Th is  
may be chosen if the operation i s  performed l ater i n  the 
patient's c l i n ica l  cou rse for com p l ications of l iver in ju ry, 
typica l ly b i l e  leak .  However, th i s  may l i m it access to the 
lower a bdomen i n  the event there are m u lt ip le  i nj u ries. 
If a m i d l i ne i nc is ion has been made, the surgeon shou ld  
not  hesitate to extend the i nc is ion to the r ight if nec
essa ry. Adequate exposu re i s  cr it ica l to repa i r i ng  major 
hepatic i nj u r ies. 

identif ied. Pr i mary cu l prits a re so l i d  orga ns, retroper i
tonea l vessels, and  mesentery. The surgeon should be 
ab le  to ra p id ly assess the l iver for major l acerat ions, by 
i nspect ing  it and  pa l pati ng its surface. 
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PERIHEPATIC PACKING 

• Per ihepatic pack ing  shou ld  be performed in such a 
man ner to m a i nta i n  hemostatic compress ion on the l iver 
(FIG 3) .  The support ing l i ga ments of the l iver a re left i n 
tact at th i s  stage, as they may provide tamponade of ve
nous b leed ing.  H owever, shou ld  the patient have ste l l ate 

Laparotomy pad 

A 

TOPICAL HEMOSTASIS 

• G rades I and  I I  l acerat ions (see Tab le  1 )  may stop b leed
ing spontaneously or  after a short period of packing  
(FIG 4). Ongo ing hemorrhage can  usu a l ly be contro l led 
with e lectrocautery or a rgon beam coagu l at ion,  with or 
without app l ication of top ica l hemostati c  agents such 
as m icrocrysta l l i n e  co l lagen,  f ibr in  g l u e, or  other  agents 
(FIG 5). 

l acerat ions or extens ive su bcapsu l a r  i nj u ry, one shou ld  
not  hesitate to mob i l ize the suspensory l i ga ment of  the  
fa lc iform or  the r ight and l eft tr i angu l a r  l i ga ments to  
a l l ow better exposure .  Pack ing shou ld  be performed i n  
a systematic fash ion ,  p lac ing packs between t h e  l iver and  
the abdom i n a l  wa l l ,  d i aph ragm,  and retroperitoneum. 

B 

FIG 3 • The l iver is packed with LAP pads to provide 
com press ion aga inst the a bdom ina l  wa l l ,  d i aphragm,  
and retroperitoneum.  A. I n  the sag itta l view, packs 
a re present between the l iver and the d iaphragm 
and a bdom ina l  wa l l .  B. I n  the photograph, the r ight 
lobe is compressed by packs. 

FIG 4 • Low-grade lacerat ions (arrow) may often stop b leed ing 
spontaneously or fo l l owing a br ief period of compress ion or 
packing .  
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B 

DAMAGE CONTROL 

• In the phys io logica l ly compromised patient, the decis ion 
to pursue damage control m ust be made early in  order to 
optim ize the patient's chance of surviva l .  Time-consuming  
efforts to  stop relatively m inor b leed ing  shou ld  not  d istract 

DEEP PARENCHYMAL HEMORRHAGE 

CONTROL 

• If the patient's condit ion a l l ows, the l iver shou ld  be ex
a m i ned to determ ine  the extent of the in jury. G rades 
II and  I l l  lacerations shou ld  be i n spected to determine  
whether a d i screte vesse l may be l i gated (FIG 6) .  B leed
ing can genera l ly be contro l led by packing  the wou nd 
with a n  omental  ped ic le  or a p lug of top ica l  hemostatic  

FIG 6 • The l acerat ion shou ld  be exp lored to identify d i screte 
vesse ls  to l i gate. 

FIG 5 • Low-grade in ju ries with per
s istent b leed ing  may be treated by top ica l  
hemostati c  tech n iq ues such as a rgon 
beam coagu lat ion (A) or  m icrocrysta l l i n e  
co l l agen app l icat ion (B) . 

the surgeon from the pr imary objective. The l iver should 
be packed qu ickly and other damage control maneuvers 
comp leted prior to a temporary abdomina l  c losure. I n  
order t o  fac i l itate later pack remova l without d isrupting 
c lot, a nonadherent p lastic d rape may be spread over the 
l iver su rface, with the packs p laced on top of the p lastic. 

agents such as a bsorbab le  ge lat in  sponge wra pped in 
oxid i zed regenerated ce l l u lose (FIG 7) .  Suture hepator
rhaphy is an option, but one m ust avoid l eavi ng a l a rge 
dead space and  avo id  devita l i z i ng  t i s sue or  l acerat ing  
vessels or b i l e  ducts. Extens ive lacerat ions may need to  
be exp lored to control major  vesse ls .  The f inger  fracture 
techn ique  a l l ows one to reach major vessels for l igat ion 
(FIG 8) .  Sta p l i n g  devices can a lso be usefu l  i n  d iv id ing the 
hepatic parenchyma to reach deep vessels (FIG 9) .  

FIG 7 • Omenta l  ped ic le  packing  may provide hemostas is  for 
deeper in ju ries. 
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A 

B 

FIG 8 • F inger  fracture of l iver parenchyma (A) can provide 
exposure for c l i pp ing  or  suture l igat ion of lacerated vesse ls  
(B) . 

FIG 9 • Surg ica l  sta p lers may be used to d iv ide l iver 
parenchyma to reach b leed ing  vesse ls .  

BALLOON TAMPONADE 

• Transhepatic penetrat ing wounds may leave a long i ntra
cavita ry defect that is  d ifficu lt to access for vascu lar  con
tro l .  Ba l loon ta mponade may be accomp l ished by a device 
or ig i na l ly described by Poggetti and co l leagues.5 This  may 
be fash ioned by l igat ing a 1- in Penrose d ra i n  at one end. 
A red rubber catheter is  i nserted i nto the open end and 
secu red with a second l i gature. The Pen rose d ra i n  is pu l led 
through the wound, with the red rubber catheter and 
d ra i n  exit ing the abdom ina l  wa l l .  The ba l loon is  i nflated 
with sa l i ne  to ach ieve tamponade (FIG 1 0) .  

FIG 1 0  • B a l loon tamponade i s  a n  effective means of 
hemorrhage contro l  for penetrat ing wounds through  the 
m idd le  of the l iver. 
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PRI NGLE MANEUVER 

• B leed ing  that persists despite packing may be arter ia l  i n  
or ig i n .  The  Pri ng le  maneuver-that i s ,  control of the hepa
toduodena l  l igament with a Rumel tourn iquet or vascu
lar c lamp-shou ld be employed (FIG 1 1) .  If this controls  
hemorrhage, it is  l i ke ly that the bleed ing  is from either 
a hepatic a rter ia l  branch or major branch of the portal 

HEPATIC RESECTION 

• Resect ion of devita l i zed tissue may be performed at the 
i n it i a l  operation; i n  the damage control  sett ing ,  how
ever, th i s  is  reserved for subsequent LAP. The extent of 
devita l ized t issue i s  genera l ly rea d i ly apparent (FIG 1 2) .  

Resect ion may be necessa ry to control major  vascu l a r  or  
b i l i a ry structures. Aga in ,  i n  the patient who is severely 
comprom ised phys io log ica l ly, this i s  best done after 
resuscitat ion .  

vei n .  This cannot be left i n  p lace for a pro longed period. 
I nterm ittent unc lamping decreases the deg ree of ischemia/ 
reperfusion in jury. Defin itive maneuvers m ust be under
taken and the c lamp should be released with in  60 m inutes 
if possib le .  L igation of the r ight or left hepatic a rtery may 
contro l the bleed ing .  Alternatively, in the appropriate set
t ing,  the patient may undergo a rter ioembol izat ion .  

FIG 11 • The Pr ing le maneuver. A vascu la r  c l amp is 
app l ied to the hepatoduodena l  l i gament, pass ing  the 
poster ior b lade through the fora men of Wins low, g u ided 
by the index f inger. 

FIG 1 2  • Hepatic necrosis may resu lt  from major in jury or  
vascu l a r  l igat ion to control b leed i ng .  

61 3 
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HEPATIC VASCULAR ISOLATION 

• B leed ing  that persists desp ite the Pr i ng le  maneuver i s  
l i ke ly from the hepat ic  ve ins .  Hepatic vascu la r  iso lat ion 
with or without venovenous bypass should be cons idered 
(FIG 1 3) .6  This enta i l s  control of the suprarena l  IVC, the 
su prahepatic IVC, and a Pr i ng le  maneuver. If the i nter
ruption of venous return resu lts in card iovascu la r  col
lapse, the aorta may need to be cross-c l amped wh i l e  
venovenous bypass is  estab l i shed.  T h e  suprahepatic 
c l amp may be p laced be low the d i aph ragm,  but th i s  is 
not idea l .  The c l amp opti ma l l y  shou ld  be p laced with in  
the per ica rd i u m .  Th i s  can  be acco m p l i shed from with in  
the a bdomen,  but the exposure i s  ma rkedly i m p roved by 
med ian  sternotomy (FIG 14) .  

FIG 1 3  • Hepatic vascu la r  iso lat ion and  venovenous bypass is  
performed by c l amp ing  the suprarena l  IVC, the supra hepatic 
IVC, and a Pr ingle maneuver. Venous cannu l ae  a re posit ioned 
i n  the femora l  ve i n  and  super ior  mesenteric vein,  and b lood i s  
shunted i nto the i nterna l  j u g u l a r  ve i n .  

Suprahepatic 
inferior 

Suprarenal 
inferior 

To internal 

Pringle Pump 

vena cava via 
femoral vein or 
greater 
saphenous 
vein 

FIG 14 • Com b i n i n g  a med ian  sternotomy with a m i d l i n e  
LAP i nc is ion provides exposu re to the hepatic ve ins  and 
retrohepatic vena  cava wh i l e  avo id ing  in jury to the phren ic  
nerves. The per icard i u m  and  d i aph ragm can be d iv ided down 
the center toward the IV C. 
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CLOSURE 

• If the l iver is to rema in  packed, a temporary abdom ina l  
c losure shou ld  be performed. Goa l s  are r ap id  closu re, 
conta i n ment of abdom ina l  viscera, prevent bowe l from 
adher ing to fascia l  edges, a l l ow room for swe l l i n g  of 
abdom i n a l  viscera, provide a means for eg ress of ascites, 
ma i nta i n  ster i l ity of the a bdom ina l  cavity, avo id  dam
age to fascia and sk in  edges, and  m i n i m ize cost. The 
"Vac-Pack" d ress ing satisfies a l l  of  these req u i rements 

PEARLS AND PITFALLS 

(FIG 1 S) .  A p lastic sheet is d ra ped over the bowe l and  
extended to  the paraco l i c  g utters to keep  the bowel 
from adher ing to wound edges. S l its are cut in the sheet 
to a l l ow eg ress of ascites. A towel is  p laced over the 
sheet to prevent suct ion dra ins  from adher ing to bowel 
through the sl its. Dra ins  a re p laced on top of the towe l .  
An adhesive d rape is  p laced over t h e  entire wound .  
Defi n itive c losure may  be ach ieved by s imp le  ru n n i n g  
fasc ia l  suture (e .g . ,  no.  2 nylon) and sk in  stap les. 

FIG 15 • Tem porary c losure of the a bdomen enta i ls 
cover ing the bowel with a fenestrated p lastic d rape (A), 
p lacement of c losed suct ion dra ins  and  a b lue  towel (B), 
fo l l owed by an adhesive occ l us ive d ress ing  (C) . 

I nd i cat ion for LAP • U nstab le  patients shou ld  go to the OR promptly. Pursu i ng  ang ioembol izat ion in an unsta b le  patient is 
not advisa b le  and  may prove d i sastrous. 

I nc i s ion • A m i d l i n e  i nc is ion is  the best choice i n  a n  u nstab le  tra u m a  pat ient .  The surgeon shou ld  not hes itate 
to extend the i nc is ion r ig htwa rd or i nto the chest in order to g a i n  exposu re and contro l .  Med ian  
sternotomy markedly improves exposure for  retrohepatic venous  repa i rs. 

Damage control • The dec is ion to pack the l iver shou ld  be made very q u ick ly, as  shou ld  the decision to adopt a "damage 
contro l "  strategy. 

Resuscitat ion • Ongo ing  resuscitat ion is crit ica l dur ing  the operative phase.  

Defi n itive procedu res • Avoid major defi n itive procedures at the fi rst operation, if  the patient's cond it ion warrants damage 
contro l .  

POSTOPERATIVE CARE 

• Trauma patients should be monitored for response to resus
citation. Once resuscitated, postoperative care is routine for 
abdominal surgery, with provision of diet as tolerated and 
early ambulation. 

OUTCOMES 

• Severe liver injuries may be associated with high morbidity 
and mortality rates. However, patients who survive without 
significant complications should be expected to have normal 
life span and functional status vis-a-vis the liver injury. 

COMPLICATIONS 

Hemorrhage 

• Postoperative bleeding is not common outside of the damage 
control setting. Bleeding may continue despite liver packing. 
In this case, depending on the patient's condition, angioem
bolization may be reasonable to control arterial hemorrhage. 

On the other hand, if the patient is physiologically compro
mised, it is prudent to return to the OR to control surgical 
hemorrhage while resuscitating the patient. 

Abdominal Compartment Syndrome 

• The abdominal compartment syndrome refers to intraabdom
inal hypertension that is associated with organ dysfunction 
(see Part 3, Chapter 26) .  It is often seen in association with 
damage control surgery in the presence of liver packing. The 
accumulation of ascites and retroperitoneal edema, coupled 
with bowel swelling, lead to a progressive rise in abdominal 
pressure. Patients may develop the abdominal compartment 
syndrome in spite of an open abdomen, so the intraabdominal 
pressure and organ function should be monitored. 

Bile Leak 

• This is the most common major complication of liver injury. 
Leaks may come from any biliary repair or anastomosis. 
They may also originate from peripheral biliary radicals . If a 
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bile duct repair has leaked, it may be managed via endo
scopic means (e.g. ,  stenting) .  Peripheral leaks usually spon
taneously seal, but occasionally, leakage persists . This may 
be managed by endoscopic stenting. Bile collections should 
be drained. 

Hemobilia 

• Generally caused by injuries to an adjacent hepatic artery and 
bile duct, hemobilia is heralded by right upper quadrant pain, 
j aundice, and falling hemoglobin level. A more dramatic pre
sentation may be upper gastrointestinal hemorrhage, as blood 
enters the duodenum via the common bile duct. Endoscopy 
can make the diagnosis, as blood is seen exiting from the 
ampulla of Vater. Angioembolization of the involved artery 
may be definitive treatment, but occasionally, drainage and/ 
or debridement of a large hematoma/biloma cavity is needed. 

Bilhemia 

• Bilhemia results from a biliovenous fistula. Bilirubin levels 
can rise dramatically. Endoscopic biliary stenting may facili
tate resolution, but hepatic resection may be required. 

Hepatic Necrosis 

• Although this may result from the initial injury, ligation or 
embolization of major vascular branches may also result in 
hepatic necrosis. This generally requires operative debride
ment or resection. 
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Chapter 1 9  Hepatic Neoplasm Ablation and 
Related Technology 

1----------------------------------------------------- � 

/do Nachmany Ra vit Geva 

DEFINITION 

• Hepatic ablation represents the use of chemical or physical 
means to destroy a neoplastic lesion and surrounding nor
mal tissues as an alternative to resection. 

INTRODUCTION 

• The liver is one of the most common sites for development 
of malignancy-either primary or metastatic disease. 

• As a general concept, the main curative option for liver 
tumors is surgical resection via partial hepatectomy or whole 
liver replacement. A variety of clinical situations preclude 
this approach; ablation is an attractive and viable option in 
some of these clinical situations. 

• The most common indications for liver resection are colorec
tal cancer liver metastases (CLM), primary liver cancer 
(mainly HCC and CCA) .  

• In  the case of CLM, about 50% of patients will ultimately 
develop liver metastases. Only about 1 5 %  to 20% are 
resectable at presentation. 1  

• Oncologic benefit o f  liver resection has been shown only 
when complete clearance of metastatic disease is achieved. 

• Factors limiting resection include extent of tumor involve
ment, volume of the postresection liver remnant, anatomic 
proximity to essential intrahepatic structures, underlying 
liver disease, and comorbidities. 

• HCC is the only universally accepted oncologic indication 
for liver transplantation (OLT) .  Only a small subset of 
patients is suitable for OLT, mainly due to stringent cri
teria influenced by the limited organ availability and infe
rior long-term survival in patients with locally advanced 
disease. 

• For patients with unresectable liver tumors or those beyond 
criteria for OLT, life prolongation and control of symptoms 
are the major goals. This can be achieved by systemic ther
apy or by different locoregional modalities, grouped under 
two major categories :  tumor ablation and transarterial treat
ment (chemotherapy infusion, embolization, combination of 
the two and irradiation) .  

• Ablation can be achieved by direct application of thermal 
energy (by cooling: cryoablation; heating: radiofrequency 
ablation [RFA] or microwave ablation [MWA] ) ,  chemical 
ablation: percutaneous acetic acid (PAl) or percutaneous 
ethanol injection (PEl ) ,  or newer techniques :  irreversible 
electroporation (IRE) .  

• The most commonly applied modality is thermal ablation 
using RFA technique. In recent years, MWA has also been 
rapidly gaining acceptance. 

• Based on accumulating data supporting the clinical benefit 
of ablation techniques, there had been an expansion of the 
indications. Ablation is now introduced in combination 

with liver resection and, in limited cases, as a replacement of 
resection with curative intent. 

• Ablation can be performed percutaneously, laparoscopically, 
or via laparotomy. 

• The main advantage of a percutaneous approach is the mini
mal invasiveness of the procedure. 

• The advantages of using ablative modalities in surgery are 
the ability to reach any territory of the liver, the ability to 
combine ablation with resection, and the control of inflow 
and outflow. This may counteract the cooling effect of blood 
flow in major vessels (referred to as the "heat sink" effect) .  
Laparoscopic ablation may combine the benefits o f  surgery 
with those of minimally invasive treatment. 

• Studying the long-term effectiveness of ablative modalities 
has been challenging; in part, this is due to the rapid evolu
tion of ablative tools (probes and energy sources ) ,  thus the 
field is in constant development. Also, the results of most 
studies are limited by sample size, methodology, and follow
up time. 

INDICATIONS 

• HCC 
The vast majority of patients with HCC have background 
chronic liver disease. The management of these patients 
takes into account the primary liver disease ( synthetic 
dysfunction and portal hypertension) as well as the extent 
of the tumor. 
The most commonly used algorithm outside of the United 
States for HCC management is the Barcelona Clinic for 
Liver Cancer (BCLC) staging and treatment strategy.2 
Other criteria (Milan and University of California, San 
Francisco [UCSF] ) have also been forwarded. 
Based on the BCLC algorithm, patients suitable for cura
tive treatment are those with very early and early stages 
(stages 0 and A) .  
Curative options include resection, liver transplantation, 
and, in some cases, ablation. The choice between the 
different options is based on the extent of liver disease, 
tumor stage, tumor location, and patient comorbidities. 
There are three subsets of patients specifically suitable for 
ablation: 

Patients with unresectable HCC beyond transplant crite
ria. Tumor ablation is usually combined with other treat
ment modalities, such as transarterial chemoembolization 
(TACE).  These patients are not considered curable. 
Patients with very early stage HCC (stage 0-single, 
up to 2 em tumor with Child A cirrhosis, and in good 
performance status) are usually considered resection 
candidates. Recent data suggest that they can also be 
managed by ablative modalities. The main potential 
benefit of resection over ablation is the availability of 
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the pathologic specimen. The presence of microvascu
lar invasion or microsatellites in the specimen, which 
are major risk factors for recurrence, is considered by 
some an indication for "salvage OLT. "3 Therefore, if the 
patient is a transplant candidate, resection is preferred 
over ablation. On the other hand, ablation offers a less 
invasive procedure and may be attractive alternative to 
patients. 
Patients with early stage HCC (stage A-up to 3 lesions, 
largest ,;:;3 em, with Child A-B cirrhosis, and in good 
performance status) are best treated by OLT unless they 
have significant comorbidities. In such cases, ablation 
may be an alternative. 

Patients who are not surgical candidates due to systemic 
conditions or because of multiple previous operations 
on the liver 
Some authors consider ablation an alternative in pa
tients with resectable metastases. There are currently 
no studies to support this approach.5 In the future, 
with improving devices and technique, the equiva
lence of ablation and resection may eventually be 
demonstrated. 
Ablation can also be used in combination with resection 
of other metastases. This is usually done for relatively 
small and deeply seated lesions for which resection would 
dramatically increase the morbidity of the procedure. 

• Colorectal liver metastases 
The only curative option for patients with CLM is re
section, but unfortunately, this is possible in only about 
1 5 %  to 20% of cases. Some patients may become resect
able with neoadjuvant chemotherapy or with anticipated 
liver remnant volume manipulation such as portal vein 
embolization.4 
The advantages of RFA include low complication rates, 
fast recovery, and good safety profile in patients with mar
ginal liver reserve. The main disadvantages are the higher 
local recurrence rates and limitations in treating large or 
multiple lesions. 
Tumor ablation is a valid option for 

Patients with limited disease that cannot achieve RO 
resection with surgery 

CONTRAINDICATIONS 

• There are very few contraindications for ablative therapy. 
• An absolute contraindication for thermal ablation is abut

ment of hilar structures, mainly the bile ducts and gallblad
der, due to the high risk of thermal injury. This may not 
apply for IRE. 

• The vicinity of major blood vessels ( specifically hepatic veins 
and large portal branches) is associated with significantly 
reduced efficacy due to the heat sink effect and is a risk fac
tor for local recurrence. This can be overcome surgically 
to some degree by flow manipulation such as the Pringle 
maneuver or outflow obstruction and thus is not considered 
an absolute contraindication. 

• Chemica l  a b lat ion  with i nject ion  (usua l l y  percuta ne
ous ly) of eth a n o l  or acet i c  ac id  was used m a i n ly for 
H CC, because this tumor i s  soft and accepts the fl u i d  
i njected wel l .  Cu rrent ly, u s e  o f  chem ica l  a b lat ion i s  
not  common m a i n ly d u e  to i nfe r ior  effi cacy, as com
pa red to therm a l  a b lat ion  and the need for repeated 
treatments. 6 

• Ions in the t issue fo l l ow the d i rect ion of the ra p id ly 
chang ing  cu rrent. Th is  causes fr ict iona l  energy to 
prod uce heat and  coagu l ative necrosis. 

• As temperatu res approach 1 00°C, changes in the 
physica l properties of the t issue i ncrease i m pedance 
and l i m it the f low of cu rrent (t issue desiccat ion due  
to evaporation of  tissue f lu id,  charr ing,  and the for
mation of e lectr ica l ly i n su lat ing  gas between the 
e lectrode and  the t issue due  to boi l i ng) .  Th is  l i m its 
treatment of l a rger  tumors. 

• RFA 
• RFA uses a lternat ing e lectr ic f ie ld  de l ivered through  

a need le  or  m u lt ip le  need le  e lectrodes. It can be  
i nserted percutaneously, l aparoscop ica l ly, or  at l apa
rotomy (FIGS 1 and 2) .  

• MWA7 
• MWA uses e lectromagnetic radiat ion,  much h igher  

on  the spectrum of e lectromagnetic rad iat ion than 

Radiofrequency needles FIG 1 • Three RF  needles l iver i nsert ion .  
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FIG 2 • Laparoscopic  u ltrasound (US)-g u ided RFA of a per iphera l  HCC. A. Before a b lation .  B. Les ion measurements. C. Dur ing  
ab l at ion .  D. Im med iate posta b lat ion .  Note the typ ica l  a rtifacts created by the gas formed by  t issue boi l i n g .  

RFA (usu a l ly i n  t h e  range o f  9 0 0  to 2,450 M H z) 
(FIGS 3 and 4) .  

• Po lar  molecu les in the e lectromagnet ic  f ie ld (ma in l y  
water) try to  a l i g n  i n  the d i rect ion of the cu rrent. 
As the d i rect ion changes constantly, continuous  
rea l i gn ment causes fr ict ion and heat ing  effect. • 
L ike RFA, the heat causes ce l l  death by coag u l ative 
necrosis .  

• U n l i ke RFA, MW causes osc i l lat ion of water mo l 
ecu les i n  the ent i re  f ie ld ,  so heat  is  u n iformly 
d istri buted i n  the MW f ie ld  throughout the activa
t ion .  This ach ieves i m med iate and homogeneous 
heati ng and  therefore faster t issue destruct ion .  

• Heat is conducted outs ide of that f ie ld ,  so the u lt i 
mate a b lat ion s ize is  the sum of the m icrowave f ie ld 
and the conductive heat zone.  

• The s ize of the m icrowave f ie ld is determ ined by the 
wave length and the a ntenna  desi gn .  

• With i n  the m icrowave f ie ld ,  heat s i nk  and cu rrent 
s i nk  effects a re not present. Outs ide the m icrowave 

f ie ld  (in the conduct ion zone) there w i l l  be a heat 
s i nk  effect, s i m i l a r  to RFA.8 

• MWA does not requ i re poi nt-to-po int cu rrents. 
• No cu rrent flows through the patient and no 

g rou nd ing  pads are req u i red.  
I R E9 
• I R E  is a new techn i que, based on nontherm a l  t issue 

destruct ion .  
• I R E  is pe rformed by p lac ing  e lectrodes i nto the tis

sue and de l iver ing m u lt ip le  h i g h-vo ltage e lectr ica l  
pu lses to i nd uce pores i n  the l i p id  b i layer of ce l l  
membrane .  T h i s  sta rts a process that leads t o  ce l l  
death.  

• I R E  is not inf luenced by the heat s i nk  effect. 
• Because the locat ion of IRE  activity is the ce l l  mem

brane, acel l u l a r  structu res a re preserved . Because 
h i l a r  structu res are wrapped i n  a f ibrous sheet, they 
a re protected . This a l l ows for app l icat ion of IRE to 
les ions in the v ic in ity of i ntrahepatic vita l structu res, 
u n l i ke therm a l  a b lat ion . 1 0  
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A B 

c 

FIG 3 • Th ree m icrowave a ntennas  a rrayed to a b late a l a rge 
les ion.  

FIG 4 • A-C. Laparoscopic ablation of an  HCC 
using mu lt ip le deployments of a m icrowave probe. 
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PEARLS AND PITFALLS 
I nd ications • Resect ion is  not a n  opt ion .  

• The les ion is  not  too b ig .  
• The le s ion  is  not  adjacent to a heat  s i nk  or vita l structure.  
• U ltrasound i n  c i rrhotic l ivers is  techn ica l ly  cha l l eng ing .  

Tech n ique  • Confi rm appropr iate probe placement with u ltrasound-Record the images. 
• Confi rm comp lete destruct ion of the lesion by u ltrasound-Record the images. 
• Precoagu lat ion prior to parenchyma l  tra nsect ion (FIG 5) 

OUTCOMES 

• Factors influencing outcome include the following: 
Tumor size. Best results are achieved for the treatment of 
small tumors less than 3 em for RFA. MWA achieves effec
tive results in somewhat larger lesions but is also limited 
by lesion sizeY 
Ablation margin. In order to minimize the chance for local 
recurrence, it is advised to leave a rim of 1 em of ablated 
tissue beyond the tumor margin. 
Vicinity to major vascular structures, mainly large veins, 
due to the heat sink effect 
Mode of application. Surgical application usually achieves 
better outcome than percutaneous. 
Ablation is operator dependent and therefore experience 
plays a major role. 

• Assessing the isolated effect of ablation is difficult. In most 
cases, ablation is not considered curative; therefore, it is 
usually combined with other treatment modalities. Also, 
there are no high-quality randomized studies, the follow
up is usually short, and the devices used are in constant 
evolution. 

• The most representative benchmark of ablation efficacy is 
local recurrence at the ablation site. This is widely variable, 
and in the case of RFA, runs from 2% to 60%Y 

• HCC 
In a large study on nearly 3,000 RFA treatments done 
on more than 1 ,000 patients, the 5- and 1 0-year survival 
rates were 60 .2% and 27.3 % ,  respectively, and the 5- and 
1 0-year local progression rates were both 3 .2%_ 13 
Complete pathologic response for HCC smaller than 3 em 
is as high as 65% with RFA and similar results had been 
shown with MWA.14-16 
Combining eight studies and more than 1 ,000 patients, 
Giacomo et al.6 found that RFA was superior to PAl or 

FIG 5 • MWA as a precoag u l ant strategy pr ior  to parenchyma l  
tra nsect ion .  

PEl with regard to survival, complete tumor necrosis, and 
local recurrence . 

• CLM 
During the past decade, RFA has superseded other ablative 
therapies, due to its low morbidity, mortality, safety, and 
patient acceptability. In the near future, MWA may be
come the leading modality due to some benefits over RFA. 
Multiple studies have compared RFA to liver resection 
as a radical approach to CLM. These studies demon
strated higher local recurrence of RFA as compared to 
resection.1 1 ' 17-19 
A recent Cochrane analysis comparing RFA to hepatic 
resection concluded that the current data is insufficient to 
consider RFA to be as effective as surgery.5 
In the case of nonresectable CLM, the addition of ablation 
to systemic chemotherapy probably increases the progres
sion-free survival, although it was not found to have sig
nificant effect on the overall survival. 20 

COMPLICATIONS 

• Morbidity and mortality are relatively low. Complications 
include bleeding, vascular thrombosis, abscess formation, 
and injury to intrahepatic structures (mainly bile ducts and 
gallbladder) and extrahepatic organs (colon, duodenum, etc . ) .  

• In  the case of RFA, morbidity had been reported in  about 
1 0 %  of cases and mortality is very rare. U  

• For MWA, Martin e t  al.21 reported a n  overall 90-day mor
tality and morbidity rate of 0% and 29%,  respectively, from 
a cohort of 100  patients treated with a total of 270 abla
tions . Only 1 patient developed hepatic abscess ( FIG 6) ,  and 
there were no bleeding complications. 

• Needle track seeding is extremely rare. For percutaneous 
MWA, it was found to be 0.47% per tumor and 0 .75 %  per 
patient.22 
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FIG 6 • A l iver a bscess in an RFA site. 
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Darren W. Postoak 

DEFINITION 

• Catheter-based treatment of hepatic neoplasms is a percuta
neous, minimally invasive, image-guided therapy in which 
the anticancer regimen is delivered to the arterial supply 
of the tumor. The most common therapies are transarterial 
chemoembolization (TACE) and radioembolization using 
yttrium 90 (90Y) .  

DIFFERENTIAL DIAGNOSIS 

• Differential diagnosis of the different types of hepatic neo
plasms is made by using tissue biopsies, tumor markers, 
and imaging characteristics. Dynamic computed tomogra
phy ( CT)/magnetic resonance imaging (MRI) demonstrat
ing intense arterial uptake followed by venous or delayed 
phase "washout" of contrast is considered to be diagnostic 
of hepatocellular carcinoma (HCC) . 1  

• TACE and radioembolization are usually performed in  
patients with liver-dominant disease. These tumors may be  
primary liver malignancies or  metastatic disease where the 
liver is the dominant site of the disease. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• A thorough history should be obtained prior to treatment 
including a past medical history, medications, and allergies. 
Prior therapy should be evaluated, especially if radioemboli
zation is being considered and the patient has previously had 
external beam radiation to the liver. 

• Performance status (ECOG [Eastern Conference Oncology 
Group] or Karnofsky) must be evaluated. Patients with poor 
performance status may not be suitable candidates for intra
arterial therapy. 

• Arterial pulse examination is needed for planning of the 
arterial access site. Typically, the puncture site is the com
mon femoral artery, but this may need to be adjusted if the 
patient has severe iliofemoral atherosclerotic disease. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• All patients should have a preprocedural multiphase CT 
or MRI examination. A positron emission tomography/CT 
may be helpful in some instances. 

• Imaging should be evaluated for tumor number, tumor vol
ume, and portal vein invasion/thrombosis. The vascular 
anatomy should be evaluated for vascular disease and ana
tomic variants as this may change the treatment plan. 

• Laboratory evaluation should include a complete blood 
count, coagulation profile, creatinine, albumin, and liver 
function studies .  

• Exclusionary criteria include immediate life-threatening 
extrahepatic disease, tumor volume greater than 50% to 
70 % ,  uncorrectable flow to the gastrointestinal ( GI) tract, 
and significant hepatopulmonary shunting. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patients need to be well hydrated, typically with 150 to 300 mL 
per hour of normal saline prior to and during the procedure. 

• Preprocedure medications may include antiemetics and 
steroids. 

• Antibiotics are administered as needed. This is important in 
patients without an intact sphincter of Oddi due to sphinc
terotomy, biliary stent or catheter placement, and surgical 
biliary-enteric anastomosis. The regimen is 2 weeks in total, 
beginning 2 days prior to the embolization procedure.2•3 

• Radioembolization is a multistep procedure with a need for 
arterial embolization of vessels leading to the GI tract and 
a simulation of the procedural injection prior to the actual 
injection of 90Y particles. This will be discussed in more 
depth in the "Techniques" section. 

• Proton pump inhibitors are started about 2 weeks prior to 
radioembolization. 

• Octreotide pretreatment is indicated in patients with meta
static carcinoid to help prevent a carcinoid crisis. Typically, 
250 ).Lg is administered intravenously about 1 hour prior to 
the procedure. 

Positioning 

• The patient is placed supine with both groins prepped 
and draped ( FIG 1 ) .  If there are iliac arterial occlusions or 
other technical problems, then brachial artery access is  the 
next choice with the left arm being preferred. For brachial 
access, the arm is extended 45 to 90 degrees away from 
the body. 

FIG 1 • The patient is sup ine  with both gro ins  prepped and  
d ra ped.  The  C-arm f luoroscop ic  u n it and mon itors a re  i n  posit ion 
to visua l ize the puncture site i n  the common femora l  a rtery and  
the ent i re abdomen.  
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TRANSARTERIAL CHEMOEMBOLIZATION 

Superior Mesenteric Arteriogram with Venous Phase 
Imaging 

• A 4- or 5-Fr  catheter is used to selectively catheter ize 
the super ior  mesenter ic a rtery (SMA). The a rter ia l  phase 
(FIG 2) i s  i n spected for anatomic  va r iants such as a re
p laced r ight  hepat ic a rtery (FIG 3) or  other anatom i c  
va r ia nts. The  potent ia l  fo r  "pa ras it ized " b lood f low re
cru ited from the SMA to the l iver m ust a lso be assessed .  

• The venous phase (FIG 4) is i nspected to eva l uate patency 
of the porta l ve i n  and  to eva l u ate for hepatofuga l  f l ow. 
TACE can be performed in c i rrhotic patients with hepa
tofuga l  porta l f low, but a sma l l e r  vo l ume  of l iver shou ld  
be embo l i  zed each t ime .  

Celiac and Common Hepatic Arteriograms 

• The 4- or 5-Fr catheter is used to selectively catheterize 
these vesse ls .  The a rter iograms (FIG 5) a re eva l uated for 
a natomic  va r iants such as a rep laced or  accessory l eft 
hepatic a rtery ar i s ing from a gastrohepatic tru n k  (FIG 6) 
and  phren ic  a rteries, which may ar ise at the or ig in  of the 
cel iac .  

• 

• 

If the ce l i a c  a rtery is occ luded, the occ lus ion can often be 
crossed and  poss ib ly stented to a l l ow access or the pro
cedu re may be performed from the super ior  mesenteric 
a rtery i n  a retrograde approach v ia the pancreaticoduo
denal a rcade (FIG 7) .  

Eva l u ate where t h e  a rter ia l  supp ly t o  t h e  tumors is  ar is
ing.  Try to l i m it embo l izat ion of branches that do not 
supply the tumors. 

FIG 2 • A super ior  mesenteric a rter iogram i s  obta i ned to 
eva l uate for anatom i c  var ia nts. The pat ient i s  posit ioned 
to v i sua l ize the porta l ve in  du r i ng  the venous  phase of 
the exa m .  

F I G  3 • T h e  rep laced r ight hepatic a rtery is  o n e  o f  the 
a natomic  va r ia nts more common ly seen .  The rep laced r ight 
hepatic a rtery ar i ses as a branch of the super ior  mesenteric 
a rtery. 

Advancement of the Catheter to Point of 
Embolization 

• Common ly, th i s  w i l l  be performed us ing a coaxia l  
m i crocatheter. 

• Advance the catheter as selectively as poss ib l e; however, 
a lobar  embo l izat ion may be req u i red if the tumors a re 
scattered throug hout the l i ver. 

• In patients with i ntact g a l l b ladders, eva l uate where the 
cyst ic  a rtery or ig i nates (FIG 8) .  Idea l ly, embo l i zat ion 

FIG 4 • Venous phase fo l lowing  a super ior  mesenteric 
a rter iogram demonstrates patency of the superior mesenteric 
and porta l ve in s  (sa me patient as FIG 2) .  PV, porta l ve in ;  SMV, 
super ior  mesenteric ve i n .  
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FIG S • Ce l i ac  a rter iogram demonstrati ng typ ica l  ce l i a c  and  
hepatic a rter ia l  a natomy. LGA, l eft gastr ic a rtery; SA, sp len ic  
a rtery; G DA, gastrod uodena l a rtery; CHA, common hepatic 
a rtery. 

A 

B 

FIG 6 • The catheter t i p  is in a gastrohepatic tru n k  ar i s ing 
from the ce l i a c  a rtery. The rep laced left hepat ic  a rtery supp l ies 
the left hepatic lobe, whereas the rem a i n i n g  left gastr ic a rtery 
branches supp ly the fundus of the stomach .  When embo l i z ing  
the rep laced left hepatic a rtery, the catheter must be d i sta l  to  
the left gastric a rtery branches.  G HT, gastrohepatic trun k; RLH ,  
rep laced left hepatic a rtery; LGA, left gastr ic a rtery branches.  

c 

FIG 7 • I n  a patient with an occ luded ce l iac  a rtery, 
the super ior mesenteric a rter iogram demonstrates 
f low to the hepatic a rteries v ia co l l atera l supp ly  (A) . 
The pa ncreaticod uodena l  a rcade and gastrod uodena l 
a rteries are crossed i n  a retrograde fash ion (B) with the 
m icrocatheter t ip  eventua l ly p laced i n  the left hepatic 
a rtery (C) for treatment of left lobar  tumor. SMA, 
super ior  mesenteric a rtery; G DA, gastrod uodena l  a rtery; 
PHA, proper hepatic a rtery; LHA, l eft hepatic a rtery. 
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Gallb ladder 

Gastroduodenal 
artery 

Left hepatic 
artery 

Catheter t ip 
distal to 

hepatic artery 

FIG 8 • The catheter t ip  is p laced d i sta l  to the ongm of 
the cyst ic  a rtery pr ior  to chemoembol izat ion to prevent a 
chemica l  cho lecyst it is .  

should be performed d ista l to the cyst ic  a rtery. Treatment 

FIG 9 • F luoroscopic image fol lowing o i ly chemoembol ization 
shows the Eth iodol m ixture with in  the tumor. 

of both without the add it ion of a ny chemothera peutic 
agent. 

Removal of the Catheters and Sheath 

prox ima l  to the cyst ic  a rtery ca n cause a chemica l  cho le- • The pu nctu re s ite is c losed us ing  manua l  p ressure or a n  

cystit is with a m o r e  severe postembo l ization syndrome.  a rter ia l  c losure device. 
• Arter iogram to eva l uate selective can n u lat ion of the 

feed ing  vessel (s) and to assess for a rteriovenous shunt ing Follow-up 

Embolization Using the Embolic Material 

• Oi ly  chemoembol ization  
• Eth iodol  is a poppy seed o i l -based contrast. The 

Eth iodol veh ic le is m ixed, most common ly with a com
b inat ion of cisplatin, doxorubic in ,  and m itomycin-C. 
The Eth iodol acts as a carr ier and the chemotherapy 
is released s lowly from the m ixtu re.  The Eth iodol is  
reta i ned with i n  the tumor and the neovascu lature of 
the tumor (FIG 9) .  This is  fo l l owed by particu late em-
bol ization of the target vessels. 

• Drug-e lut ing m icrospheres 

• 

• LC beads a re a polyv iny l  a l cohol-based m icrosphere 
and  QuadraSpheres a re a copolymer m i crosphere.  

• 50 to 75 mg of doxorub ic in  is loaded i nto each v ia l  
of m i crospheres w ith  a maxi m u m  of two v ia l s  be ing 
used per proced u re .  1 00 to 300 m i cron LC beadsTM 
and 50 to 1 00 m icron QuadraSpheresrM a re com
mon ly used . The part ic les a re then i njected (FIG 1 0) 

unt i l  there is s ign if icant s lowi ng of f low with i n  the 
ta rget vesse ls .  

• l r i notecan has been used, instead of doxorub ic in ,  
i n  treat i ng  patients with colorecta l cancer that has 
metastasized to the I iver. 

Transarter ia l  embol ization (TAE), a lso known as b land em
bol ization, has a lso been performed. TAE uses Eth iodol 
embol ization, part icu late embol ization, or a comb ination 

• 
• 
• 

Labs in a bout 4 weeks to eva luate l iver fu nct ion 
Repeat imag ing  if needed . 

Repeat embol izat ion, if needed, i n  a bout 4 to 6 weeks . 

Liver 

-......---- Catheter in 
hepatic artery 

Tumor 

FIG 10 • Drug-e l ut ing m icrospheres b lock the a rter ia l  supp ly  
to the tumor and then the chemotherapy drug is  s lowly 
released d i rectly to the tumor. 
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RADIOEMBOLIZATION 

Sir-Spheres™ or TheraSphere™ 

• 90Y b inds  to part ic les that a re less than 35 m icrons i n  
s ize.  S i r-Spheres•M a re res i n-based part ic les, whereas the 
TheraSphere•M part ic les are nonb iodegradab le  g lass mi
crospheres. 

Superior Mesenteric, Celiac, and Common Hepatic 
Arteriograms 

• The i n it i a l  steps a re s im i l a r  to TACE.  The a rteriog ra ms a re 
eva l uated for vessel patency and anatomic  var iants. 

Arteriograms of the Gastroduodenal, Right, and Left 
Hepatic Arteries 

• Eva l uat ion of a natomy is performed with spec ia l  
attention pa id  to branches that  lead to the G l  tract such 
as the r ig ht gastr ic and supraduodena l a rteries (FIG 1 1 ) .  

• B ra nches connect ing to the G l  tract, such as the gastro
duodena l  a rtery (G DA), a re embo l ized (FIG 1 2) .  These 
branches m ust be embo l ized as 90Y part ic les in the 
G l  tract can cause severe, s low-hea l i n g  u l cers. 

Lobar Injection of Technetium-99m (Tc 99m) 
Macroaggregated Albumin 

• The Tc 99m macroagg regated a l b u m i n  (MAA) partic les 
a re used to s imu l ate the 90Y part ic les .  Nuclear imag ing  
is  then  performed to  eva luate for  activity i n  the G l  tract 
and the amount of shunt ing to the l u ngs (FIG 1 3) .  

• If there is act ivity in the G l  tract fo l lowi ng  MAA i nject ion,  
with no obvious feed ing  vesse l that can be embo l ized, 
90Y therapy shou ld  not be adm in i stered . 

Return for Injection of Yttrium 90 Particles 

• This  is performed subsequent to the i n it ia l  assessment 
of a natomy, appropr iate embo l izat ion of vessels feed ing  
the G l  tract, and MAA eva luat ion .  The  catheter is  p laced 

FIG 1 1  • Common hepatic a rter iogram demonstrates the 
anatomy pr ior  to Tc-99m MAA part ic le i nject ion .  B ranches 
lead ing to the G l  tract w i l l  need to be embo l i zed to prevent 
90Y part ic le ref lux to these branches with su bseq uent in jury. 
G DA, gastrod uodena l  a rtery; SDA, supraduodena l a rtery; 
RGA, r ight gastr ic  a rtery; CA, cyst ic  a rtery. 

FIG 1 2  • An Amplatzer p lug  has been used to em bol ize the 
GDA with m icroco i l s  with i n  the r ight gastric a rtery (RGA) 
and  supraduodena l  a rteries (SDA) . The m icrocatheter wou ld  
then be p laced d i sta l  to the cyst ic  a rtery or ig in  for  r ight lobar  
Tc-99m MAA and 90Y i nject ions (asterisk) . 

• 

• 

• 

• 

in the same posit ion as dur ing  the Tc-99m MAA i nject ion .  
The catheter posit ion i s  s im i l a r  to FIG 8 when perform ing  
r ig ht lobar  embo l izat ion .  
The 90Y part ic les are i njected with  extreme care  to pre
vent sp i l l age of rad ioactive part ic les (FIG 14) .  
If there is  1 0 %  t o  1 5 % hepatopu lmonary shunt ing on  
the MAA study, then the S i r-Spheres•M dose  is decreased 
by 20 % .  If the shunt ing  i s  1 5 % to 20%, then the dose is 
decreased by 40% .  
I f  hepatopu lmonary shunt ing  i s  g reater than 20%,  then 
S i r-Spheres•M a re not a d m i n istered. 
When using TheraSphere•M, the l i m itat ion of what can 
be adm in istered to the l u ngs is  based on  the cumu lative 
dose, i rrespective of the l ung  shunt. 

Removal of the Catheters and Sheath 

• The puncture site is c losed us ing  manua l  p ressure or a n  
a rter ia l  c losure device. 

FIG 13 • Nuc lear  imag ing  fo l l owing Tc-99m MAA 
adm in i strat ion demonstrates no activity with i n  the G l  tract 
and 1 3 .4% shunt ing to the l u ngs .  The dose of S i r-Spheres•M 
to be g iven would be reduced by 20% due to the degree of 
shunt ing .  
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Follow-up 

• Labs in a bout 4 weeks to eva l uate l iver funct ion 
• Repeat imag ing  if necessa ry. 
• Workup for the second lobar  i nject ion is beg un  a bout 

4 to 6 weeks after the i n it i a l  s ide if l a bs and imag ing  
a re adequate. The  patient wi l l  need  a n  a rter iogram and 
repeat Tc-99m MAA i nject ion as wel l ,  pr ior  to rad ioem
bo l izat ion of the second lobe, if  needed. 

FIG 1 4  • The S i r-Spheres'M partic les a re connected to the catheter 
v ia a specia l  de l ivery system to prevent sp i l l age of radioactive 
mater ia l .  

PEARLS AND PITFALLS 
Patient h i story and phys ica l 
f ind i ngs .  

Imag ing  and  other  d iagnostic 
stud ies 

Surg ica l  tech n ique  (TACE) 

Surg ica l  tech n ique  (90Y) 

• Patients without an i ntact sph i ncter of Odd i  a re at much h igher  r isk of a bscess formation 
and need extended ant ib iot ic  prophylaxis .  

• Do not overtreat i n  patients with borderl ine hepatic funct ion .  The procedure can a lways be 
repeated at a later t ime.  

• C-a rm CT scan may be he lpfu l  to verify that the catheter is  i n  the correct a rter ia l  branch as 
it may be d ifficu lt to te l l  with les ions that a re not wel l  v i sua l ized.  (FIG 1 S) .  

• Hepatic tumors may be supp l ied by  non hepatic vesse ls, especi a l ly su bcapsu l a r  les ions .  
Paras it ized f low from the i nfer ior  ph ren ic, i nterna l  mammary, and i ntercosta ls  a rteries 
may need to be embo l ized (FIG 1 6) .  

• It may be d ifficu lt to te l l  if there i s  a rteria l  tumor enhancement on a contrasted CT scan 
with Eth iodol  in p lace. A noncontrast sca n (FIG 1 7) is needed for comparison or a n  M R I  
c a n  be obta ined .  

• Arter ia l -porta l shu nts ca n be embo l i zed with  l a rge part ic les or co i l s  pr ior  to TACE .  
• There are more postembol ization syndrome symptoms with o i ly chemoembolization than  with 

drug-eluting m icrospheres. 
• Embol ization of dome lesions may cause right shoulder pain or h iccups. Steroids (Medrol 

Dosepak) may be he lpfu l .  

• Even though the G OA and r ight gastric a rteries a re embo l ized, do not i nject 90Y via the 
common or  proper hepatic a rteries. 
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FIG 1 S  • C-a rm CT shows tumora l  enhancement demonstrati ng  
that  the m icrocatheter i s  with i n  the correct a rter ia l  branch pr ior  
to chemoembol izat ion .  The tumora l  enhancement was not 
appreciated by convent iona l  a rter iography. 

FIG 16 • Right i nfer ior  phren ic  a rter iogram demonstrates tumor 
enha ncement i n  the dome of the l iver supp l ied by the d ista l 
phren ic  branches.  These branches were then embo l i zed .  

FIG 1 7  • CT sca n demonstrates residua l  Eth iodo l  with in  a tumor 
on a noncontrast exa m i nation .  A noncontrast exam must be 
obta ined pr ior  to the contrast-enhanced exa m to demonstrate 
the d ifference between contrast enha ncement and residua l  
Eth iodo l .  

POSTOPERATIVE CARE 
• Pain medications 
• Antiemetics 
• Proton pump inhibitor (radioembolization) 
• Steroids (Medrol Dosepak) 
• Antibiotics (as indicated) 
• Hospitalization for TACE is typically overnight for micro

sphere embolization and up to several days for oily chemo
embolization. Patients that receive radioembolization can 
typically be discharged the same day. 

• Repeat labs and imaging are typically obtained. Protocols 
are institution-specific and not typically driven by data. 

• Further embolization procedures as needed. Imaging after TACE 
is about 4 to 6 weeks after the completion of embolization. 
If there is tumor identified on repeat imaging, then embolization 
is again performed. If no further tumor is identified, then imag
ing is performed every 3 months (FIG 18) .  

• Imaging after radioembolization is performed 2 to 3 months 
after the last lobe is embolized as it can take longer to see the 
effects. 

OUTCOMES 

• In 2002, two separate studies demonstrated that TACE for 
HCC had a statistically significant survival advantage over 
the best supportive care that was available.4•5 Since then, 
other studies have confirmed these findings in patients with 
well-compensated cirrhosis. 

• In patients with limited hepatic reserve or decreased perfor
mance status, there have been better outcomes with drug-eluting 
microspheres as compared to oily chemoembolization.6 In addi
tion, the treatment was better tolerated by the patients. 

• Treatment using drug-eluting microspheres loaded with doxo
rubicin demonstrated a statistically longer time to progression 
and fewer recurrences when compared to bland embolization. 7 
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A B 

FIG 1 8  • A. I n it i a l  CT scan demonstrates a l a rge, contrast-enhanc ing  HCC in the r ight lobe of the l iver pr ior  
to treatment. B. A fo l l ow-u p CT 5 weeks after treatment us ing doxoru b ic i n- loaded LC beads shows that 
the tumor is  s l i ghtly sma l ler  and  there is  no  further contrast enhancement. Repeat imaging would then be 
performed a bout 3 months l ater. 

• Patients with HCC and Child-Pugh A disease survive signifi
cantly longer following 90Y radioembolization than do those 
patients with Child-Pugh B disease, 1 7.7  versus 7. 7 months, 
respectively. 8 

• In a study of patients with unresectable, chemoresistant 
liver metastases treated with 90Y radioembolization, the 
median survival for patients was 15 .2  months for those with 
colorectal tumors, 25 .9  months for those with neuroendo
crine tumors, and 6.9 months for those with noncolorectal, 
non-neuroendocrine tumors. 9  

COMPLICATIONS 

• Groin hematoma/pseudoaneurysm 
• Liver insufficiency 
• Severe postembolization syndrome 
• Routine postembolization syndrome is not an unexpected 

event. Postembolization syndrome includes pain, fever, and 
nausea/vomiting. Severe postembolization syndrome would 
necessitate an extended hospital stay or readmission. 

• Hepatic abscess 
• Cholecystitis 
• Nontarget embolization with GI tract ulceration 
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DEFINITION 

• A segmental hepatectomy consists of surgical resection of 
one or more functional anatomic segments of the liver, as 
originally classified by Couinaud ( FIG 1 ) .  Nomenclature for 
liver resections was standardized in the Brisbane conference. 1  

• The most common anatomic segmental resections are ( 1 )  right 
posterior sectionectomy (segments 6 and 7),  (2)  left lateral 
sectionectomy (segments 2 and 3 ) ,  and (3 )  caudate lobe resec
tion (segment 1 ) .  

• Smaller resections o f  a single segment o r  nonanatomic sub
segmental resections will not be covered in this chapter. 
Usually, these involve simple excisions without formal in
flow or outflow occlusion or delineation of the segmental 
vascular or biliary anatomy. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients should be good medical candidates for major surgery. 
• Preoperative planning requires a thorough history of previ

ous abdominal surgeries. 
• If performing a metastasectomy, there should be a thorough 

evaluation of extrahepatic disease. The presence of extrahe
patic disease should be considered in conjunction with the 
tumor type and extent of resection to determine if the patient 
will benefit from surgical intervention involving the liver or 
extrahepatic sites. 

• Episodes of j aundice, hepatitis exposure, alcohol, illicit drug 
abuse, and treatment with chemotherapy should be elicited 
to ascertain the health of the liver parenchyma. 

• A complete viral hepatitis panel should be obtained as part 
of screening surgical candidates. 

• Liver function can be assessed by the Child-Pugh classifica
tion and/or the Model for End-Stage Liver Disease (MELD) .  
Neither metric has been definitively shown t o  b e  superior in 
determining a patient's ability to tolerate surgery. 2 

FIG 1 • Couinaud segments with vascular anatomy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Multiphase, contrast-enhanced cross-sectional imaging with 
either computed tomography ( CT) or magnetic resonance 
imaging (MRI) is necessary for planning surgery. Both im
aging modalities are of similar sensitivity and may often be 
used interchangeably or in combination to better define cer
tain pathologic processes. 

• In a normal, healthy liver, a future (postresection) hepatic 
remnant composed of at least two contiguous segments with 
adequate inflow and outflow and measuring 25% of the 
complete liver volume is sufficient functional liver to allow 
for full hepatic recovery. However, in a damaged or cirrhotic 
liver, a remnant of greater than 40% is often recommended, 
although the percentage of viable remnant liver may need 
to be greater, depending on the amount of damage/dysfunc
tion of the liver. Segmental hepatic resections rarely induce 
hepatic insufficiency unless the remnant liver is severely 
diseased. 

• Concern for significant hepatic dysfunction should be in
vestigated by objective testing of the liver. Transjugular 
measurement of the portal pressure gradient (normal <5  
to  8 mmHg) ,  routine serum liver function tests, and biopsy 
(to evaluate steatosis or cirrhosis ) are the most common mo
dalities to evaluate the extent of hepatic disease. 

• In Asia, indocyanine green clearance testing is often per
formed to quantify liver health. This is rarely performed in 
the United States. 

• In patients with evidence of decompensated cirrhosis (Child's 
B and C) and pathologic conditions that have demonstrated 
benefit from transplantation (hepatocellular cancer, neuroen
docrine malignancies, and some hilar cholangiocarcinomas ) ,  
surgeons should consider a referral for transplantation. 

SURGICAL MANAGEMENT 

• The indications for hepatectomy include diagnostic uncer
tainty, symptomatic benign lesions, and malignancy (Table 1 ) .  

• The strongest evidence for hepatic metastasectomy shows 
that RO resection prolongs survival and is potentially cura
tive for colorectal carcinomas and neuroendocrine tumors. 

Table 1: Indications for Hepatectomy 

Diagnosis 
Foca l nodu la r  hyperplasia vs. 

hepatoce l l u l a r  adenoma 
Symptoms 

Hemang ioma 
S imple cysts 

Ben ign d isease 
Refractory abscesses/cho lang it is 
Severe hepatol ithias is 

Prema l ignant d isease 
Hepatoce l l u l a r  adenoma 
B i l i a ry cystadenoma 

Ma l ignancy 
Metastasis 
Hepatoce l l u l a r  carci noma 
Cho lang iocarcinoma 

631 
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Preoperative Planning 

• Ideally, preoperative cross-sectional imaging should be dis
cussed with skilled radiologists before surgery and be avail
able throughout the procedure. 

• Patients receive appropriate prophylactic antibiotics due to 
transection of the biliary tree (clean-contaminated surgery) .  We 
consider cases with an indwelling biliary device as contami
nated procedures secondary to colonization of the biliary tract. 

• Vascular, particularly hilar, arterial anomalies are common. 
Inadvertent injury at surgery may be prevented by thorough 
multiplanar analysis of preoperative imaging. 

• 3-D reconstruction is not mandatory, but understanding of 
all the lesions and their relation to hepatic and portal ve
nous structures is imperative. This should be combined with 
intraoperative ultrasound. 

• For postoperative pain control, we employ epidural cath
eters, administered by a dedicated pain service, placed 
preoperatively. 

• Most patients undergoing hepatectomy are at high risk for 
venous thromboembolic (VTE) disease due to age, presence 
of malignancy, and complex and long major abdominal sur
gery. Unfractionated heparin is given subcutaneously prior 
to induction and redosed every 8 hours as needed. Patients 
undergoing hepatectomy for malignant diagnoses are usu
ally sent home on a 30-day course of low-molecular-weight 
heparin for VTE prophylaxis .  

Positioning 

• Low central venous pressure ( CVP) anesthesia is a corner
stone in reducing blood loss in hepatic surgeries. To main
tain low CVP (5 to 8 mmHg) ,  good communication with the 
preoperative nursing and anesthesia teams is critical. 

• Supine with arms abducted. Laparoscopic resections may be 
facilitated by use of the modified lithotomy position or of 
a split-leg table. For extreme lateral right liver lesions, full 
lateral positioning may be used. 

RIGHT POSTERIOR SECTIONECTOMY 

(SEGMENTS 6 AND 7) 

Exposure 

• A su bcosta l ,  chevron, or m i d l i ne i nc is ion ca n be used . It i s  
our  preference to operate through  a m i d l i n e  inc i s ion .  

• A fixed tract ion system is emp loyed . Retract ion of the 
costal  marg in  is  cr it ica l .  

Mobilization 

• The round  l i ga ment is l i gated but kept long to a l low 
its use for cou ntertract ion and exposure .  The fa lc iform 
l i gament is  d iv ided c lose to the l iver, thus m i n i m iz i ng  
i nterference from th i s  structure dur ing  i ntraoperative 
u ltrasonography ( IOUS) .  

• Dissect ion of the a pex of the r ight tri angu l a r  l i gament 
proceeds from med i a l  to latera l .  The peritoneum and 
a reo lar  t issue surround ing  the anter ior and latera l 
aspects of the r ig ht hepatic ve i n  (RHV) is c leared.  To con
tinue latera l l y  and i nferior ly, the l iver can be retracted 
med i a l ly and  compressed poster ior ly. 

• If cava l compress ion i nd uces hypotens ion,  tempora ry 
release of retract ion may be a l l  that is req u i red . Alter
natively, ra i s ing  the i nferolatera l edge of the r ight l iver 
wi l l  expose the f ina l  attachments of the right tri angu l a r  
l i gament.  

• Comp lete mob i l ization of the r ight l iver requ i res extensive 
exposure of the lateral and a nterior su rface of the i nfer ior 
vena cava (IVC). Med ia l  retract ion and cepha lad rotation 
of the i nferolatera l edge raises the l iver off the IVC. 

• A var iab le  n u m ber of short hepatic ve i n  branches d ra i n  
t h e  r ight hepatic l o b e  d i rect ly i nto t h e  IVC. These shou ld  
be ca refu l l y  l i gated us ing 4-0  t ies and  c l i ps. We avo id  use 
of c l i ps on  the hepatic side of these sma l l  vesse ls  as they 
may i nterfere with parenchyma l  transect ion and reserve 
the i r  use for the branches on the cava l s ide .  

• At the proxi m a l  and l atera l aspect of the IVC, there is  
a l i ga mentous band/parenchyma l  br idge, which extends 
from seg ment 7 to the retroperitonea l  t issue behind the 
IVC.  Re lease of th is  band is  cr it ica l i n  the exposure and 
safe d i ssect ion of the RHV. Th is  band can be vascu l a r  and 
transect ion shou ld  be performed by l igat ion,  sta p l i ng ,  or 
use of b ipo lar  tra nsect ion of th i s  t i ssue .  

Hilar Dissection and Vascular Control 

• 

• 

• 

• 

• 

• 

• 

Anter ior  and cra n i a l  fixat ion of the fa lc iform l i ga ment 
exposes the h i l u m .  
Anteg rade cho lecystectomy i s  performed t o  expose the 
r ight l atera l h i l a r  p l ate. 
IOUS shou ld  be used rout ine ly  to exa m i n e  the hepatic 
pa renchyma for known and occu lt lesions. IOUS confi rms 
vascu la r  anatomy, identif ies major vascu l a r  branches, and  
maps the proxi m ity of  hepatic and  porta l ve i n  branches 
near the les ions .  
After creat ing  a n  aperture through the gastrohepatic 
l i ga ment, a n  u m b i l ica l  tape is  p laced a round the porta 
hepatis .  Creat ion of a loose Rumme l  tourn iq uet perm its 
a rap id  Pr ing le  maneuver in the event of b leed i ng .  
D i ssect ion beg ins  at the  r ig ht l atera l edge  of  the  hepatic 
p late. D i ssect ion on  the contra l atera l s ide should be 
avoided to prevent inadvertent i nj u ry and  to m i n i m ize 
sca rr ing i n  case subsequent hepatectomy i s  requ i red .  
I n  the r ight h i l um,  the r ight hepat ic  a rtery (RHA) is  su per
f ic ia l  and  is accord i n g ly d i ssected fi rst. The RHA typ ica l ly 
bifu rcates as it enters the r ight l i ver. Both the a nter ior 
and poster ior branches shou ld  be identif ied.  A vascu la r  
loop fac i l itates gent le  tract ion,  and a bu l ldog c l amp i s  
then p laced on the r ight poster ior  a rtery (FIG 2) .  
Perfus ion i n  the r ig ht a nter ior and  proper hepatic a rtery 
( i n  the porta hepatis) as wel l  as the left hepatic a rtery 
(LHA) shou ld now be confi rmed.  M a n u a l  pa l pation or 
Dopp ler  exa ms a re suffic ient.  IOUS i n  the h i l u m  or  of the 
pa renchyma ca n be used for confi rmation .  
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safe ly l igate the duct d ista l to the b ifu rcat ion  and  avo ids  
unnecessa ry h i lar  d i ssect ion,  which can devascu la r ize or 
i nj u re the b i l i a ry system .  

• The poster ior sect ion shou ld  beg i n  to demarcate. Inf low 
occ lus ion is now comp lete. 

Gallbladder 
fossa 

• The RHV is not routi ne ly  iso lated for poster ior  sect ionec
tomy, but branches are l i gated i ntrahepatica l ly d u r i ng  
parenchyma l  transect ion .  

Right hepatic 
artery 

Posterior hepatic 
artery (taped) 

Parenchymal Transection 

• To beg i n  tra nsect ion,  we use ca utery to d i s rupt G l isson 's 
capsu le  and  mark the l i n e  of transect ion .  Th is  process 
is  cont in ued c i rcu mferent ia l ly. JOUS  may be he lpfu l  to 
identify the extent of the les ion and to mark  a n  appro
pr iate med i a l  marg i n .  

• 

FIG 2 • The r ight porta l ped ic le  is exposed, and the anter ior 
and  poster ior branches are v isua l i zed pr ior  to l igat ion of the 
r ight poster ior hepatic a rtery or  porta l ve i n .  

• 

This  c i rcu mferent ia l  g roove w i l l  serve as a g u ide for the 
comp let ion of the hepatic transect ion with stap lers. The 
i m porta nce of creat ing  a fu l ly c i rcu mferent ia l  g roove 
(especia l ly poster ior ly) in order to prov ide tact i l e  and v i
sua l  g u ide for sta p l i n g  cannot be overstated.  
The next 1 to 2 em of l i ver parenchyma can be tran
sected with a n  energy source. B i po l a r, rad iofreq uency, 
or  u ltrason ic-generated heat energy can be used at the 
surgeons'  preference. We f ind super ior hemostas is  with 
sa l i n e-rad iofreq uency devices, which sea l vascu lature 
and  b i l e  ducts a l i ke .  

• If no deficit is noted, then the c l amp may be removed 
and the poster ior  branch of the RHA can be d iv ided be-

• 

• 

• 

tween 2-0 s i l k  l i gatu res and  3-0 suture l i gatu res. D iv is ion • 
shou ld  expose the r ight porta l ve i n  (RPV) poster ior ly and 
cepha lad  to the RHA.  
The RPV d issect ion shou ld  identify anter ior and poster ior • 
branches and a l so the RPV or left porta l ve i n  (LPV) b i -
fu rcat ion .  Correct identif icat ion of the b ifurcat ion of the 
RPV and  LPV is i m perative to avoid l igat ing or  narrow
i ng  the m a i n  porta l tru n k  or the ta keoff of the LPV. D u r
i ng  th i s  exposu re, poster ior branches of the RPV to the 
caudate (seg ment 1)  can eas i ly  be avulsed.  These shou ld  
be preem ptively l i gated or avoided as the d i ssect ion pro
ceeds to avo id  unnecessa ry b leed i ng .  Further d i ssect ion 
a long the c i rcu mference of the RPV shou ld a l l ow ident i -
ficat ion  and  iso lat ion of the r ight a nter ior and  r ight pos- • 
ter ior  branches.  In some c i rcumstances, a short seg ment 
hepatotomy of seg ment 6 may be used to access the pos
ter ior  porta l ve i n .  I so lat ion of the poster ior  branch may 
be confirmed by IOUS .  The poster ior branch of the RPV • 
is enc i rc led with a vessel loop or a 14- in Pen rose d ra i n  to 
a l low gent le tract ion .  
We routi ne ly tra nsect the poster ior porta l ve i n  with  a vas-
cu la r  sta p ler. An a rt icu lat ing stap ler  i s  usefu l in obta i n i n g  • 
the opti ma l  ang le  for transect ion .  Extreme care is taken 
dur ing  passage of the jaws of the sta p ler  to avoid d isrup-
t ion of nearby vascu la r  branches.  If d iffi cu lty is  encoun- • 
tered, often, the na rrow jaw can be i nserted i nto the 
open ing  of the Pen rose d ra i n  and gent le withd rawa l of 
the Pen rose g u ides the sta p ler  i n  the appropr iate p lane .  
We do not  rout ine ly  perform extra hepatic d iv is ion of the  
r ig ht poster ior  hepatic duct. Rather, we prefer to l igate • 
and d iv ide it i ntraparenchyma l ly d u r i ng  the parenchyma l  
tra nsect ion with t h e  sta p ler. Th is  tech n ique  a l l ows us to 

A Pr ing le maneuver may be a pp l ied at this point to occ lude 
col l atera l f low through the l iver remnant. This prevents 
u nexpected b leed ing dur ing parenchyma l  transect ion .  
Sta p l i n g  of the rema in i ng  hepat ic  parenchyma is our  pre
ferred means of comp let ing  the tra nsect ion .  Hav ing two 
stap lers perm its the use of one wh i l e  the other  is be ing 
reloaded, a l lowi ng for  ra p id  tra nsect ion .  The th in  (meta l)  
end of the stap ler  is  tunne led b l u ntly i nto the hepatic 
parenchyma. Alternatively, a g roove for i nsert ion of this 
end can be created by gent le passage of a c losed cu rved 
c l amp .  C losure of the stap le r  is  ana logous to crush i ng  the 
hepatic parenchyma with a meta l c lamp dur i ng  the c las-
sical crush-cla m p  hepatic tra nsect ion .  
The stap ler  shou ld  be passed through the parenchyma 
without resistance. Resistance may ind icate that the stap ler  
is encounter ing the s idewa l l  of a vesse l .  Forci ng the stap ler  
through these branches may cause s ign ificant bleed ing .  
Sma l l e r  bites with the sta p ler  resu lts i n  s low, seq uenti a l  
parenchyma l  com press ion and  avo ids tea r ing  o f  vesse ls .  
Push i ng  out excess t issue a l l ows super ior  stap le  forma
t ion,  m i n i m iz i ng  the chance of b leed ing  or b i le leak.  
D iff icu lty i n  c los ing or f i r ing the sta p ler  may be encoun
tered when (1 )  too m uch t issue i s  between the jaws or 
(2)  the r ight hepatic duct (RHD) is  l i gated and  d iv ided.  
With the l eft hand ho ld i ng  the r ight l iver, the l ine of 
transect ion can be contro l led .  With the f ingers i n  the 
poster ior g roove, the IVC is  p rotected and the endpo int 
of the transect ion is known at a l l  t i mes.  The ent i re tran
sect ion continues with repeated f i r ings  of the sta p ler  . 
For a comp lete or forma l  r ight poster ior  sect ionectomy, 
the p lane  of transect ion shou ld  para l le l  the latera l aspect 
of the RHV (FIG 3) .  
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FIG 3 • For a com p lete or forma l  r ight poster ior sectio
nectomy, the plane of transect ion should para l le l  the l atera l 
aspect of the RHV. 

LEFT LATERAL SECTIONECTOMY 

(SEGMENTS 2 AND 3) 

Mobilization 

• Dissect ion of the a pex of the left tr iangu l a r  l i gament pro
ceeds from l atera l to med i a l .  It may be he lpfu l  to p lace a 
l aparotomy pad poster ior  to the l eft tr iangu l a r  l i gament 
to help protect the gastric card ia and gastroesophagea l  
j u nct ion .  

• The peritoneum and  a reo la r  t issue surround ing  the lat
eral aspect of the left hepatic ve i n  (LHV) is c leared.  Ante
rior retract ion may aid i n  do ing  this safe ly. 

Hilar Dissection and Vascular Control 

• 

• 

• 

• 

IOUS  is used to locate and mark the capsu le  where the 
LHV wi l l  be encountered dur ing  tra nsect ion .  Th is  v isua l  
rem i nder  can be usefu l d u ring  parenchyma l  d iv i s ion .  
The gastrohepatic l i gament i s  d iv ided, inc lud ing any a b
errant LHA. An u m b i l ica l  tape can now be p laced around 
the porta hepat is  i n  preparation for a ra p id  Pr i ng le  
maneuver i n  the event of  b leed i ng .  
D i ssect ion beg ins  at the left l atera l edge  of  the  round 
l i gament, pass ing  i nto the u m b i l ica l  f i ssure .  D i ssect ion on 
the main porta hepatis or  the contra latera l s ide should 
be avoided to prevent i nadvertent i nj u ry and to m i n i m ize 
sca rr ing i n  case subseq uent hepatectomy is req u i red . 
The branches of the LHA a n d  LPV supp ly ing  the left 

Completion 

• After the parenchyma is d iv ided, the spec imen is removed 
from the f ie ld .  We rout inely work with the patho log i sts 
to or ient the speci men,  i n k  the a ppropr iate marg i ns, and  
assess g ross marg i ns i ntraoperatively. 

• Hemostas is  is ach ieved at the cut edge of the l i ver. We 
prefer the b ipo la r, sa l i n e-perfused rad iofrequency ab la 
t ion (RFA) device, which is  effective i n  sea l i n g  sma l l  ves
sels and b i l e  ducts. 

• Care shou ld  be taken to avo id coagu lat ing major b i l i a ry 
branches, as th is  may lead to su bsequent str icture. Any 
a rea of b i l e  leak, which m ight be near a l a rger b i l e  duct, 
can a lso be l igated with absorbab le  monofi l ament suture. 

• For a reas of b leed i ng near the h i l um ,  where energy 
devices may r isk damage to cruc ia l  structu res, we employ 
manua l  pressure and/or top ica l  hemostatic agents and  
precise sutu r ing  when  necessa ry. 

• 

• 

A la rge, c losed suct ion d ra i n  may be p laced adjacent to 
the tra nsected pa renchyma at the surgeon's preference. 
We reapproximate the fa lciform l igament to prevent lat
era l  rotat ion of the remnant that may resu lt in k i nk i ng  
and poss ib le  occ lus ion or  throm bosis of  the hepatic ve ins .  

FIG 4 • The LPV is shown i n  the u m b i l i ca l  f issure. The left
s ided branches to segments 2 and 3 req u i re l i gat ion .  

• The LHV is not isolated extra hepatica l ly for a l eft l atera l 
sect ionectomy but is l i gated i ntra hepatica l ly dur ing  tran
sect ion .  Tumor locat ion may req u i re extra hepatic l iga
t ion of the LHV. 

Parenchymal Transection and Completion 

latera l  sect ion can be i n d iv id u a l ly i so l ated a n d  l i g ated • As described a bove 
on the l eft s ide of the round  l i gament. M ore p roxi m a l  • 
d i ssect ion on the m a i n  LHA and  LPV is not necessa ry. 
Vascu l a r  contro l can be obta i ned by Pr ing le,  if needed 
(FIG 4) .  

A t  t h e  most cra n i a l  part of the pa renchyma l  tra nsect ion,  
the LHV wi l l  be encou ntered.  Th is  i s  best l i gated with a 
vascu la r  stap ler; it is usua l ly  l a rger  than recom mended 
for energy-sea l i ng  device (FIG S) .  
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CAUDATE LOBE RESECTION (SEGMENT 1) 

Mobilization 

• 

• 

• 

• 

• 
• 

• 

• 

• 

Dissect ion of the a pex of the l eft tri angu l a r  l i ga ment 
proceeds from med i a l  to l atera l .  The left tri angu l a r  l i ga 
ment shou ld  be d iv ided as described ear l ier. 
For l a rger tumors or tumors that are c lose or i nvolve the 
caudate isthm us, comp lete mob i l izat ion of the r ight l iver 
is  a l so necessa ry. This req u i res l i gat ion of the short he
patic branches between the poster ior l iver and the IVC. 
The peritoneum and a reo la r  tissue surround ing  the lat
era l  aspect of the LHV is c leared.  Anter ior  retract ion may 
aid i n  do ing  this safe ly. 
The gastrohepatic l i gament is d iv ided.  If an a berrant 
LHA i s  present, there should be a n  attem pt to preserve 
it. However, d iv is ion of the LHA may be necessa ry for ad
equate exposure .  After th i s  mob i l ization  i s  comp lete, the 
l eft l iver ca n be rotated a nteromed ia l l y  to visua l ize the 
caudate lobe (FIG 6) .  

IOUS  exam i nes the l iver for  known and  occu lt l e s ions  . 
The a rter ia l  and  porta l venous i nf low a rises as sma l le r  
poster ior branches off the ma in  or left h i l a r  structu res. 
The caudate branches to the h i l a r  vesse ls and b i l e  duct a re 
identif ied on the anterior surface of the caudate. These 
can be l igated us ing energy devices, l i gatu res, or c l i ps.  
D i ssect ion beg ins  by d iv id ing  the parenchyma, some
t imes ca l led the "caudate i sthmus . "  Th is  br idge of tissue 
crosses a nter ior to the IVC and fuses with seg ment 6 at 
the l eft l atera l edge of the l i ga mentum teres pass ing i nto 
the u m b i l ica l  f issure. Sequentia l  sea l i n g  of th is  br idge ca n 
be performed with monopo lar, rad iofreq uency, b ipo la r, 
or sta p lers. Alternative ly, a r ight-a ng led c l amp can be 
used to isolate sma l l  packets of parenchyma, which a re 
then I i gated between 3-0 t ies .  
Caudate outflow i s  v ia  sma l l  ve ins  d i rect ly i nto the IVC 
and the RPV. These should be l i gated i nd iv idua l ly, as de
scribed a bove. 

C h a p t e r  21 SEGMENTAL HEPATECTOMY 

FIG 5 • The LHV is l i gated i ntraparenchyma l ly with a stap ler. 
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FIG 6 • With rotat ion of the left l iver, the caudate lobe is 
seen in re lat ion to the LHV, l i gamentum venosum, the IVC, 
and a major branch from the LPV. 

• The poster ior surface of confl uence of the hepatic vei ns, 
part icu lar ly  the m idd le  and LHVs, over l i es the cepha lad 
most aspect of the caudate lobe (FIG 7) .  Safe d i ssect ion 
here req u i res good mob i l ity of the r ig ht and left lobes of 
the l i ver. 

Parenchymal Transection and Completion 

• As described a bove 
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FIG 7 • The upper  po le  of the ca udate lobe l ies between the 
IVC and  the confl uence of the m idd le  and  left hepatic ve ins .  

PEARLS AND PITFALLS 
Patient h i story • Suggestion  of hepatic insuffic iency or damage shou ld  be aggressively eva l uated to reduce postre

sect ion hepatic fa i l u re .  

Imag ing and  test ing  • H igh-q u a l ity imag ing  and a thorough understa nd ing  of hepatic anatomy is essent ia l  for  proper 
surg ica l  p l a n n i n g .  

• L ibera l  u s e  o f  vo l u metry i s  warranted . 
• Vascu la r  abnorm a l it ies shou ld  be deta i l ed on preoperative imag ing .  

Vascu la r  iso lat ion • Avoid unnecessa ry d i ssect ion i n  order to m i n i m ize the r isk of contra l atera l i nj u ry. 

Parenchyma l  tra nsect ion • Low CVP anesthes ia i s  essenti a l  to m i n i m ize i ntraoperative b lood loss d u ri n g  hepat ic  tra nsect ion .  
• Sta p l i n g  q u ick ly d iv ides the hepatic parenchyma, vascu l atu re, and  b i l e  ducts, m i n i m iz i ng  b lood loss 

and b i l e  leaks .  
• Smal l  venous b leeders encountered d u ri ng  d i ssect ion ca n be s imp ly  tamponaded, sea led with a n  

e lectrosurg ica l  device, or  on occas ion,  sutured or  c l i pped.  

Hemostas is  • Use of energy near major b i l i a ry or h i l a r  structu res shou ld  be avo ided.  

POSTOPERATIVE CARE 

• VTE prophylaxis is continued, including doses on the day of 
surgery as appropriate to the dosing schedule. 

• Antibiotics are only continued to complete less than 24 hours 
of prophylaxis .  

• All patients are given supplemental magnesium ( 6  g/IV 
once ) ,  phosphate ( sodium phosphate, 30 mmol!IV TID ) ,  
and  vitamin K (phytonadione, 5 mg/SC q8h)  to  a id  in liver 
regeneration and production of normal levels of vitamin 
K-dependent factors .  This is given regardless of serum 
levels .  

• Drains are checked for bilirubin on postoperative day 3 .  
If the level i s  less than o r  equal t o  serum levels and the out
put is less than 100 mL per day, the drain is removed. 

OUTCOMES 

• In experienced centers, mortality is now less than 3 %  and 
morbidity is approximately 20%.3 

• Overall and disease-specific survival at 5 years can reach 69% 
and 72%, respectively, varying with the underlying pathology.4 

• Neoadjuvant or adjuvant systemic treatment, a total of 
6 months of perioperative therapy, is recommended.5 

COMPLICATIONS 

• Volume-outcomes relationships are prominent in hepatic 
resection. 

• Outcomes specific to hepatectomy include bile leaks ( 5 . 9%) ,  
perihepatic abscesses ( 3 .7%) ,  hemorrhage (0 .9%) ,  and 
hepatic insufficiency ( 3 . 1  % ) . 6  



• Bile leaks can be managed by percutaneous drainage or 
endoscopic retrograde cholangiopancreatography (ERCP) 
with sphincterotomy to facilitate internal drainage. 
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Chapter 2 2  Minimally Invasive Sectional 
and Segmental Hepatic 
Resection 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .... 

t Kevin T. Nguyen 

DEFINITION 

• The International Hepato-Pancreato-Biliary Association 
( IHPBA) Brisbane 2000 terminology of liver anatomy and 
resections1 defines a segmental hepatic resection as a liver 
resection of one of nine anatomic Couinaud's segments and 
a sectional hepatic resection as a liver resection of anatomic 
sections or sectors (right posterior section [Couinaud's seg
ments 6 and 7] , right anterior section [Couinaud's segments 
5 and 8 ] ,  left anterior section [Couinaud's segment 4], or left 
lateral section [Couinaud's segments 2 and 3 ] ) .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The indications for liver resection include primary or meta
static malignant liver lesions or symptomatic benign liver 
lesions in patients who are surgical candidates. Patients who 
are candidates for an open liver resection should be consid
ered for a possible minimally invasive approach. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Eovist™-enhanced liver magnetic resonance imaging (MRI) 
or triphasic, contrast-enhanced computed tomography (CT) 

LAPAROSCOPIC LEFT LATERAL 

SECTIONECTOMY 

scan of the abdomen are virtually equivalent for assessment 
of disease. They can be complementary in characterizing le
sions and determining the probable pathology. 

• Localize the tumor(s)  with respect to the portal structures and 
hepatic veins to evaluate for resectability. Can an RO liver re
section be performed with curative intent, namely obtaining 
adequate margins, while leaving a sufficient functional liver 
remnant with preserved vascular inflow and outflow? 

• Pay attention to anatomic variants ( i .e . ,  replaced/accessory 
left hepatic artery, replaced/accessory right hepatic artery, 
trifurcation of the main portal vein, takeoff of the right an
terior or right posterior portal vein from the left portal vein, 
the presence of large inferior hepatic veins, etc . ) .  

SURGICAL MANAGEMENT 

Preoperative planning 

• Where is the transection plane to achieve a negative margin 
and preserve adequate functional liver reserve ? 

• Where should the port positions be to provide optimal 
triangulation?  

Positioning 

• Supine with arms abducted. Split-leg positioning is an option 
preferred by some liver surgeons. 

Port Placement 

• 

• A pure ly l aparoscopic  l eft latera l sect ionectomy can be 
attem pted for hepatic les ions located with i n  segments 2 
and/or 3 of the l iver (FIG 1 ) .  

• 

I n it i a l  trochar p lacement:  open Hasson approach at a 
per i u m b i l ica l  posit ion,  Veress needle a pproach in left 
upper  quadra nt, or opt ica l sepa rator approach in the left 
upper  quadra nt 
FIG 2 shows the suggested port posit ions for a purely l ap
a roscopic  left latera l sect ionectomy. A 1 2-mm port at the 
peri u m b i l ica l  i nc is ion, a 1 2-mm port i n  left upper quad
rant m idclavicu lar  l ine for l apa roscopic u ltrasound and 
En  do G IA stap ler, a 5-mm port i n  left upper quadrant mid
clavicu l a r  l i ne, and a 5-mm left subcosta l/left f lank port. 
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FIG 1 • Left latera l sector hepatoce l l u l a r  ca rc inoma .  

Mobilization of the Left Lateral Segment 

• Us ing a therm a l  energy device of choice through  the 
r ight upper quadrant 1 2-mm port, d iv ide the round  
l i ga ment at  the abdom ina l  wa l l .  The assistant provides 
countertens ion throug h the l eft-s ided 5-mm ports. 

• Us ing hook ca utery through the r ight upper  quadra nt 
1 2-mm port, d iv ide the fa lciform l i gament toward the 
i nsert ion of hepatic ve ins  i nto the i nfer ior  vena cava 
(IVC). The assista nt provides cou ntertens ion throug h the 

-
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o 5 mm 

1 2 mm 0 .. , 5 mm 

1 2  mm 

• Rarely, obta i n i n g  an adequate marg in  w i l l  d i ctate extra
parenchyma l  d i ssect ion of the portal  structu res supp ly ing 
seg ments 2 and  3 .  The a uthor's favored approach is  to 
identify the l eft hepatic a rtery near the porta hepatis 
and d i ssect it d i sta l ly to identify and d iv ide the segmen
ta l  branches of a l l  of the porta l structu res. 

Parenchymal Transection of the Liver 

• U ltrasound the l iver and ensure that the l iver mass(es) 
is/a re loca l i zed on ly in the l eft latera l sector of the l iver 
and that the tra nsect ion p lane  ach ieves a n  adequate on
co log ic  marg i n  (2: 1 em) .  

• Mark the tra nsect ion p lane  j ust to the left of fa lciform 
l i ga ment with the hook ca utery. 

FIG 2 • Port posit ions for pure ly lapa roscop ic  l eft l atera l 
sect ionectomy. 

• The fi rst 2 em of parenchyma l  depth can be d iv ided 
safe ly with a n  energy device of cho ice (FIG 3) .  The op
t ima l  trajectory for the l iver parenchyma l  tra nsect ion is  
through the r ight upper  quadra nt 1 2-mm port hea d i n g  
toward t h e  i nsert ion of the l eft hepatic ve i n .  T h e  cam
era is  at the per i u m b i l i ca l port and the assistant uses an 
atra u m at ic  g rasper and suction/i rr igator from the left
s ided 5-m m ports. 

• As the d i ssect ion  prog resses deeper i nto the pa ren
chyma,  expect to encou nter the cross i ng  seg ments 2 
a n d  3 porta l ve i ns, b i l i a ry branches, and  hepat ic  ve i n  
branches .  Us i ng  a f lat, b l u nt i nstru ment (e .g . ,  l a p a ro
scop i c  bowel g rasper) ,  create a tunne l  in the l iver pa
renchyma below these cross i ng  branches (FIG 4) .  The 
tunne l s  creates an easy path for the Endo  GIA sta p l e r  
(2 . 5 -mm vascu l a r  l o a d s  a re preferred) (FIG 5) .  The b l u nt 
i nstrument and  lower b l ade  of the sta p l e r  shou ld  eas i ly  
s l ide  th rough  l iver pa renchyma .  I f  the i nstru ment meets 
res ista nce, it  suggests a cross i ng  vascu l a r  or  b i l i a ry 
branch a l o n g  that path a n d  the i nstru ment needs to be 
redi rected .  The last d iv i s ion  to free the l iver sect ion  i s  
the d iv i s ion  of the l eft hepat ic  ve i n  a p p roxi m ately 2 em 
from the i nsert ion i nto the IVC with Endo G IA vascu l a r  
load .  

• 

• 

l eft-s ided 5-mm ports by compress ing  the l iver poster ior ly 
and infer ior ly. The avascu la r  advent it ia  protect ing  the 
hepatic ve ins  should be d iv ided to fu l ly expose the a nte
rior aspect of the common tru n k  of the m idd le  and left 
hepatic ve i n .  

U s i n g  t h e  h o o k  cautery through  t h e  left u p p e r  quadra nt 
5-mm port, d iv ide the left tr iangu l a r  l i gament. Optiona l :  
Protect the stomach and sp leen  with a 4 x 4 ga uze 
between the left tr iangu l a r  l i ga ment and stomach .  
Us ing  the hook cautery through  the l eft-s ided ports, 
d iv ide the hepatogastric l i g a ment, and identify any re
p laced or  accessory left hepatic a rtery. The assista nt l i fts 
the l eft latera l sect ion through  the r ight upper  quadra nt 
1 2-mm port. C l i p  and l igate any replaced/accessory left • 
hepatic a rtery. 

A 4 x 4 gauze can be used to d ry the cut surface of 
the l i ver to identify any a reas of b leed ing  or b i l e  leak .  

FIG 3 • Superficial parenchyma l  transection 
with Harmonic sca lpe l .  
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The lapa roscop ic  energy sou rce is then used to control • 
any sma l l  b leeders or ooz ing .  (The a uthor advises aga inst 
us ing the l aparoscopic  argon beam due  to the r isk of • 
argon embo l i sm.)  Any large vesse l s  or b i l e  leaks shou ld  
be contro l led with  sutures. 

LAPAROSCOPIC RIGHT POSTERIOR 

SECTIONECTOMY 

• A pure ly l aparoscopic r ight poster ior  sect ionectomy can 
be attem pted for hepatic les ions located with i n  seg
ments 6 and/or 7 of the l iver (FIG 6) .  

FIG 4 • Creat ing  a tunne l  through 
the l iver parenchyma us ing a f lat 
l aparoscop ic  b l unt g rasper. 

P lace a spec imen retrieva l bag through a Pfannenst ie l  or  
an  en la rged peri umb i l ica l inc is ion to extract the specimen .  
I nc is ions l a rger than 12  m m  a re c losed with  the 0 Vicryl 
us ing  the Ca rter-Thom pson device or  with a sta ndard 
open c los ing techn ique .  

FIG 5 • Sta p l i n g  and  cross ing  l a rge 
vascu l a r  branches with the Endo G IA  
vascu l a r  l oad  sta p ler. 

quadrant m idc lavicu l a r  l i ne  and  2 em a bove the level of 
the u m b i l icus for l aparoscopic  u ltrasound and Endo G IA 
sta p ler, a 5-mm port in r ight f l ank, a 5 -mm port in the 
l eft upper  quadra nt!m idc lavicu l a r  l i ne, and a 5-mm port 
in the subxi pho id/ep igastr ic reg ion .  

Port Placement 
Mobilization of the Right Lobe of the Liver 

• FIG 7 shows the suggested port portions for a pure ly l a p
a roscopic  r ight poster ior sect ionectomy: a 1 2-mm port at 
the per i u m b i l i ca l  i nc is ion,  a 1 2-mm port in r ight upper  

• Us ing a therm a l  energy device of choice, through the 
r ight upper  quadrant 1 2-mm port, d iv ide round  l i ga ment 
from the abdom ina l  wa l l .  
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FIG 6 • Colorecta l metastas is  to the r ight poster ior sector of  
the l i ver. 

• 

• 

Us ing  the hook ca utery, d iv ide the fa lciform l i gament 
towa rd the i nsert ion of hepatic ve ins  i nto the IVC. The 
avascu l a r  adventit ia protect ing the hepatic ve ins  shou ld  
be d iv ided to fu l ly expose the a nter ior aspect of the r ight 
hepatic ve i n .  Th is  can be more eas i ly  reached through 
the ep igastr ic 5-m m port. 
Mob i l ize the right lobe of the l iver off the retroperitoneum . 
The assistant on the left uses a nontraumatic, expand ing 
retractor through the left upper  quadrant 5-mm port to 
l ift the r ight lobe of the l iver. This w i l l  expose the p lane 
by p lac ing tension on the poster ior peritoneum attach
ments to the l iver. The surgeon is on the r ight s ide with the 
suction/i rrigator on the left hand through the r ight f lank 
5-mm port and hook cautery i n  the r ight hand through the 

5 mm o 

1 2 mm •._.: 
1 2  mm 

o 5 mm 

FIG 7 • Port posit ions  for pure ly l aparoscopic  r ight poste r ior 
sect ionectomy. 

r ight upper quadrant 1 2-mm port. Divide the peritoneum 
close to but not on the l iver and enter the avascu lar  p lane .  
The assistant continua l ly l i fts the r ight lobe of the l iver 
anteriorly and toward the left to further expose the d issec
tion p lane.  The r ight k idney and adrena l  g land should be 
swept posterior by the surgeon us ing the suction/i rrigator 
in  the left hand .  D issect superiorly toward the d iaphragm 
and r ight triangu lar  l igament and toward the  IVC. 

• Us ing the hook cautery through  the r ight f l ank  5-mm 
port, d iv ide the r ight tr iangu l a r  l i ga ment and the d ia
phrag matic attachment of the r ig ht lobe towa rd the 
r ight hepatic ve i n .  

• Addit iona l  mob i l i zat ion can be ach ieved when necessa ry 
by iso lat ing and  d iv id ing  the short ve ins  from the ca u
date lobe enter ing the vena cava . Most can be safe ly con
tro l led with b ipo lar  e lectrocautery or u ltrason i c  shears. 
Some w i l l  req u i re c l i pp ing .  An accessory r ight hepatic 
ve i n  shou ld  be expected .  Th is  vessel is  best contro l led 
and d iv ided with a vascu l a r  stap le  load (2 . 5  mm).  

• Perform a laparoscopic cholecystectomy in standard fash ion.  
• U ltrasound the l iver and  confirm the les ion(s) a re in the 

r ight poster ior sect ion (Cou inaud 's seg ments 6 and 7) .  If a 
r ight poster ior  sect ionectomy is p l an ned, then mark  l iver 
us ing the hook cautery a long  a n  imag ina ry l i n e  from the 
r ight of the g a l l b ladder  fossa to 2 to 3 em to the r ight of 
the r ight hepatic ve i n .  Th is  imag ina ry l i ne of tra nsect ion 
shou ld  be para l le l  but l atera l to Cantl ie's l ine of tra ns i 
t ion for a n  a natomic  r ig ht or  left hepatectomy. 

Parenchymal Transection of the Liver 

• The f i rst 2 em of pa renchyma l  depth can be d iv ided with 
a n  energy device of choice.  Th is  can a lso be performed 
a long the poster ior surface of the l iver along the p l anned 
transect ion plane.  The laparoscop ic  energy device can be 
used to d ry the cut su rface of the l iver per iodica l ly. 

• As the d i ssect ion proceeds, repeat performance of u l 
trasound eva l uat ion can  assist i n  the  i ntraparenchyma l  
identif ication of the seg ments 6 and  7 porta l vei ns, b i l i 
a ry branches, and hepatic ve i n  branches.  U s e  a f l at, b l unt 
i nstrument (e.g . ,  l aparoscopic  bowe l g rasper) to create a 
tunne l  below these cross ing branches to app ly  the Endo 
G IA  sta p ler  (vascu l a r  loads  [2 .5  mm]  a re preferred). The 
i nstrument shou ld  eas i ly  s l ide  through the l iver paren
chyma .  If the i nstrument meets res i stance, it suggests a 
cross ing  vascu la r  or b i l i a ry branch and  the i nstru ment 
shou ld  be red i rected .  The last d iv is ion to free the l iver 
sect ion i s  the d iv is ion of the right hepatic ve i n  approxi
mately 2 to 3 em from the i nsert ion i nto the IVC with 
Endo GIA vascu la r  load .  

• 

• 

• 

A 4 x 4 gauze can be used to d ry the cut surface of the 
l iver to identify any a reas of b leed ing  or  bi le leak .  The 
lapa roscop ic  energy device i s  used to control a ny sma l l  
b leeders or  ooz ing .  Any l a rger vessels or  b i l e  leaks shou ld  
be contro l led with  sutures. 
P lace spec imen retrieva l bag through  a Pfannenst ie l  or  
en l a rged per i u m b i l i ca l  i nc is ion to extract the spec imen .  
I nc is ions l a rger  than 12  m m  a re c losed with  the 0 Vicryl  
us ing the Carter-Thom pson device or  with a standard 
open c los ing tech n ique .  
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LAPAROSCOPIC SEGMENT 6 

SEGMENTECTOMY 

• A purely l aparoscop ic  seg ment 6 seg mentectomy can be 
attem pted for hepatic les ions located with i n  seg ment 6 
of the l iver (FIG 8) .  

Port Placement 

• FIG 9 shows the suggested port port ions for a pure ly 
lapa roscopic  seg ment 6 seg mentectomy. A 1 2-mm port 
at the peri u m b i l i ca l  i nc is ion,  a 5-mm port in r ight upper  
quadrant m idc lavicu l a r  l i ne  and  1 em a bove the leve l  of  
the u m b i l icus, a 5 -mm port i n  r ight f lank, and a 1 2-mm 
port su bcosta l/m idc lavicu l a r  l i ne .  

Mobilization of  the Right Lobe of  the Liver 

• 

• 
• 

M o b i l i ze the r ight lobe of the l iver off the retroperito
neum as described ear l ie r. 
Perform a laparoscopic cholecystectomy in standard fash ion . 
U ltrasound the l iver and confi rm the les ion is in seg ment 
6 of the l iver. I f  a seg ment 6 seg mentectomy i s  p l an ned, 
then mark the l iver su rface that is  approximately 2 em 
around the les ion(s) . Confi rm the transect ion p l an  by 

FIG 8 • Segment 6 ped uncu l ated hepatic adenoma.  
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FIG 9 • Port posit ions for pure ly lapa roscopic  seg ment 6 
seg mentectomy. 

u ltrasonography of the shadow from the marked cau
terized surface of the l iver. Th is  l i n e  sta rts a long the 
transect ion plane of a r ight poster ior sect ionectomy but 
then ta kes a sharp left turn toward the l atera l surface 
of the r ight lobe of the l iver as confirmed by u ltrasound 
to ach ieve a marg in  of at least 1 to 2 em by u ltrasound 
a long each  transect ion p lane .  

Parenchymal Transection of the Liver 

• This  shou ld  be performed a long the anter ior and poste
rior su rface of the l iver a long  the p l an ned tra nsect ion 
p lane .  The l aparoscop ic  energy dev ice can be used to d ry 
the cut surface of the l iver per iodica l ly. 

• To control the seg ment 6 porta l veins, b i l i a ry branches, 
and hepatic ve i n  branches, a vascu la r  stap ler  is  app l ied as 
ear l ie r. In contrast to ear l ie r, th i s  load is  typ ica l ly i nserted 
transversely v ia the subxi pho id port. 
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Neil H. Bhayani 

DEFINITION 

• A right hepatectomy (or hemihepatectomy) consists of surgi
cal resection of the right liver, consisting of Couinaud seg
ments 5 to 8 (FIG 1 ). Nomenclature for liver resections was 
standardized in the Brisbane conference . 1  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Medical evaluation and suitability for major abdominal sur
gery is tantamount. 

• Health of the liver can be ascertained by questions regarding 
episodes of jaundice, hepatitis exposure, alcohol, illicit drug 
abuse, and treatment with chemotherapy. 

• In addition to standard preoperative laboratories, it is our 
practice to obtain a complete viral hepatitis panel on all po
tential surgical candidates. Regardless of the metric or risk 
scoring system employed, thorough assessment of the health 
of the remnant liver is mandatory. 

• Previous history of abdominal surgery, especially abdominal 
foreign bodies (e .g. ,  mesh) ,  may alter the approach. 

• Physical exam findings of chronic liver disease or hepatic 
insufficiency should prompt more invasive testing if the pa
tient remains a surgical candidate. 

• If performing a metastasectomy, there should be a thorough 
evaluation for extrahepatic disease. Computed tomography 
(CT) is considered standard of care; a positron emission to
mography (PET) scan is currently considered optional but 
used commonly by the authors. Findings of extrahepatic dis
ease should prompt reconsideration of hepatectomy or plan
ning for multiple staged procedures . 

• In appropriate, medically operable patients, resectability is 
now only limited by the need to preserve adequate func
tional hepatic reserve. 

FIG 1 • Cou i naud  seg ments with r ight hepatectomy p ictu red .  

Niraj J .  Gusani Kevin Staveley-O'Carro/1 

• Liver function can be assessed by the Child-Pugh classifica
tion or Model for End-Stage Liver Disease (MELD} .  Neither 
metric has been definitively shown to be superior.2•3 

• Specific biochemical testing of liver function is more preva
lent in Asia but rarely performed in the United States. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Noncontrast, arterial, and venous contrast cross-sectional 
imaging is essential in diagnosis and evaluation of suitability 
for surgery. CT and magnetic resonance imaging (MRI) are 
of similar sensitivity. 

• In a normal, healthy liver, a remnant measuring 25% of a 
complete liver volume should constitute sufficient functional 
liver. However, in a damaged or cirrhotic liver, a remnant of 
greater than 40% is recommended. When performing a right 
hepatectomy, the remnant hemiliver is usually of adequate 
size in a healthy liver. In most cases, this does not require 
formal volumetric analysis; however, liberal use of volum
etry should decrease the risk of postoperative hepatic insuf
ficiency ( FIG 2 ) .  In the event of marginal remnant volume, 
preoperative portal vein embolization on the side of resec
tion can induce hypertrophy of the planned liver remnant. 

• Hepatic steatosis can be evaluated by comparison of the 
densities of liver and spleen on noncontrast images. Alterna
tively, biopsy of the liver can provide quantitative assessment 
of fat content. Significant steatosis can suggest a liver rem
nant at risk of postoperative failure. Current practice would 
advocate strategies for preoperative hypertrophy to ensure a 
remnant that is at least 30% of the native volume of the liver. 

• Patients with history, laboratory, or radiographic findings 
concerning for significant hepatic injury or dysfunction are 
referred for invasive testing of the liver, such as trans jugular 
measurement of the portal pressure gradient (normal <5 to 
8 mmHg) and biopsy (to evaluate steatosis or cirrhosis ) .  

• Patients with evidence o f  decompensated cirrhosis ( Child's B 
and C) are not candidates for right hepatectomy but may be 
candidates for liver transplantation in clinical settings of he
patocellular carcinoma, cholangiocarcinoma, or metastatic 
neuroendocrine tumors. 

, 
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FIG 2 • CT vo lumetry for a r ight hepatectomy. The ca l cu lated 
l iver remnant represents 45% of the l iver vo lume .  
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SURGICAL MANAGEMENT 

• The indications for hepatectomy include diagnostic uncer
tainty, symptomatic benign lesions, and malignancy (Table 1 ) .  

• The strongest evidence for hepatic metastasectomy shows 
that RO resection prolongs survival and is potentially cura
tive for colorectal carcinomas and metastatic neuroendo
crine tumors. 

Preoperative Planning 

• Preoperative cross-sectional imaging should be reviewed 
with skilled radiologists before surgery and be available 
throughout the procedure . 

• Vascular, particularly hilar, arterial anomalies are common. 
Inadvertent injury at surgery may be prevented by thorough 
study and multiplanar analysis ( FIG 3 ) .  

• Three-dimensional ( 3 - D )  reconstruction i s  not mandatory, 
but understanding of all the lesions and their relation to 
hepatic and portal venous structures is imperative . This 
should be combined with intraoperative ultrasound (IOUS ) .  

• For postoperative pain control, preoperatively placed epi
dural catheters, administered by a dedicated pain service, 
have been shown to be effective and impact respiratory 
complication rates. 

• Low central venous pressure ( CVP) anesthesia is a corner
stone in reducing blood loss. To maintain low CVP (5 to 

Type I 

Common 
hepatic artery --"-'��1--1-

Superior 
mesenteric artery -----:::!1• 

Left 
gastric 
artery 

Splenic 
artery 

Table 1: Indications for Hepatectomy 

Diagnosis 
Foca l nodular hyperplasia vs. 

hepatoce l l u l a r  adenoma 

Symptoms 
Hemangioma 
Simple cysts 

Ben ign d isease 
Refractory abscesses/cho lang it is 
Severe hepato l ithiasis 

P rema l ignant  disease 
Hepatoce l l u l a r  adenoma 
B i l ia ry cystadenoma 

M a l ignancy 
M etastasis 
Hepatoce l l u l a r  carci noma 
Cho lang iocarcinoma 

8 mmHg) ,  good communication with the preoperative nurs
ing and anesthesia teams is critical. 

• Patients receive prophylactic antibiotics due to transection of 
the biliary tree (clean-contaminated surgery) .  The authors con
sider cases with an indwelling biliary device as contaminated. 

• Patients undergoing hepatectomy are at high risk for ve
nous thromboembolic (VTE) disease due to age, presence 
of malignancy, and complex, long major abdominal surgery. 
Unfractionated heparin is given subcutaneously prior to in
duction and redosed every 8 hours as needed. 

Positioning 

• Supine with arms abducted 

Type I I  

Replaced right 
hepatic 

Type I l l  

Left hepatic 
artery 

FIG 3 • Common var iants of hepatic a rter ia l  a natomy. Type 1 is cons idered " standard . "  Type 2 shows an accessory left hepatic a rtery (HA) 
(native left HA present) . Type 3 shows a n  a berrant r ight HA (native r ight HA a bsent) . 

INCISION AND EXPOSURE 

• A r ight hemihepatectomy can be performed through a 
su bcosta l ,  chevron, or m i d l i n e  inc i s ion .  It is the authors' 
preference to operate through a m i d l i n e  inc i s ion .  

• A fixed tract ion system is emp loyed with emphas i s  on the 
cepha lad  and  l atera l retract ion of the costa l marg in to 
prov ide adequate exposure .  



MOBI LIZATION 

• The fa lc iform l i ga ment is l i g ated but kept long to use 
as a hand le .  The l i g a ment i s  d iv ided c lose to the l iver 
su rface to m i n i m ize i nterfe rence with the u ltrasound  
exa m .  

• Dissect ion conti n ues at the a pex of the r ight tr i angu l a r  
l i gament, worki ng  from med i a l  to  l atera l .  The  perito
neum and a reo lar  t issue surround ing  the anterior and 
l atera l aspects of the r ight hepatic ve i n  (RHV) is  c lea red 
(FIG 4) .  

• To conti nue  l atera l ly and i nfer ior ly, the l iver can be re
tracted med i a l ly and compressed poster iorly. If cava l 
compress ion i nd uces hypotens ion,  tem porary re lease of 
retract ion may be a l l  that is req u i red .  Alternative ly, ra i s
i ng  the i nferolatera l edge of the r ight l iver wi l l  expose 
the f ina l  attachments of the tr i angu l a r  l i gament.  

• 

• 

• 

Comp lete mob i l i zat ion of the r ig ht l iver req u i res exten
sive exposure of the l atera l and anterior surface of the 
i nfer ior  vena cava ( IVC) . Media l  retract ion and  cepha lad 
rotat ion of the i nferolatera l edge ra ises the l iver off the 
IVC (FIG 5) .  
Va r iab le  short branches f rom the r ight hepatic lobe  
d ra i n i ng  i nto the IVC (short hepatic veins) w i l l  be ex
posed from d ista l to prox ima l  IVC. These shou ld  be 
ca refu l ly d i ssected and  l i gated us ing  4-0 s i l k  t ies a nd/ 
or endocl i ps. L im it the use of endocl i ps on the hepatic 
s ide of these sma l l  vessels as they may i nterfere with 
parenchyma l  tra nsect ion with stap lers and are prone to 
d i s lodgement d u ring  subsequent retract ion needed to 
provide adequate exposu re (FIG 6) .  
At the p roxi m a l  a n d  latera l aspect of the IVC, there i s  a 
l i g a mentous ba nd/pa renchyma l  b r idge, wh ich  extends  

Middle hepatic vein 

Left hepatic vein 

FIG 4 • Hepatic ve ins  at the a pex of the fa lciform l i gament.  
D i ssect ion a long the l iver surface exposes th i s  confluence. 
D i ssect ion proceeds from med i a l  to latera l ,  expos ing the RHV 
without unnecessa ry d i ssect ion of contra l atera l structu res. 
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FIG 5 • Exposu re of the short hepatic ve i ns and IVC. This 
exposure is  obta i ned by media l  rotation  and a nter ior 
retract ion of the r ight l iver. The short hepatic veins  from the 
IVC i nto the l iver parenchyma are l i gated . 

from seg ment 7 to the retroper itonea l t i ssue beh ind  
the IVC .  Re lease of th i s  band  i s  cr it ica l i n  the exposure 
and safe d i ssect ion  of the RHV. This band can be vas
c u l a r  and tra nsect ion  with a 45-mm endoscop ic  sta p le r  
w i th  2 .0 -mm sta p l es (g rey l oad )  i s  a n  attractive, safe 
opt ion .  

• After mob i l izat ion of the l iver, use IOUS  to exa m i n e  the 
hepatic parenchyma .  Th is  i s  cross-referenced with pre
operative i m a g i n g .  A l l  known les ions are identif ied and 
the l iver is  exa m i ned for occu lt les ions .  IOUS can con
f i rm vascu l a r  a natomy, identify major vascu la r  branches, 
and m a p  the proxi m ity of hepatic ve i n  and porta l ve i n  
branches n e a r  les ions .  

FIG 6 • Laparoscop ic  v iew of r ight l iver mob i l ization .  The 
d i ssect ion of the IVC yields short hepatic ve ins  for l igat ion 
with both c l i ps and  energy. 
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DISSECTION OF THE RIGHT HEPATIC VEI N  

• I n  a forma l  r ight hepatectomy, it is idea l to iso late and 
l igate the RHV outs ide the l i ver. I n  "subtota l "  r ight hepa
tectom ies, i ntrapa renchyma l  l igat ion may be emp loyed 
to preserve l iver t issue. 

• F u l l  exposure and  control of the RHV pr ior  to h i l a r  d is
sect ion and  i nf low d iv is ion is  i mportant. Th is  seq uence 
a l l ows the surgeon to abort the proced u re in the case 
of major venous in jury to the outflow of the i ntended 

H I LAR DISSECTION AND VASCULAR 

CONTROL 

• The exposu re of the h i l u m  is ensured by a nterior and cra
n i a l  fixation of the fa lc iform l igament. Anteg rade chole
cystectomy is performed.  The g a l l b ladder ca n be removed 
at th is  t ime or may be left attached by the cyst ic duct. 

• After creat ing an a perture through  the gastrohepatic 
l i gament, a n  u m b i l ica l  tape is  p laced a round the porta 
hepatis .  Creat ion of a loose Rumme l  tourn iq uet perm its 
a ra p id Pr i ng l e  maneuver in the event of b leed i n g .  

• I n  the h i l um,  the d i ssect ion proceeds at the level of the 
hepatic p l ate. D i ssect ion on  the contra latera l s ide shou ld  
be avoided to prevent inadvertent i nj u ry and to m i n i m ize 
sca rr ing i n  case subseq uent hepatectomy is req u i red . 

• I n  the r ight h i l um ,  d i ssect ion of the r ight hepatic a r
tery (RHA) is the fi rst pr ior ity. The RHA (or its branches) 
shou ld  be isolated as they enter the r ight l iver. A vascu l a r  
l oop  fac i l itates gent le tract ion,  and  a b u l l dog c la m p  i s  
then  p laced on the  seg ment of  the artery to  be d iv ided.  

• Perfus ion in the proper hepatic a rtery as wel l  as the op
posite hepatic a rtery should now be assessed.  IOUS i n  the 
h i l u m  or of the parenchyma can be used for confi rmation.  

• If no deficit is noted, then the c l amp may be removed 
and  the RHA d ivided between 2-0 s i l k  l i gatu res and 

Right hepatic 
vein 

Hepatic duct 

• 

• 

• 

• 

• 

• 

remnant and/or b leed ing ,  pr ior  i nf low l igat ion,  which is  
a "po int of no retu rn . "  

The R H V  i s  isolated on ly after t h e  IVC i s  fu l ly exposed . 
Liver retract ion is released and d i ssect ion then resumes 
from over the top of the l i ver. The med i a l  border of the 
RHV is d i ssected off the middle hepatic ve i n .  The RHV is 
d issected c lose to the l iver to leave a long cuff of RHV on 
the IVC i n  the event of  i nj u ry. Once  fu l ly d i ssected, the  
RHV is i so lated with  a 14-i n  Pen rose d ra i n  or vessel loop .  
To avo id congestion  of the l iver, the hepat ic  ve in is  not 
l i gated at th is  t ime .  

3 -0  suture l i gatu res. D iv i s ion shou ld  expose the r ig ht por
ta l  ve i n  (RPV) poster ior ly and  cepha lad  to the RHA. 
The RPV d i ssect ion should esta b l i sh  enough length to 
permit safe l igat ion .  The fi rst branch, the RPV to the 
caudate, is  often d iv ided for adequate length.  D i ssect ion 
must be carr ied out to identify the b ifurcat ion of the RPV 
i nto a nter ior and poster ior branches and to ensure that 
the visua l ized vessel is  the RPV and not the ma in  porta l 
ve i n .  I so lat ion of the RPV may be confi rmed by IOUS .  The 
RPV i s  c i rc led with a vesse l  loop or  a 14- in Pen rose d ra i n  
t o  a l l ow gent le tract ion .  
We rout ine ly  transect the RPV with  a vascu la r  stap ler. We 
typica l ly use an a rt icu lat ing stap ler  to obta i n  the opti
mal ang le  for tra nsect ion .  Extreme care is  taken dur i ng  
passage of the jaws of  the stap ler  to  avo id d isruption of 
nea rby vascu l a r  branches.  If d ifficu lty i s  encountered, try 
i nsert ing the na rrow jaw of the sta p ler  i nto the open i n g  
o f  t h e  Pen rose d ra i n  that w a s  previous ly looped a round 
the RPV. Withdrawing the Pen rose d ra i n  g u ides the sta
p ler  i nto p lace (FIG 7) .  
At th i s  po int, the r ight l iver shou ld  beg i n  to demarcate, 
showing ischemia  a long Cant l i e's l i ne .  
U n less a n  onco log ic  marg in  is  at r isk, do not  rout ine ly 
perform extra hepatic d iv is ion of the r ight hepatic duct 
(RHD) .  Rather, l igate and d iv ide it i ntraparenchyma l ly 

FIG 7 • Stap ler  d iv is ion of the RPV. The h i l a r  structu res a re 
approached from the r ight latera l h i l a r  p late. After thorough 
exposure of  the a natomy, the porta l ve i n  can be l i gated with 
a stap ler. 



with a sta p ler. Th is  tech n ique  a l l ows the safe sea l i n g  of 
the duct proxi m a l  to the b ifurcat ion and avoids u n nec
essa ry h i l a r  d i ssect ion,  which can devascu la rize or in jure 
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hepatic parenchyma exiti ng  at the caudate i sth m us, thus 
creat ing a tunne l  through which the na rrow jaw of the 
stap ler  may be passed and f ired.  

the common hepatic duct. • The previous ly iso lated hepatic ve in is d iv ided us ing a n  
a rt icu lat ing stap ler. Vascu l a r  occ lus ion is  n o w  comp lete 
(FIG 8) .  

• When l igat ing the R H D  at the h i l um,  pass a c l amp from 
the r ight edge of the ga l l b ladder  fossa throug h the 

hepatic veins 
l igated with sutures and 
d ivided with c l ips proximally 

PARENCHYMAL TRANSECTION 

• To beg in  transection, use e lectrocautery to d isrupt G l isson's 
capsu le and mark the l ine  of transect ion.  For lesions of seg
ment 5 or 8, IOUS may be he lpful  to mark an  appropriate 
med ia l  marg in .  This process is  continued c i rcumferent ia l ly. 

• The next 1 to 2 em of l iver parenchyma ca n be tra n
sected with a n  energy source. B i po la r, rad iofrequency, or  
u ltrason ic-generated heat  energy can be used at the sur
geons' preference. The a uthors f ind super ior  hemostas is  
with sa l i ne-rad iofreq uency devices that purportedly seal  
vascu lature and bi le ducts . 

• This  c i rcumferent ia l  g roove wi l l  serve as a gu ide  for the 
comp let ion of the hepatic transect ion with stap lers.  The 
i m portance of creat ing a fu l ly c i rcu mferent ia l  g roove 
(especia l ly poster ior ly) in order to provide tact i l e  and 
v isua l  gu ida nce for  sta p l i n g  cannot be overstated .  

• At any po int d u ri ng  the transect ion,  IOUS  ca n be used to 
confirm the l i ne  of resect ion to ensure adequate marg ins .  

• A Pr ing le  maneuver may be app l i ed to occ lude co l l atera l 
flow through  the l iver remnant shou ld  br isk b leed ing  be 
encou ntered . 

• Stap l i ng  of the hepatic parenchyma is our  preferred 
means of transect ion .  This is  performed with two stap lers 
on the surg i ca l  f ie ld .  Wh i l e  one is in use by the su rgeon, 
the other is  being re loaded for use to ensure rapid ity 
and avoid de lays when encounter ing b leed i n g .  The th in  
(na rrow) end of the stap ler  i s  tunne led b l untly i nto the 

FIG 8 • Sta p ler  d iv is ion of the RHV. Th is  is  the last step of  
the vascu l a r  iso lat ion after com p letion of the i nf low l i gat ion .  

hepatic parenchyma .  Alternatively, the path of the stap ler  
can be g u ided by creati ng a pa renchyma l  tunne l  with a 
cu rved c lamp.  C losure of the stapler  is ana logous to crush
ing the hepatic parenchyma with a c l amp, a lthough m uch 
faster than the trad it iona l  crush-c lamp techn ique  (FIG 9) .  

FIG 9 • Parenchyma l  tra nsect ion .  Th is  step inc l udes i ntra
parenchyma l  l igat ion of the left hepatic d uct. The sta p ler  used 
to tra nsect the l iver obta ins  hemostas is and a l so l i gates b i l i a ry 
rad ica l s  to he lp  prevent b i l e  lea ks. 

647 



648 P a rt 3 OPERATIVE TECHNIQUES IN  HEPATO-PANCREATO-BILIARY SURGERY 

• If there is resistance to the passage of the sta p ler  through 
the parenchyma, do not app ly add it iona l  force. Instead, 
the stap ler  i s  red i rected, as such resistance usua l ly i nd i - • 
cates that the stap ler  is encounter ing the s idewa l l  of a 
vesse l .  Forc ing the sta p ler  throug h these branches wi l l  
cause s ign if icant hemorrhage.  • 

• S low, seq uent ia l  compress ion of the hepatic parenchyma 
avoids  tear ing  of vesse ls  and  exc l udes excess t issue. Al
though the i nsti nct i s  to grab large b ites of pa renchyma, 

COMPLETION 

• After the parenchyma is d iv ided, the speci men is removed 
from the f ie ld .  G ross marg ins  shou ld  be assessed by pa
thology i ntraoperatively (FIG 1 0) .  

• Hemostas is  is ach ieved at the cut edge of the l iver. M ost 
b leed i n g  is from venu les and w i l l  cease with 1 0  m i n utes 
of gent le tamponade.  The a uthors favor us ing a sa l i ne
perfused rad iofrequency ab l at ion (RFA) device to com
p lete the process of obta i n i ng hemostas is .  

• Care shou ld  be taken to avoid coagu lat ing major b i l i 
a ry branches, as t h i s  may l e a d  to su bseq uent stricture.  
Any a rea of b i le leakage should be contro l led with f ine 
monofi lament sutures. 

• 

sma l l e r  b ites permit super ior stap le  formation, m i n i m iz
ing  the cha nce of b leed ing  or b i l e  leak .  
D ifficu lty i n  c los ing or  f i r ing the sta p ler  may be encoun
tered when (1)  too much tissue i s  between the jaws or 
(2)  the RHD is l i gated and d iv ided.  
With the left hand hold ing the r ight l i ver, the l ine of 
transect ion can be contro l led . With the f ingers i n  the 
poster ior g roove, the IVC is  protected and endpo int of 
transect ion i s  known at a l l  t i mes.  The ent i re transect ion 
conti nues with repeated f i r ings  of the stap ler. 

For a reas of b leed ing  near the h i l um,  energy devices may 
r isk damage to cruc ia l  structu res; emp loy manua l  p res
sure and/or topica l  hemostatic agents, that is, cel l u lose 
matrices or  f ibr in  sprays or foa ms.  
A cho lang iogram with methy lene b lue or other  co lored 

FIG 10 • Comp leted right hepatectomy. 80, b i l e  duct; HA, 

hepatic a rtery; /VC, i nfer ior  vena cava; PV, porta l ve i n .  
• 

agents can m it igate aga i nst potenti a l  b i l e  leaks .  
• A l a rge, c losed suct ion d ra i n  may be p laced adjacent to 

the transected parenchyma at the surgeon's preference. 
• Reapprox imate the fa lc iform l i gament to prevent latera l 

rotat ion of the remna nt; k i nk ing  of the m idd le  and left 
hepatic ve ins  is i ncom pat ib le  with l ife. 

PEARLS AND PITFALLS 
Patient h i story 

Imag ing  and  test ing  

Vascu la r  iso lat ion 

Parenchyma l  tra nsect ion 

Hemostas is  

• Suggest ion of hepatic insuffic iency or  damage shou ld  be agg ressively eva l uated to red uce postresec
tion hepatic fa i l u re .  

• Li bera l use of vo lumetry is  warra nted . 
• Vascu la r  abnorm a l it ies shou ld  be deta i led on preoperative i m a g i n g .  

• E a r l y  iso lat ion o f  the RHV avoids h i l a r  d i ssect ion if su rgery is  a borted .  
• Sta rt ing d i ssect ion at the r ight h i l a r  p late m i n i m izes r isk of contra latera l i n jury to the remnant 

vascu lature.  
• M i n i m ize d i ssect ion of the contra l atera l l iver if  there is  a chance of repeat hepatectomy. 

• Low CVP anesthes ia is key. 
• A c i rcu mferent ia l  g roove fac i l itates l ater transect ion .  
• Sta p l i n g  the hepat ic  parenchyma is fast and sea ls  vessels and b i l e  ducts a l i ke .  
• Sma l l  venous b leeders encou ntered dur i ng  d i ssect ion can be s im ply tamponaded.  

• Use of energy near  major b i l i a ry or  h i lar  structu res shou ld  be avoided 



POSTOPERATIVE CARE 

• VTE prophylaxis is continued, including doses on the day of 
surgery as appropriate to the dosing schedule. 

• Antibiotics are only continued to complete less than 24 hours 
of prophylaxis. 

• All patients are given supplemental magnesium (6  g!IV once) ,  
phosphate (sodium phosphate, 30  mmol/IV TID ),  and vita
min K (phytonadione, 5 mg/SC q8h) to aid in liver regenera
tion. This is given regardless of serum levels. 

• Drains are checked for bilirubin on postoperative day 3 .  
I f  the level i s  less than serum levels and output i s  less than 
100 mL per day, the drain is removed. 

OUTCOMES 

• In experienced centers, mortality is now less than 3 %  and 
morbidity is 20%.4 

• Overall and disease-specific survival at 5 years can reach 
69% and 72 %,  respectively.5 

• Neoadjuvant or adjuvant systemic treatment is nearly universal. 

COMPLICATIONS 

• Volume-outcomes relationships are prominent m hepatic 
resection. 

• Outcomes specific to hepatectomy include bile leaks (5 .9 % ) ,  
perihepatic abscesses ( 3 .  7% ) ,  hemorrhage ( 0 . 9 %  ) ,  and 
hepatic insufficiency ( 3 . 1  % ) .6 
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• Bile leaks can be managed by percutaneous drainage or 
endoscopic retrograde cholangiopancreatography (ERCP) 
with sphincterotomy to facilitate internal drainage. 
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Chapter 24 Minimally Invasive Right 
Hepatectomy 
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Shirin Sabbaghian Allan Tsung 

DEFINITION 

• Minimally invasive right hepatectomy is defined as resec
tion of segments 5 to 8 using minimally invasive techniques 
( see Part 3, Chapter 15 ,  FIG 2 ) .  These techniques include the 
following: 

Pure laparoscopic 
Hand assisted-The surgeon's hand is used to assist during 
the laparoscopic approach. 
Hybrid-The liver is mobilized laparoscopically followed 
by minilaparotomy to divide the liver. 
Robotic-The liver is resected with robotic technique. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A thorough history and physical exam should be performed 
for each patient. 

• A patient's history is important and should include careful 
attention to the following: 

Medical history-Is the liver neoplasm benign or malig
nant? If the neoplasm is malignant, is it a primary of the 
liver or a metastasis ? If the lesion is malignant, has the 
patient had chemotherapy? Does the patient have underly
ing liver disease such as cirrhosis ? If cirrhosis exists, does 
the patient have manifestations of advanced liver disease 
such as esophageal varices, splenomegaly and hypersplen
ism, ascites, or hepatic encephalopathy? Is the patient 
healthy enough to withstand liver resection? 
Surgical history-Has the patient had abdominal surgery 
in the past? If so, what type of operation and how many 
operations? Has the patient had prior liver or biliary tract 
surgery? 
Social history-Alcohol use is important for consideration 
of concurrent liver disease. 
Functional status should be considered when deciding 
goals of care and whether surgery is appropriate for an 
individual patient. 

• Physical exam should include evaluation for the presence 
of advanced liver disease such as jaundice/scleral icterus 
(can also be present with biliary obstruction) ,  gynecomas
tia, splenomegaly, ascites, and caput medusa.  Findings of 
advanced malignancy, including supraclavicular lymphade
nopathy, should be recognized. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Abdominal imaging using computed tomography (CT) or 
magnetic resonance imaging (MRI) within a short interval of 
time (within 4 to 6 weeks) prior to surgery is necessary. Atten
tion should be focused on the number of lesions, the location 
of the lesions (particularly in relation to the hepatic and por
tal veins [PVs] as well as the inferior vena cava) ,  the character 
of the background liver (normal, cirrhosis, steatosis ) ,  and the 
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proportion of liver that will be left in situ once all hepatic 
disease is resected. 

• For CT scan, a dynamic bolus, contrast-enhanced, multide
tector CT using at least a three-phase protocol is ideal. Non
contrast images of the liver are followed by rapid bolus of 
contrast and images are immediately obtained during peak 
arterial enhancement (arterial phase) as well as during PV 
enhancement (portal venous phase) .  Hypervascular tumors 
and tumors that receive their blood supply primarily from 
the hepatic artery (HA) are best visualized on arterial phase. 
During the portal venous phase, the liver is maximally en
hanced and hypo vascular lesions on a background of bright
appearing parenchyma can be well-distinguished ( FIG 1 ) .  

• Enhanced hepatic MRI i s  a n  equivalent alternative . 
• Tissue sampling with core biopsy by ultrasound or CT guid

ance can be useful to make or confirm a diagnosis. 
• Additional diagnostic studies that are necessary prior to 

operation are basic labs, including a hepatic function panel 
and coagulation studies. A complete blood count including 
a platelet count is important to help detect advanced portal 
hypertension if the patient has cirrhosis. If disease-specific 
tumor markers are elevated, they are helpful to confirm a 
diagnosis as well as to follow patients during treatment. 

SURGICAL MANAGEMENT AND OPERATIVE 
TECHNIQUE 

• There are several advantages of laparoscopic liver resec
tion when compared to an open technique. These include 
decreased blood loss, less postoperative pain, quicker return 
to diet, and a shorter length of stay. 1 These advantages have 
been demonstrated in case-controlled studies. Additionally, 
oncologic outcomes (margins, survival ) are not compro
mised when laparoscopic technique is used for patients with 
hepatocellular carcinoma and metastatic colorectal cancer_l-·-4 

FIG 1 • CT image of l i ver, porta l venous phase.  Enc i rc led is  a 
metastatic  co lon les ion to the r ight l iver. 

-
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• During the World Consensus Conference on Laparoscopic 
Surgery in 2008 ,  the international position on laparoscopic 
liver surgery was created-this should be used as a guide 
to determine which patients are eligible for minimally 
invasive hepatic resection.5  This statement recommends 
surgery with minimally invasive technique for patients 
with a single lesion of 5 em or less located in segments 2 
to 6. It suggests that major liver resection can be performed 
with minimally invasive technique but only by those expe
rienced both with liver surgery as well as minimally inva
sive liver resection. Some surgeons in high-volume centers 
may choose to operate beyond these criteria in certain set
tings. Importantly, the consensus conference suggests that 
the surgeon should be facile with minimally invasive tech
nique, including the skill of intracorporeal suturing should 
bleeding become an issue. 

• The decision to use hand-assisted versus pure laparoscopic 
technique is surgeon specific and mostly depends on comfort 
with either technique. As our own experience in laparoscopic 
hepatectomy has grown, so has our comfort with performing 

HAND-ASSISTED LAPAROSCOPIC RIGHT 

HEPATECTOMY 

• The patient is posit ioned sup ine  with the a rms tucked . 
Padded ba rr iers a re secu red at the patient's feet to pre
vent s l i d i ng  with the a ntic i pated use of steep reverse 
Trende lenburg dur ing  the case. 

• Access is ga i ned to the abdom ina l  cavity v ia a 5-m m port 
idea l ly in the left upper  quadra nt (LUQ), and pneumo
peritoneum of 1 2  m m H g  is created.  Add it iona l  ports a re 
p l aced us ing a 5-mm 30-degree scope for visua l izat ion 
(FIG 2) .  These ports inc lude a n  8-cm hand access s ite in 
the supra u m b i l i ca l  posit ion .  Two 1 2-mm ports a re p laced 
i n  the subxipho id  and r ig ht paramed ian  position, and 
two 5-mm ports a re p laced i n  r ight su bcosta l  posit ions .  
The camera is  switched to a 1 0-mm 30-deg ree scope in 
the r ight paramed ian  port. 

• The les ion is i dentifi ed .  
• Stand ing  at the patient's l eft, the surgeon p laces h i s  or  

her nondom inant hand through the hand access device. 
• The round  and fa lciform l i gaments are d iv ided us ing 

a sea l i n g  device, exposing  the anter ior  su rface of the 
hepatic ve ins .  

anatomic hepatic resection in a pure laparoscopic manner. 
When comparing pure laparoscopic technique to hand-as
sisted or hybrid technique in 1 1 3  patients undergoing ana
tomic liver resection, we found similar results for estimated 
blood loss and complications; however, interestingly, shorter 
operative times were noted in the pure laparoscopic group 
( 1 8 8  minutes vs. 264 minutes for the pure vs. hand-assisted 
technique, P < .05 ) . 6  

• Consideration of the background liver is important to help 
decide which patients are appropriate for resection-up to 
8 0 %  of a healthy liver in a relatively healthy patient can 
be resected without major consequence. This percentage 
decreases if the liver is cirrhotic. 

• The technique of minimally invasive right hepatectomy is, 
as intended, the same as for open surgery except minimally 
invasive equipment is used. 

• Two surgeons who are experienced in hepatobiliary and 
minimally invasive surgery are appropriate for these cases. 
An assistant to hold the camera is optimal, thus allowing 
both hands of both surgeons to be free. 

I 
I 

$ 

1 2 mm 
o 5 mm 

• The l i g a mentous attachments of the r i ght l iver a re d i s
sected .  With the pat ient in reverse Trende len b u rg pos i
t ion  and with the r i ght s ide  u p, the g a l l b l adder  fundus  
i s  retracted super ior ly  v ia  a g rasper i n  the LUQ port. 
The r ight lobe of the l iver i s  retracted a nter ior ly  us ing  
a c losed g rasper i n  the subxi pho id  port .  With  a hand  
retract i ng  the co lon  i nfer io r ly, the hepat i c  f lexure i s  
d i ssected us ing  a ca utery dev ice .  The co lon  i s  reflected 
i nfer ior ly. Attachments to the d uoden u m  are d i ssected 
from the l iver as necessa ry. Us i ng  hand  ass ista nce for 
l i g a ment exposu re, the r i ght tr i a n g u l a r  and coronary 
l i g a ments a re d i ssected u p  to the r i ght hepat ic  ve i n  

F I G  2 • Port p l acement f o r  m i n i m a l ly i nvasive r ight 
hepatectomy. For the pure l aparoscopic  method, a 1 2-mm port 
is used instead of a hand port in the supra u m b i l i ca l  posit ion .  
MCL, midd le  c lav icu l a r  l i ne.  Used with  k ind  perm iss ion from 
Randa l  5 .  McKenzie/McKenz ie I l l ustrations .  

(RHV)/i nfer ior  vena cava ( IVC), a l so us ing a sea l i ng 
device (FIG 3) .  

• Laparoscop ic  u ltrasound of the l i ver  is performed v ia  the 
1 2-mm subxi pho id port to confi rm anatomy and  ensure 
that the procedure w i l l  i nc lude the pathology that i s  
a nt ic i pated .  
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FIG 3 • Dissect ion of the l i gamentous attachments of 
the r ight l iver. Used with k ind  permiss ion from Ra nda l  S .  
McKenzie/McKenz ie I l l ustrat ions .  

• The IVC is d i ssected (FIG 4A,B) .  For exposure, the g a l l 
b ladder  is retracted super ior ly from a g rasper in the LUQ 
port. Hand  assista nce i s  used to retract the l iver a nteri
or ly, expos ing  the IVC. The l iver is  mob i l ized from the in
fer ior vena cava by identify ing  and l i gat ing short hepatic 
ve ins .  L igat ion is  performed us ing c l i ps, and  endoscopic  
shears or  a sea l i n g  device is  used to cut the ve ins .  This  is  
performed u p  to the RHV. 

• Cholecystectomy and  porta l d i ssect ion .  The hand is  
removed from the abdom i n a l  cavity, and the l iver is  
a l lowed to rest back i n  normal posit ion .  A 5-m m assist 
port is p laced in the hand access device. The g a l l b ladder  
is  g rasped and  d i ssected for cholecystectomy i n  standard 
l aparoscopic  manner. After identify ing  the cr it ica l view, 
the cyst ic  a rtery and duct are c l i pped . The cyst ic  a rtery 
and  duct a re transected. Wh i le  ma inta i n i n g  super ior  
retract ion of the g a l l b l adder, porta l t i ssue is  retracted 
l atera l ly via a g rasper in one of the l atera l 5 -mm ports. 
The hepatod uodena l  l i gament is d i ssected us ing  a com
b i nat ion of a n  endoscopic  d i ssector and hook cautery 
v ia the subxi pho id  port. The r ight HA is identif ied and 
defi ned (FIG 5) .  If space a l l ows, th is  is  stap led us ing a 
vascu l a r  load rot icu lat ing sta p ler  through  the 1 2-mm 
subxi pho id  port. Otherwise, th i s  ca n be t ied  l aparo
scop ica l ly, c l i pped, and then tra nsected . Next, the r ight 
PV is identif ied and defined (FIG 6) .  A s i l k  t ie is p laced 
around it (th i s  i s  not t ied), and a g rasper i n  one of the 
r ig ht l atera l ports retracts this t ie supero latera l ly to ex-

A 

B 

FIG 4 • A. Dissect ion of the short hepatic ve ins  from the IV C.  
Short hepatic ve ins  a re defi ned with a d i ssector and l i gated 
us ing a sea l i n g  device or c l i ps and shears. B. Dissect ion of 
the short hepatic ve ins  from the IVC. Short hepatic ve ins  a re 
c l i pped and d iv ided with shears .  Used with k ind  perm iss ion 
from Ra nda l  S .  McKenzie/McKenz ie I l l ustrat ions .  

FIG 5 • Porta l d i ssect ion .  Exposu re of the r ight hepatic a rtery 
(RHA) .  
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FIG 6 • Porta l d i ssect ion,  l igat ion of the r ight PV. Used with k ind  permiss ion from Randal  5 .  McKenzie/McKenzie I l l ustrations .  

pose the fu l l  l ength of the ve i n .  A vascu l a r  load reticu
lat ing sta p ler  is  used to l i gate and tra nsect the r ight PV. 
The r ight hepatic duct (H D) is identif ied and defi ned.  It 
i s  t ied d ista l ly, then tra nsected prox ima l ly. It is  i m portant 
to identify bi le com i n g  from the proxi m a l  duct (FIG 7) .  

Once b i le  is  identif ied, the proxi m a l  duct can be c l i pped 
to ma inta i n  a c lean f ie ld.  The free, d i sta l end of the r ight 
H D  is doub ly c l i pped to prevent leak .  After the porta l  
d issect ion is  completed, the g a l l b l adder is  d issected from 
the g a l l b ladder  fossa . 

FIG 7 • The r ight H D  is identif ied and  defi ned.  It is t ied d i sta l ly, then transected proxi m a l ly. It is i m portant to identify b i l e  
com i n g  from the proxi ma l  duct. Used with k ind  perm iss ion from Randa l  5 .  McKenzie/McKenz ie I l l ustrations .  

653 
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FIG 8 • Parenchyma l  tra nsect ion .  Used with k ind  perm iss ion 
from Randa l  S .  McKenzie/McKenzie I l l ustrat ions .  

• The parenchyma is tra nsected . A l l  retract ing  i nstru
ments a re removed, a l lowing the l iver to d rop .  The l i ne  
of  transect ion i s  defi ned u s i ng  hook  cautery, fo l lowing  
the l i ne  of  demarcat ion on  the l iver's anter ior su rface. 
U ltrasonography is  repeated to ensure aga in  that the 

A 

c 

pathology wi l l  be inc luded in the point of transect ion .  
F igu re-of-e ight stitches us ing  0-Polysorb a re p laced on 
either s ide of the l ine of tra nsect ion,  and these a re re
tracted to either side with g raspers (FIG 8) .  The paren
chyma i s  coagu l ated, p lac ing c l i ps when appropr iate. 
Prog ress is  made a long  the l i ne of transect ion unti l  the 
RHV i s  encou ntered .  Us ing a vascu la r  load rot icu lat ing 
stap ler  through the 1 2-mm assist port, the RHV is sta
p led i ntrapa renchyma l ly. The rema in i ng  parenchyma is 
d iv ided as necessa ry. 

• For  tumors that a re c lose to the R HV- JVC j u nct ion ,  the 
RHV can be i so l ated a n d  tra nsected i n  a n  extra hepat ic  
m a n n e r. To acco m p l i sh  th i s, fi rst the anter ior  su rface 
of the RHV i s  d i ssected a l o n g  its m ed i a l  edge, creat i n g  
a w indow to the  undersu rface of the  l iver. The short 
hepat ic  ve i n s  shou ld  have a l ready been d issected a n d  
l i g ated a long  the  I V C  at th i s  po i nt .  The RHV i s  d i ssected 
from the u ndersurface of the l iver u s i ng  a d i ssect i n g  
i nstrument  wh i l e  l ift i n g  the  l iver a nter ior ly  (FIG 9A) .  
A bend i n g  g rasper  i s  p l aced anter ior  to the RHV a n d  
adva nced t h r o u g h  the w indow t h a t  has  b e e n  created 
toward the anter ior  su rface of the l iver (FIG 98) .  The 
l iver i s  a l l owed to fa l l  back i nto p l ace, and the bend
i n g  g rasper  i s  v i sua l i zed from the a nter ior  su rface of 
the  l iver th ro u g h  the  w indow created .  A vesse l  loop i s  
fed to the g rasper, a n d  the g rasper  gent ly  p u l l s  back 
through to the undersu rface of the l i ver. The other  end 
of the vesse l  loop i s  fed a round  the l atera l border  of 
the  RHV from a n  anter ior  a p p roach as we l l .  The l atera l 
edge of the l iver is retracted a nter ior ly  a g a i n ,  a n d  both 

B 

D 

FIG 9 • A. Dissect ion of the RHV extra hepatic l igation .  B. M aneuver ing a round the RHV with a bend i n g  g rasper. C. I so lat i ng 
the RHV with a vessel loop.  The bend ing  g rasper comes anter ior to the RHV from the undersurface of the l i ver. With the l iver 
a l lowed to fa l l  back i nto p l ace, a vessel loop is  fed to this bend ing  g rasper, which then pu l l s  the vessel loop under  the l iver. 
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ends of the vesse l  loops  shou ld  be a round  the  RHV, • Sa l ine  and contrast cholang iograms are performed throug h  
t h e  cystic duct t o  confi rm no b i l i a ry leak. T h e  ga l l b ladder i s  
removed from t h e  abdomen using a laparoscopic bag.  

thus  having a defi ned iso lat ion of th is  ve i n  (F IG 9C) .  
The vesse l  loop  can then retract the ve i n  gent ly, act i ng  
as a g u i d e  wh i l e  a sta p le r  i s  i ntroduced .  The vesse l  i s  • The abdomen is c losed . Laparoscopic  equ i pment is used 

to remove ports under  d i rect v i sua l izat ion and c lose 
fasc ia  us ing a port site c losure device. Fascia at the hand 
site is  c losed f rom the outs ide i n  sta ndard manner. The 
sk in  is  c losed . 

l i g ated a n d  tra nsected with a vascu l a r  load  ret i cu l at ing  
sta p le r. 

• The speci men is co l lected us ing a l aparoscop ic  bag .  
Hemostas is  on  the resect ion bed of the l iver is  ensured.  

PURE LAPAROSCOPIC RIGHT 

HEPATECTOMY 

• Patient posit ion i ng  and port p lacement are s im i l a r  to 
that used for the hand-assisted proced u re descri bed.  
I nstead of a hand port, however, a n  add it iona l  1 2-mm 
port is  used i n  the supra u m b i l ica l  posit ion .  A l l  steps a re 
the same as described for the hand-assisted procedu re 
except that a lapa roscopic  i nstrument is used instead of 
a hand .  

• 

A 

B 

The round  and fa lc iform l i gaments are d iv ided us ing 
a sea l i n g  device, exposing  the a nter ior su rface of the 
hepatic ve i n  (FIG 1 0A,B) .  

FIG 1 0  • A. Lapa roscop ic  d i ssect ion of the fa lciform 
l i ga ment.  B. Exposure of the a nter ior su rface of the left! 
m idd le  hepatic ve ins  after d i ssect ion of the fa lciform 
l i ga ment.  

FIG 11 • Laparoscop ic  d i ssect ion of l i gamentous attach ments 
of the r ight l i ver. 

• The l i ga mentous attachments of the r ight l iver a re d is
sected .  With the patient in reverse Trende lenburg posi
t ion and with the r ight s ide u p, the g a l l b ladder  fundus 
is  retracted super ior ly  v ia  a g rasper i n  the LUQ port. The 
r ight lobe of the l iver i s  retracted anter ior ly us ing  a c losed 
g rasper in the subxi pho id  port. With a g rasper retract ing  
the co lon i nfer ior ly, the hepatic f lexure i s  d issected us ing  
a cautery device. The colon is  refl ected i nferior ly. Attach
ments to the duodenum a re d issected from the l iver as 
necessa ry. The r ight tr i angu l a r  and coronary l i gaments 
a re d i ssected up to the RHV/IVC (FIG 1 1 ) .  

• Laparoscop ic  u ltrasound of the l iver is performed v ia  the 
1 2-mm subxipho id  port. 

• The IVC is d i ssected .  For exposu re, the g a l l b ladder  i s  
retracted su per ior ly from a g rasper i n  the LUQ port. 
A c losed g rasper i s  used v ia the supra u m b i l ica l  port to 
retract the l iver anter ior ly, expos ing  the IVC. The l iver i s  
mob i l ized from the i nfer ior vena cava by identify ing and 
l igat ing short hepatic ve ins  (FIG 48). 

• Cholecystectomy, porta l d i ssect ion,  parenchyma l  tran
sect ion .  Th is  is  s i m i l a r  to what i s  descr ibed i n  the hand
assisted sect ion .  

• The spec imen is co l l ected us ing  a l aparoscopic  bag .  

• 

• 

Hemostas is  on the resect ion bed of the l iver is ensured .  
Sa l ine and contrast cho lang iog rams a re performed 
through the cyst ic  duct to confi rm no b i l i a ry leak .  The 
g a l l b ladder  is  removed from the abdomen using a l a pa
roscopic  bag. 
The abdomen is c losed . Laparoscopic  equ i pment i s  used 
to remove ports under d i rect v isua l izat ion and c lose 
fasc ia  us ing a port s ite c losure device. The sk in  is  c losed . 
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PEARLS AND PITFALLS 
Patient se lect ion • A carefu l eva l uat ion of h istory, exam, and  laboratory f ind ings  is  essent ia l  to avo id  encou nter ing 

unexpected l iver d isease. 
• H i g h-qua l ity imag ing  is  essent ia l  for operative p l ann i ng  to ensure an adequate marg i n  can be 

obta ined .  

Operative techn ique  • Pre- and i ntraoperative restr ictive resuscitation  reduces b lood loss. 
• Attention to hemostas i s  is  essent ia l  for l aparoscopic  l iver resect ion .  
• Use the shafts of i n struments or specifica l ly des ig ned, expand ing  i nstruments to retract the l i ver

punctur ing or lacerat ing the capsu le  must be avo ided .  
• Be constantly vig i l a nt of potenti a l  gas  embo l i sm-use reduced insuffl at ion pressure when poss ib le .  

Postoperative care • Venous thromboembol i sm rema ins a risk, even if the i nternationa l  normal ized ratio ( INR) is  e levated . 
Use chemoprophylaxis .  

POSTOPERATIVE CARE 

• It is imperative that postoperative care is maintained by a 
team of individuals familiar with these patients and cases. 
It is also imperative that care is maintained in a facility 
equipped to provide care for patients who suffer major post
operative complications, for example, patients who require 
prolonged intubation or urgent hemodialysis postopera
tively. Labs, including a hepatic function panel and coagula
tion panel, should be followed and trended. 

OUTCOMES 

• Laparoscopic liver resection, including hand assisted as 
well as purely laparoscopic, has been used with increasing 
frequency. There are several advantages to this procedure 
and they include decreased blood loss, less postopera
tive pain, faster return to diet, and shorter length of stay 
when compared to open surgery. Oncologic outcomes are 
not compromised with these techniques,  and survival is 
similar when compared to survival in patients with hepa
tocellular carcinoma or metastatic colorectal cancer who 
undergo open surgery. It is technically demanding and 
should be performed by surgeons experienced with hepa
tobiliary surgery. 

COMPLICATIONS 

• Bleeding 
• Infection 
• Bile leak 
• Liver failure 
• Kidney failure in association with liver failure 
• Close or positive margins 
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Jon 5. Cardinal  

DEFINITION 

• The liver has a segmental anatomy that is defined by the 
intrahepatic distribution of the portal triad structures. There 
are eight liver segments (FIG 1 ) with the left hepatic lobe 
being constituted by segments 2 to 4 and the right lobe being 
constituted by segments 5 to 8. Segment 1, the caudate lobe, 
which is distinct from both the left and right lobes. 

• The boundary between the right and left lobes of the liver is 
an imaginary line, known as Cantlie's line, which runs from the 
gallbladder anteriorly to the inferior vena cava (IV C) posteriorly. 

• Left hepatic lobectomy is considered a major anatomic liver 
resection and is defined by the removal of the liver segments 
that constitute the left hepatic lobe (2 to 4 ) .  

DIFFERENTIAL DIAGNOSIS 

• Indications for left hepatic lobectomy include both benign 
and malignant etiologies, neoplastic and nonneoplastic pro
cesses, and conditions that are either primary or secondary 
to the liver itself. 

• Generally, left hepatic lobectomy will need to be performed 
when the condition that is being treated requires division of 
any (or all) of the major inflow (portal vein, hepatic artery) 
and/or outflow ( left or middle hepatic vein, left hepatic duct) 
structures to the left lobe of the liver ( FIG 2 ) .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The single biggest preoperative factor to account for when 
considering patients for major anatomic liver resection, 

FIG 1 • D rawi ng i l l ustrati ng  the seg mental  anatomy of the l i ver. 
The l i ver is d iv ided i nto e ight a natomic  segments with the left 
and r ight lobes be ing separated by Cant l ie's l i ne  (an imag ina ry 
l i ne  between the g a l l b l adder fossa a nter ior ly and the IVC 
poster ior ly) . The left lobe is  made up of segments 2 and 3 ( left 
latera l segments) and segment 4 ( left med i a l  seg ment) . 

FIG 2 • Drawing i l l ustrat ing the segments to be excised dur ing  
left hepatic lobectomy. Left hepatic l obectomy i nvolves remova l 
of seg ments 2 to 4 and  requ i res d iv is ion of the l eft hepatic a rtery 
and left porta l ve i n  ( i nf low structu res) as we l l  the left hepatic 
duct and left hepatic ve in  (outflow structu res) . 

including left hepatic lobectomy, is the health of the native 
background liver. 

• In a patient with a healthy background liver, anatomic 
trisegmentectomy can be performed and tolerated; however, 
in patients with chronic liver disease of any kind, the extent 
of resection needs to be carefully weighed against the pos
sibility of postoperative liver insufficiency and/or failure. 

• Among others, historical factors that may indicate the pres
ence of underlying chronic liver disease include accurate 
quantification of alcohol use (current and past); identification 
of risk factors for viral hepatitis exposure (intravenous [IV] 
drug abuse, tattoos, promiscuous sexual behavior, history of 
blood transfusions) ;  comorbidities that predispose to non
alcoholic fatty liver disease (NALFD) such as hypertension, 
hyperlipidemia, diabetes, and high cholesterol; prior chemo
therapy exposure(s )  in cases of patients who are being consid
ered for liver resection for oncologic purposes, the type and 
duration of which can predispose to chemotherapy-associated 
steatohepatitis (CASH);  and past history suggestive of liver 
decompensation including prior episodes of j aundice, gastro
intestinal ( GI )  bleeding, ascites production, and so forth. 

• Findings on physical examination of the stigmata of cir
rhosis are indicative of advanced chronic liver disease and 
are generally considered as contraindications for major liver 
resection (Table 1 ) .  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Standard blood work including a complete blood count, 
complete metabolic panel, and coagulation panel are re
quired prior to proceeding with any major liver surgery. 
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Table 1: Clinical History and Physical Examination 
Findings Associated with Ci rrhosis 

History 
Fatigue  or  weight loss 
Ja und ice ( icterus; sk in ,  ur i ne, and stoo l  color) 
Anorexia, cachexia 
Abdom ina l  pa in  
Edema 
Ascites 
Gl b leed ing,  hemorrho ids 
loss of l ib ido or  menstrua l  cycle  
Encepha lopathy 

Physical Examination 
M a l n utr it ion 
Fetor hepaticus 
Ja und ice, scleral icterus 
Sp ider  ang iomata 
C l ubb ing ,  pa lmar  erythema 
Gynecomastia, testicu l a r  atrophy 
Ascites 
Abdom ina l  hernia 
Caput medusa 
Hepatosp lenomegaly 
Asterixis 

Gl, gastrointestinal. 

When the history and/or physical examination points to a 
chronic, underlying liver disease, additional serologic test
ing for any of the viral hepatitides as well as other obscure 
causes of cirrhosis (hemochromatosis, Wilson's disease, etc . )  
may be advisable. In  cases of liver tumors, carcinoembryonic 
antigen ( CEA) ,  a-fetoprotein (AFP) ,  and/or carbohydrate 
antigen 1 9-9 (CA19-9)  levels occasionally can provide diag
nostic clarity and therefore should routinely be obtained. 

• Ultrasonography can identify cirrhotic liver morphology by 
providing information on the size, contour, and echotexture 
of the liver. While this modality has the advantage of being 
noninvasive, it is also highly operator dependent. 

• When planning major liver surgery, high-quality cross
sectional imaging is a prerequisite . Either computed tomog
raphy ( CT) or magnetic resonance imaging (MRI) can be 
used. Contrast enhancement, which should include both an 
early hepatic arterial phase as well as a delayed portal ve
nous phase ( so-called liver protocol scan) ,  is the best manner 
in which to obtain detailed images of the liver as well as the 
relationship of tumor(s )  to the major intra- and extrahepatic 
structures. 

• Additionally, liver protocol scans can, in some instances, 
obviate the need for invasive biopsy and the risks asso
ciated therein due to the fact that certain liver tumors 
including simple cysts, hemangioma, focal nodular hyper
plasia, and hepatocellular carcinoma have radiographic 

appearances that can be diagnostic in the appropriate 
clinical setting. 

• MRI!magnetic resonance cholangiopancreatography (MRCP) 
may be preferred in cases in which bile duct resection/recon
struction is a possibility, as this modality provides superior 
anatomic definition of the biliary anatomy in comparison to 
CT scan alone. 

• Specifically, in regard to left hepatic lobectomy, careful at
tention should be paid to the relationship of any tumor(s )  
within the left lobe to  the left hilar structures as well as  
the left hepatic vein and/or common trunk ( FIG 3A) .  Well
described anatomic variants, such as a replaced or accessory 
left hepatic artery ( FIG 38) or a right posterior hepatic duct 
arising from the main left hepatic duct ( FIG 3C) ,  should be 
carefully evaluated for as their presence may alter the con
duct of the operation. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The most important step prior to performing any major liver 
operation is thorough and careful review of the available 
preoperative imaging studies. Understanding the relation
ship of tumor to major intra- and extrahepatic structures 
allows the surgeon to anticipate and plan strategies for 
dealing with point (s )  during the parenchymal transection 
that may be challenging or where close margins may be 
anticipated. 

• Adequate preparation for major liver surgery involves hav
ing blood available (two to four units of crossmatched 
packed red blood cells [PRBCs] ) in the event of intraopera
tive hemorrhage. 

• Preoperative discussion with the anesthesiologist is advisable 
with important points of consideration to include possible 
epidural or paravertebral nerve block placement for periop
erative analgesia as well as choosing which invasive moni
toring devices will be required. For left hepatic lobectomy, 
it is recommended that a central venous catheter be placed 
so that low central venous pressure ( CVP) (5 mmHg or less)  
can be maintained up until the point that the parenchymal 
transection is complete. Additionally, arterial line placement 
is warranted. A nasogastric tube (NGT) for gastric decom
pression is recommended. 

Positioning 

• For left hepatic lobectomy, patients should be positioned 
supine with the arms out on arm boards at 60 degrees. The 
area to be prepped and draped starts cranially at the nipple 
line, extends caudally to the symphysis pubis, and laterally 
carries down to the table on both sides. A Foley catheter is 
required, and both lower and upper body forced air heated 
blankets should be applied to maintain normothermia. 
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STEP 1 :  SKIN I NCISION/OPENING THE 

ABDOMEN 

• 

• 

The optim a l  i nc i s ion for any major l iver surgery is a r ight 
subcosta l i nc is ion with a n  upper m i d l i n e  extens ion .  The 
su bcosta l i nc is ion shou ld  be marked out th ree f inger
breadths below the r ight costa l  marg in  and be carr ied 
out latera l l y  to where the f loati ng  1 2th r ib  can be pal
pated (FIG 4A) .  Alternative choices for i nc is ion inc lude 
a b i l atera l su bcosta l  i nc i s ion with  (Mercedes) or without 
(Chevron) a n  upper m i d l i n e  extens ion .  A long m i d l i n e  
l aparotomy c a n  a lso be ut i l ized.  
The sk in  and subcutaneous t issue is  opened to expose the 
anter ior fasc ia .  The r ight a nter ior  rectus sheath is  opened 
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B 

FIG 3 • A. CT sca n showing the re lat ionsh i p  of a 
metastatic co lorecta l cancer tumor deposit to the 
m idd le  hepatic ve i n  (M HV) and l eft hepatic ve i n  
(LHV), respectively. B. C T  sca n showing a n  accessory 
l eft hepatic a rtery (LHA) com i n g  off of the left 
gastric a rtery and cou rs ing  throug h the gastrohepatic 
l i gament.  C. Drawi ng showing the r ight poster ior (RP) 
sectora l duct ar i s ing from the left hepatic (LH) d uct. 
When th is  anatom i c  va r iant exists dur ing  a left hepatic 
l obectomy if the LH duct is  transected i n  p lane A, the 
RP segments (6 and  7) wi l l  be d isconnected from the 
b i l i a ry tree. If the LH duct i s  tra nsected i n  p lane 8, the 
RP ducts w i l l  rema in  connected to the main b i l i a ry tree 
and be ab le  to d ra i n .  

• 

• 

fi rst to expose the r ight rectus m uscle, which is fo l l owed 
med i a l ly unt i l  the m i d l i n e  is  ident if ied.  The m i d l i n e  is 
then opened, stay ing  anter ior to the preperitonea l  fat 
pad up to the l evel of the xypho id  process, which can be 
removed to fac i l itate exposure if necessa ry. 
The r ight rectus and externa l  ob l i que  m uscles a re then 
d iv ided with cautery (FIG 4B) and the poster ior  rectus 
sheath is  exposed . U pwa rd tract ion is  p laced on the 
upper  and  lower sk in  f laps and the peritonea l  cavity i s  
entered a long the subcosta l port ion of the inc i s ion .  
The preperitonea l  fat  pad is  excised off of the under
surface of the upper m i d l i ne port ion and the fa lciform 
l i ga ment i s  d iv ided.  The round  l i ga ment i s  l i gated and  
d iv ided between 2 -0  s i l k  t i e s  (FIG 4C) .  
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c 

FIG 4 • I ntraoperative photo of proper p lacement of a r ight subcosta l i nc is ion with upper m id l i ne  extens ion.  The subcosta l 
port ion of the inc is ion should be p laced three f ingerbreadths below the costa l marg i n .  B. I ntraoperative photo of the r ight rectus 
m uscle which is eventua l ly d ivided with cautery. C. I ntraoperative photo showing the d ivis ion of the fa lciform and round l igaments. 

STEP 2: PLACEMENT OF THE 

TABLE-MOUNTED RETRACTOR 

• Exposure d u r i n g  open l iver surgery req u i res the use 
of a tab le-mou nted retractor. The preferred retractor 
for th i s  author  is the Thom pson-Far ley l iver retractor. 
Other opt ions i nc l ude  the Bookwalter or O m n i  retractor 
systems.  

• Regard less of the chosen retractor, the pr inc ip les for ex
posure are the same and inc lude cepha lad and latera l 

• 

retract ion of the b i l atera l r ib  cages, cauda l  retract ion 
on the r ight k idney, cauda l  and med i a l  retract ion on  the 
second port ion  of the duodenum,  and  l atera l retract ion 
of the stomach (FIG 5) .  

I n it i a l  exposure is  ga i ned with  u pwa rd and l atera l retrac
tion on the b i l atera l rib cages and having the patient 
p laced i n  s l i ght reverse Trende lenberg posit ion .  It is  d u r
ing  the h i l a r  d i ssect ion that the r ight k idney, duodenum 
and stomach b lades a re p laced to faci l itate exposu re of  
the hepatoduodena l l i gament. 



STEP 3 :  EXPOSURE OF THE HEPATIC 

VEINS/LEFT LOBE LIVER MOBILIZATION 

• With the r ib  cages be ing retracted as mentioned ear l ier  
and sol id  dorsa l and  cauda l  tract ion be ing app l i ed to the 
anter ior  su rface of the l iver, the fa lciform l i gament i s  d i 
v ided m i dway between the a nter ior abdom ina l  wa l l  and  
l iver capsu le .  The d i ssect ion is  carr ied poster ior ly toward 
the d i aph ragm and hepatic ve ins .  

• Once the fa lc iform l i ga ment beg ins  to sp lay apart i nto 
the r ight and left tri angu l a r  l i gaments, d i ssect ion with 
a tons i l  c l amp and cautery to release the r ight tr iangu
l a r  l i gament is  performed.  Th is  w i l l  expose the a nter ior 
su rface of the r ight hepatic ve i n .  Med i a l ly, a notch be
tween the r ight hepatic ve i n  and the common tru n k  of 
the m idd le  and l eft ve ins  can be pa l pated with a n  i ndex 
f inger. 

STEP 4: OPEN CHOLECYSTECTOMY/ 

I NTRAOPERATIVE LIVER ULTRASOUND 

• If the g a l l b ladder  is sti l l  p resent, a sta ndard top-down 
cho lecystectomy is performed.  The cyst ic a rtery is  doub ly  
l i gated and  d iv ided, and the g a l l b ladder  i s  left attached 
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FIG 5 • I ntraoperative photo of the setup of the table
mou nted retractor. A th in ,  m a l leab le  b lade i s  used to 
retract seg ments 6 and  4B dur ing the open cholecystectomy. 
Abdo m i n a l  wa l l  retractors a re used to provide cepha lad  and  
l atera l retract ion on  the r ight and  left r ib  cages. The  r ight 
k idney, duodenum,  and stomach are retracted i nfer ior ly, 
i nferomed i a l ly, and  l atera l ly, respectively, us ing m a l leab le  
b l ades .  

• 

• 

• 

• 

Next, the left tr iangu la r  l i gament is d ivided in a s im i l a r  
manner  to  expose the  a nterior su rface of  the  com mon 
tru nk .  The left phren ic  ve in ,  which d ra in s  i nto the left he
pat ic  ve in ,  serves as a re l i ab le  l andmark that can a id  i n  the 
identification of the left ve in  and common trun k  (FIG 6) .  

Once the a nter ior surfaces of the hepatic ve ins  a re ex
posed, a l ap  pad is  p laced under  the l eft latera l segments 
of the l iver and a bove the stomach,  and the rema inder  of 
the left tr iangu l a r  l i gament is  d iv ided.  Th is  exposes the 
latera l wa l l  of the left hepatic ve i n  and  mob i l izes the left 
latera l segments comp letely. 
The gastrohepatic l i ga ment is opened wide ly, and an ac
cessory left hepatic a rtery (if present) i s  doub ly l i gated 
between 2-0 s i l k  t ies and d iv ided . 
The l i gamentum venosum (Arantius'  l i gament) is d iv ided 
ca uda l ly. Th is  p lane of d i ssect ion leads to the l eft-s ided 
h i l a r  structures. 

FIG 6 • I ntraoperative photo of a tumor i n  seg ment 2 of the 
left lobe .  The re l at ionsh i p  of the tumor to the l eft tr ia ngu l a r  
l i g a ment, d i aph ragm,  and  cou rse of  the  left ph ren i c  ve i n  i s  
identif ied i n  the photo. Re leas ing the left tri angu l a r  l i gament 
wi l l  a l low for the l eft latera l seg ments to be rotated anter ior ly 
and to the r ight .  The cou rse of the left phren ic  ve i n  i s  an 
i m portant a natomic  l andmark  dur ing left hepatic lobectomy 
as it wi l l  eventua l ly insert i nto the left hepatic ve i n .  

• 

to the cyst ic  duct for sa l i ne  and contrast cho lang iogram 
at the com p let ion of the case. 
An i ntraoperative u ltrasound is  performed next. The 
r ight and l eft h i l a r  structu res a re easi ly identifi ab le  by 
the wh ite, echogen ic  halo which su rrounds them. These 
structu res are fo l l owed u ltrasonograph ica l ly i nto the 
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hepatic parenchyma and,  if the surgery is be ing done 
for a neoplastic process, part icu l a r  attent ion is  pa id  to 
the relat ionsh i p  of tumor(s) to the left h i lar  structu res. 
S i m i l a r ly, the outflow structures (hepatic ve ins) are iden
tif ied u ltrasonograph ica l ly and fo l l owed i ns ide the l iver 

STEP 5:  I NFLOW AND OUTFLOW CONTROL 

• Apply a tonsi l c l amp to the d iv ided round l i ga ment and 
retract it w ith  so l i d  a nter ior and r ig htward tract ion .  

• Any parenchyma l  br idges between the left latera l and left 
med ia l  segments are d ivided, typica l ly with cautery (FIG 7) .  

• The left h i l u m  is d issected at the base of the u m b i l i ca l  
f issure .  The l eft hepatic a rtery i s  d issected c i rcumferen
t ia l ly and doubly l i gated and d iv ided (after a test c l amp is 
performed and ma i ntenance of the r ight hepatic a rter ia l  
pu l se i s  confi rmed) .  

• 

• 

• 

with attent ion aga in  be ing pa id to the relat ionsh i p  of 
any tumor(s) to the left and  m idd le  hepatic ve ins .  Next, 
a systematic i ntraoperative l iver u ltrasonography is per
formed to ru le  out a ny add it iona l  tumors with i n  other 
seg ments of the l i ver. 

Next, the left porta l ve i n  is d issected at the base of the 
u m b i l ica l  fissu re and is  tra nsected d i sta l  to the takeoff 
of the caudate branch us ing a vascu la r  load of a l i near  
cutt ing  sta p ler. 
Next, a hepatotomy is made 1 em cepha lad  to the base 
of the u m b i l i ca l  f issu re i n  seg ment 48 and a b l u nt Kel ly  
c lamp i s  passed through  the hepatic parenchyma beh ind  
the l eft h i l a r  p late. The Ke l ly  c l amp shou ld  emerge from 
the parenchyma l  tunne l  a nter ior to the caudate lobe. A 
moistened u m b i l i ca l tape is passed through  the paren
chyma l  tunnel  and a vascu la r  load of a l i near  cutt ing  sta
p l i n g  device is used to transect the left hepatic duct. 
Next, the com mon tru n k  of the left and m idd le  he
patic ve ins  a re enc i rc led by pass ing  a l a rge, b l u nt r ight
ang le  c l amp from the notch between the r ight ve i n  and  
common trun k  posteromed i a l ly beh ind  the common 
trunk .  Once isolated, the common tru n k  is  d iv ided us ing  
a vascu l a r  load of a l i near  cutt ing stap ler. 

FIG 7 • I ntraoperative photo of a th in  pa renchyma l  br idge 
between seg ments 48 and 3,  the th ickness of which ca n 
va ry. Dur ing  left hepatic l obectomy, d i ssect ion of the left 
h i l a r  structu res beg ins  by d iv id ing  th i s  br idge, which a l l ows 
for exposure of the base of the u m b i l i ca l  fissu re, where the 
i nf low structu res to the left lobe can be safe ly identif ied and 
d issected out extra hepatica l ly. 

STEP 6: PARENCHYMAL TRANSECTION 

• At th i s  poi nt, with the i nf low and outflow d iv ided, the • 
l eft lobe wi l l  demarcate. 

• Repeat u ltrasound is performed to confirm the p lane  of 
parenchyma l  tra nsect ion,  which is marked on the l iver 
capsu le  with e lectrocautery. Attention is  paid to the • 
course of the m idd le  hepatic vein,  which shou ld  not be 
b isected i ns ide the l iver. The p lane  of transect ion ca n be 
chosen such that a 1 -cm br idge of devascu la rized l iver ca n 
be safely l eft i ns ide the patient i n  an attempt to avo id • 
the i ntrahepatic course of the m idd le  hepatic ve i n  ( 1 )  if 
needed and (2) if the surg ica l  marg i n  is not com prom ised. • 

• Cautery is used to perform the i n it i a l  1 to 2 em of pa
renchyma l  tra nsect ion after which the L igaSure device is  
used. When the pa renchyma l  s l ice is  deepened and m id
dle vein branches are encou ntered, a Pr i ng l e  maneuver 
is  performed by doub ly  pass ing a fat b l ue  vessel loop 

a round the hepatod uodena l  l i gament and  c inch ing  it 
down with a short, b l u nt r ig ht-a ng le  c l amp (FIG 8) .  

The rema i nder  of the tra nsect ion i s  performed by  us ing  
a b l u nt ke l ly  c l amp to make parenchyma l  tunne l s  a round 
hepatic ve i n  branches deep ins ide the l ive r throug h wh ich  
vascu la r  loads  of the l i near  cutt ing  stap ler  are f ired.  
Once the parenchyma l  transect ion is  comp lete, the cut 
surface of the l iver is  inspected for surg ica l  b leed ing  
wh i ch ,  when  encou ntered, is  sutu re l i gated us ing f ig u re
of-e ight 2-0 s i l k  sutu res. 
After a l l  surg ica l  b leed ing  is  contro l led, the Pri ng le  tape is  
released and the cut surface i s  d r ied us ing cautery (FIG 9) .  
I n struct the anesthes io log i st to g ive 1 L of norma l  sa l i ne  
and 500  m l  of 5 %  a l b u m i n  as a bo l u s  due to  the  fact that 
u p  unti l  this po int i n  the case, the f l u id  a d m i n istrat ion 
shou ld  have been neg l i g i b le  to ma inta i n  a n  adequately 
low CVP (<5 m m Hg) .  



FIG 8 • I ntraoperative photo of a moistened umb i l ica l tape 
doub ly passed around the hepatoduodenal l igament. A fat b lue 
vessel loop can also be used .  As  the parenchymal  transection 
is  deepened, inf low control to m i n i m ize bleed ing  (Pri ng le  
maneuver) can be performed by c inch ing down on the tape or 
vessel loop and c lamping with a short, fat r ight-ang le  c lamp.  

STEP 7:  COMPLETION ULTRASOUND/ 

SALINE AND CONTRAST 

CHOLANGIOGRAM/PLACEMENT OF 

DRAI NS AND ABDOMI NAL CLOSURE 

• A com p let ion i ntraoperative l iver u ltrasound is per
formed with attention be ing pa id  to the i nf low to and 
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FIG 9 • I ntraoperative photo after comp let ion of the 
parenchyma l  transact ion .  LHV, left hepatic ve i n; M HV, m idd le  
hepatic ve in ;  IVC, i nfer ior vena  cava; RPV, r ight porta l ve in ;  
M PV, ma in  porta l ve in ;  R H D, r ig ht hepat ic  duct; LHA, l eft 
hepatic a rtery. 

• 

dra inage from the remnant r ight lobe .  After the com ple
t ion sa l i ne  and  contrast cho lang iog ram,  the cyst ic  duct 
is l i gated and  c l i pped be low the level of the ductotomy 
and then transected, and the g a l l b ladder  i s  removed and  
sent for  patho log ic  ana lys is .  
A c losed suct ion d ra i n  is  brought through  a stab i nc is ion 
i n  the r ight lower quadra nt, with its  t ip  be ing or iented 
a long the cut parenchyma l  surface. 

outflow from the rem nant r ight lobe, which,  once con- • The m i d l i n e  port ion of the wound is c losed with s imp le, 
i nterru pted 0-bra ided nylon sutu res and the su bcosta l  
port ion of the i nc is ion is  c losed i n  two separate layers 
using nonabsorbab le  monofi la ment suture and the sub
costa l  port ion of the i nc is ion is c losed in two separate 
layers us ing  a bsorbab le  monofi la ment suture run from 
latera l to med i a l  and tied in the m idd le .  

f i rmed, conc ludes the need  for  any further u ltrasound 
eva l uation .  

• A sa l i ne  cho lang iogram is performed through  the cyst ic  
duct. The common b i le  duct and  pa renchyma l  cut surface 
a re i nspected for evidence of sa l i ne  extravasation, wh ich, 
if  identif ied, i s  repa i red as deemed appropr iate. Next, 
a contrast cho lang iogram is performed to exc lude any • 
d i sta l obstruct ion as we l l  as to confi rm adequate b i l i a ry 

PEARLS AND PITFALLS 

The sk in  is c losed with e ither surg ica l  c l i ps or, cosmeti
ca l ly, i n  a runn ing  subcuticu l a r  manner  with 4-0 Vicry l .  
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I nd ications • Patients with chron ic  l iver d i sease or  c i rrhosis have a n  increased r isk of postoperative 
l iver insuffic iency or  fa i l u re fo l lowi ng left hepatic l obectomy. 

Preoperative p l ann i ng  

Exposu re of  hepatic ve ins/left lobe 
l iver mob i l izat ion 

• Fa i l u re to h ave adequate IV access and two to fou r  u n its of crossmatched b l ood 
ava i l a b l e  ca n lead to problems with resuscitat ion  i n  the  event of s i g n if icant 
b l eed i n g .  

• Low CVP (5 mmHg  or less) anesthesia is  critica l for b loodless parenchyma l  transect ion .  

• Capsu la r  tea rs i n  the l iver shou ld  be avoided as they cause unnecessa ry b leed ing  and 
lead to i ncreased operative d u ration .  

• The  r i ght  and left phren ic  ve ins  serve as re l i ab l e  l andmarks that  can be fo l l owed back 
to their i nsert ion on  the r ig ht hepatic ve i n  and common tru n k, respectively. 

• Ca refu l ,  steady d i ssect ion to expose the a nter ior surface of the hepatic vei ns is requ i red 
as i nadvertent i nj u ry to these structu res can resu lt  in massive, u ncontro l led b leed i n g .  
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I nf low and  outflow control • Before tak ing  the l eft hepatic a rtery, a test c l amp shou ld  be performed and ma inte
nance of pu lsat ion in the r ight hepatic h i l u m  shou ld  be confi rmed.  

• S i m i l a r ly, i nadvertent l igat ion of the main porta l vei n as opposed to on ly the left porta l 
ve i n  can be avoided by ta k ing  the left ve i n  h i g h  in the u m b i l ica l  fissu re, d ista l to the 
takeoff of the branch to the ca udate lobe. 

• Dissect ion to gain control of the common tru n k  of the m idd le  and left hepatic ve ins  
shou ld  be done effort lessly as attem pts at pass ing a c l amp aga i nst resistance can lead 
to iatrogen ic  in jury to the back wa l l  of the ve in or  the anter ior  surface of the vena 
cava . 

• The left hepatic duct shou ld  be ta ken i ns ide the l iver, when poss ib le, in an attem pt to 
stay a bove the takeoff of an anoma lous r ig ht poster ior  duct ar i s ing from the left duct, 
which occu rs in rough ly 1 0 %  to 1 5 % of patients (FIG 3C) .  

Parenchyma l  tra nsect ion • Severa l d i fferent techn iques for parenchyma l  tra nsect ion exist. The method described 
i n  the text is  the preferred method of the a uthor. Fam i l i a r izat ion with d i fferent tech
n iq ues i s  of va l ue; however, one method shou ld  be chosen and used as repeated ly as 
possi b le .  

• When us ing the techn ique  described a bove, the sta p ler  shou ld  not  be fi red unt i l  b i po
lar e l ectrocautery i s  no  longer p l an ned on being used for parenchyma l  d iv is ion,  as the 
meta l sta p les i nterfere with proper function ing  of this device. 

• When creat ing  parenchyma l  tunne l s  through  which sta p lers can be fi red, the Ke l ly  
c l amp shou ld  be passed effort lessly as resista nce ind i cates the presence of a major 
structure.  When res ista nce is  met, a new p lane  e ither a bove or  be low the one i n  which 
the resistance is  be ing encou ntered shou ld  be chosen .  

• B i l e  leaks f rom the cut  surface shou ld  be inspected for  ca refu l ly and repa i red i mmedi 
ate ly  when fou nd .  

POSTOPERATIVE CARE 

• Admission to an intensive care unit is not necessarily re
quired following left hepatectomy; however, a monitored 
floor is recommended. This allows for rapid recognition of 
changes in the patient's vital signs. 

• IV fluids should be given liberally (D5 1h NS + 20 mEq KCI 
at a rate of 150 mL per hour) for the first 2 postoperative 
days (PODs) .  

• The Foley catheter should b e  maintained for the first 2 4  to 
48 hours postoperatively to ensure adequate urine output. 
The NGT is left overnight from the night of surgery to the 
following morning and then is typically removed on POD 1 
as long as the output is not too substantial. If removal of the 
NGT is tolerated, a clear liquid diet can be started on POD 
2 and advanced ad libitum. 

• While debate about the need for deep venous thrombosis pro
phylaxis following major liver surgery exists, most now agree 
that prophylaxis is indicated. Unfractionated heparin given sub
cutaneously two or three times a day is the preferred method. 

• Daily laboratories including complete metabolic panel and 
blood count should be monitored. Aggressive electrolyte re
placement and volume resuscitation are recommended. Par
ticular attention should be paid to the phosphorus level as 
hypophosphatemia is a relatively typical electrolyte derange
ment following major liver surgery. 

• The volume and character of the drain output should be 
noted at least once, if not twice daily. The drain can usually 
be removed the day before or the day of discharge as long 
as the output is nonbilious in character and not too sub
stantial in regard to volume ( <200 mL per day) .  If the drain 
is nonbilious but is draining an excessive volume, 25 g of 
salt-poor albumin (SPA) given twice daily for 48 hours with 
twice-daily furosemide injections can be given in an attempt 
to reduce the output. Occasionally, patients need to be sent 

home with the drain in place simply due to increased ascites 
production. If this is the case, they should be sent home with 
a prescription for oral furosemide and be seen back in the 
clinic in 1 week for possible drain removal. 

• Adequate analgesia is a key component of the postoperative 
care following left hepatectomy. If the patient agreed to epi
dural or paravertebral catheter placement in the preoperative 
setting, these are extremely helpful. If regional anesthesia is 
not being used, a patient-controlled analgesia (PCA) pump 
is recommended. IV acetaminophen and ketorolac given on 
a scheduled basis are effective antiinflammatory adjuncts 
and can minimize the amount of narcotic analgesia that is 
required. When the patient is tolerating a diet, IV analgesia 
can be transitioned to an oral regimen. 

• Early ambulation and aggressive pulmonary toileting is im
portant to avoid pulmonary complications. 

OUTCOMES 

• Patients who have undergone an uncomplicated left hepatic 
lobectomy can typically expect to be discharged to home 
from the hospital anywhere between PODs 3 and 5 .  

• Most patients can have their drain removed prior t o  leaving 
the hospital ( see above) and should be able to participate in 
most of their usual activities with a few exceptions. These 
include no heavy lifting ( >  10 !b) ,  no driving while requiring 
narcotic analgesics and no soaking the incision in water. 

• When done for benign disease, patients who have undergone 
following left hepatic lobectomy do not necessarily need to 
be followed with any specific imaging or laboratory studies. 
In cases in which the hepatectomy was done for oncologic 
purposes, the recommended surveillance program includes 
every 3 months CT scans and tumor markers (when appro
priate ) for the first year postoperatively, followed by every 6 
months for the second year, and then yearly thereafter. 



COMPLICATIONS 

• Bleeding 
• Bile leak. If bilious drainage is noted to be coming from the 

drain, consideration should be given to endoscopic retro
grade cholangiogram and common bile duct stent placement 
to relieve the back pressure on the biliary tree in an attempt 
to get the bile leak to seal spontaneously. 

• Pulmonary complications 
• Postoperative liver insufficiency or failure 
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Chapter 2 6  Minimally Invasive 
Left Hepatic Lobectomy 

. ----------------------------------- ·----------------------------------------------------- .... 

t Trang K. Nguyen Amer H. Zureika t 

DEFINITION 

• A minimally invasive left hepatic lobectomy (also termed left 
hepatectomy or left hemihepatectomy) is the resection of the 
liver medial to the midplane of the liver (Cantlie's line) using 
laparoscopic or robotic assistance and is formally defined as 
the resection of Couinaud segments 2, 3 ,  and 4 . 1  

• A left trisectionectomy or extended left hepatectomy (or 
hemihepatectomy) would also include the adjacent segments 
5 and 8 with or without segment 1 .  A left lateral sectionec
tomy involves only segments 2 and 3 .  

• A liver resection i s  termed laparoscopic if i t  i s  a pure lapa
roscopic procedure, a hand-assisted procedure, or a hybrid 
technique procedure (which begins as a pure laparoscopic or 
as a hand-assisted procedure with the liver resection done 
through a minilaparotomy incision) .2 

• A left hepatectomy is performed for benign and malignant 
lesions and for living donor transplantation. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A comprehensive history and physical exam should be per
formed with attention to signs and symptoms of liver failure, 
coagulopathy, and cardiac disease. 

• The same indications for an open left hepatectomy apply to a 
minimally invasive left hepatectomy and the indications for 
benign lesions should not be relaxed due to the minimally 
invasive approach.2 The indications for resection include 
hepatic adenoma, symptomatic hemangiomas, symptomatic 
focal nodular hyperplasia, symptomatic giant cysts, hepato
cellular carcinoma, and colorectal cancer metastases.3 

A 

• The contraindications for a minimally invasive left hepa
tectomy include those for an open resection, in addition 
to decompensated cirrhosis, the inability to tolerate pneu
moperitoneum, dense adhesions that are not amenable to 
minimally invasive adhesiolysis, need for extensive portal 
lymphadenectomy, need for vascular resection, and lesions 
that are near major vessels. 3•4 Biliary reconstruction is a rela
tive contraindication for robotic-assisted surgery depending 
on the experience of the surgeon. 5 

• Lesion characteristics that are most favorable for laparo
scopic resection include solitary lesions, size of 5 em or less, 
peripheral location, and a lack of involvement of the hilum, 
major hepatic veins, or the inferior vena cava ( IVC) .2 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Preoperative imaging is required to evaluate lesion resect
ability and for surgical planning. Imaging is useful for evalu
ation of lesion size, proximity to major vessels and bile ducts, 
aberrant anatomy, adequacy of anticipated postoperative 
liver volume, and for detection of lung or other abdominal 
metastases for malignant indications. 

• Contrast-enhanced computed tomography (CT) ( FIG 1 ), 
magnetic resonance imaging (MRI) ,  and positron emission 
tomography (PET) can be used for preoperative evaluation.6 
A triple-phase CT (arterial, venous, and delayed venous 
phase) is useful for its spatial resolution and volumetric as
sessment. MRI is superior for detecting subcentimeter le
sions. PET scans may be useful for detecting other sites of 
metastasis. 

B 

FIG 1 • A. An 84-year-old fema l e  with a l eft hepatic cho lang iocarc inoma .  The neoplasm ca nnot be visua l i zed; rather, the defi n i n g  
feature o f  t h i s  imag ing  is  t h e  i ntrahepatic b i l i a ry d i lat ion that i s  confined t o  t h e  left l o b e  o f  t h e  l iver and associated atrophy o f  t h e  left 
lobe of the l i ver. B. A 7 1 -year-o ld  ma le  with a left hepatoce l l u la r  carc inoma (HCC) . Consistent with the hypervascu la r  features of many 
HCC les ions, th is  HCC enhances with contrast d u ri ng  the a rter ia l  phase.  Also note the lack of featu res of c i rrhosis .  The sp leen is  sma l l ,  
va r ices or ascites are not  observed, and  the a rch itecture of the l iver is  preserved with  a smooth capsu le .  
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• If a quantitative evaluation of liver function is needed, es
pecially for patients who have undergone hepatotoxic che
motherapy, a monoethylglycinexylidide (MEGX) test or 
indocyanine green clearance test can be used. 6 

• Occasionally, preoperative liver biopsy may be necessary to 
document the presence or extent of cirrhosis. 

• Preoperative laboratory tests include a complete blood 
count, liver function tests, coagulation profile, and relevant 
tumor markers in cases of malignant disease. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Minimally invasive hepatic surgery should be performed by 
surgical teams experienced in both advanced minimally in
vasive techniques and major hepatic surgery. 

• All potentially necessary equipment should be readily avail
able and the patient should be counseled on the possibility 
for conversion to an open procedure. 

• Preoperative portal vein embolization (PVE) can be consid
ered in order to increase the size of the future liver remnant 
(FLR) to a minimum of 25% in the absence of cirrhosis and 
a minimum of 40% to 50% in well-compensated cirrhosis. 
PVE is less commonly needed in a left hepatectomy as com
pared to a right hepatectomy.7 

PORT PLACEMENT 

• Esta b l i sh pneumoperitoneum via a 5-mm optica l sepa
rator port i n  the l eft m id-abdomen approxi mately one 
handbreadth to the l eft and 2 i n  a bove the u m b i l icus .  

• After pneumoperitoneum is estab l ished, p lace a 1 0-mm 
camera  port i n  the r ight m id-abdomen approximately 
one handbreadth to the left and 2 i n  a bove the u m b i l i 
cus .  Th is  posit ion is a m i rror image of the previous port.  

• The abdomen is exp lored for metastatic d i sease. 
• The fu l l  comp lement of ports is then p laced as shown 

i n  FIG 2 : 
• Three 8-mm robotic ports-R2 on the r ight and R 1  

( in i t ia l  port u psized t o  robotic) and R 3  on t h e  left 
• One 1 2-mm camera port 
• One 1 2-mm lapa roscopic assistant port in r ight 

lower quadrant (for sta p l i ng, suture access, energy 
device, suct ion,  and c l i p  app l i er) 

Positioning 

• Arrange the operating room so that the robot can be docked 
at the head of the table. 

• Place the patient in supine position on a split-leg table in 
slight reverse Trendelenburg position. Video monitors are 
placed to the right and left of the head of the patient. 

• Insert a central venous and arterial lines for hemodynamic 
monitoring. Give preoperative antibiotic prophylaxis and 
have crossmatched blood available. 

• Judiciously administer intravenous fluids; keep the central 
venous pressure (CVP) less than 5 em H20.  

• For a purely laparoscopic resection (no robotic assistance ) ,  
the operation can be performed with the surgeon standing 
between the patient's legs or with the surgeon at the patient's 
left during the hilar dissection and then moving to the right 
side for the parenchymal transection. 8 

• For a robotic resection: 
Laparoscopic portion ( liver mobilization) :  The surgeon 
stands on the left side, the assistant on the right, and the 
camera assistant between the legs . 
Robotic portion (control of vascular inflow, parenchymal 
transection, hepatic outflow) :  The surgeon sits at the console 
and the assistant is between the legs (facilitates retraction, 
suction/irrigation, bipolar electrocautery, suture exchange, 
exchange of robotic instruments, and endovascular stapling) .  
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,.. 

• 

• 

• One 5-mm laparoscop ic  assistant port in left l ower 
quadrant cases (for energy device, suct ion,  and c l i p  
app l ier) 

For hepatomega ly or with l a rge tumors, the robotic ports 
are moved i nferior ly towa rd the level of the u m b i l icus ." 
An i ntraabdomina l  p ressu re of less than 12 m m H g  is rec
ommended .  Although a h i gh  i ntraabdom ina l  pressure 
can theoretica l ly improve hemostas is  d u ri ng  l iver tran
sect ion,  a h i g h  i ntraabdomina l  p ressure could a lso po
tentia l ly i ncrease the r isk of gas em bol ism, part icu la rly if 
in jury to the hepatic ve ins  is  encou ntered.9  

FIG 2 • Port s ites or left robotic hepatic lobectomy. 1 ,  Usua l ly 
hook cautery or a g rasper; 2, PK b ipo lar  forceps; 3, g rasper; 
red, robotic arms; green (upper), camera; green (lower), stap ler  
i nsert ion,  passage of sutu res, Ge iPort spec imen extract ion; 
yellow, l aparoscop ic  assistant port (suct ion, L igaSure). MCL, 
m idclavicu l a r  l i ne .  
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EXPLORATION AND LESION EVALUATION 

• The abdomina l  cavity and the l iver surface a re aga in  
exa m i ned for  metastases. A l l  susp ic ious les ions shou ld  be  
sent for  frozen sect ion b iopsy. 

LIVER EXPOSURE AND MOBILIZATION 

• This portion of the operation is performed laparoscopical ly. 
• Divide the fa lciform l igament and the l igamentum teres 

with hook e lectrocautery/b ipo lar  e lectrocautery. Alterna
tively, this step can be performed prior to the i ntraopera
tive u ltrasound .  The l igamentum teres is left long enough 
to be used as a grasp ing  point dur ing  the porta l d i ssect ion.  

• Div ide  the l eft tr i a n g u l a r  a n d  l eft corona ry l i g a ments 
us ing  hook e l ectroca utery or a n other  energy device.  
(FIG 3A,B) 

• Open the pars f laccida, staying  c lose to the undersur
face of the left l atera l sect ion and the caudate lobe.  

A 

• 

• 

• 

• 

Lapa roscopic  u ltrasound of the l iver is then performed 
to confirm resectab i l ity of the ta rgeted les ion(s) and the 
proxi m ity to major vessels as wel l  as to ru le  out other 
hepatic metastases. 

An accessory left hepatic a rtery may be encou ntered and  
i s  doub ly  c l i pped and d iv ided.  
I nc ise Ara ntius'  l i gament us ing  the hook cautery. It runs 
from the left branch of the porta l ve i n  to the left hepatic 
ve i n  or the common ( left and m idd le) hepatic ve i n  truck. 
Th is  maneuver must be performed with g reat ca re 
because in jury to the left hepatic ve i n  can occur. Alterna
tively, it ca n be done after the robot is  docked to improve 
v isua l ization .  
The br idge  between the left l atera l and  med i a l  sect ions 
(segments 3 and 48) is  d iv ided.  
A cho lecystectomy is performed to fac i l itate with expo
sure of the porta hepat is . 1 0  

B 

FIG 3 • A. D iv ide the left tri angu l a r  l i gament us ing a l aparoscop ic  or robotic hook cautery. Sta rt the d i ssect ion l atera l and  work 
med ia l  unti l  the l eft hepatic ve i n  i s  visua l i zed as it enters the IVC. Using the fa lc iform l igament as a hand le  (inset) for exposu re, 
inc i se the pars f lacc ida to expose the l i gament of Arant ius .  D issect th i s  l i ga ment up to the left hepatic ve i n .  B. I ntraoperative 
v iew of the mob i l izat ion of the left lobe of the l i ver. 

ROBOT DOCKING 

• The robot is docked over the patient's head.  
• The R2 (r ig ht) arm has the b ipo la r  g rasper, R1 ( left) arm 

has the hook, and R3 ( left) arm is a Cad iere g rasper. 

VASCULAR INFLOW CONTROL 

• Enc i rc le the hepatoduodena l l i gament with an u m b i l i ca l 

• Retract the l iga mentum teres a nter ior ly  and  cra n i a l ly 
to expose the base of the round  l igament/u m b i l ica l 
f issure.  

tape p laced throug h the fora men of Wins low. Th is  ma- • The peritoneum of the left hepatic ped ic le is inc i sed and 
the left hepatic a rtery i s  identif ied, d i ssected, and vesse l 
looped.  After a test c l amp ensur ing a good pu l se/flow 

neuver wil l  fac i l itate a n  i nterm ittent Pri ng le  maneuver 
as needed to prevent blood loss ' '  
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A B 

FIG 4 • Porta hepatis d i ssect ion and  d iv is ion of left hepatic i nflow. A. The left hepatic a rtery is i so lated . B. The a rtery i s  
contro l l ed and  d iv ided between 2-0 s i l k  t ies  rei nforced by surg ica l  c l i ps or  the use of a vascu l a r  sta p le  load .  

(on u ltrasound)  i n  the r ight porta, transect the left he
pat ic  a rtery, e i ther  between 2-0 s i l k  t ies  rei nforced by 
c l i ps or  by a sta p ler  ve i n  (FIG 4A,B) . • 

• I dent ify the l eft porta l ve in ;  use a com b i n at ion  of the 
hook ca utery i nstrument a n d  the M a ry land  d i ssec
tor. Control  it  with a vesse l  loop .  Leftward tract ion  on 
the vesse l  loop a l l ows the sta p le r  to tra nsect the ve i n  
a t  a n  ergonom ica l ly comforta b l e  a n g l e  that does not 

B 

D 

comprom ise the b i furcation  of the m a i n  porta l ve i n  
(FIG SA,B) .  

Fol l ow the common hepatic d uct (FIG SC) super ior ly, j ust 
beyond the b ifurcat ion,  to identify the left hepatic duct. 
D issect the left hepatic duct a long the undersu rface of 
the l iver us ing the hook cautery too l .  The left hepatic 
duct is  d iv ided between doub le  c l i ps or  t ies re inforced 
with c l i ps (FIG SD) .  

FIG 5 • A. The left porta l ve in  is  tra nsected us ing a vascu la r  l i near  stap ler. Tract ion on the b ifurcation of the ma in  porta l vei n  
us ing a vessel l o o p  (B) prevents i nadvertent i nju ry or na rrowing o f  t h e  b ifu rcat ion .  C .  T h e  left hepatic duct is  taken between 2-0 
ties rei nforced by doub le  c l i ps .  D. Artist's rendit ion of the completed d i ssect ion with control and d iv is ion of the left porta hepatis .  

PARENCHYMAL TRANSECTION 

• M a i nta i n  a low CVP du r i ng  transect ion to m i n i m ize • 
b lood loss. Pneumoperitoneum may i nterfere with 
CVP read ings  and visua l izat ion of the fi l l i n g  status of 
the vena cava may h e l p  determ i n e  if the CVP is, in fact, 

e l evated .  I dea l ly, the IVC wi l l  a ppear fl attened by the 
pneumoper itoneum .  
Never i gnore the  r i s k  of  ca rbon d ioxide (C02) venous em
bo l i sm  d u ri ng  parenchyma l  transact ion;  a d rop i n  expi red 
C02 is  the fi rst i nd ication .  Be prepared to emergently 
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decompress the a bdomen and reposit ion the patient to 
manage th i s  s ituat ion .  

• Perform the parenchyma l  transect ion performed a long  
the l i n e  of ischem ic  demarcat ion .  Mark  the p lane  of tran
sect ion with e lectrocautery on  the l iver capsu le  j ust to 
the left of the l ine of ischemia .  The marked l ine can be 
assessed by u ltrasound as it appears as a hyperechoic l i ne  
with a n  acoust ic shadow.8 

• P lace two l a rge f ig u re-of-e ight chrom ic sutu res on e ither • 
s ide of the ischemia  l i ne; use them as hand les to he lp  
"open book"  the l iver (FIG 6A) .  

• Our  preferred tech n ique  for parenchyma l  transect ion 
proceeds as fo l l ows: • 
• Transect ion proceeds i nfer ior  to super ior, anter ior to 

poster ior. 

A 

• The fi rst 1 to 2 em of the transect ion is performed 
with robotic hook e lectrocautery. 

• The next 1 to 2 em a re performed with a b ipo la r  
e lectroca utery device. 

• Deeper d issection uses a combination of the bipolar 
(clamp and crush technique) (FIG 6B), and c l ips. Robotic 
stereotactic vision and magn ification greatly enhances 
identification of smal l  b lood vessels and b i le ducts. 

Other transection techn iques have been described based on 
surgeon preference. U n l i ke open resections, argon beam 
coagu lation is not used due to the increase i n  i ntraabdomi
na l  pressure and the potent ia l  r isk of a rgon embol i sm. 1 2 

Vessels that are encountered during transection can be 
c l i pped and d ivided with titan ium c l ips (vessels < 5  mm), lock
ing nylon c l ips (vessels < 1 5  mm), or stapler ( larger vessels). 

B 

Right hepatic 
lobe . . 

Vessel loop· 
. · / 1 

Transection 
plane 

around . � ,, 
porta hepa:;v ./ �� "' 

FIG 6 • Parenchyma l  transect ion .  A. Place two f ig u re-of-e ight sutu res (ch romic 2-0 b l u nt needle) to use as hand les to "open 
book" the l iver for parenchyma l  transect ion .  Use the robotic hook for the fi rst 1 em, then convert to the PK robotic b ipo lar  or 
a s i m i l a r  l aparoscop ic  energy device {B) for the deeper transect ion .  Larger s ized vessels and b i le  duct tr i butar ies (>3 mm)  a re 
c l i pped as shown in the inset. 

VASCULAR OUTFLOW CONTROL 
• Tract ion on the m idd le  hepatic ve i n  and vena cava shou ld  

be avo ided .  
• Poster ior ly, transect ion  of l a rg e  tr i b utar ies  of the  l eft • 

hepat i c  ve i n  a n d  the  l eft hepat i c  ve i n  is performed 
with i n  the  l iver  us ing  vascu l a r  loads  of the  E n d o  G IA 
sta p l e r. A tota l of two to th ree loads  is usua l ly n eces
sa ry (F IG 7A, B) .  

Alternative ly, a techn ique  where vascu l a r  i nf low a n d  
outflow a r e  contro l led before parenchyma l  d i ssect ion 
has been descr ibed. 1 0 The left hepat ic  ve i n  is  l ocated by 
identifyi ng  the Ara ntius'  l i ga ment after l ift i n g  the left 
lobe to the r ig ht. 

B 

FIG 7 • Control of the vascu l a r  outflow. As the parenchyma l  d i ssect ion nears the cepha lad aspect of the l iver, {A) and {B), 
control and d iv ide the l eft hepatic ve i n  us ing an Endo G IA vascu la r  load cartr idge .  
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EVALUATION OF CUT SURFACE 

• The mean a rter ia l  pressure and CVP a re norma l ized and 
confi rmation of hemostas is  and a bsence of b i l e  leak on 
the cut su rface is assessed (FIG 8A,B) . 8  Perform a Va lsa lva 
maneuver for further confi rmation of hemostas is .  

A 

SPECIMEN RETRIEVAL 

• 

• 
• 

• 
• 

Use sutu res to mark  the speci men's or ientat ion .  • 
P lace the spec imen in an i m permea b le  p last ic  bag and 
removed f rom the abdom i n a l  cavity by  en l a rg i ng  the  
r ight lower quadra nt inc i s ion  i n  order  to insert a s i ng le  

DRAIN PLACEMENT AND CLOSURE 

• A 1 9-mm round B lake d ra i n  is p laced based on the sur
geon's preference at the resect ion site through the R3 port 
and sutured to the sk in us ing 2-0 nylon suture (FIG 9) .  

• The 1 2-mm camera port site is c losed with a Carter
Thomason suture passer in a f igu re-of-e ight fash ion 
us ing  0 a bsorba b le  suture. 

• Pneumoperitoneum is then released as the ports a re 
removed.  

• The speci men extract ion/uti l ity i nc is ion is c losed us ing 
i nterrupted 0 a bsorbab le  suture. 

• The sk in  is c losed us ing  4-0 a bsorbab le  monofi l ament 
suture. 

FIG 9 • A 1 9-mm B l a ke d ra i n  is  rout inely used to d ra i n  the 
resect ion bed and ,  i n  the a bsence of a bi le leak, i s  removed on 
the th i rd or  fou rth postoperative day. 

Larger vessels shou ld  be suture l i gated robotica l ly with 
ease using 2-0 s i l k  sutu res i n  a f ig u re-of-ei g ht fash ion .  
F ib r in  and  thromb in  sea l ants may be used . 
A rout ine cho lang iogram is not performed . 

B 

FIG 8 • A. Exam ine  the cut surface of 
the l iver for b leed i n g  and/or b i l e  leakage.  
The l atter is  better v isua l ized after a wh ite 
sponge/pad is  used to compress the l iver 
su rface. B. The transected surface of the 
l iver is seen i n  the left upper  quadra nt of 
the p ictu re .  Note that a loose vessel  loop 
surrounds the porta he pat is  (Pri ng l e); th i s  ca n 
be i nterm ittently t ig htened when b leed ing  
from the cut  surface i s  s ign ifica nt. 

site Ge i Port (App l ied Medica l ,  Rancho Santa Margarita, 
CA) for extract ion .  
Note that  a l l  robotic i nstruments shou ld  be removed 
before extract ing the spec imen to avo id i nj u ry when 
pneumoperitoneum is lost. 
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CONVERSION 

• Convers ion shou ld  be cons idered fo r  uncontro l led 
b leed i n g  and fa i l u re to prog ress. It is  recom mended 
to p lace a m i n i l a pa rotomy pad at the b leed ing  site 

with the a d m i n istration of pressure by a l aparoscop ic  
g rasper wh i l e  emergent  convers ion occurs .  Th is  wi l l  m i n
i m ize b lood loss that can occur  wh i l e  convert ing to a 
lapa rotomy. 

PEARLS AND PITFALLS 
Port p lacement 

Liver mob i l i zat ion 

Inf low control 

Parenchyma l  transect ion 

Vascu la r  outflow control 

• Keep a 5-cm d i sta nce between ports. Camera port and R 1  (d issect ion arm) shou ld  be 5 em to the 
r ight and  left of the u m b i l icus and 2 i n  a bove it. Th is  a l l ows adequate visua l i zat ion of both the h i l a r  
structu res a nter iorly/i nfer ior ly and  t h e  parenchyma l  tra nsect ion poster ior ly. 

• Robotic a rms 2 (b ipo lar) and 3 (retractor) shou ld  be l atera l and  h igher  than the ca mera port and R 1 . 
• La paroscopic  assista nt ports in the r ight and left lower quadra nts m ust be p laced at a s lanted ang le  

i nto the fascia (rather  than vertica l ly). Th is  a l l ows m in ima l  co l l i s ion between the  robotic a rms  and 
the assista nt. It a l so fac i l itates eas ie r  sta p ler  access to the l iver h i l um and  parenchyma .  

• Keep ing  t h e  round l i gament long fac i l itates its u s e  as a hand le  f o r  opti m a l  i nflow vascu la r  d i ssect ion 
and parenchyma l  transect ion .  

• Do not  attem pt to " overmob i l ize" the left tri angu l a r  l igament; th i s  may lead to in jury of the left 
hepatic ve i n .  

• U s e  a l aparoscop ic  or  robotic b u l ldog t o  loosely h o l d  t h e  two e n d s  o f  t h e  Pr i ng le  u m b i l ica l  tape. I n  
t h e  event o f  need ing  a Pr ing le  maneuver, t h e  bu l ldog c a n  b e  exped it ious ly "c i nched down " t o  pro
vide good compress ion of porta l i nf low. 

• The robotic Mary land is  the most opti m a l  i nstru ment to get around the left porta l ve i n .  It is poi nted 
enough to d i ssect per ivascu l a r  tissue eas i ly  but not sharp enough to rea d i ly i n jure the vesse l .  

• Do not g rasp vascu l a r  structu res with t h e  robotic g raspers. Use t h e  per iadventit i a l  t issue t o  sta b i l ize 
the vessel wh i l e  d i ssect ing it .  Lack of tact i l e  feedback can lead to crush i nj u r ies to the hepatic a rtery. 

• A r ight poster ior or anter ior duct may insert proxi ma l l y  i nto the left hepatic duct .  Th is  may be 
i nj u red if the l eft hepatic d uct i s  not d i ssected fu l ly. 

• Avoid creat ing va l l eys or pits i nto the l iver pa renchyma d u ri ng  transect ion .  Th is  ma kes it d iffi cu lt  to 
v isua l ize the cut surface and to control b leed i ng " 

• Have an extra load of the vascu la r  sta p ler  ava i l ab le .  

• This i s  best approached with i n  the l iver. 
• When d iv id ing  the m idd le  hepatic ve i n  or left hepatic ve in ,  ensure that the t ip  of the stap ler  is seen 

beyond the vesse l .  

POSTOPERATIVE CARE left hepatectomies, the overall mortality was 0 .3% and overall 
morbidity was 10 .5%.3 Postoperative morbidity from laparo
scopic liver resection is most commonly from liver failure. A 
conversion rate for laparoscopy to open laparotomy was 4. 1 %  
and for laparoscopy to a hand-assisted procedure was 0 .7%. 

• The orogastric tube is removed at  the end of the case. 
• Intensive care unit ( ICU) admission for major hepatectomy 

depends on surgeon preference. 
• Subcutaneous heparin prophylaxis is started on evening of 

surgery. 
• Clear liquids are administered on postoperative day 1 .  
• The Foley catheter i s  removed o n  postoperative day 1 .  
• Diet i s  advanced a s  tolerated. 

OUTCOMES 

• In experienced centers, Ia paroscopic liver resections are safe 
and feasible. In a review of 2,804 patients, of which 6 . 8% were 

• Compared to open hepatectomies, the advantages of lapa
roscopic hepatectomies are less blood loss, less time with 
the Pringle maneuver applied, less postoperative analgesia 
requirements, a shorter length of stay, and fewer overall 
complications . 13-15 

• For patients with hepatocellular carcinoma or metastatic 
disease, margin status, disease-free survival, and overall sur
vival following laparoscopic resection appear comparable to 
open resection. 16-20 
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• Although the operative costs of a minimally invasive 
hepatectomy are higher than an open approach, this 
difference may be offset by reduced nonoperative costs due 
to the shorter length of stay following a minimally invasive 
resection.15 •21 

• A robotic-assisted approach with the da Vinci Surgical Sys
tem (Intuitive Surgical, Sunnyvale, CA) alleviates some of the 
limitations of laparoscopic surgery such as the fixed pivot 
point of the instruments, a two-dimensional view, and only 
4 degrees of freedom while adding tremor reduction.5 The 
advantages of a robotic over a laparoscopic approach are 
most appreciated during suturing of bleeding parenchyma, 
performance of the hilar dissection, and for resections that 
may require intricate biliary-enteric anastomoses. 

• Robotic-assisted liver resections are being increasingly per
formed. Early results show that it is safe and feasible with a 
low conversion rate, low estimated blood loss, short length 
of stay, and limited postoperative morbidity that may be 
comparable to a laparoscopic approach.22-24 

• In a matched comparison of robotic versus laparoscopic 
hepatectomies at the University of Pittsburgh Medical Cen
ter, there was no significant difference in estimated blood 
loss, transfusion rate, RO-negative margin rate, postopera
tive peak bilirubin, postoperative intensive care admission 
rate, length of stay, and 90-day mortality. Robotic-assisted 
hepatectomies had a significantly higher overall operating 
room time (median: 342 vs. 261 .5  minutes) and opera
tive time (median: 253 vs. 199  minutes) .25 However, more 
robotic-assisted hepatectomies were performed in a purely 
minimally invasive manner, 8 1 % , versus only 7. 1 %  for the 
laparoscopic approach, with the rest of laparoscopic opera
tions involving a hand-assisted procedure or a hybrid tech
nique procedure. The rate of conversion to open laparotomy 
was similar for robotic and laparoscopic hepatectomies. 

COMPLICATIONS 

• Bile leak 
• Hepatic insufficiency 
• Close or positive margins 
• Hemorrhage 
• Wound infection 
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DEFINITION 

• The use of robotic-assisted surgery for liver resections is 
mostly dependent on tumor location and the experience of 
the surgical team. Indications for the use of robotics have 
been reported in the Louisville Statement in 2008,  which set 
forth the guidelines for laparoscopic liver resection. Patients 
with solitary lesions, 5 em or less, and located in segments 
2 to 6 were considered eligible for robotic-assisted surgery. 
The use of robotics should not compromise the aforemen
tioned principles or nomenclatures.1  

• The indication has been extended by most experienced ro
botic liver surgeons to include all resections, which would 
be considered for laparoscopic resection. The contraindica
tions include large lesions that will prevent safe mobiliza
tion of the liver without an open incision. The space in an 
insufflated abdomen may not be enough to allow for ma
nipulation of an exceedingly large tumor. The tumors that 
are close to major intrahepatic pedicles may also be unsafe 
to approach minimally invasively. Also, the sick livers with 
high intrahepatic portal venous pressure will lead to exces
sive blood loss and may not be appropriate for a minimally 
invasive approach. 

DIFFERENTIAL DIAGNOSIS 

• The differential diagnosis of a liver mass includes both 
benign and malignant processes. Benign processes are ei
ther cystic or solid. Malignant processes are usually solid 
(Table 1 ) .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The evaluation of a patient with a liver mass should include 
a complete history and physical exam. 

• History should include questions regarding presence of 
abdominal pain, weight loss, alcohol use, viral hepatitis, 

Table 1: Differential Diagnosis of Liver Mass 

Ben ign  Cystic 

So l id  

Ma l ignant  
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Pyogenic abscess 
Amebic abscess 
Hydatid cyst 
S imple cyst 
Hemang ioma 
Adenoma 
Foca l nodular hyperplasia 
B i l i a ry ha martoma 

Hepatoce l l u l a r  carci noma 
Cho lang iocarc inoma 
G a l l b ladder cancer 
Metastatic colon cancer 
Metastatic neuroendocr ine cancer 
Metastatic cancer of other etiologies 

liver disease, tattoos, blood transfusions, personal history 
of cancer, family history of liver, and colon cancer. History 
should include use of oral contraceptives for women. 

• Physical exam should be directed toward findings such as 
presence of abdominal mass, hepatomegaly, splenomegaly, 
ascites, j aundice, scleral icterus, flapping tremor, and caput 
medusa. 

LABORATORY TESTS AND IMAGING 

• Workup should include blood sent for the following: 
Complete blood count 
Platelet count 
Blood urea nitrogen 
Creatinine 
Electrolytes 
Liver enzymes 
Albumin 
International normalized ratio ( INR) 
Viral hepatitis screen 
Serum ammonia level 
Tumor markers (carcinoembryonic antigen, u-fetoprotein, 
cancer antigen 1 9-9)  

• Imaging studies play a great role in the diagnoses of 
l iver lesions and in the preoperative planning for liver 
resection. 

• Ultrasound differentiates between solid and cystic lesions of 
the liver. It is usually used as a screening modality in pa
tients with right upper quadrant pain. Its use is limited by 
interference secondary to presence of bowel gas, obesity, and 
overlying ribs. 

• Contrast-enhanced, multiphasic computed tomography (CT) 
scans are used for diagnosis of liver lesions and preoperative 
planning for liver resections. These include arterial, venous, 
and portal phases. Their value lies in their ability to detect 
proximity of lesions to major arterial and portal structures 
and to asses for resectability. 

• Volumetric analysis of functional liver remnant is used to 
assess feasibility of resection, and data supports its use be
cause the remaining liver volume has been shown to predict 
mortality in cirrhotic patients. In general, a functional liver 
remnant of 20% is desired with a healthy liver and 50% 
with a diseased liver. 

• Contrast-enhanced magnetic resonance imaging (MRI) is 
another imaging modality that is gaining acceptance for 
evaluation and characterization of liver lesions. It allows for 
better contrast resolution, avoidance of radiation exposure, 
and multiplanar imaging. The choice of CT versus MRI is 
institution dependent. 

• Other imaging modalities used include positron emission 
tomography (PET) scan and CT-PET scans. PET imaging is 
ideal for many metastatic cancers to the liver, but it is best 
combined with an intravenous ( IV) contrast CT scan so that 
anatomic relations can be made. 

-



SURGICAL TECHNIQUE 

• Patient positioning and room setup: 
The robot is usually at the top of the operating table. The 
anesthesia area is on the left side of the patient's head. 
The patient is placed in the supine position with the legs 
split and both arms tucked. 
The first surgeon stands on the right side of the table while 
the second surgeon stands between the legs. An assistant 
stands on the left side of the table. 
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The patient is placed at 30-degrees reverse Trendelenburg 
at all times during the procedure ( FIG 1 ) . FIG 1 • Arra ngement of the operat ing room and  p lacement 

of the robot. The pr imary surgeon is posit ioned between the 
patient's legs dur ing the laparoscopic  port ions of the proced u re, 
with the fi rst assista nt to the patient's left. The scrub techn ic ian  
is  to the patient's r ight .  The anesthesio log i st is  posit ioned to the 
left to a l low for access for the robot. (From K im  KC,  ed .  Robotics 

in General Surgery. New York, NY: Spr inger; 20 1 4, with k ind  
permiss ion of  Spr inger  Sc ience+ Bus iness Med ia .) 

RIGHT HEPATECTOMY 

• Port p lacement 
• Pneumoperitoneum is estab l ished through p lace

ment of a 5-mm port i n  the left upper  quadrant. 
Th is  wi l l  be exchanged at the end of port placement 
to become the th i rd robotic port. 

• A 1 2-mm ca mera port is p laced to the r ight of the 
u m b i l icus.  

• F i rst robotic port is p laced at the l evel of the r ight 
a nter ior axi l l a ry l i ne  in the m idabdom i n a l  reg ion .  

• Second robotic port is p laced at the level of the m id
c lavicu l a r  l i ne  i n  the m idabdo m i n a l  reg ion .  

• A 1 2-mm laparoscop ic  port is p laced 8 to 1 0  em 
i nfer ior and  l atera l to the ca mera port.  Th is  port is  
hand led by the bedside su rgeon dur ing  the robotic 
part of the proced u re for assistance. 

• Another 5-mm assistant l aparoscop ic  port is p laced 
8 to 10 em infer ior and l atera l to the second robotic 
port (FIG 2) .  

• Step 1 ( lapa roscopic) :  The fa lciform and round  l i gaments 
are d iv ided us ing  e lectrocautery. Th is  exposes the an
ter ior  su rface of the l iver u p  to the f ibroareo l a r  t issue 
i nvest ing  the hepatic ve ins  (FIG 3) .  

• 

• 

• 

Step 2 ( l apa roscop i c) :  The pat ient is pos it ioned r ight  
s ide  u p  by rotat i n g  the  o perat i n g  ta b l e .  The hepat i c  
f lexu re i s  m o b i l ized to i nfe r ior ly  reflect the co l o n .  
The r i g ht lobe  o f  the  l iver i s  retracted super io r ly. T h e  
d u o d e n u m  i s  reflected med i a l ly. Gerota's fasc ia i s  
retracted i nfe r ior ly  a n d  the r i g ht tr i a n g u l a r  a n d  coro
n a ry l i g a ments a re d iv ided up to the r ight hepat ic  ve in  
(FIG 4) .  

Step 3 ( laparoscopic) :  I ntraoperative u ltrasound ( IOUS) of 
the l iver is  then performed us ing the 1 2-mm laparoscopic  
port.  Th is  l ocates the mass i n  re lat ion to the segmenta l 
anatomy of the l iver and dr ives the p l ann ing  of the resec
t ion p lane .  
Step 4 ( l aparoscopic) :  The short hepatidcaudate vei ns 
that i nsert i nto the retrohepatic vena cava are d iv ided 
between c l i ps or  with a coag u l at ion device.  

3 e • 8 mm 
o 5 mm 
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FIG 2 • Port p l acement for r ight hepatectomy. A 1 2-mm 
camera  port is  p laced to the r ight of the u m b i l icus.  The  
fi rst robotic port is  p laced at the l evel of the r ight a nter ior 
axi l l a ry l ine i n  the m idabdom ina l  reg ion .  The second robotic 
port is  p laced at the level of the m idc lavicu l a r  l i ne  i n  the 
m idabdom ina l  reg ion .  The th i rd robotic is  posit ioned i n  the 
left upper  quadra nt. A 1 2-mm lapa roscop ic  port i s  p laced 
8 to 1 0  em i nfer ior  and latera l to the camera port.  This port is  
hand led by the bedside surgeon d u ri ng  the robotic part of the 
proced u re for assistance. Another 5-mm assistant l aparoscop ic  
port i s  p laced 8 to 10  em infer ior  and l atera l to the second 
robotic port .  (From K im KC, ed .  Robotics in General Surgery. 

New York, NY: Spr inger; 20 1 4, with k ind  permiss ion of 
Spr inger  Sc ience+ Bus iness Med ia .) 
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A 

B 

FIG 3 • A. The round  l i gament is d iv ided us ing b ipo la r  
e lectroca utery. B. The fa lciform l i ga ment is  d iv ided at the  
level of  the hepatic parenchyma u p  to the level of the hepatic 
veins .  

• 

• 

• 

Step 5 ( lapa roscopic) :  The r ight hepatic ve i n  is enc i rc led 
with a vessel loop.  
Step 6 :  Dock ing  of the robot is  performed us ing the fi rst, 
second, and th i rd robotic ports for the respective robotic 
a rms.  The ca mera is  a l igned with the head at this t ime .  
Step 7 :  The g a l l b ladder, if  p resent, i s  retracted cepha lad  
and  b l unt d i ssect ion of tr i ang le  of Ca lot performed so  
that  both cyst ic  a rtery and  duct a re identif ied (FIG 5) .  
These are l i gated after esta b l ish i ng  the cr it ica l view. The 
g a l l b ladder  i s  not  d issected off the l iver bed as it i s  usefu l 
for retract ion wh i l e  d i ssect ion is performed at the level 

FIG 4 • The r ig ht lobe of the l iver is  fu l ly mob i l ized by 
d iv id ing  the tri angu l a r  l i ga ment. The g a l l b ladder, if  p resent, 
i s  a usefu l  po int of retract ion .  (From Kim KC, ed. Robotics in 

General Surgery. New York, NY: Spr inger; 20 1 4, with k ind  
permiss ion of Spr inger  Sc ience+ Bus iness Media . )  

FIG 5 • The porta l d i ssect ion i s  most safe ly i n itiated by 
identify ing  the cyst ic  a rtery and  duct (structure be ing c l i pped 
in the f ig u re). These structu res a re b l u ntly d issected to the i r  
or ig in  as a safe means to identify the r ight hepat ic  a rtery and 
hepatic duct. 

of the porta hepatis .  The r ight hepatic a rtery is  identif ied 
and l i gated between c l i ps and/or t ies (FIG 6) .  A vascu l a r  
l oad  fo r  the  Endo G IA stap ler  may  be used fo r  the  same 
pu rpose. The r ight porta l ve i n  is  then d issected and iden
t if ied a long its  fu l l  length.  Another load of the vascu l a r  
stap ler  is  used to  transect it (FIG 7) .  After transect ing  the 
hepatic a rtery and ve in ,  the r ight hepatic duct is  iden
t if ied.  Th is  i s  l i gated d ista l ly then transected (FIG 8) .  It 
is  i m porta nt to make sure that b i l e  is  f lowing from the 
proxim a l  side before l igat ing the structure as lymphatics 
and con nective t issue can be m is identif ied as the b i l i a ry 
tree. After comp let ing  the d i ssect ion at the level of the 
porta hepatis, the g a l l b ladder  is  d i ssected off the g a l l 
b ladder  bed and removed. 

• Step 8: The r ight hepatic ve i n  can now be d ivided ex
trahepatica l ly if desi red, and th i s  is preferab le  if th is  re
g ion  is  i m portant for an adequate marg i n .  Alternatively, 
the ve i n  ca n a l so be d iv ided d u r i ng  the parenchyma l  
d i ssect ion (FIG 9) .  

• 

• 

• 

Step 9 :  After comp let i ng  the aforementioned d i ssect ion ,  
the parenchyma of the l iver is  tra nsected .  The l iver i s  
a l l owed to drop and  the l ine of transact ion  i s  based on  
the demarcated ischem ic  l i ver. Hook  cautery i s  used to  
d iv ide the ca psu le  of the l i ver. IOUS  i s  performed aga in  
to ensure the p l a n ned marg i n .  Two f ig u re-of-e i g ht su
tu res a re p laced on  each s ide of the l ine of demarcation  
and  retracted us ing  the robotic arms (FIG 1 0) .  A heat 
sea l i n g  device i s  used for transect i ng  the parenchyma 
of the l i ver. We use a crush tech n i q u e  with the PK Gyro 
device. C l i ps a re app l ied to l a rger  vesse ls  and the vascu
lar sta p le r  for vesse ls  too l a rge to c l i p .  This i s  cont in ued 
unti l  the r i ght hepat ic  ve i n  i s  identif ied.  I f  the r i ght he
patic ve i n  has  not been previous ly d iv ided,  a vascu l a r  
l o a d  i s  a p p l i ed across t h e  r i g h t  hepat ic  ve i n  t o  com p l ete 
the resect ion .  
Step 1 0 : The  specimen i s  retrieved us ing a n  EndoCatch 
bag, then removed throug h extens ion of the i nfer ior  

1 2-mm assistant port. 
Step 1 1 :  Al l l aparoscop ic  trocar s ites a re c losed i n  the 
reg u l a r  fash ion .  
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FIG 6 • The r ight hepat ic  a rtery i s  d issected and 
contro l led as it i nserts i nto the l iver parenchyma. It is  
typ ica l ly poster ior to the r ight hepatic duct and l atera l and 
anter ior to the r ight porta l ve i n .  It should be proxi m a l ly 
contro l led by l igat ion and  a surg ica l  c l i p .  (From K im LC, 
ed. Robotics in General Surgery. New York, NY: Spr inger; 
20 1 4, with k ind  perm iss ion of Spr inger  Sc ience + Bus iness 
Med ia . )  

FIG 7 • A. The r ight porta l ve i n  is  c i rcu mferent ia l l y  d i ssected and  su bseq uently contro l led by a vascu l a r  load of the Endo G IA 
sta p ler. Use caut ion d ur ing  the d i ssect ion as a l a rge branch to the caudate lobe is often present. B. Schematic rend it ion of the 
d i ssect ion and  contro l  of the r ight porta l tr iad (part B:  From K im KC,  ed .  Robotics in General Surgery. New York, NY: Spr inger; 
20 1 4, with k ind  permiss ion of Spr inger  Sc ience+ Bus iness Med ia .) 
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FIG 9 • A. Anter ior  and (B) poster ior  
views of the r ight hepat ic  ve i n  after 
d i ssect ion .  

B 

A 

c 

FIG 8 • The right hepatic duct 
is control led d ista l ly and d ivided. 
The authors strongly advocate 
identifying b i le  in the proxima l  
duct to ensure a lymphatic or 
part of G l isson's capsu le have not 
been i naccurately identified as the 
r ight hepatic duct. (From Kim KC, 
ed. Robotics in General Surgery. 

New York, NY: Spr inger; 2014, 
with k ind permission of Spr inger 
Science + B us iness Media.)  
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FIG 1 0  • A. F igu re-of-e ight sutu res on e ither s ide of the p l an ned transact ion 
p lane  a re essenti a l  for e levat ing  and  sepa rati ng  the pa renchyma to provide 
adequate v isua l izat ion .  B. A mod if ied crush techn ique  i s  used to identify 
intraparenchyma l  structu res. Sma l l e r  structu res a re contro l led with c l i ps and/ 
or cautery. (From K im KC, ed .  Robotics in General Surgery. New York, NY: 
Spr inger; 201 4, with k ind  permiss ion of Spr inger  Sc ience + B us iness Med ia .) 
C. Larger structu res a re contro l led with stap ler  f i r ings .  



LEFT HEPATECTOMY 

• Port p lacement 
• Pneumoperitoneum is estab l ished through p lace

ment of a 5-mm port in the left upper  quadrant.  
Th is  wi l l  be exchanged at the end of port placement 
to become the th i rd robotic port. 

• A 1 2-mm camera port is p laced in the supra u m b i l ica l  
area .  

• F i rst robotic port is p laced at the level of the r ight 
m idclavicu lar  l i ne  in the subcostal  a rea .  

• Second robotic port is p laced at the level of the left 
anter ior axi l l a ry l i ne .  

• A 1 2-mm laparoscop ic  port is p laced 8 to 1 0  em i nfe
r ior  and  latera l to the ca mera port on the r ig ht. Th is  
port is  hand led by the bed s ide surgeon dur ing the 
robotic part of the proced ure for assista nce 

• Another 5-mm lapa roscopic  port is p laced 8 to 1 0  em 
i nfer ior and latera l to the camera on the left. Th is  is  
a lso hand led by the ass istant (FIG 1 1 ) .  

• Step 1 ( lapa roscopic) :  The fa lciform and round  l i gaments 

• 

• 

• 

are d iv ided us ing e lectrocautery. Th is  exposes the ante
rior surface of the l iver to the hepatic ve ins .  
Step 2 ( lapa roscop ic) :  With the patient i n  the left s ide u p  
posit ion,  both left tr ia ngu la r  and  coronary l i gaments a re 
d iv ided unt i l  the left hepatic ve i n  is ident if ied.  The l iver is  
then retracted cepha lad  and the gastrohepatic l i gament 
is  d iv ided.  Ca re is  taken to identify a repl aced left hepatic 
a rtery and properly control it pr ior to d iv is ion,  if  present. 
Step 3 ( laparoscopic) :  At this po int, the l eft hepatic ve i n  
c a n  be i so lated and enc i rc led with a vessel l o o p  if the 
i ntention i s  to d iv ide the ve i n  extra hepatica l ly. 
Step 4 ( laparoscop ic) :  IOUS  of the l iver is  then performed 
us ing the 1 2-mm l a pa roscopic  port .  Th is  he lps  confi rm 
the presence of the mass i n  the p l an ned resect ion speci
men and its re lat ion to the major structu res i n  the l iver. 
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FIG 1 1  • Port p lacement for a left hepatic lobectomy. MCL, 
midclavicu l a r  l i ne; SUL, sp inou m b i l i ca l  l i ne .  (From Kim KC, ed. 
Robotics in General Surgery. New York, NY: Springer; 201 4, with 
kind permission of Springer Science + B usiness Media.) 

• Step 6: D issection is then carried at the level of the porta 
hepatis. The l igamentum teres is used to retract the l iver 
anteriorly. The left hepatic a rtery is  identified and l igated 
between c l ips. A vascu lar  load for the Endo GIA may be 
used for the same purpose, if feas ib le .  The left porta l vein  is 
then d issected and identified along its fu l l  length . Another 
load of the vascu lar  stap ler  is used to transect it. After tran
sect ing the hepatic a rtery and vein ,  the left hepatic duct is 
identif ied. This  is  l igated d ista l ly and then transected . 

The m idd le  hepatic ve i n  shou ld  be preserved, un l ess th i s  • Step 7: At th i s  poi nt, the left hepatic ve i n  ca n be d iv ided 
extra hepat ica l ly with a vascu la r  sta p l i n g  device.  approach wi l l  compromise the marg i n .  

• Step 5: Dock ing of the robot is performed us ing the fi rst, • 
second,  and th i rd robotic ports for the respective robotic 
a rms.  The camera is  a l igned with the head.  

LEFT LATERAL SECTIONECTOMY 

• Port p lacement is shown in FIG 1 1 . 
• Mob i l izat ion of the l iver and control of the left hepatic 

ve i n  proceeds as described for left hepatic lobectomy. 

RIGHT POSTERIOR SECTOR RESECTIONS 

• Position ing  
• The patient is posit ioned i n  the fu l l  r ight l atera l po

sition for poster ior- latera l resect ions .  
• The robot is then brought in towa rd the left upper  

corner  of the ta b le .  

• 

• 

Step 8: After comp let i ng  the aforementioned d i ssect ion,  
the parenchyma of the l iver is  transected based on  the 
l i ne of demarcat ion .  

The porta l structu res supp ly ing seg ments 2 and 3 a re 
contro l led with a vascu l a r  sta p le  load at the poster ior 
aspect of seg ment 3 to the patient's r ight of the fa lciform 
l i ga ment.  

Port p l acement 
• In these cases, the ports ca n be p laced l atera l ly on  

the r ight s ide ,  i nc l ud ing  a robotic port throug h the  
d i aph ragm .  

• The camera port is at the costa l marg in ,  the left hand 
port is  through the d iaphragm,  and the r ight hand 
port is  a long the a nterior axi l l a ry l i ne  i nferiorly. 

679 
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• A th i rd robotic port can be p laced more med i a l ly at 
the m idc lavicu l a r  l i ne  on the r ight (FIG 1 2) .  

• Step 1 ( lapa roscop ica l ly) :  Mob i l ize the r ight lobe of the 
l iver as aforementioned, fu l ly exposing  the a nter ior and 
latera l aspects of the r ight hepatic ve i n .  

• Step 3: Docking  of the robot is performed us ing the fi rst, 
second, and  th i rd robotic ports for the respective robotic 
a rms.  The camera is  a l i g ned with the left n ipp le .  

• Step 4: With the a id  of IOUS, hook cautery is used to 
d iv ide the capsu le  of the l iver where the parenchyma l  
transect ion w i l l  occur. Two f igure-of-e ight sutu res a re 
p laced on each s ide of the l i ne  of demarcat ion and re
tracted us ing the robotic arms.  

• Step 5: The parenchyma l  d i ssect ion is performed as previ
ously descr ibed.  

• Step 6: The robot is u ndocked . 
• Step 7: The robotic port through the d iaphragm is re

moved and the d iaphragm is repa i red with a s ing le  f igure
of-eight suture. 

1 st 
robotic 
port � 

_o 

2nd ______,.-;' 

robotic 
port 

o-- 3rd 

0 robotic �port 

Assistant 
port 

• Step 8: A chest tube is p laced to decompress the pneumo
thorax and then i m med iately removed.  

Camera 
port 

FIG 1 2  • Port p lacement for a poster ior sect ionectomy. 

PEARLS AND PITFALLS 
Preoperative 
p l ann i ng  

Operative 
tech n ique  

• Ci rrhotic l i vers w i th  s ign if icantly h i g h  i ntrahepatic porta l  p ressu res wi l l  be associated w ith  s ign if icant b lood loss 
and may be better approached as an open procedure.  

• Most resect ions tend to be nonanatomic  with the goa l  to preserve parenchyma and anatomy for future resections.  
• F lexib i l ity i n  port p lacement i s  i m portant and may vary depend ing  on  the locat ion of the les ion,  the body 

hab itus, the s ize of the l iver, and so forth .  For exa m p le, i n  some patients, the l iver extends wel l  below the costa l 
marg i n  and the ports w i l l  need to be p l aced below the level of the u m b i l icus .  

• A centra l l ine should be p laced and the centra l venous pressure mon itored and kept low. 
• Care shou ld  be taken to identify major hepatic ve ins  or ped ic les by u ltrasound i n  advance of the parenchyma l  

transect ion so that  these are hand led carefu l ly. 
• Although a i r  embo lus  is  a theoret ica l concern, it is  rare in practice. 
• A Pr i ng le  maneuver i s  recommended to red uce b lood loss. 
• The l i ne  of parenchyma l  transect ion shou ld  be l i ned u p  with the camera and the assistant 1 2-mm port for stap l i ng .  
• O bta i n i n g  adeq uate marg i ns can  be cha l l eng ing  without the a b i l ity to  feel the tumor. U ltrasound needs to be  

used dur ing  the parenchyma l  tra nsect ion to  ensure that  the marg i n  is  p reserved, and the i n it i a l  mark i ng  of the  
marg i n  by cautery shou ld  be generous. 

POSTOPERATIVE CARE OUTCOMES 

• No drain is left next to the resection bed unless a bile leak is 
identified. 

• Orogastric tube is removed in the operating room. 
• Patient is transferred to a regular floor monitored bed. 
• Daily laboratories are ordered including complete blood 

count, blood urea nitrogen, electrolytes, liver enzymes, bili
rubin, and coagulation studies. 

• Clear liquids are given on postoperative day 1 and advanced 
as tolerated. 

• Foley catheter is removed on postoperative day 1 .  
• Central venous catheter i s  removed on postoperative day 1 .  

• The advantages o f  minimally invasive surgery are well docu
mented in the literature. These include decreased postopera
tive pain, early return of activity, decreased postoperative 
ileus, better cosmesis, and shorter hospital stays .2 

• However, several limitations inherent to laparoscopic sur
gery are present. These include two-dimensional imaging, 
limited range of instrument motion, tremor amplification, 
and poor surgeon ergonomics. 3 

• The use of robotics offers multiple advantages to the oper
ating surgeon such as improved three-dimensional imaging, 
near 360-degree movement of surgical instruments, along 



Table 2: Comparison of Robotic and Laparoscopic 
Groups: Operative and Postoperative Parameters 

Robotic Laparoscopic Overall 
(n = 57) (n = 1 1 4) P-value 

EBL, median mL  200 (50-337 5 )  100 (50-350) 0 .097 
Transfusion rate (%) 2 (3 .8)  7 (7.4) 0 .372 
Room t ime, median,  342 (264-453) 261 .5  (199 . 5-333)  <0.00 1 '  

m i n  
O R  t ime, m e d i a n ,  m i n  253 ( 1 80-355) 198.5 (137.75-261.5) 0 .001' 
Compl ication rate (%) 11 (19 3) 29 (26) 034 
Major  com p l ication 1 (1.8) 1 (0 9) 0 .624 

rate (%) 
Postoperative peak 1 . 1 5  (0 .7-1.7) 1 . 2  (0 .8-1.6)  0 . 895 

b i l i rub i n  
Postoperative I C U  (%) 1 1  (19) 8 (8 .5)  0 .053 
LOS, median, days 4.0 (3 .0-5.5)  4.0 (3 .0-5 0) 0 .10 
30-days morta l ity (%) 0 (0) 1 (0 9) 0 .478 
90-days morta l ity (%) 0 (0) 1 (0 9) 0 .478 
RO negative 40 (95) 98 (92) 0.44 

margin (%) 

OR, operating room; ICU, intensive care unit; LOS, length of stay; EBL, estimated 
blood loss. 

'p < 0. 05. 

with improved surgeon comfort and precision. Robotics also 
offers elimination of tremor.4·s 

• This comes at the cost of prolonged operative times, 
absence of haptic feedback, higher costs, and a steep learn
ing curve. 4's 

• The current literature describes 19 publications that focus 
on robotic liver resections and provide a description of 
2 1 7  cases .6 

• Commonly reported procedures included robotic nonanatomic 
resections and segmentectomies (37.7% ).6  

• Right hepatectomies comprised 2 1 . 6 %  and left lateral sec
tionectomies 20. 8 % .6 

• In a systemic review of the current literature, conversion 
rates were 4 .6%.  Most common reasons for conversion 
included confirmation of surgical margin, problems during 
hilar dissection, long resection planes, and obesity. 6 

• Operative times ranged between 200 and 507 minutes. 
Operative blood loss ranged between 50 and 600 mL with 
more blood loss associated with more complex procedures 
such as major hepatectomies.6 

• Mean hospital stay after robotic liver resections was 5.5 to 
1 1 .7 days .6  

• Oncologic outcomes were not well reported in the aforemen
tioned series, although some authors believe that they are 
comparable to those of laparoscopic liver resections.6 

• No surgical mortality was reported in the literature after 
robotic liver resections. The morbidity rates were around 
20.3 % on average.6  

• In a matched series from the University of Pittsburgh com
paring patients who received robotic and laparoscopic liver 
resections, there was no difference in estimated blood loss, 
hospital length of stay, morbidity, or mortality (Table 2 ) .  
There was a n  increase i n  major hepatic resections performed. 
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Table 3: Comparison of Early Robotic versus Later 
Robotic: Operative and Postoperative Parameters 

Early Later Overall 
(n = 1 3) (n = 44) P-value 

E B L, median ,  m l  300 (200-600) 100 (50-300) 0 .008' 
Transfusion rate (%) 1 (7.7) 1 (1.9) 0 .393 
Room t ime, med ian ,  466 (349-571.5) 314.5 (257-381) 0.001' 

m i n  
O R  t ime, m e d i a n ,  m i n  381 (253-499.5) 23 2 (175-283) 0.001' 
Compl ication rate (%) 3 (23) 9 (20) 0.84 
Major  compl ication 1 (8) 1 (2) 036 

rate (%) 
Postoperative peak 1.30 (1.10 - 3 .65) 1.1 (0 .6 - 1  .63)  0 .144 

b i l i r ub in  
Postoperative I C U  (%) 3 (23) 8 (18) 0 .694 
LOS,  median, days 5.0 (3 .5-10) 4.0 (3 0-5 .0) 0.031' 
30-days mortal ity (%) 0 (0) 0 (0) 1 .00 
90-days mortal ity (%) 0 (0) 0 (0) 1.00 
RO negative margin (%) 10 (77) 29 (66) 0.45 

OR, operating room; ICU, intensive care unit; LOS, length of stay; EBL, estimated 
blood loss. 

'p < 0. 05. 

There was no difference in the conversion rate between the 
two groups (7% vs. 8 . 8 % ) ?  

• Upon comparison o f  early versus late experience with 
robotic cases, there was a significant difference in estimated 
blood loss (EBL), operative time, and hospital length of stay 
in favor of the later cases, which reflects the presence of a 
learning curve (Table 3 ) . 7  

COMPLICATIONS 

• Intraabdominal fluid collections 
• Postoperative ileus 
• Pleural effusions 
• Minor wound complications 
• Thromboembolic events are comparable to any major 

abdominal surgery. 
• Hepatic failure 
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Chapter 2 8  Central Hepatectomy 
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Aijun Li Mengchao Wu 

DEFINITION 

• Central hepatectomy, alternatively referred to as meso
hepatectomy, central bisegmentectomy, middle lobectomy, 
or central trisegmentectomy, is an operation that removes 
segments 1, 4, 5,  and 8 en bloc (or lesser resections ) while 
leaving the left lateral and right posterior lateral segments in 
situ (FIG 1 ) .  

• I t  i s  a technically demanding operative procedure for large 
or deep-seated tumors located at the central part of the liver. 
It essentially requires two hepatic parenchymal dissections 
in close proximity to the hepatic veins and inferior vena cava 
( IVC) while preserving the portal pedicles to the remaining 
hepatic segments and results in two cut surfaces of the liver. 

• Because it conserves more liver parenchyma, central hepa
tectomy should be considered (vs. extended hepatectomy) 
in patients with centrally located tumors and compromised 
liver function (FIG 2 ) .  

DIFFERENTIAL DIAGNOSIS 

• Resection of benign neoplasms of the central liver is indi
cated for one or more of three indications: ( 1 )  to relieve 
symptoms, (2) because the diagnosis is uncertain, or ( 3 )  to 
prevent malignant transformation ( FIG 2 ) .  

Hemangioma 
Adenoma, angiomyolipoma (AML) 
Complex cysts 
Focal nodular hyperplasia (FNH) 

• Liver resection remains the treatment of choice when appropri
ate for both primary and secondary central liver malignancies. 

Hepatocellular cancer (HCC) 
Metastatic cancers 

Colorectal cancer 
Breast cancer 
Ovarian cancer 
Lung cancer 
Others 

Sarcoma 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Hepatic neoplasms may present with abdominal, flank, and/ 
or shoulder pain. Other symptoms include early satiety, 
weight loss, or increasing abdominal girth. 

• With modern imaging, many hepatic lesions are an incidental 
finding in studies obtained as part of follow-up for a previ
ously treated malignancy or for other unrelated indications. 

• A history of previous hepatitis or jaundice should be solicited. 
• A detailed history of alcohol consumption should be obtained. 
• Symptoms of liver failure should be queried including fatigue, 

lethargy, encephalopathy, and increasing abdominal girth. 
• The physical exam should focus on evidence of malnutrition 

including temporal and intrinsic hand muscle atrophy, the 
presence of ascites or peripheral edema, mental status changes 
of hepatic encephalopathy, asterixis, and telangiectasia. 
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IMAGING AND OTHER DIAGNOSTIC STUDIES 

• All potential liver surgery patients should undergo preop
erative viral serologic testing, laboratory assessment of liver 
function including protein and coagulation profiles, and as
sessment of the Child-Pugh's classification score. 

• Magnetic resonance imaging (MRI) or three-dimensional 
computed tomography ( CT) reconstruction of the liver can 
help identify and map the variations of the intrahepatic vas
cular structures and their relationship to tumors ( FIG 2 ) .  

• C T  with volumetric assessment i s  useful t o  determine i f  the 
planned hepatic remnant volume is adequate. 1  

• Alternatively, hepatic functional reserve can b e  determined 
by indocyanine green (ICG) clearance or ICG 15 minutes 
retention ( 1 5-R) . Central hepatectomy should be considered 
in patients with an ICG 1 5-R less than 20%.2 

SURGICAL MANAGEMENT 

Preoperative Planning 

• A complete medical history is essential. In particular, under
lying cardiac or pulmonary comorbidities should be thor
oughly evaluated prior to determining whether a patient is a 
candidate for liver resection. 

• For malignant lesions, the evaluation for extrahepatic me
tastases should include a chest CT. 

• The risk of postoperative hepatic failure should be deter
mined. Central hepatectomy is performed for patients with 
underlying liver disease. A preoperative liver biopsy to de
termine the extent of disease may be warranted in high-risk 
patients to avoid nontherapeutic laparotomy. 

• The Child-Pugh score is the most commonly employed clini
cal tool for selection of surgical candidates. Most patients 

FIG 1 • Resect ion a rea :  Centra l hepatectomy removi ng part or 
a l l  of the left med i a l  sector and r ight a nter ior sector. 

-



A 

B 
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being considered for central hepatectomy will be classified 
as Child-Pugh A. 

• For central hepatectomy, preoperative portal vein embolization 
is rarely employed as it is often difficult to determine which 
side of the portal vein should be embolized. Although preop
erative transarterial chemoembolization (TACE) has been sug
gested for reducing HCC tumor size and for facilitating the 
subsequent resection, in patients who underwent preopera
tive TACE, cholecystitis and dense adhesions around the liver 
hilum developed, thus increasing the operative complexity. 
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FIG 2 • A. Preoperative CT scan showing a very l a rge l iver 
tumor i nvolvi ng  segments 4, 5, and 8. B. MRI demonstrates 
the les ion abuts port ions of r ig ht, m idd le, and l eft hepatic 
ve ins  as we l l  as the IVC. C. Operative photog raph of the 
les ion.  

Positioning 
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• The patient should be positioned supine, in gentle reverse 
Trendelenburg, with both arms extended. 

• If suprahepatic control of the IVC is planned or possible, 
the right arm should be tucked and the chest included in the 
sterile field. 

• Arterial, central venous, and urethral catheters were inserted 
preoperatively to monitor vital signs, intravascular volume, 
and urine output during the operation. 
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• The essent ia l  pr inc ip l es of centra l hepatectomy a re 
( 1 )  control of i nf low vesse ls, (2) control of outflow 
vessels, (3) parenchyma l  transect ion,  (4) identifyi ng and  
contro l l i n g  potent ia l  s ites of  b i l e  leak, and ( 5 )  preservi ng  
the vascu l a r  i nf low and  outflow of the hepatic remna nt. 

I NCISION AND I N ITIAL EXPLORATION 

• The abdomen is entered through  a r ight su bcosta l marg in  
or a b i l atera l subcosta l marg in  i nc i s ion .  Most surgeons 
use a b i l atera l su bcosta l  i nc is ion extended vertica l ly to 
the x ipho id  process. 

• A r ight thoracoabdo m i n a l  i nc is ion shou ld  be cons idered . 
Th is  is particu l a r ly re l eva nt when tumor is l a rge and  i n 
volvi ng the dome of t he l i ver. I n  th i s  c i rcumstance, control 
of the hepatic ve ins  and the vena cava may prove very 

MOBILIZATION OF LIVER 

• The round  l i gament is d iv ided and the fa lciform l i ga ment 

• 

• 

• 

i n cised and  separated from the anter ior abdom ina l  wa l l .  • 
• The peritonea l  reflect ions that form the tri angu l a r  l iga

ment a re i ncised and the d i aph ragm fu l ly  mob i l ized 
from al l  attachments to the l i ver. If, i n  the course of 
mob i l izat ion, tumor i s  found to i nvolve the d i aphragm,  
the affected a rea of the d i aph ragm may be excised and  
su bseq uently repa i red with p ledgeted sutu res. 

DISSECTION OF THE PORTA HEPATIS 

• The class ic approach i nvolves extra hepatic control of 
the i nf low vesse ls (hepatic a rtery and porta l ve in)  and 
b i l i a ry tree. 

• The sheath of the porta hepatis is opened latera l ly. The cys
tic duct and artery are l igated and d ivided. The ga l l b ladder 
may be either removed or left attached to the l iver to pre
serve a marg in  when appropriate. 

• The porta l ve i n  is fo l l owed cepha lad u p  to and a bove the 
b ifurcat ion .  There is  usu a l ly a sma l l  branch that passes 
poster ior ly from the r ight porta l ve i n  to the ca udate 
lobe .  Control and d iv is ion of th is  vessel is  i m portant d u r
i ng  m idd le  hepatectomy. 

• The r ight a nterior branch and left med ia l  branches of the 
porta l ve in  and hepatic a rtery are ci rcumferentia l ly d is
sected, contro l led with vessel loops, and then with vas
cu lar  c l amps pr ior to be ing d ivided and l igated (FIGS 3 

and 4) .  These vessels supply the r ight lobe a nterior seg
ments (Cou inaud's seg ments 5 and 8) and the left med ia l  
segment (Cou inaud's segments 4a  and 4b) .  The  usua l  prac
tice is to l i gate the r ight a nterior branch and left med ia l  
branch of  the  a rtery and porta l ve in  (somet imes inc lud ing  
hepatic duct), work ing f rom anterior to poster ior. 

• Typica l ly, u n less the tumor i nvo lves the m idd le  hepatic 
ve in  c lose to its j unct ion with the IVC, the m idd le  hepatic 
ve in  is  not contro l led extrahepatica l ly. It is  identif ied, con
tro l led, and d iv ided du ri ng  the pa renchyma l  d i ssect ion .  

• 

• 

d ifficu lt. The morb id ity of a thoracoabdom i n a l  i nc i s ion is  
preferab le to potent ia l ly catastroph ic  hemorrhage.  

The l iver is  b i m a n u a l ly pa l pated; hepatic metastases and 
the degree of c i rrhosis a re determ ined .  Extra hepatic me
tastases and potenti a l  porta l adenopathy are assessed, 
and speci mens obta ined for frozen sect ion if i nd icated .  
I ntraoperative u ltrasonography is  used to de l i neate the 
extent of the neop lasm,  the relat ionsh i p  of the les ion  to 
vita l structu res, and mark  the p lane  of the parenchyma l  
transect ion .  

The suprahepatic IVC and the hepatic ve ins  a bove the 
l iver a re d issected to fac i l itate the su bsequent approach 
to the hepatic ve ins .  
The ca udate lobe is  fu l l y  d issected from the IVC, con
tro l l i ng the s m a l l  hepat ic  ve i n s  that d i rect ly  d ra i n  i nto 
the IVC with c l i ps a n d/or l i g atu res. An accessory poste
rior r i ght hepat ic  ve i n  i s  often encou ntered and may 
req u i re suture l i gat ion to obta i n  re l i a b l e  control of the 
vesse l .  

When feas ib le, the m idd le  hepatic ve i n  i s  extra pa renchy
m a l ly iso l ated, cross-c lam ped, and d iv ided at its insert ion 
(FIG S) .  There are two methods for expos ing  the m idd le  
hepatic ve i n  extrahepatica l ly :  
• Method one :  The left lobe is retracted a nter ior and  

cepha lad,  and the pars f lacc ida is  i nc ised to expose 
the caudate lobe .  The super ior  pole of the caudate 
lobe is  then retracted ca uda l ly and the med i a l  wa l l  
o f  t h e  IVC is  exposed .  The l i gament o f  Ara nt ius i s  
d iv ided t o  esta b l i sh  space between t h e  left hepatic 
ve in ,  the IVC, and the upper edge of the caudate 
lobe.  The common venous tru n k  representing  the 
confl uence of the left and middle hepatic ve ins  i s  
then enc i rc led with a vesse l loop.  

• Method two: From a n  a nter ior approach, the fi
brous tissue represent ing  the rem a i n i n g  phreno
hepatic l i ga ment between the m a i n  hepatic ve ins  
(confl uence of  the l eft and m idd le  veins, and  the  
r ight hepatic ve in )  is  d issected to  deve lop a p l ane  
that  extends poster ior ly to  the anter ior su rface of 
IVC. The parenchyma a nter ior to the left ve i n  is  in 
c i sed for 1 to 2 em to expose the a nter ior su rface, 
often expos ing the confl uence of the left and m id 
d l e  hepatic ve ins .  The m idd le  ve i n  is  then  contro l l ed .  

T h e  a b i l ity t o  d i ssect and defi ne t h e  a nter ior  surface of 
the retrohepatic IVC at the level of i nsert ion of the he
patic ve ins  is  often the f ina l  step in assur ing  resectab i l ity 
of les ions located in seg ment 4a .  



A 

B 
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FIG 3 • A. Separat ion and l igat ion of the l eft porta hepatis :  
(1) the l eft med i a l  hepatic a rtery, (2) the left med i a l  hepatic 
duct, and (3) the left medial  porta l  ve i n .  B. Operative 
photog raph of exposure to the segmenta l branches of the 
porta l structu res to seg ment 4. C. Operative image of seg ment 
4 porta l structures after l igat ion and  d iv i s ion .  

A 

2 

3 

B 

c 
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FIG 4 • A. Separat ion and  l igat ion of the r ig ht porta hepatis :  (1) 
the a nter ior branch of the r ig ht hepatic a rtery, (2) the a nter ior 
branch of the r ight hepatic duct, and  (3) the a nter ior branch of 
the r ig ht porta l ve i n .  B. Poster ior retract ion of the mob i l ized 
ga l l b ladder  to expose the seg mental  branches of the porta l 
structu res. C. Seg ment 5 branches after l igat ion and d ivis ion .  
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Inferior 
vena cava ----

Right hepatic ----# 
vein 

c 

Middle hepatic 
vein 

Left hepatic 
vein 

D 

B 

FIG 5 • Extrahepatic control of the m idd le  hepatic ve i n .  A. Typica l ly, there is a confl uence of the m idd le  and left hepatic 
ve ins  pr ior  to i nsert ion i nto the vena cava . B. The confl uence of the m idd le  and l eft hepatic ve i n  occas ion a l ly can be d issected 
extrahepatic, but often, th i s  confl uence is  enve loped in hepatic parenchyma. C. Anter ior  retract ion of the left lobe with 
poster ior  retract ion of the caudate and vena cave (su rgeon's hand) provides exposure to the left and m idd le  hepatic ve i ns .  D. 
Anter ior v iew of the looped confl uence of the left and m idd le  hepatic ve i ns. 



PARENCHYMAL TRANSECTION 

• Many speci a l ized i nstru ments a re ava i lab l e  for use i n  
t h e  pa renchyma l  transect ion ,  i n c l u d i n g  a rgon beam 
e lectroca utery, b ipo lar  e lectroca utery, cavitat ing  u ltra
sonic asp i rators, water-jet d i ssectors, and com b inat ions  
thereof. 

• The a uthors prefer to perform the l iver parenchyma l  
transect ion us ing  f inger  fracture tech n ique  with hemi 
hepat i c  i nf low occ lus ion techn ique  (cycl i c  c l amp ing  of  
the ip s i l atera l hepatic a rtery and porta l ve in)  (FIG 6) .  

Alternative ly, i nterm ittent app l icat ion of Pr ing le 's 
maneuver or tota l hepatic vascu l a r  exc lus ion may be 
emp loyed (FIG 7} .  

• 

• 

It is of paramount i m porta nce to preserve both the r ight 
and left hepatic ve i n .  As the parenchyma l  transect ion 
must be performed a long the cou rse of these vesse ls, the 
most tech n i ca l ly demand ing  aspect of centra l hepatec
tomy is prevention of i nj u ry to one of the hepatic ve ins  
d ra i n i n g  the i ntended remnant l i ver. Such  a n  i nj u ry leads 
to hemorrhage and the potent ia l  for a ir  embo l i .  Also 
of concern is  su bsequent hepatic fa i l u re from venous 
congest ion .  
Although transsect ion of the l iver parenchyma shou ld  be  
performed as c lose  as feas i b le  to the l i nes of  seg men
ta l  a natomy, i ntraoperative u ltrasound is  of g reat va lue  
to  obta i n  a n  adequate marg in  ( idea l ly 2: 1  em) without 
undue r isk to the hepatic ve ins .  
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FIG 7 • Tota l hepatic vascu l a r  iso lat ion .  I n  addit ion to 
control  of porta l i nf low and hepatic ve i n  outflow, occ lus ion 
of  the supra hepatic IVC and i nfra hepat ic  IVC is  obta ined us ing  
two u m b i l ica l  tapes .  Th is  i ntraoperative v iew is taken after 
the parenchyma l  d i ssect ion to fac i l itate v i sua l izat ion of the 
contro l led IVC. 

d issected (FIG 8) .  The vessels to the left part of seg ment 
4 are l i gated and d iv ided to the r ight of the round and 
fa lciform l i gaments. The fu l l  th ickness of the parenchyma 
is  sequenti a l ly d iv ided with a comb inat ion of crush ing  
and l igat ion . 

• The fi rst inc i s ion is made between the left med i a l  sec- • As mentioned ear l ie r, idea l ly, the m idd le  hepatic ve i n  
h a s  been isolated, c lam ped, d iv ided, and  sutu red out
side the l iver parenchyma. However, in s ituat ions where 
the tumor i nvolves or is in c lose proxi m ity of the root of 

A 

tor (segments 4a and 4b} and left l atera l sector (seg
ments 2 and 3). The l iver capsu le  i s  inc i sed a long the 
fa lciform l i ga ment, and then the hepatic parenchyma is 

B 

FIG 6 • The hemihepatic i nf low occl us ion tech n ique .  A. Vessel loop control of the left and r ig ht porta l ve ins .  B. Vessel 
loop control of the hepatic veins.  
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midd le  hepatic ve in ,  the m idd le  hepatic ve in may need to be 
d iv ided and l i gated with i n  the l iver parenchyma (FIG 8) .  This  
can be part icu lar ly  cha l l eng ing  as the midd le hepatic ve i n  is  
often compressed by tumor. 

• The second i nc i s ion  is made  between the r ight  anter ior  
sector (segments 5 a n d  8) a n d  r ight  poste r ior  sector (seg
ments 6 and 7); restated, the r i ght resect ion  l i n e  runs  
a long  the demarcat ion l i ne  between the a nteromed i a l  a n d  

A 

B c 

posterol atera l seg ments. The r ight  a nter ior  por
ta l  ve i n ,  hepat ic  a rtery, a n d  b i l e  d uct shou ld  h ave 
a l ready been m a n aged extra hepatica l ly (FIG 9) .  
On the i nfe r ior  su rface of the l iver, the resect ion  
l i ne  runs  centra l ly a long the  h i l a r  p l ate. 

• The cut surfaces of the l iver are then treated with 
a comb inat ion of e lectrocautery, a rgon beam 
coagu l at ion,  and  thrombogen ic  agents. 

FIG 8 • Parenchyma l  tra nsect ion proceeds from the bottom to the top, from anter ior to poster ior. A. Schematic drawing 
of i ntraparenchyma l  control of br idg i ng  structures. B. Latera l  retract ion of the ob l iterated u m b i l i ca l  ve i n  can g u ide the 
resect ion p lane .  C. I ntrahepatic control of the m idd le  hepat ic  ve i n  at the confl uence with  the l eft hepat ic  vei n .  



FIG 9 • Parenchyma l  transact ion (right side) in operat ion .  

ALTERNATIVE: HEPATECTOMY WITHOUT 

EXTRAHEPATIC DISSECTION OF THE 

PORTA HEPATIS 

• 

• 

• 

• 

• 

Hepatectomy without d i ssect ion of key structu res in the 
porta hepatis is  a s imp l if ied surgica l  maneuver common ly  
used i n  c l i n ica l  p ractice at  present. Th is  approach reduces 
the comp lexity of the procedure and is  associated with 
reduced r isk of accidenta l i nj u ry. 
I ntraoperative u ltrasound is used to identify the r ight 
and left hepat ic  ve ins .  The i r  course i s  ma rked on the an
ter ior  su rface of the l iver with  e lectroca utery. 
Us ing  u ltrasound and pa l pation, the l iver capsu le  is  
marked to ach ieve 1 -cm margins from the les ion.  
The combi nat ion of these surface l andmarks is  used to 
plan the resect ion .  The l iver capsu le  is  then scored a long 
the i ntended resect ion p la nes. 
The hepatic t issue is  separated g rad u a l ly from super
f ic ia l to deep tissues us ing a Pr i ng le  maneuver to l i m it 
i nflow. The l i ver t issue a long the r ight latera l edge of 
the round  l i ga ment on the left is i ncised work ing  ca udad 
to cepha lad and  a nter ior to poster ior. Pr iority is  g iven to 

• 

• 

• 

• 
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identif icat ion of the m idd le  hepatic ve in ,  which is  then 
tra nsected and  l i gated at the i nsert ion .  
The hepat ic  parenchyma i s  d issected a long a p lane  1 em 
to the l eft s ide of the r ight i nterseg mental  f issure. The 
r ight resect ion surface shou ld  avo id  the ma in  r ig ht porta l 
ve i n  and  r ig ht hepatic ve i n .  
T h e  hepatic capsu le  is  then i ncised a t  t h e  poster ior a n d  
i nfer ior  edge o f  t h e  t u m o r  a t  t h e  a nter ior aspect o f  the 
confl uence of the left and r ight hepatic ducts confl uence 
to create a p l ane  of d i ssect ion between the G l isson's 
ped ic le and the hepatic parenchyma .  As th i s  d i ssect ion i s  
carr ied cepha lad,  the leve l  of d i ssect ion shou ld  proceed 
deeper (poster ior) i nto the l i ver. Dur ing  this port ion of 
the d i ssect ion,  care must be taken to not i nadvertently 
enter the IV C. 
Al l  porta l branches shou ld  be l i gated ca refu l ly to prevent 
hemorrhage and formation of b i l i a ry fistu l a .  
To avo id d a m a g e  t o  t h e  b i l e  ducts with t h i s  tech n iq ue, 
the use of a b i l e  duct d i l ator advanced i nto the paren
chyma from a ductotomy i n  the common b i l e  duct can 
help avo id damage to the bi le duct dur ing  the hepatec
tomy. Postoperative T-tube dra inage is  then used as a 
m it igat ion strategy aga i nst b i l i a ry f istu l a .  
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MANAGEMENT AND DRAINAGE OF THE 

HEPATIC WOUND 

• 

• 

After remova l of the tumor, the hepatic wound has two 
raw surfaces. These m ust be ca refu l l y  i n spected for he
mostas is  (FIG 1 0) .  After further exa m inat ion to assu re 
that there is  no b i l i a ry fistu la ,  the cut surfaces of the he
patic remnants a re apposit ion a l ly sutu red face-to-face, 
as long as the porta he  pat i s  is  not excess ively compressed 
by th is  maneuver as th i s  can lead to k i nk i ng  and  associ
ated obstruct ion of porta l structu res (FIG 1 1 ) .  

S im i l a rly, obstruct ion of the hepatic outflow vessels due  
to compress ion of  the hepatic ve ins  may cause  swe l l i n g  

F IG  1 0  • Uncovered (ba re) c u t  surfaces o f  t h e  residua l  l i ver. 
A. The operative f ie ld after the remova l of seg ments 4, 5, 
and  8. D iv is ion of the r ight a nter ior branches and left med i a l  
branches of  porta l ve i n  l eads  to  fu l l  exposure, anter ior ly and  
med i a l ly, of  the preserved branches to  segments 2, 3, 6 ,  and  7 .  
The vena  cava i s  a pparent a bove the bifu rcat ion of the porta l 
ve i n .  B. Schematic v isua l i zat ion of the resect ion bed.  

• 

• 

and congest ion of the l iver. Th is  is often apparent i ntra
operative ly; the l iver becomes purp le  and the edges be
come firm and b l unted . 
Th is  face-to-face sutu r ing is not compu lsory and shou ld 
not be performed if it prod uces excess ive tens ion or  is  
at r isk of caus i ng  hepatic ischemia  or congest ion .  I n  such 
cases, the wound su rface can be kept open and covered 
with a p iece of isolated or  pedic led g reater omentum, or 
the wound surface ca n be treated with hemostatic spray 
gel or  other  hemostatic  mater ia l s .  
The a uthors rout ine ly  p lace two dra ins  under  the r ight 
d i aphragm and in Morr ison's pouch .  

FIG 11 • A. Schemat ic  and  operative image (B) of the l iver 
parenchyma after it has been rea pprox imated us ing m u lt ip le  
sutu res through  the l iver capsu le .  The a uthors be l ieve that 
this maneuver red uces the r isk of postoperative hemorrhage 
or  b i le  leak .  
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PEARLS AND PITFALLS 
Pat ient select ion • Patients shou ld  have i ntr ins ic  l iver d i sease or  a marg i n a l  hepatic remnant to be cons idered for centra l 

hepatectomy. 

Preoperative assessment • Use ICG c leara nce or  CT vo lumetry to determine  the adequacy of the i ntended hepatic rem nant .  

Su rg ica l  techn ique  • I ntraoperative u ltrasound is essenti a l  to gu ide  loca l izat ion of vascu la r  anatomy and p lan  resect ion 
p la nes for adequate marg ins .  

• Control of the m idd le  hepat ic  ve i n  at i t s  i nsert ion i s  paramount .  
• I nf low occ lus ion red uces b lood loss. 
• I ntrahepatic control of segmenta l  branches of the porta l structu res i s  associated with fewer 

iatrogen i c  in ju r ies.  

Com p l ications • B i l e  leak i s  more common g iven the l a rger cut surface a rea .  
• L iver  fa i l u re is  of g reater concern as the i nd icat ion for the procedure is i ntr ins ic  l iver d i sease that  

precl udes extended lobectomy. 

O utcomes • Surviva l is  comparab le  to that of patients that a re cand idates for extended lobectomy (FIG 1 2) .  

F IG 1 2  • MRis preoperative ly and 3 months  after centra l hepatectomy. 

POSTOPERATIVE CARE 

• The focus of postoperative care in cirrhotic patients is on 
management of aberrant hepatic synthetic and detoxifica
tion functions and portal hypertension. In most patients 
who undergo hepatic resection, transient hepatic insuffi
ciency develops postoperatively, with hyperbilirubinemia, 
ascites formation, hypoalbuminemia, edema, and worsening 
of the baseline coagulopathy. 

• Serum levels of aspartate aminotransferase (AST), alka
line phosphatase (ALP),  total and direct bilirubin, partial 
thrombin time (PTT), electrolyte levels, and blood count are 
checked on the postoperative first, third, and seventh day, or 
prior to discharge. Serum bilirubin typically is elevated but 
should peak by postoperative day 2 and then return to nor
mal levels within 1 week. A continued rise in the bilirubin is 
ominous for insufficient hepatic reserve. 

• Sodium intake should be minimized. 
• The regenerating liver requires phosphorus supplementation. 
• Spironolactone is started in all cirrhotic patients as soon as 

oral diet is resumed and furosemide is added as needed to 
control ascites and/or peripheral edema. 

• Postoperative pain control is best achieved with patient
controlled analgesia (PCA). Because of the decreased clearance 
of liver-metabolized drugs after a major hepatectomy, selection 
and dosing of pain medications should be adjusted accordingly. 

• An oral diet can be resumed as early as postoperative day 3 .  
• The surgical drain can b e  removed o n  postoperative day 3 

unless it is controlling a bile leak. 
• If an unexplained fever occurs or the bilirubin level rises 

when other hepatic function parameters are normal, an in
traabdominal bile collection may be present and a CT scan 
should be obtained. Percutaneous drain placement usually 
brings about resolution of such collections after a few days; 
reoperation is rarely necessary. 

OUTCOMES 

• Mehrabi et aJ.3 reported 48 consecutive patients with cen
trally located liver tumors that underwent central hepatec
tomy. Postoperative surgical complications were seen in 
1 8 . 8 %  of patients. The 3 -year disease-free survival rate was 
47. 9 % .  

• A s  for oncologic outcomes, overall 1 -, 3 - ,  and 5-year disease
free survival rates range from 5 3 %  to 82%,  30% to 50%,  
and 1 7% to  30%,  respectively. 4•5 

• Three retrospective studies have compared central hepa
tectomy to lobar or extended hepatectomy and found no 
difference in perioperative morbidity and mortality or 
mean postoperative hospital stay.6-10 Wu et alY found 
that central hepatectomy required a significantly longer 
inflow occlusion time for liver parenchymal transection 
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than did extended hepatectomies .  Patients who underwent 
extended hepatectomy had worse 1 -, 3-, and 6-year dis
ease-free survival rates, but this did not reach statistical 
significance. 

COMPLICATIONS 

• Liver failure-The major advantage of a central hepatec
tomy is preservation of functional liver parenchyma. 

• Hemorrhage-Extraparenchymal exposure of the hepatic 
veins with the possibility of clamping them in association 
with the Pringle maneuver, and the maintenance of a low 
central venous pressure during central hepatectomy, can 
substantially reduce operative hemorrhage. 

• The most frequent causes of perioperative death are liver 
failure and hemorrhage. 

• Bile leak-Central hepatectomy is an independent risk fac
tor for bile leak; there are two transection planes and exten
sive dissection of the hepatic hilum. 

• Hepatic venous outflow obstruction 
• Ascites 
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Aijun Li Mengchao Wu 

DEFINITION 

• Hepatic neoplasms involving the inferior vena cava (IV C) have 
usually been considered unresectable because of the high surgi
cal risk of massive bleeding and air embolism. However, aggres
sive surgical approaches for hepatic tumors involving the rvc 
have recently been reported to have been performed safely and 
have been shown to alter the natural history of the disease.1-28 

DIFFERENTIAL DIAGNOSIS 

• Intrahepatic cholangiocarcinoma(ICC)29 
• Hepatocellular carcinoma (HCC) 
• Renal cell carcinoma 
• Metastatic disease 

MEDICAL HISTORY AND PHYSICAL EXAM 

• By far, the most frequent indication for IVC resection en 
bloc with hepatectomy is HCC. As cirrhosis is the major risk 
for HCC and also the major risk factor for postoperative 
liver failure, great attention must be paid to history, symp
toms, and signs associated with underlying liver disease. 
In general, hepatectomy that also requires IVC resection is 
only performed in patients without intrinsic liver disease. 

• History 
Hepatitis 
Alcohol consumption 

• Symptoms 
Fatigue 
Encephalopathy 
Rapid weight gain 

• Signs 
Ascites 
Asterixis 
Abdominal or thoracic telangiectasia 
Cachexia 
Morbid obesity (steatohepatitis )  
Extensive pedal edema (IVC compression) 

• A thorough evaluation of potential pulmonary and cardio
vascular disease must be performed. Patients with significant 
comorbidities are not candidates for major hepatectomy 
with en bloc IVC resection. 

IMAGING AND OTHER LABORATORY 
STUDIES 

• Ultrasonography (US ) .  US is often the initial diagnostic im
aging modality employed but is inadequate to fully evaluate 
hepatic lesions and IVC involvement. 

• Contrast-enhanced computed tomography (CT).  In addition 
to providing information regarding the number, size, and 
location of lesions, CT is an effective tool to estimate the 
remnant liver volume (RLV) .  

• Magnetic resonance imaging (MRI) examination. MRI i s  valu
able for characterizing lesions and defining vasculature. It is 
particularly helpful in diagnosing the extent of tumor throm
bus (TT) within the IVC. Magnetic resonance angiography 
(MRA) is useful for identifying the major hepatic veins and 
the IVC and clarifying their relations to any tumor masses. 

• Each of these modalities may reveal IVC compression or TT 
within IVC. 

• Patients that are suspected of having malignant invasion 
of the IVC wall on preoperative radiologic studies should 
also have echocardiography to assess for extension into the 
right heart. Such extension is not prohibitive of resection but 
mandates an operative approach that provides access to the 
chest, thus increasing morbidity while hope for a surgical 
cure is fleeting. 

• In addition to routine laboratories, all patients must un
dergo a careful preoperative assessment of liver function and 
potential underlying disease. 

Liver function tests 
Hepatitis serologies 
Coagulation studies 
Platelet count 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative ipsilateral portal vein embolization to create 
hypertrophy of the planned liver remnant may prevent post
operative hepatic failure after extended major hepatectomy. 

• Low-volume resuscitation minimizes blood loss but exag
gerates potential hemodynamic instability with clamping of 
the IVC. 

• Venovenous bypass (VVB) with total hepatic vascular exclu
sion (THVE) facilitates resection of primary and metastatic 
hepatic neoplasms that invade the vena cava.21 •22 Given the 
prior pearl, be prepared to use VVB when IVC invasion is 
suspected (FIG 1 ) .  Preoperative communication and coordi
nation with perfusion and anesthesia teammates is vital to 
success in this regard. 

Anatomic Considerations 

• Characteristics of the posterior hepatic IV C. The posterior 
hepatic IVC extends from the renal veins to the confluence 
of the right atrium (RA) .  This is further divided anatomi
cally into the inner segment of the pericardium (intrapericar
dial IVC) ,  the suprahepatic IVC below the diaphragm, the 
retrohepatic IVC, and the lower segment of the subhepatic 
renal vein. The IVC is thick-walled, tenacious, elastic, and 
not particularly susceptible to invasion. The hepatic veins 
are thin-walled but rapidly develop thicker walls as they in
sert into the IV C. Thus, the proximal portions of the hepatic 
veins are at greatest risk for injury during the operation. 

693 
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Right internal --:-:=�;.;� 
jugular vein 

'1.'::---'t'-T------ Femoral 
vein 

FIG 1 • Schematic of a VVB c i rcu it. The left femora l  and r ig ht 
i nterna l  j u g u l a r  ve ins  a re ca n n u l ated percutaneous ly. The patient 
i s  hepar in ized and the can n u l a e  connected to a c losed c i rcu it  
conta i n i n g  a ro l ler  pump and  a heat exchanger. B lood is  d rawn 
from the femora l  s ite and i nfused i nto the j u g u l a r  s ite. 

Such injury invariably results in intraoperative hemorrhage 
and/or air embolism. 

• Characteristics of tumors that involve the IV C. Most liver 
cancers near the IVC originate from hepatic segments 1, 4, 5, 
and/or 8, or in the paracaval portion of the caudate (referred 
to by some as segment 9 ) .  

Type I Type I I  

Caudate tumors: Anatomically, the hepatic caudate lobe 
is divided into the left hepatic caudate lobe (Spigelian 
lobe, caudate lobe proper, segment 1 )  and right hepatic 
caudate lobe (dorsal sector) .  The right hepatic caudate 
lobe can be further divided into the paracaval portion 
( segment 9) and the caudate process (segment 1 0 ) _23-26 
Caudal tumors may either extend anteriorly and thus in
vade the portal vein and/or the bile duct, resulting in ob
structive j aundice, or extend posteriorly and thus invade 
the IVC. Generally, about one-fourth of caudate tumors 
involve the IVC.27•28 
Tumors arising near the root of the hepatic veins: These 
tumors typically compress the anterior IVC between the 
mid and right hepatic veins or between the mid and left 
hepatic veins. Because the hepatic veins have no valves, 
are thin-walled, and fixed in the hepatic parenchyma, they 
are unable to retract upon injury and air embolism is liable 
to occur. To avoid air embolism and massive hemorrhage, 
the operative strategy should plan to isolate the hepatic 
veins extrahepatically and occlude them in advanceY-19 
The risk in resecting tumors that are near the confluence 
of the hepatic veins with the IVC is not rupturing the IVC 
but injuring the thin wall of the hepatic veins. 

• Characteristics of inferior vena cava tumor thrombus 
(IVCTT} :  IVCTT often spreads from the hepatic veins or 
hepatic short veins. 30-33 IVCTT is clinically classified into 
three types (FIG 2 ) :  ( 1 )  the posterior liver type (type 1 ) ,  
where TT is located in the IVC behind the liver and below 
the surface of the diaphragm; (2) the superior liver type 
(type II ) ,  where TT extends into the IVC above the sur
face of the diaphragm but outside the atrium; and ( 3 )  the 
intracardiac type, where TT surpasses the surface of the 
diaphragm and enters the RA. The operative plan for pa
tients with IVCTT completely depends on this classification 
of the IVCTT. 

Type I l l  

F IG  2 • A.  T h e  poster ior  l iver type (type 1 ) ,  where thrombus  is  l ocated i n  t h e  IVC b e h i n d  the l iver and be low t h e  su rface o f  t h e  d i aph ragm .  
B. The  super ior  l iver type (type I I ), where thrombus extends i nto the IVC a bove the  su rface of  the d i aph ragm but rema ins  outside the 
atri u m .  C. The i ntraca rd iac type, where thrombus su rpasses the su rface of the d i aphragm and  enters the RA. 
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Surgical Positioning Incision 

• The patient is positioned supine with both arms tucked 
(access to the chest may be required) .  

• The patient is prepped from chin to midthigh. The chest 
should be covered with sterile drapes, if sternotomy is not 
anticipated, to optimize maintenance of normothermia. 

• A right subcostal incision with midline extension to the xi
phoid process provides excellent exposure and facilitates ex
tension should a sternotomy prove indicated. 

• A fixed retractor is used that is capable of providing ade
quate exposure. The authors use a Thompson retractor. 

• The authors advocate placement of central lines in the left 
jugular vein and left femoral vein. These are the access 
points for VVB should it be required. 

HEPATIC NEOPLASM I NVASION OF THE 

I N FERIOR VENA CAVA WALL WITHOUT 

TUMOR THROMBUS 

• 
• 

• 

• 

The l iver is fu l ly mob i l ized . 

An u m b i l ica l  tape is p laced around the hepatod uodena l  
l igament and vessel loops a re p laced a round  the  r ight 
hepatic ve i n  as wel l  as the confl uence of the left and 
m idd le  hepatic ve ins .  Occas iona l ly, l e s ion  location wi l l  
precl ude th i s  control of both ve ins .  The a uthors advocate 
be ing prepared to perform THVE, and associated VVB if 
i nd icated, i n  this sett ing .  
Next, assess for  IVC i nvas ion versus com p ress ion .  The  
under ly ing  pathology wi l l  be somewhat p red ictive of 
encounter ing  true i nvas ion .  HCC m ost typ ica l ly wi l l  
compress, but not i nvade the IVC (FIG 3) .  ICC or  meta
stat ic  adenocarc inomas  a re more prone to truly i nvade 
the IVC. 
D issect, contro l ,  and  d iv ide short hepatic ve ins  work ing 
i n  a ca uda l  to cra n i a l  fash ion .  When the IVC is  i nvaded by 
a hepat ic  tumor, the wa l l  becomes pa le  and stiff. More 
often than not, there is usua l l y  a p lane  between the 
tumor and the IVC for separat ion .  Ca refu l identif icat ion 
of th i s  p lane may comp letely avo id in jury or  need for re
sect ion i nto the IVC. 

FIG 3 • Preoperative CT sca n showing a very large l iver 
tumor located at seg ments 4 to 8 with i nfi ltrat ion i nto the 
caudate lobe. The IVC i s  not c lear ly identif ied and i nvasion 
of the IVC versus compress ion ca nnot be determ ined .  Surg ica l 
exp loration revea led the IVC was not i nvolved . A r ight 
tr iseg mentectomy was performed.  

• 

• 

• 

• 

• 

• 

Sometimes, after tumors a re str i pped from the IVC or the 
IVC outer mem branes a re comprom ised by sharp d i ssec
tion tech n iq ue, the th inned IVC wa l l  shou ld  be repa i red 
with polypropylene 5-0 sutu res idea l ly p laced in the 
transverse axis to prevent na rrowing of the l umen .  
If the IVC  can be fu l ly d i ssected, resect ion proceeds as 
descr ibed i n  other  chapters. 
If the IVC i s  i nvaded, the next step is  to determine  if 
the segment i s  short enough to faci l itate IVC resect ion 
with contro l  us ing  a s ide-b it ing vascu l a r  c lamp such as a 
Sat insky c l amp (FIG 4) .  This  c l amp is most eas i ly  p laced 
after the pa renchyma l  transect ion when the resect ion 
spec imen can be retracted to e levate the f ina l  a rea of 
attach ment on the IVC.  You may not be ab le to deter
m ine  the cra n i a l  extent of i nvolvement unt i l  the l iver has 
been d iv ided.  
Pr ior to beg i n n i n g  the parenchyma l  d i ssect ion,  get con
trol of the suprahepatic and i nfrahepatic vena cava by 
ci rcu mferent ia l ly d i ssect ing them and p lac ing u m b i l ica l  
tapes (FIG 5) .  I dentify and set as ide the a ppropr iate vas
cu la r  c l amps you w i l l  requ i re shou ld  THVE prove i nd i 
cated . A test c l amp of  the suprahepatic vena  cava shou ld  
be performed to  determine  the need  for  VVB, if THVE  i s  
req u i red .  
Hepatic tra nsect ion proceeds from superfic i a l  to deep t is
sues with the porta l tr ia l  c l amped.  The left i ndex f inger  
shou ld  be p laced u p  aga inst the l atera l wa l l  of the IVC, 
and the left thumb is put on the media l/anter ior aspect 
of the IVC. Th is  maneuver provides propr iocept ion for 
the operative surgeon d u ri ng  the transect ion .  
To fac i l itate vascu l a r  control for  subsequent repa i r, c l amp 
the IVC with  a l a rge Sat insky c l amp to provide a marg i n  
for sharp resect ion o f  t h e  i nvolved seg ment o f  t h e  IVC 
(FIGS 6 and 7) .  

• If the seg ment of IVC i nvolvement proves to be more 
extens ive, proceed with THVE to remove the tumor and  
repa i r  the IVC. 

• Sharp ly excise the les ion with a venous marg i n  that 
idea l ly i s  g reater than 0 .5  em. 

• Alternatively, the resect ion can be performed in two steps: 
to resect and remove the ma in  tumor fi rst, then to c lamp 
the affected part on the IVC wa l l  w ith  Sat insky forceps, 
cut off the remnant tumor, and f ina l ly repa i r  the IVC. 

• Assess whether a patch w i l l  be req u i red versus pr imary 
repa i r. 
• S imp le, long itud i na l  c losure with 5-0 polypropylene 

i s  accepta b le  un l ess it resu lts i n  na rrowing of the IVC 
l u men g reater than 2 5 % .  
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A B 

c D 

FIG 4 • A. The IVC is not i nfi ltrated, but the IVC was compressed and f lat.  The tumor is str ipped from the IVC, or the IVC 
outer mem branes a re sheared by scissors. B. The IVC is  part ia l ly i nvolved but can be resected under  side c l amp ing  and then 
pr imar i ly c losed with d i rect long itud i na l  sutur ing (resu lt  should lead to less than a 25% na rrowing of the IVC) . C. When the 
IVC is  extensively i nvolved (>50% of the d i ameter), the IVC i s  resected and reconstructed us ing a patch (bovi ne pericard i u m) .  
D. I f  the defect is  l a rge  or the IVC is  occ luded,  c i rcumferent ia l  excis ion and pr imary a nastomosis i s  warra nted . An i nterpos it ion 
g raft should on ly be used on ly  when a long seg ment of IVC (>3-cm length) is  resected .  

F I G  5 • Occ lus ion o f  t h e  supra hepatic IVC and i ntrahepatic 
IVC using two u m b i l ica l  tape c l amps (tota l  hepatic vascu l a r  
exc lus ion) .  Th i s  postresect ion image (to improve v i sua l izat ion 
of the p lacement of the umb i l ica l  ta pes) was taken after a 
r ight tr iseg mentectomy was performed.  

FIG 6 • Preoperative CT sca n showing a l iver tumor located 
at the ca udate lobe with probab le  i nvas ion of the IV C. 
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FIG 7 • Macroscop ic  f ind ings  of resected specimen .  A 4 x 

• Alternative ly, if the resect ion exceeds a bout ha l f  of 
the c i rcumference, a patch of a utologous ve i n  or 
bovi ne pericard i u m  ca n be sewn c i rcu mferent i a l ly 
with runn ing  5-0 polypropy lene .  

• Reported ve i n  g rafts for patch repa i r  i nc lude sa
phenous ve i n, superfic i a l  femora l ve in ,  or l eft rena l  
ve i n .  

• If the IVC is e ither extensively i nfi ltrated or comp letely 
obstructed, the IVC shou ld  be resected and reconstructed 
us ing a g raft. Dur ing  seg menta l resect ion,  vascu la r  
c l amps shou ld  be p l aced at  both proxi m a l  and d ista l s ides 
of the i nvolved part of the IVC. U m b i l i ca l  tapes wi l l  not 
provide adequate hemostas is .  

• 

• 

Defects shorter than 3 em can often be pr imar i ly rea p
proximated with 5-0 polypropylene.  

5 x 5 em IVC i nfi ltrat ing-type tumor  occup ied the caudate 
lobe parenchyma sitt ing astr ide the IVC. The black arrow • 
i nd icates the cou rse of the IV C. Th is  les ion was resected us ing  

If the defect is  longer  than 3 em or pr imary a nasto
mosis i s  under  undue  tens ion, an i nterposit ion g raft is 
warranted. 
Unfortunately, autologous vein  grafts are too sma l l  to re
p lace the IVC. The favored materia l  for an IVC interposi
tion graft is stented polytetrafl uoroethylene (ePTFE). 14• 34-46 

These condu its a re ava i lab le in varying sizes and are i nserted 
using 5-0 polypropylene running suture. 

a s ide-bit i ng  vascu la r  c l amp .  The resu ltant defect in the IVC 
req u i red a patch repa i r. 

HEPATIC NEOPLASM WITH INFERIOR 

VENA CAVA TUMOR THROMBUS 

• Surgery select ion depends on the l evel at which TI enters 
the IVC (FIG 2) .  

• In surg ica l  man ipu lat ion of HCC with TI, it is cr it ica l to 
avo id squeez ing  the hepatic ve ins and  the IVC in the 
process of d issect ing  the tumor, which may resu lt i n  TI 
p u l monary embo l i sm .  H owever, " n o-touch " tech n ique  
is  a lmost i m possib le  i n  the process of d i ssect ing a l a rge 
tumor mass, and  therefore, it is  d ifficu lt to prevent n 
from fa l l i n g  off comp letely. 

• 

• One option to m i n i m ize th i s  r isk is to i m p lant a 
device near  the IVCTT prox ima l  to the heart be
fore tumor d i ssect ion so as to prevent TI fa l l  off. 
B. B raun 's Tem pofi lter II tem porary IVC fi lter is  a 
device des igned for th i s  pu rpose.33 

• The fi lter is i m p l a nted under  loca l  anesthes ia v ia  
the r ight cervica l  ve in 1 day before surgery or i n  the 
morn ing  of surgery and  f ixed i n  the IVC by means 
of the de l ivery rod . It ca n be withd rawn eas i ly  after 
surgery. 

• The device can be fixed secure ly as long as there is  
a more than 2-cm d ista nce between the TI and the 
r ight atria l  or if ice.  

For type I tumors 
• Explore the locat ion and s ize of the tumor and loca

tion of the IVC fi rst; comp letely mob i l ize the l iver 
and expose the IVC a bove and be low the l i ver. 

• The levels for vascu la r  exc lus ion are at the suprahe
patic IVC and i nfra hepatic IVC (between the adrena l  
ve i n  and rena l  ve in ) .  Pass u m b i l i ca l  tapes at  these 
l evels .  

• 

• Use care to m i n i m ize man ipu lat ion of the i nvolved 
hepatic vein-tumor embolus  i s  poss ib le .  

• Transect the l iver pa renchyma under  Pr i ng l e  occ lu 
s ion fi rst, leaving  on ly the affected hepat ic  ve in i n  
cont inu ity with t h e  spec imen and t h e  IVC. 

• C lamp the IVC. 
• Open the hepatic ve ins  and the IVC under  d i rect v i 

s ion (open the IVC be low the l iver long itud i na l ly); 
resect and remove TI under  d i rect v i s ion .  

As most tumor thromb i  a re not attached to the 
wa l l ,  they ca n be removed or d i ssected from 
the IVC under  d i rect v is ion .  
I n  some cases where TI is  attached to the wa l l  
or  i nvade t h e  IVC wa l l  and  cannot be removed 
comp letely, part i a i iVC resect ion p lus  repa i r  can 
be performed.  
I n  cases where TI has i nfi ltrated the venous 
wa l l ,  adhered with it severely, and obstructed 
the IVC comp letely, resect the i nvolved part ia l  
IVC together with TI. 
I n  cases where comp lete remova l of TT is i m 
poss i b l e, I V C  rep lacement can be cons idered . 
As the l ocat ion of type I IVCTI is re lat ive ly 
l ow, venous TI ca n be removed surg ica l ly by 
us ing the sta n d a rd rad i ca l  hepatectomy a n d  
THVE . 

• To restore venous retu rn, control the IVC with a 
s ide-b it ing vascu la r  c l amp and release the occl ud ing  
c l amps.  

• I rr igate the IVC and suture the l u m i n a l  wa l l .  
I n  type I I  tumors, TI h a s  surpassed t h e  l evel o f  the 
d i aph ragm,  thus the TI has to be removed by open ing  
the  d i aphragm and the  per icard i u m  so  that  the  level of 
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FIG 8 • The CT of the case described revea led a l a rge hepatic 
tumor with TI through the r ight hepatic ve in to the IVC. The 
patient underwent a com b ined r ight hepatic and TI resect ion .  

vascu l a r  iso lat ion of the supra hepatic IVC is  a bove the 
d i aphra g m  but be low the RA (FIGS 8 and 9) .  
• I n  type II TI, subd iaphragmatic occ lus ion of the IVC 

i s  not a ppropr iate, as it may cause TI rupture and  
fa l l  off, resu lt ing i n  card iac  tam ponade, acute pu l 
monary embo l ism, and other ser ious com p l ications .  

• D issect the i nfrahepatic IVC fi rst and  fu l ly mob i l ize 
the l i ver. 

• Open the d i aph ragm a nter ior  to the supra hepatic 
IVC and enter the mediasti n u m  to expose the r ight 
a u ric le  (FIG 1 0) .  

• Control the su prahepatic IVC from with i n  the per i
card i a !  space. P lace a n  u m b i l ica l  tape (FIG 1 1 ) .  

FIG 9 • Corona l  v iew of a n  M R I  of the same patient demon
strati ng TI extend ing  i nto the supraphren ic  IVC (black arrow), 

above the su rface of the d i aph ragm but outs ide the atri u m .  

F IG  1 0  • Exposure o f  t h e  su prahepatic IVC a bove d iaphragm.  
Note the wh ite per icard i u m .  

• Occ lude the fi rst porta l (Pr i ng l e  occ lus ion)  and then 
the i nfra hepatic IVC. 

• Occ lude the r ight a u r ic le with Sati nsky forceps 
(FIG 1 2) .  

• Open the IVC long itud i n a l ly and  resect the TT to
gether with the tumor  under  d i rect v i s ion .  

• Before resu m i n g  b lood flow, the res idua l  TI and  
c lots shou ld  be washed out  with the he lp  of  the  
b lood pressure sti l l  exist ing i n  the IVC  for  the sake 
of avo id i ng  pu lmonary embo l ism caused by air and  
b lood c lots. 

• Close the IVC defect with runn ing  5-0 polypropy lene 
(FIG 1 3) .  

• Reverse ly, re lease the Sat insky forceps, and  then the 
IVC below the l iver, and  the fi rst porta l occ lus ion 
(Pr i ng le  occ lus ion) .  

• Repa i r  the per icard i u m  and  the d i aph ragm (FIG 14) .  
• FIG 1 S  demonstrates the resected spec imen with 

extens ion of TI that has been removed.  

FIG 11 • The suprahepatic IVC i s  c i rcu mferent ia l ly d i ssected 
with i n  the perica rd i a !  space, a bove the d i aph ragm,  and  a n  
u m b i l ica l  t a p e  passed . 
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FIG 12 • The r ight atria l  appendage was occ luded with a FIG 14 • The d iaphragm is repa i red us ing i nterrupted sutu res. 
Sati nsky c l amp .  

• Type I l l  TT can extend to the RA (FIG 1 6), and there
fore, TT remova l has to be performed under  d i rect v is ion 
us ing extracorporea l c i rcu lat ion (under card io p u l monary 
bypass) 3 1 .32 

• Georgen et a l . 3 1 descr ibe an or ig i n a l  f inger-assisted 
thoracoa bdom ina l  a pproach for resect ion of HCC with 
thrombus extend ing  i nto the RA, assisted by transesoph
agea l  echocard iography (TE E), which avo ids  the need for 
extracorpora l bypass .  There a re th ree prereq u i s ites for 
th i s  procedure :  
• 

• 

There a re no adhes ions to the venous wa l l  of macro
scop ic  thrombus  in patients with HCC. 
Comp lete mob i l izat ion of the l iver a l l ows cauda l  
retract ion of  the l i ver and en  b loc retract ion of  the  
tumor and the thrombus  out  of the RA. 

• After app l icat ion of a vascu la r  c l amp on the supra
hepatic port ion of the IVC a bove the thrombus, a 
rout ine hepatic vascu la r  excl us ion can be performed 
to remove the tumor and  the thrombus .  

FIG 15 • Livertumor together with thrombus g ross pathology. 
Arrow i nd icated TT in the r ight hepatic ve in ;  TT of IVC (right). 

FIG 1 6  • Echoca rdiography revea l i ng  TT (white arrow) ex-
FIG 13 • The IVC wa l l  is c losed us ing polypropylene 5-0 suture. tend ing  i nto the RA. 
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POSTOPERATIVE MANAGEMENT 

• Liver function, electrolyte levels, blood count, and pro
thrombin time (PT) are checked after the operation and then 
daily until discharge. 

• Postoperative pain control is best achieved with patient
controlled analgesia (PCA) .  Because of the decreased 
clearance of liver-metabolized drugs after a hepatectomy, 
selection and dosing of pain medications should be adjusted 
accordingly. 

• Phosphate supplementation is empirically provided as liver 
regeneration will consume large amounts of phosphate. 

• An oral diet can be resumed as early as postoperative day 3 .  
• Fever, tachycardia, o r  hyperbilirubinemia when other he

patic function parameters are normal are signs that an 
intraabdominal bile collection may be present, and a CT 
scan should be obtained. Percutaneous drain placement usu
ally brings about resolution of such collections after a few 
days; reoperation is rarely necessary. 

• The focus of postoperative care in cirrhotic patients is on man
agement of cirrhosis and portal hypertension. In most such 
patients who undergo hepatic resection, transient hepatic in
sufficiency develops postoperatively with hyperbilirubinemia, 
ascites formation, hypoalbuminemia, edema, and worsening 
of the baseline coagulopathy. 

COMPLICATIONS 

• Bleeding (hepatic wound surfaces, intraperitoneal, and gas-
trointestinal bleeding) 

• Hepatic failure, renal failure 
• Bile leak 
• Subphrenic abscess 
• Hepatic venous outflow obstruction 
• The hepatic wound surfaces infection 
• Pneumothorax, pleural effusion 

OUTCOMES 

• The reported 5-year survival for HCC invading the main 
trunk of the portal vein and the IVC is 20%/4 and this was 
better than that of patients that received transarterial che
moembolization (TACE) alone. 

• Arii et al. 35 reported IVC resection with reconstruction using 
ePTFE led to a 50% survival at 29 months. Patency of the 
graft was maintained for the long term without infectious 
complications. One-year, 3 -year, and 5-year survival rates 
were 63 .6%,  38 .2%,  and 25 .5%,  respectively. 

• Azoulay et al.36 reported their experience with concomi
tant hepatic and IVC resection in 22 patients with various 
liver tumors. Actuarial ! -, 3-, and 5-year survival rates were 
8 1 . 8 % ,  3 8 . 3 % ,  and 3 8 . 3 % ,  respectively. 

• Recent data7•3 1 •32•47-50 reported a 5 -year survival rate of 
2 0 %  to 3 0 %  and a median survival of 9 . 8  to 28 months, 
showing that patients who underwent complete resec
tion of the tumor together with associated TT survived a 
long time. 

• It is now generally accepted that the prognosis is good in 
HCC patients who received radical resection of the tumor 
together with dissection of the IVCTT as long as there is no 
local or distal metastasis. 
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Chapter 30 Right Hepatic Trisegmentectomy 
- ----------------------------------- ·----------------------------------------------------- .. 

Ivan R. Zendejas 

DEFINITION 

• Removal of all the liver located to the right of the falciform 
ligament; the left lateral segment represents the functional 
remnant. By the segmental anatomy of the liver ( FIG 1 ), this 
represents the resection of the three liver segments located to 
the right of the falciform ligament including the middle seg
ment (4A and 4B), the right anterior segment (5 and 8 ) ,  and 
the right posterior segment (6 and 7 ) .  

• The resection may also include the caudate lobe and a l l  the 
biliary ducts to the right of the umbilical fissure. This is most 
frequently indicated in hilar cholangiocarcinoma patients. 

DIFFERENTIAL DIAGNOSIS 

• Cholangiocarcinoma 
• Metastatic carcinoma 
• Hepatocellular carcinoma 
• Gallbladder cancer 
• Liver trauma 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• Attention must be given to the potential for underlying liver 
disease. The intended hepatic remnant following right triseg
mentectomy is inadequate. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Triphasic, contrast-enhanced abdominal computed tomog-
raphy (CT) scan 

Its main value is to identify the vascular structures 
involved, anatomic variations in the hilar vasculature, and 
margins to be preserved at the time of surgery ( FIG 2 ) .  

F I G  1 • Anatomy o f  a r ight tr iseg mentectomy. Segments 7 a n d  
8 are routi ne ly removed . Segment 1 is  selectively i nc luded i n  the 
resect ion,  depend ing  on the i nd ication and  a b i l ity to obta i n  a 
negative resect ion m arg i n .  
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FIG 2 • Anatomy of the hepatic ve ins .  The tra nsect ion p lane  
for a r ight tr iseg mentectomy i s  between the m idd le  hepatic ve i n  
(M HV) and  left hepatic ve i n  (LHV). 

Examples of CT scans from patients with hepatocellular carci
noma involving the right side and middle segments (FIG 3) and 
a right dominant hilar cholangiocarcinoma are shown (FIG 4) .  

• Abdominal magnetic resonance imaging (MRI) with con
trast and delayed liver phase 

Equivalent to a contrast CT scan; slightly better at defining 
parenchyma abnormalities and in differential diagnosis 

• Intraoperative ultrasound (IOUS) 
Essential tool and skill needed during liver surgery. IOUS 
helps define margins, identify smaller lesions (<1 em),  and 
visualize the portal pedicles and hepatic veins (FIGS 5 and 6) .  

SURGICAL MANAGEMENT 

Preoperative Planning 

• The volume of the intended remnant liver should to be calcu
lated with preoperative imaging and considered against the pa
tient body weight. The author favors 3-D reconstruction of a 
CT scan with software rendition of the remnant volume (FIG 7) .  

FIG 3 • Hepatoce l l u l ar carci noma i nvolv ing the r ight a n d  m idd le  
sectors. 

-
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FIG 4 • R ight d o m i na nt h i l a r  cho lang iocarc i noma .  Note the 
d i l ated bi le ducts i n  seg ment 4, to the r ight of the fa lc iform 
l i g a ment, suggest ing  the obstruct ion i s  d ista l to the i r  confl uence 
with the other ducts d ra i n i n g  the l eft lobe. 

• The functional capacity of the remnant liver should be estimated. 
• Portal vein (PV) embolization of the right lobe (and occa

sionally segment 4 )  is often indicated. 
• If PV embolization is performed, CT scan volumetrics are 

repeated 3 to 4 weeks postembolization to assess for ade
quate hypertrophy of the planned liver remnant. 

• Low-volume intraoperative resuscitation reduces blood loss. 
This approach requires preoperative communication with 
the preoperative nursing staff and anesthesiologist. 

• Regional anesthesia approaches, such as epidural catheters, 
reduce pain scores and respiratory complications. 

FIG 5 • Hepatic ve i n  confl uence under  IOUS .  F l u id-fi l l ed 
structu res a ppear black. Doppler  co lor fac i l itates identif icat ion 
of cyst ic  les ions from vascu l a r  structures. I n  th i s  i m age, the left 
hepatic ve i n  is h i g h l i g hted by the Doppler  s igna l  (blue) and 
the r ight  hepatic ve i n  i s  h i g h l ig hted red as they  insert i nto the 
i nfer ior  vena cava ( IVC) . The middle hepatic ve i n  i n  th i s  patient 
does not fuse with the left hepatic ve i n  prior to IVC i nsert ion and 
is  seen a bove the IVC without Dopp ler  enha ncement.  

FIG 6 • IOUS of a hepatic neoplasm. The hypoecho ic  les ion i s  at 
the top of the image .  The i nterface with norma l  parenchyma is  
rea d i ly apparent. 

• Preoperative steroid ( 1 00 mg intravenous [IV] methylpred
nisolone) is associated with reduced peaks of liver injury test 
values but not improved outcomes. 

Positioning 

• The patient is placed in a supine position. Tucking the right 
arm is optional, depending on the retractor to be used. 

• The patient is prepped from the nipples to the pubis on both 
sides. 

• The authors routinely place an arterial line and central 
venous line. 

FIG 7 • Tri d i mens iona l  reconstruct ions showing the vo l u m e  of 
the l iver rem n a nt .  Th is  part icu l a r  software package prov ides the 
vo l u m e  and percent of the tota l vo l u me (ta b le  i nsert) . 
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INCISION 

• A n u m ber of options are poss ib le  (FIG 8) for a ppropr iate 
exposu re to perform a r ight tr iseg mentectomy. 

• B i latera l ,  su bcosta l i nc is ion with u p per m i d l i n e  extens ion 
(A+ B +C) 

• A r ig ht-s ided, hockey stick-type i nc is ion (A + C) 
• I n  ch i l d ren, a f lat b i l atera l i nc is ion ca n be used (A+ B) .  
• Remova l of the x ipho id  process is opt iona l  in order to get 

a better exposu re of the suprahepatic abdom i n a l  vena 
cava . 

FIG 8 • Types of i nc is ion for a r ight tr iseg mentectomy. 
The a uthors favor a r ight su bcosta l  inc i s ion with m i d l i n e  
extens ion t o  t h e  x ipho id  process. 

EXPOSURE 

• A Thompson retractor fac i l itates the a p p l i cat ion of ad
equate tens ion of the costal  m a rg i n  to prov ide exposu re 
to the hepatic ve ins  a n d  suprahepatic vena cava . 

HILAR PALPATION 

• 

• 

B i m a n u a l  pa l pation of the h i l a r  structures through the 
fora men of Wins low q u ickly defines the a rter ia l  anatomy 
(FIG 9) .  A p u lse felt poster ior  to the PV is  a sure s ign  
of a replaced r ight hepatic a rtery or i g i n at ing f rom the 
super ior  mesenteric a rtery. The gastrohepatic l i g a ment 
is  i n spected for the presence of a rep laced/accessory left 
hepatic a rtery supp ly ing the left l atera l seg ment. The 
best p lace to pa l pate the l eft hepatic a rtery is  the u m b i l i 
c a l  fissu re a t  t h e  base o f  t h e  l i ver. T h e  a rter ia l  supp ly  of 
the left latera l seg ment has to be c lear ly identif ied and  
preserved for  a successfu l  outcome.  
Noda l  d i sease can be pa l pated and  fixat ion of porta l 
structu res can est imate tumor  extens ion .  

LIVER MOBILIZATION 

• The rou n d  l i ga ment is l i g ated . The fa lc iform l i g a ment i s  
taken down to the leve l  of the hepat ic  ve ins .  The gas
trohepatic l i g a ment is opened with carefu l  attention to 
preserve the occas iona l  rep laced/accessory left hepatic 
a rtery. At this poi nt, m o b i l izat ion of the r ight lobe is  
performed ( IOUS may be occas iona l ly performed pr ior 

9th 

FIG 9 • Pa l pation of the porta hepatis fac i l itates defi n it ion 
of the a rter ia l  a n atomy, the presence of i nvolved lym ph 
nodes, a n d  ped ic le  encasement due  to tumor  extens ion .  

to m o b i l i zat ion depend ing on  the tumor  s ize a n d  mobi l 
i ty  of the l i ver) (FIG 10) .  The r ight lobe is  mob i l ized by 
ta k ing  down the r ight coronary a n d  tr ia n g u l a r  l i gaments 
a n d  l ifti ng up the r ight lobe from the bare a rea with at
tention to the adrena l  g l a n d  and  the r ight s ide of the 
vena cava . The short caudate vei ns a re isolated a n d  con
tro l led with l igatures, c l i ps, and/or vascu la r  sta p ler  loads. 
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FIG 1 0  • M o b i l izat ion of the r ight lobe.  The l iver is  being 
m a n u a l ly retracted to the m i d l i ne, revea l i n g  the exposed 
d i a phrag m after d iv is ion of the tri a n g u l a r  l i g a ment.  

HILAR DISSECTION 

• The cyst ic  duct and  cyst ic a rtery are d i ssected, l i g ated, 
and d iv ided.  The right hepatic a rtery is identif ied on  the 
right side of the b i l e  duct, l i g ated, and d iv ided (FIG 1 1 ) .  

There a re so many var iat ions i n  the a rter ia l  anatomy that 
the left hepatic a rtery f low has to be fe lt by doing a test 
c l a m p  on the r ight s ide .  The lym phat ic  a n d  nerve tissue 
i n  the porta hepatis w i l l  be c leared, and the r ight PV 
branches w i l l  then be visu a l ized.  Alternative ly, the r ight 
PV can be identif ied by fo l l owing the m a i n  PV s ituated 
l atera l ly and poster ior ly in the porta l ped ic le .  The r ight 
PV is  enc i rc led with a vessel  loop .  I f  the ve i n  is  long,  then 
it can be sta pled us ing a vascu l a r  load .  If it is  short, then it  
wi l l  be d iv ided i n  between c l amps and  then sutu red with 
conti nuous  6-0 Pro lene.  After the i nflow is  occ luded, the 
a rea of demarcat ion wi l l  be seen on  the r ight lobe of the 

• 
l iver from the g a l l b l adder  fossa to the vena cava a rea .  
The com mon hepatic d uct d iv ides h igh u p  on  the h i l u m  
a n d ,  i n  fact, t h e  d iv is ion m a y  be with i n  t h e  su bsta nce of 
the l iver and o n ly visua l i zed after inc i s ing  the h i l a r  p late 
(FIG 1 2) .  The r ight branch of the duct w i l l  be identif ied 
at the base of the l iver and,  once enc i rc led, it w i l l  be l i 
gated and  d iv ided.  B efore the d iv is ion of  the r ight  d uct 

FIG 1 1  • Ligat io n/sta p l i n g  of the r ig ht-s ided structures. The 
r ight PV has been d iv ided with a l i near  sta p ler, and  the r ight 
hepatic a rtery and  hepatic ducts have been d iv ided between 
surgical c l i ps .  

FIG 1 2  • Dissect ion of the h i l a r  p late. The b ifurcat ion of 
the hepatic d uct ca n be with i n  the pa renchyma of the l iver. 
G l i sson's capsu le  has been i ncised anter ior to the hepatic d uct 
in th i s  exa m p l e  (t i p  of the surg ica l  i nstru ment) . 

• 

is com p l eted, a defi n ite duct that passes i nto the left s ide 
has to be demonstrated (FIG 1 3) .  

A t  th i s  poi nt, the retractor is  adjusted t o  expose the a rea 
of the u m b i l ica l  f issure (FIG 14). The fissu re may need 
to be exposed by tra nsect ing the parenchym a l  br idges 
that occas ion a l ly jo in  the med i a l  and  latera l seg ments. 
The tra nsverse port ion of the u m b i l ica l  fissu re is  identi
f ied at the base of seg ment 4B .  Except for a few pos
ter ior  caudate branches, there a re no  other  s ign if icant 
branches i n  th is  port ion of the PV. If the ca udate lobe 

FIG 13 • Clear  identif icat ion of t he left b i le  d uct. By e levat ing 
the h i la r  p late, the left hepat ic  duct is  then c lear ly identif ied 
(t i p  of the forceps) . 
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Right bi le 
duct 

is to be removed, then these branches a re l i g ated a n d  
d iv ided.  A rep laced or accessory left hepatic a rtery w i l l  
be identif ied at t h e  base o f  the u m b i l ica l  f issure. I f  p res
ent, th i s  va r iant is  an advantage by m i n i m iz ing  the risk of 
de-a rteri a l i z ing  the rem a i n i n g  l i ver. The d i ssect ion is  then 

HEPATIC VEINS DISSECTION 

• With the r ight lobe of the l iver fu l l y  mob i l ized to the 
left s ide of the vena cava, a l l  the retrohepatic ve ins a re 
l i g ated and  d iv ided i nc lud ing  the r ight a d rena l  ve in ,  
r ight caudate ve in ,  a n d  severa l sma l l  poster ior  hepatic 
ve i ns. The or ig i n  of the r ight hepatic ve i n  is  identif ied, 
enc i rc led, and d iv ided with a vascu l a r  sta p ler  or  between 
c lam ps, depend ing on  the vessel  length and proxi m ity 
to the tumor (FIG 1 S) .  After th i s  step, the o n ly patent 
ve ins  w i l l  be the m idd le  and left hepatic ve ins .  The m id
dle ve i n  w i l l  be d iv ided d u ring  the parenchyma l  tra nsec
t ion as th i s  is  typ ica l ly the safest approach ( inj u ry of the 

48 bi le 
duct branch 

4A bi le 
duct branch 

FIG 14 • Dissect ion of seg ments 4A and 48 
branches. D i ssect ion is carr ied med i a l  to the left 
hepatic d uct. The d i ssect ion p lane  must be to the 
r ight of the fa lciform l igament to prevent in jury 
to the structu res essent ia l  to seg ments 2 and  3 .  

carr ied o u t  a long t h e  r ight s i d e  o f  t h e  u m b i l ica l  fissu re, 
l igat ing a l l  the m ed i a l  branches to seg ments 4A and 48. 
Th is  ca n be done via the G l isso n i a n  approach ( l igat ing 
and  d iv id ing  them i n d iv idua l ly) or  dur ing the parenchy
m a l  tra nsect ion .  

l eft hepat ic  ve i n  is  catastroph ic) .  Alternative ly, when a n  
adequate m a rg i n  i s  at r i s k  or  t h e  a n atomy i s  favorab le, 
the m idd le  ve i n  can be i n d iv id u a l ly enc i rc led by an a nte
rior approach d issect ing the t ight space between the left 
and  m i d d l e  ve i n .  A r ight a n g l e  can be used to f ind th i s  
g roove, po int ing it i nferiorly. The left latera l seg m ent 
is  e levated to the r ight and the l i ga mentum venosus is  
d iv ided.  The left hepatic ve in  i s  identif ied and  the d is
sect ion w i l l  be carr ied out on its back wa l l  in a p lane  j ust 
a nter ior to the vena  cava . With ca refu l d i ssect ion,  the 
l eft hepatic ve i n  can be enc i rc led as wel l  as  the m idd le  
ve i n .  O nce aga in ,  it is  cr it ica l to leave the or ig i n  of  the  
l eft hepatic ve i n  i ntact to  secu re a n  adequate funct ion 
of the rem n a nt .  

FIG 1S • Left/m idd le  hepatic ve in  i so l at ion .  The i nsert ion 
of the midd le  hepat ic  ve i n  i nto the l eft hepat ic  ve i n  i s  m ost 
freq uently with i n  the parenchyma of the l iver. Th us, it is safest 
to control and  d iv ide the m idd le  ve in  d u ring  the parenchyma l  
transect ion .  



LIVER TRANSECTION 

• The tra nsect ion l i n e  for r ight tr iseg mentectomy is j ust to 
the r ight of the fa lc iform l i g a ment a nter ior ly, the um
b i l i ca l  f issure or the round  l i g a ment i nfer ior ly, a n d  the  
a nter ior  surface of  the vena  cava poster ior ly (FIG 1 6) .  

A hang ing  maneuver u s i n g  a long Pen rose d ra i n  or  a n  
u m b i l ica l  t a p e  passed b e h i n d  t h e  su bsta nce of t h e  l iver 
can fac i l itate propr iocept ion of the tra nsect ion p lane .  
The parenchyma can be d iv ided with  a com b i n at ion 
of tech n i q ues i nc lud ing  fragmentat ion,  sta p ler, or  pre
coagu lat ion .  Regard less of the m ethod used, the sm a l l  
porta l tr iads a n d  hepatic ve in  branches shou ld  b e  c l i pped 
or l i gated . As the tra nsect ion cont inued, the m idd le  

F IG 1 6  • Parenchyma l  tra nsect ion .  The  a uthors prefer a 
com b i n at ion of cautery, c l i ps, a n d  l i g atu res to perform the 
tra nsect ion .  The use of a m icrowave probe i s  demonstrated 
in th i s  exa m p l e .  

CLOSURE 
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hepatic ve i n  wi l l  be d iv ided as wel l .  The cut surface of 
a r ight tr iseg mentectomy tra nsect ion plane is  genera l ly 
sma l l  and  relatively hemostatic (FIG 1 7) .  Hemostas is  on  
the su rface can be ach ieved with  a com b i n at ion energy 
devices and chemica l  products. 

Medial 
segment of 

left lobe 

Inferior Middle feedback branch 

Left feedback branch 
Falciform ligament 

Lateral segment 
of left lobe 

Feedback 
sutures 

FIG 1 7  • Comp letion of the parenchyma l  tra nsect ion with 
preservat ion of the l eft hepatic ve i n .  

potenti a l  tors ion and  t h e  associated catastroph ic  com
prom ise of vascu la r  i nflow or  outflow. 

• The use of a d ra i n  is opti o n a l .  The parenchyma a n d  b i l i a ry • The abdom i n a l  wa l l  is then c losed in a s ing le- or doub le
l ayer fash ion with a bsorba b le  suture. Sk in  is then c losed 
with su bcuticu l a r  sutu res or sta p les .  • 

ped ic les a re i nspected for leaks and  sutu red as needed.  
The left l atera l seg ment is  attached to the a nter ior 
abdom i n a l  wa l l  with a nona bsorba b le  suture to prevent 

PEARLS AND PITFALLS 
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Preoperative 
p l a n n i n g  

• Right trisegmentectomy with caudate lobectomy is ind icated f o r  adva nced h i l a r  cholang ioca rc inoma with 
i nvolvement of the r ight-sided b i le  ducts. O n ly when the b i le  d uct is d ivided at the left side of the umb i l ica l  fissure 
can s ign ificant negative marg ins  be achieved . Performance of an RO resection is essentia l  for a good outcome.  

I ntraoperative 
mon itor ing 

Operative 
tech n ique  

• Assessment of  the p l an ned l iver rem n a nt by  vo l u m etrics or  other funct iona l  assessment is  cr it ica l for 
tr iseg m entectomy patients. 

• PV embo l i zat ion shou ld  be cons idered for a l l  potenti a l  tr iseg m entectomy patients. 
• Tem perature: It is  i m perative to ma inta in adeq uate core temperature to avoid the morta l triad of hypothermia,  

ac idosis, and coag u l opathy. The core temperature can be measured with a n  esophageal  probe; Foley catheter 
with thermometer of a PA catheter, if deemed necessa ry. 

• H emodyn a m i c  mon itor ing i nc ludes centra l l i n e  for centra l venous pressure (CVP) and  an a rter ia l  l i n e  to assu re 
an adequate perfus ion in rea l t ime .  

• The d iv is ion of the i ntrahepatic b i l e  duct is  cr it ica l i n  the treatment of h i l a r  cho lang ioca rc inoma because the 
tumor ori g i n ates from and extends a long  the b i le  duct i ntra m u ra l ly or  superfic i a l ly. 

• The b lood supp ly and  duct dra inage of seg ment 4 or ig inate with i n  the u m b i l ica l f issure and  feed back towa rd 
the r ight s ide bu ried in l iver su bsta nce. These structu res shou ld  be l i gated and  d ivided with i n  the l iver su bsta nce 
just to the r ight of the fa lciform l i ga ment without enter ing the u m b i l ica l fissu re, avo id ing  i nj u ry to the blood 
supply and  d ra i nage of the l eft latera l seg ment. 
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POSTOPERATIVE CARE 

• Standard postliver resection precautions including minimal 
use of central nervous system ( CNS) depressants to avoid 
aspiration 

• Maintain a low CVP as long as the urine output is adequate. 
• Monitor and correct international normalized ratio (INR),  

platelets, fibrinogen, and thromboelastogram, if needed, to 
prevent bleeding. 

• Venous thromboembolism occurs in these patients . Prophy
laxis is indicated. 

OUTCOMES 

• The 5-year survival for a margin-negative resection, regard
less of underlying histology, is approximately 25 % .  

COMPLICATIONS 

• Liver failure 
• Hemostasis 

• Bile leak 
• Intraabdominal abscess 
• Respiratory complications 
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Chapter 31 Left Hepatic Trisectionectomy 
- --------------------------------------- ·----------------------------------------------------- .. 

Jason A. Castellanos Kamran ldrees 

DEFINITION 

• First described by Starzl et al .1 in 1 982, this procedure entails 
a standard left hepatic hepatectomy (segments 2, 3, and 4)  
as well as resection of the right anterior sector (segments 5 
and 8 )  ( FIG 1 ) .  

• This operation i s  performed i n  a patient with a primary 
hepatic tumor or metastases involving the left liver invading 
across the middle hepatic vein toward the right hemiliver 
and/or portions of segments 5 and 8. Additionally, patients 
with hilar cholangiocarcinoma may require this procedure 
in order to obtain tumor-free margins. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Careful evaluation of the patient is required to ensure that 
the future liver remnant provides adequate liver function 
after resection. This should include assessment of liver func
tion and exclusion of cirrhosis in addition to volumetric 
evaluation of the expected remnant liver volume on cross
sectional imaging. 

• It is imperative to rule out portal hypertension or chronic 
liver disease, as a majority of the liver will be resected during 
this procedure. 

• Details regarding prior therapy should be obtained. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Obtain either a liver-devoted magnetic resonance imaging 
(MRI) or contrast-enhanced, triphasic computerized tomog-

FIG 1 • liver a n atomy for left tr isect ionectomy. Seg ments 
outl i ned in red s ign ify the resect ion marg i n .  RHV, r ight hepatic 
ve in;  M HV, m idd le  hepatic ve in ;  LHV, left hepatic ve in ;  RPV, r ight 
porta l ve i n .  

raphy (CT) scan o f  the abdomen t o  identify tumor/s and its 
relationship to hilar structures and hepatic veins, anatomic 
variations of hilar vasculature, and assess for radiographic 
signs of cirrhosis ( FIG 2 ) .  

• Identify tumor and assess margins for possibility of RO 
resection as well as volumetric assessment of future liver 
remnant. 

• For metastatic disease, perform a complete staging evalua
tion as appropriate for the particular primary neoplasm. 

• Intraoperative ultrasound is essential to define margins; 
exclude presence of disease in the planned liver remnant and 
visualize hepatic inflow and outflow. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Assessment of the future liver remnant volume should be cal
culated with preoperative imaging to ensure adequate liver 
function after resection-greater than 20% in patients with 
normal liver function, greater than 3 0 %  for patients with 
evidence of liver disease (nonalcoholic fatty liver disease, 
chemotherapy-associated steatohepatitis, etc . ) ,  and greater 
than 40% in cirrhotic patients. 2•3 If the remnant liver volume 
is deemed to be too small, then portal vein embolization may 
be used as an adjunct therapy to hypertrophy the future liver 
remnant prior to hepatectomy. 

Positioning 

• The patient should be placed in the supine position with the 
right arm tucked and prepped from the nipples to the pubis 
bilaterally. 

FIG 2 • Tri p le-phase CT sca n (porta l venous phase) of a cho l 
ang iocarc inoma i nvo lv ing seg ments 1 ,  2, 3, 4 ,  5, and  8. The 
r ight a nter ior (thick arrow) a n d  poster ior  (thin arrow) ped ic les 
are v i s ib le .  Th is  patient underwent left trisect ionectomy with 
exc is ion of the caud ate lobe, which resu lted i n  RO exc is ion of the 
tumor and a favora b le  outcome.  
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DIAGNOSTIC LAPAROSCOPY troca r is i ntrod uced i nto the a bdomen,  which is then 
insufflated to a pressure of 1 5  em H20. 

• O u r  practice is to perform an i n it i a l  d i ag nostic l aparos- • 
copy to ensure that there is no evidence of peritonea l  
d isease. 

The a bdomen is  exp lored inc lud ing  the h i l u m  of the l iver 
to assess for metastatic d i sease and per i porta l adenopathy. 
If there a re no contra ind ications to operation, we then 
proceed to i nc i s ion .  • A supra u m b i l i ca l  i nc is ion is made through the sk in  and  

su bcutaneous t issue us ing the H asson tech n ique  and  a 

INCISION 

• A b i l atera l su bcosta l  i nc is ion is made, with super ior  
extens ion i n  the m i d l i n e  to the x ipho id  process, and  a 
self-reta i n i ng retractor is p laced . Another option is a 
m i d l i n e  i nc is ion to j ust a bove the u m b i l icus with a r ig ht
ward extens ion (FIG 3). 

I 
I 
I 
I 
I 
I 

____ J 

A 

INSPECTION OF THE HILUM, 

CHOLECYSTECTOMY 

B 

• The h i l a r  structu res are pa l pated in order to defi ne any 
a natomic  va r iat ions (e.g ., a poster ior  pu lsation  i nd i cates 

• 

• 

• 

The x ipho id  process may be excised in order to enhance 
exposu re of the confl uence of the hepatic ve ins  i nto the 
suprahepatic i nfer ior vena cava ( IV C) . 
The a bdomen is inspected aga in  for evidence of d ista nt 
metastases that wou l d  contra i n d i cate proceed ing  with 
operatio n .  

FIG 3 • I nc is ions f o r  left tr isect ionectomy 
i nc lude {A) b i l atera l su bcosta l i nc is ion and  
{B) long m i d l i ne i nc is ion with  r ig htwa rd 
extens ion .  

a rep laced/accessory r ight hepat ic  a rtery or ig inat ing 
from the super ior  mesenteric a rtery) . 
The cyst i c  duct and  cystic  a rtery a re identif ied a n d  
l i gated, and  a cholecystectomy i s  performed (FIG 4). 

FIG 4 • Surface a n atomy of the p late system showing  the 
cyst ic  p late (CP) covered by the g a l l b l adder, the h i l a r  p l ate 
(H P), and the u m b i l i ca l  p late ( U P) .  S4P, seg ment 4 ped ic le;  
RPP, r ight poster ior  ped ic le .  (From F ischer J F, ed .  Mastery 

of Surgery. 6th ed .  Ph i l ade lph ia,  PA: L ipp incott W i l l i ams  & 
Wi lk i ns; 20 1 2 .) 



MOBILIZATION OF THE LIVER 

• The round l igament is l igated and d ivided, and the fa lciform, 
left triangular  and coronary l igaments a re d ivided to the 
level of the hepatic veins. The right coronary and triangular  
l igaments a re transected, exposing the bare area of the l iver. 

• I ntraoperative u ltrasound is used at th i s  point to identify 
the r ight hepatic ve i n  to p l an  the l i n e  of tra nsect ion and  
ensure resecta b i l ity of the tumor as we l l  as ru le  out any 
d isease i n  the future l iver rem n a nt. 

HILAR DISSECTION 

• The hepatod uodena l  l igament is opened and the com
mon bi le duct, proper hepatic a rtery, and porta l ve i n  a re 
visu a l ized after lymphatic and  nerve tissues a re c leared 
(FIG 5) .  

A 

c 

• 

• 

• 

• 
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B 

After pa l pation, to identify a potent ia l  rep laced or 
accessory left hepatic a rtery, the gastrohepatic l i ga ment 
is  d iv ided.  An a berrant left hepatic a rtery may be l i g ated 
at th i s  t ime, as  seg ments 2, 3, and 4 w i l l  be resected .  
M o b i l izat ion o f  the r ight l iver i s  a l so req u i red i n  order to 
fac i l itate parenchyma l  d i ssect ion a long the r ight hepatic 
ve i n .  Short hepatic ve ins  are l i g ated and  d iv ided off of 
IVC. The he patocava l l i g a ment is  then l i gated or d iv ided 
with a vascu la r  sta p ler. 

A Rumme l  tourn iq uet is p laced around the porta hepa
tis pr ior  to further d i ssect ion to fac i l itate the Pr ing le  
maneuver, if needed.  
The left h e m i l iver is  l i fted and  retracted toward the r ight 
to expose the left h i l a r  branches of the porta l tr iad .  A ves
sel  loop i s  p laced around the left porta l ve in ,  left hepatic 

FIG 5 • Dissect ion of the h i l u m  and left ped ic le .  The 
hepatod uodena l  l i ga ment is  opened (A), fo l l owed by 
identif icat ion of the left hepatic a rtery (B). C lamp ing  of 
the a rtery with a b u l ldog c l a m p  a l l ows for assessment of 
b lood f low to the r ight l i ver. The l eft hepatic a rtery and 
ve in a re l i g ated (C), either with suture l igat ion or  with 
vascu la r  sta p l ers. 

7 1 1 
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a rtery, and  left hepatic d uct to i so late them for l igat ion .  
D i ssect ion may be a ided by us ing the ca uda l  stu m p  of  
Arantius'  l i ga ment as a n  a natomic  g u i d e  toward the left 
porta l ve i n .  

• L igat ion  of the structu res may be perfo rmed from a n  
a nter ior  t o  poster io r  or  poster ior  to anter ior  a p proach;  
we prefer to beg i n  l i gat ion with the poste r ior  struc
t u res .  The l eft porta l ve i n  is l i g ated a n d  d iv ided fi rst, 
leav i n g  a d i stance of at least 5 mm to p revent ste nos i s  
of the r ight  porta l ve i n .  N ext, the l eft hepat ic  a rtery 
a n d  l eft hepat ic  d uct a re l i g ated a n d  d iv ided .  If the 
caudate lobe wi l l  be resected as  we l l ,  then  the l eft 
h i l a r  struct u res s h o u l d  be l i gated as c l ose as poss i b l e  to 
t h e i r  or ig i n .  

• N ext, the r ight  a nter ior  ped i c le  is i dent if ied with ca re
ful d i ssect ion  in the r i g ht porta l sheath .  I d e nt if ica-
t ion  of th is  ped i c l e  can  be a ided by use of u l traso u n d ,  • 

w h i c h  can  dete r m i n e  the  l ocat i o n  a n d  d e pth (typ i ca l ly 

A 

c 

B 

1 to 2 em from the  i nfe r io r  su rface) of the  ped i c les .  
There a re t h ree opt ions  that the  s u rgeon  may use to 
a p proach this structure, d e pe n d i n g  on  the  ease of d i s
sect ion ,  the extent of t u m o r  i nvo lvement of the r ight  
porta l sheath ,  a n d  s u rgeon p refe rence: extra h e p at i c, 
i nt rahepat i c, or d e l ayed d i ssect ion  a n d  l i gat ion .  If the  
a n atomy i s  c l e a r  a n d  the  t u m o r  does not i m p a i r  d i ssec
t ion ,  then the r ight  a nte r io r  ped i c le  may be d i ssected 
in the r ight  porta l  sheath a n d  i n d iv i d u a l  struct u res 
of r ight  a nte r io r  ped i c l e  se l ect ive ly l i g ated (extrahe
pat ic) or  r ight  a nter ior  ped i c l e  i s  tra nsected en  b l oc 
with a vascu l a r  sta p l e r  ( i ntra hepat ic  ped i c l e  l i gat ion)  
wh i le  the  r ight  poste r io r  ped i c l e  i s  p reserve d .  I f  the  
t u m o r  i nvolves the porta l  sheath ,  then  the  ped i c l e  may 
be l i g ated dur ing  t i ssue transect i o n  i nstead  (d e l ayed) 
(F IG 6) .  

M a c h a d o  e t  a l .4 descr ibe a n  i ntra he pat ic a p p roach t o  
i so lat i ng a n d  l i gat ing  t h i s  struct u re .  A sm a l l  anter ior  

FIG 6 • Dissect ion of the r ight a nter ior ped ic le .  A. Extra
hepatic selective l igat ion of the r ight a nter ior ped ic le  us ing 
b l u nt d i ssect ion .  B. I ntrahepatic approach to ped ic le  l igat ion 
req u i res three hepatotom ies.  An anter ior i nc i s ion i s  made 
i n  front of the h i l u m  (I) fo l l owed by a vert ica l i nc is ion in 
segment 5 (II), a n d  f ina l ly, a n  i nc is ion is  made at the r ight 
edge of the g a l l b ladder  bed (Ill) . 



i n c 1 s 1 o n  is made  i n  front of the h i l u m ,  a n d  the 
parenchyma i s  b l u nt ly  d i ssected u n t i l  the anter ior  
aspect of the  ped ic le  i s  ident ifi e d .  Another sma l l  i nc i 
s ion  i s  made  perpe n d i c u l a r  to the h i l u m  at the j u nc-
tion of seg ments 1 and 5. The r i g ht m a i n  sheath i s  then • 

i so lated with the use of a l a rge  cu rved c l a m p  i n serted 
between these two inc i s io ns, and a vessel loop is 
p laced .  A t h i rd i nc i s ion  i s  made on  the r i g ht side of the 
g a l l b l adder  fossa and a c u rved c l a m p  used to d i ssect 
between t h i s  a n d  the fi rst i nc i s ion ,  thus  i so lat i n g  the 
r i g ht a nter ior  ped ic le . •  

• It is i m portant to note that the b lood supp ly  to seg- • 

ment 7 may come from the r ight anter ior ped ic le, and  
so th i s  must be kept i n  m i n d  pr ior  to transect ion i n  order 

DISSECTION OF THE MIDDLE AND LEFT 

HEPATIC VEINS 

• The anter ior aspect of the left and  m i d d l e  hepatic ve ins  is  
exposed by d i ssect ion of the fa lc iform l eft tri a n g u l a r  and 
coronary l i gaments as descr ibed ear l ier. The j u nction of 
the veins is  d i ssected apart with a b l u nt r ight angle and 
the left phrenic ve i n  i s  identif ied, l i gated, and  d iv ided at 
its i nsert ion i n  the left hepatic ve i n  (FIG 7) .  

• With the l eft l atera l sect ion retracted u pwa rd, the lesser 
omentum i s  d iv ided up to the d i a p h ra g m .  Arantius' l i ga
ment ( l iga mentu m venosu m), which runs f rom the left 
branch of the porta l ve in  to the left hepatic ve in ,  is then 
l i g ated and  d iv ided.  

• The cepha lad  stu m p  of Arantius'  l i ga ment is g rasped and  
used  to g u ide d i ssect ion toward the IVC .  The l i g a ment 
wi l l  broaden close to the IVC, at which po int d i ssect ion is  

A 

• 

• 

B 
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to ensure adequate b l ood supply to the rem n a nt l i ver. 
C l amp ing  the pedic le pr ior  to transect ion enab les assess
ment of th i s  re lat ionsh i p  if  it i s  not c lear  on preoperative 
i m a g i n g .  
W e  l igate these structu res us ing Endo G IA sta p lers with 
a vascu la r  load, but if the vessel  i s  too short for th i s  
tech n i q ue, then suture l igat ion fo l l owed by oversewing  
the d i sta l stu m p  with  a conti nuous  6 -0  Pro lene may be  
performed.  O u r  practice is  to de lay  l igat ion of  the r ight 
anter ior hepat ic  duct unt i l  parenchyma l  d i ssect ion d u e  to 
the possi b i l ity of a natomic  var iat ion .  
After l i gat ion of the vesse l s  fee d i n g  the l eft a n d  a nte
r io r  r ight  l iver, the a rea that w i l l  be resected w i l l  be
come dema rcated by cya nos i s .  

stopped and the l i ga ment is  retracted cepha lad a n d  left
ward to create tens ion that w i l l  enab le  v i sua l izat ion of 
an avascu l a r  p l ane  between the left and m i d d l e  hepatic 
ve ins . 5  
A vessel  loop i s  then p l aced around the conf luence of the 
middle a n d  left hepatic ve ins .  The hepatic ve ins  may be 
l i gated at this time if the conf luence of the m idd le  a n d  
left hepatic ve i n  is  a l ready iso lated . H owever, if  vascu la r  
control ca n n ot be ach ieved because of  tumor proxi m ity, 
o u r  practice is to fi rst d iv ide the parenchyma and then 
l igate these vesse ls .  Premature attem pts to l igate these 
vessels  may be dangerous as  there are poster ior  tr ibuta r
ies that a re d ifficu lt to control pr ior  to tra nsect ion of the 
parenchyma .  
If the caudate lobe w i l l  be resected, then the low hepatic 
ve ins that d ra i n  the ca udate should be l i g ated a n d  
d iv ided p r i o r  t o  tra nsect ion o f  the parenchyma .  

Inferior vena cava 

FIG 7 • Dissect ion of the left a n d  m idd le  hepatic ve ins .  A- Dissect ion of Arantius'  l i ga ment to expose the left a n d  m idd le  
hepatic ve ins .  B. Arant ius '  l i ga ment inserts onto  the left a n d  m i d d l e  hepatic ve ins  as demonstrated i n  th i s  schematic .  (continued) 
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D 

FIG 7 • (continued) C. I so lat ion of l i g a mentu m venosum (LV) at its j u nct ion with the left hepatic ve i n  (LHV). D. O perative 
photo showi ng extra hepatic i so lat ion of the left and m idd le  hepatic ve ins  together with the i r  common trunk .  D iv is ion of the 
left phren ic  ve i n  a l l ows a n  extra length of the l eft hepatic ve i n  to be isolated . LPrV, left p h ren ic  vein; IVC, i nfer ior vena cava; 
CL, caudate lobe; M HV, m i d d l e  hepatic vein; LHV, left hepatic ve i n .  

TRANSECTION OF THE LIVER 

PARENCHYMA 

• 2-0 chromic  stay sutu res a re p laced at the i nfer ior  marg i n  
o f  t h e  l iver, one on  the ischemic  l eft s i d e  and  one on the 
norma l ly perfused r ight s ide.  

• The surgeon shou ld  com m u n i cate with the a nesthesia 
tea m at the beg i n n ing  of the case to ensure a l ow centra l 
venous pressure (CVP) (<3 m m Hg) .  

• The tra nsect ion l i n e  is scored on the l iver capsu le  fo l l ow
ing  the ischemic  demarcat ion .  Resect ion of the ent i re 

A B 

• 

speci men can be acco m p l ished en b loc, but if the r ight 
anter ior ped ic le  d i ssect ion is d ifficu lt, then resect ion of 
the left lobe i n it i a l l y  may fac i l itate d i ssect ion of the r ight 
anter ior ped ic le  (FIG 8) .  

T h e  l iver is then d ivided from t h e  inferior margin fo l lowi ng 
the l ine of ischemic  demarcat ion.  U ltrasound can be used 
prior to this to ensure that the course of the r ight hepatic 
vei n  is known throughout the l iver. Various tech n iques may 
be used to transect the l iver inc lud ing stap l i ng, e lectrosur
gery, fragmentation, u ltrason ic  d issection, rad iofreq uency 
energy device d issection, and water-jet d issection (FIG 9) .  

Left 
hepatic 
vein 

Inferior 
vena 
cava 

FIG 8 • Anter ior  (A) and poster ior  (B) l i nes of tra nsection .  
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Anterior surface 
of right hepatic vein 

FIG 9 • Parenchyma l  transect ion a n d  spec imen remova l .  The p lane  
of tra nsect ion i s  the a nteromed i a l  aspect of the r ight  hepatic ve i n  
(A) . After remova l o f  t h e  spec imen (B), t h e  r ight hepatic ve i n  a n d  
h i l a r  structu res a re exposed a n d  ca refu l exa m i nat ion for hemostas is  
and  b i l i a ry leakage is  performed.  

• If the r ight anter ior pedic le ca n n ot be l i g ated pr ior  • 

to tra nsect ion of the parenchyma, then the l i n e  of 
tra nsect ion shou ld  be m a rked 1 em to the left of the 
cou rse of the r ight hepatic ve i n .  

T h e  remnant l iver is  exa m i ned for hemostasis, which i s  
contro l led with argon bea m coagu lat ion a n d  p lacement 
of Surg icel, and b i l i a ry lea kage, which is  contro l led with 
c l i ps or  suture l igation .  

• When transect ion is complete, the left and  m idd le  
hepatic ve ins  a re l igated and  d ivided and the spec imen is  
removed from the operative f ie ld .  

CLOSURE • The incision is then closed in the standard fashion with 
absorbable suture, and the skin is closed with stap les or sub
cuticu lar  sutures. • Placement of a drain is optional  and largely dependent on 

the c l in ica l  scenario. We place drains if there is evidence of 
b i l iary leakage or if any b i l iary reconstruction was performed. 

PEARLS AND PITFALLS 

Operative i nd icat ions 

Preoperative assessment 

Iso lat ion of the r ight 
a nter ior ped ic le  

• Tu mor i nvolvi ng the left l iver and  r ight anter ior  sect ion (seg ments 5 and  8) 
• No evidence of peritonea l  spread or other m etastat ic  d isease 

• Ensure norma l  l iver fu nct ion prior to consider ing operatio n .  
• Assess t h e  vo l u m e  o f  futu re l iver rem n a nt preoperatively to decrease t h e  l i ke l i h ood of 

postoperative l iver fa i l u re .  

• U ltrasound may be used to he lp  identify structures. 
• Dissect ion may be either i ntra hepat ic, extra hepatic, or  de layed unti l  tra nsect ion .  
• If  tumor  i nvolves the h i l um,  then d i ssect ion a n d  l igat ion of the r ight anter ior  ped ic le  shou ld  be 

performed dur ing parenchyma l  tra nsect ion .  

7 1 5 
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POSTOPERATIVE CARE 

• Initial postoperative care may occur on a monitored surgical 
floor or surgical intensive care unit, depending on the course 
of the operation and the patient's comorbidities. 

• Careful attention is paid to hemodynamic parameters, urine 
output, respiratory status, body temperature, and signs of 
postoperative liver failure. 

• Postoperative resuscitation with colloid (e.g. ,  albumin) 
instead of crystalloid fluids is preferred in order to maintain 
a lower CVP, as an elevated CVP and fluid overload cause 
congestion of the liver remnant and may impair its function. 

• Hepatic function and coagulation labs should be followed 
in addition to blood count and electrolyte panels. Special 
attention should be placed on monitoring postoperative 
phosphorus levels .  Coagulopathy and anemia should be 
corrected per institutional protocol. 

• Diet is advanced as tolerated and depending on the need for 
respiratory support. Early ambulation should be encouraged. 

OUTCOMES 

• Left hepatic trisectionectomy is an extensive procedure and 
it is rarely performed. There is no large series of outcomes 
describing the morbidity or mortality of this procedure. 

In carefully selected patients in expert hands, however, this 
procedure can be performed safely and with good oncologic 
results . 

COMPLICATIONS 

• Postoperative liver failure 
• Hemorrhage-perioperative or postoperative 
• Bile leak 
• lntraabdominal abscess 
• Respiratory failure or pneumonia 
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Chapter 32 Endoscopic Ultrasonography 
of the Pancreas 

---------------------------------------- -1 ----------------------------------------------------- · 

Anand R. Gupte Disaya Cha valitdhamrong Mihir S. Wagh 

DEFINITION 

• Endoscopic ultrasonography (EUS or echoendoscopy 
or endosonography) is an endoscopic procedure using a 
high-frequency ultrasound transducer integrated into an 
endoscope. 

• The echoendoscope is an oblique-viewing endoscope. It has 
an ultrasound transducer located at its tip, which emits high
frequency acoustic waves to the surrounding tissues. This 
action permits the acquisition of unique views of the gut 
wall, the surrounding organs, and blood vessels. 

BACKGROUND 

• EUS was first introduced by Dr. Eugene DiMagno in the 
1 9 80s. Initial echoendoscopes were radial, which scan 
perpendicular to the axis of the endoscope and provide 
360-degree images similar to computed tomography ( CT) .  
In 1991 ,  a convex linear-array echoendoscope was intro
duced. These linear echoendoscopes scan parallel to the 
longitudinal axis of the endoscope and enable fine needle 
aspiration (FNA) and various therapeutic interventions. 

• Over the past two decades, EUS has evolved to become an 
indispensible tool for the evaluation of the pancreas. EUS is 
useful for the detection, diagnosis, staging, and treatment of 
multiple pancreatic disorders including solid pancreatic masses, 
pancreatic cystic lesions, and acute and chronic pancreatitis. 

• Currently, two types of echoendoscopes are available: radial 
sector and linear-array transducers. Radial and linear EUS 
provides high-resolution images of the gut lumen, the adja
cent organs, the lymph nodes, and the vascular structures. 
They are also equipped with color Doppler, which allows 
for accurate identification of vascular structures and aids in 
vascular staging of pancreatic tumors.  

• EUS is a safe procedure. Complications are rare and typi
cally related to therapeutic efforts. EUS-FNA complications 
include bleeding (0% to 1 . 3 % ) ,  perforation (0% to 0 .4 % ) ,  
infection (0 .3 % ) , and pancreatitis ( 1 %  t o  2 % ) . 1 •2 The risk 
of bacteremia is low, and prophylactic antibiotics are not 
recommended except prior to EUS-guided FNA of pancre
atic cystic lesions. The risk of tumor seeding is significantly 
lower as compared to percutaneous approaches with only 
four case reports so far. 2 

PANCREATIC DISORDERS AND ENDO

SCOPIC ULTRASONOGRAPHY FINDINGS 

• Pancreatic tumors typically appear as irregularly shaped 
hypoechoic or heterogeneous areas within the normal echo 
texture of the pancreas. In cases of pancreatic cancer, tumor 
extension into the adjacent vasculature (portal; splenic and 
superior mesenteric veins; and celiac, splenic, and superior mes
enteric arteries) ,  the common bile duct, and the duodenum can 

be identified. Additionally, ascites, celiac and peripancreatic 
lymph nodes, and metastatic disease to the liver can be seen. 

• Pancreatic cysts are divided into nonneoplastic and neoplas
tic cysts . EUS findings should be interpreted in the context 
of the clinical impression, morphologic EUS criteria, and 
results of the cystic fluid analysis to determine the origin of 
the cyst and guidance of further management. Morphologic 
features associated with an increased risk for malignancy are 
an irregular or thickened cyst wall, the presence of mural 
nodules or a solid mass within the cyst, a cyst size over 3 em, 
or an increase in cyst size during follow-up. 

• EUS can help identify causes of pancreatitis, including gall
bladder and bile duct stones and sludge (microlithiasis ) ,  
pancreatic duct stones, pancreatic cysts (pseudocysts and 
cystic neoplasms) ,  ampullary neoplasms, pancreas divisum, 
changes of chronic pancreatitis, and pancreatic masses. 

• EUS is sensitive to subtle changes associated with chronic 
pancreatitis .  It shows fine parenchymal details such as 
early fibrosis, calcifications, and pancreatic ductal changes. 
The diagnosis of chronic pancreatitis by EUS depends on 
the presence or absence of multiple EUS criteria of chronic 
pancreatitis (Rosemont classification),3  which includes pa
renchymal features of echogenic foci, focal regions of in
creased echogenicity (strands),  lobularity, cyst formation, 
and ductal EUS features (increased echogenicity of the main 
pancreatic duct wall, main pancreatic duct calculi, irregular 
contour of the main pancreatic duct, dilation of the main 
pancreatic duct, and side branch dilation) .  

OTHER DIAGNOSTIC STUDIES 

• In the 1980s, EUS was developed to overcome the limita
tions of transabdominal ultrasonography (US) and CT scan 
imaging of the pancreas. 

• EUS provides high-resolution images of the pancreatic duct, as 
well as the parenchyma, and complements the ductal images seen 
in endoscopic retrograde cholangiopancreatography (ERCP).  

• EUS is considered one of the most sensitive imaging mo
dalities to detect pancreatic tumors and has the additional 
advantage of acquiring tissue samples by FNA with linear 
endosonography. The sensitivity of EUS ranges from 93 % to 
100%,  whereas for CT, it ranges from 5 3 %  to 92% .4 

• Compared to US- or CT-guided FNA, EUS-FNA has been 
proven to be the safest technique with comparable accuracy 
(76% of EUS vs. 8 1 %  of US/CT) .5  The sensitivity of EUS
FNA for diagnosing pancreatic cancer is greater than 90% 
with a specificity of greater than 95 % .4 

MANAGEMENT 

Preoperative Planning 

• A recent complete blood count, basic electrolytes, and co
agulation studies are indicated prior to EUS. The patient 
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should hold anticoagulants and antiplatelet agents or use 
bridge therapy with heparin before EUS-guided FNA. 

Positioning 

• Patients are normally instructed to fast after midnight, the 
night before the procedure. 

• Prophylactic antibiotics are recommended only for EUS
guided FNA of cystic lesions.6 

• EUS of the pancreas is usually performed with the patient 
in the left lateral decubitus position, similar to that for per
forming an esophagogastroduodenoscopy (EGD ) .  

• The procedure i s  generally performed under conscious 
sedation or monitored anesthesia care based on presence of 
associated medical comorbidities. 

• If drainage of pancreatic fluid collections is planned, a prone 
position is preferred to facilitate better fluoroscopic visualiza
tion without interference from bony structures; this positioning 
also fosters the concomitant performance of ERCP if indicated. 

ESOPHAGEAL INTUBATION 

• The echoendoscope has an ob l i que  endoscopic  view, and  
therefore, pharyngea l i ntu bation is  typ ica l ly b l i n d  or  
w ith  part ia l  views. The echoendoscope is  i nserted i nto 
the pharynx with downwa rd deflect ion of the t ip, which 

STOMACH STATION 

• This  is the stat ion for exa m i nat ion of the body and  ta i l  of 
the pa ncreas. 

• The echoendoscope is posit ioned d ista l to the gastro
esophagea l  (GE) j u nct ion,  and the aorta is  located . 
• Rad ia l  echoendoscopy: The aorta is seen as a c i rcu

l a r  a nechoic structu re with a posit ive Doppler s ig
na l .  The ba l loon is  i nfl ated and  keep ing  the aorta 
at the 6 o'clock posit ion,  and the echoendoscope 
is  passively adva nced . The d i a p h ragmatic crura are 
seen as hypoecho ic  structu res that wra p around the 
aorta .  With further advancement, the crura d isap
pear and  the ce l i a c  tru n k  emerges from the aorta 
at 1 2  o'c lock posit ion and soon bifu rcates i nto the 
hepatic a n d  splenic a rteries, which looks l i ke a 
"wha le's ta i l . "  Adva ncement of the echoendoscope 
from this position leads to the pancreas body with 
its cha racteristic sa lt-a nd-pepper a p pearance.  Deep 
to the pancreas i s  the c lass ic a nechoic Dopp ler-pos
itive c l u b  head (golf c l u b  s ig n), which s ign if ies the 

FIG 1 • Rad ia l  EUS v iew of pancreatic body (sp lenoporta l ve i n  
confl uence is h i g h l i g hted by t h e  white arrow; " g o l f  c l u b  s ign") .  

i s  then stra i g htened us ing  the u p-down wheel  once the 
pharynx is  reached.  The esophagus  i s  i ntu bated with  a 
s l i g ht c lockwise torq ue .  Ca re needs to be taken so as not 
to forcefu l ly i ntu bate the esophagus  beca use of the risk 
of perforation if any anatomic va r iant i s  present. 

sp lenoporta l confl uence (FIG 1 ) .  Clockwise torq ue 
and  g rad u a l  withdrawa l of the scope i s  performed 
to image the body u p  to the ta i l  of the pancreas. 
I n it i a l ly, the left k idney is  seen below the pancreas 
as a n  ova l structu re with a hypoecho ic  cortex and  
a hyperechoic  med u l l a .  N ext, the sp leen  is  seen  as 
a hypoechoic  structu re to the r ight of the screen, 
and  the sp len ic  a rtery and  ve i n  are seen enter ing 
the h i l u m  of the sp leen .  Th is  com p l etes the exa m u p  
t o  t h e  ta i l  o f  t h e  pancreas (FIG 2) .  From t h i s  reg ion,  
the maneuvers a re reversed a n d  cou nterclockwise 
torq ue and g rad u a l  advancement of the scope is  
performed to image the pancreas u p  to the neck. 

• L inear  echoendoscopy: The approach is s i m i l a r  to 
that described ear l ie r  with the rad i a l  echoendo
scope. The echoendoscope is  posit ioned at the GE 
j u n ct ion and the scope i s  rotated i n  a c lockwise 
m a n ner  to l ocate the aorta, which i s  a l i near  struc
tu re that s lopes downwa rd from the r ight to the left 
of the screen .  The d i a p h ragmatic crura a re aga in  
noted and  the ce l i a c  a rtery i s  seen a r i s i ng  from the  

F IG 2 • Rad i a l  E U S  v iew of  pancreat ic ta i l .  TOP, ta i l  of 
pancreas; SPL, sp leen;  LK, l eft k idney. 
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aorta as soon as the crura d isappear (FIG 3) .  The 
cel iac a rtery is  traced u nti l it sp l its i nto the hepatic 
and  sp len ic  a rtery. The superior m esenter ic  a rtery is  
seen emerg i n g  from the aorta d ista l to the takeoff 
of the eel iac  a rtery. Adva ncement of the scope be
yond the ce l iac  b ifurcat ion with a gentle down on 
the u p-down wheel  (ti p  u p  of the echoendoscope) 
leads to the pa ncreas. The pancreas i s  then traced 
to the ta i l  and the sp len ic  h i l u m  by gent le c lockwise 
rotat ion and withd rawa l .  The maneuvers a re then 
reversed to trace the pancreas u p  to the neck. Un
l i ke the rad i a l  endoscope where advancement and 
withd rawa l is  most ly passive, constant s low c lock
wise and cou nterc lockwise torq ue is  essent ia l  when 
exa m i n i n g  with a l i near  endosonoscope.  

DUODENUM STATION (BULB, AMPULLA, 

AND DISTAL DUODENUM) 

• The head of the pancreas is exa m i ned from the b u l b, the 
a m p u l l a ry reg ion,  and  from the duodenum d ista l to the 
a m p u l l a  (FIG 4) .  
• Rad ia l  echoendoscopy: The scope is gently adva nced 

through the stomach and the pylorus is  visua l i zed 
endoscopica l ly. The scope is  then advanced through 
the py lorus with the t ip  u p, that i s ,  b ig  wheel  
pushed towa rd the endoscop ist ("sett ing sun  s ign" ) .  
The ba l loon on  the echoendoscope is  i nflated i n  the  
duodena l  b u l b  and  endosonograph ic  v i sua l izat ion 
is  commenced . The l iver is  posit ioned at 1 1  o'clock, 
which p laces the pancreas at 6 o'c lock posit ion .  The 
porta l ve i n  i s  seen as a l a rge t u b u l a r  structure cou rs
i ng  downwa rd from the top left to the bottom r ight 

FIG 4 • Rad i a l  EUS  v iew of pancreatic head.  CBD, common 
b i le  duct; HOP, head of pancreas. 

FIG 3 • Linear EUS imag ing of aorta at the level of the ce l i ac  
a rtery ta keoff. The vesse ls appear  dark g iven the ir  effic ient 
tra nsm ission of u ltrason ic  waves. C, ce l iac  a rtery; SMA, superior 
mesenteric a rtery. 

of the screen .  The duodena l  fa l l off represents the 
m uscu lar i s  propr ia of the duodenum and is  a hy
poecho ic  l i n e  co urs ing down from the transducer. 
The b i l e  duct is a tubu la r  anechoic  structure cou rs
ing  from the l iver to the duodena l  fa l l off and  is  lo
cated between the porta l ve i n  and  the tra nsducer. 
The scope is pushed in with a c lockwise torq ue to 
trace the b i l e  duct to the a m p u l l a .  Cou nterclockwise 
torq u e  and withdrawa l of the scope enab les v isu
a l izat ion of the bi le duct u p  to the h i l u m  (b ifurca
tion). The pancreatic d uct may or  may not be seen in 
the same p lane  as the porta l ve in ,  b i l e  duct, and the 
duodena l  fa l l off and  gent le u pwa rd or downwa rd 
defl ect ion may be needed to ach ieve adequate im
ag ing  of  the pancreatic d uct. The next posit ion for 
v i sua l izat ion of the head of the pancreas is  at the 
level of the a m p u l l a .  The echoendoscope i s  passed 
i nto the second part of the d uoden u m  and then is 
withd rawn i nto a short position a k i n  to when per
form ing  a n  ERCP. The major pa p i l l a  is  v isua l i zed 
and  the ba l l oon is  i nfl ated . The major pap i l l a  is po
sitioned such that u pwa rd deflect ion of the scope 
shou ld  br ing the scope near the pa p i l l a .  The pan
creas  a p pears crescent-sha ped i n  th is  posit ion .  As 
the transducer is  moved back and  forth, the b i l e  a n d  
pancreatic  duct a ppear t o  cou rse through the d u o 
dena l  wa l l  w i t h  the b i l e  d uct a ppea r ing i n  a cross
sect iona l  confi g u ration a bove the pancreat ic  duct. 
Duodena l  mot i l ity can be reduced with i ntravenous 
a d m i n istrat ion of g l ucagon a n d  water i nfused i nto 
the duodena l  l u men,  if deta i led views of the a m p u l l a  
a re req u i red .  T h e  unc i nate process i s  next v i sua l ized 
by advanc ing the scope j ust d ista l to the pa p i l l a  (FIG 

S) .  The b ig  wheel  is  pushed toward the endoscop ist 
with the t i p  thus maxi m a l ly up and  the r ight- left 
wheel  l ocked i n  the r ight posit ion .  Gent le cou nter
c lockwise torq ue and withd rawa l br ings  the aorta i n  

7 1 9  
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FIG 5 • Rad ia l  EUS  v iew of the unc i nate process. The super ior  
mesenteric a rtery (SMA) is  not eas i ly  v isua l i zed by EUS .  

view. Th is  may a ppear i n  a long itu d i n a l  config u ra
t ion,  becoming  ova l a n d  f ina l ly rou n d .  The i nfer ior 
vena cava may be seen superior to the aorta or may 
be compressed by the transducer. The pancreas is  v i
sua l ized to the r ight of the aorta . 

• L inear  echoendoscope: Apica l  imag ing  for the l i near  
scope fo l l ows the same pattern as the rad i a l  scope.  
The scope is  adva nced through  the stomach i nto the 
duodena l  b u l b .  The a pex of the b u l b  is  identif ied 

ENDOSCOPIC ULTRASONOGRAPHY

GUIDED FINE NEEDLE ASPIRATION 

• EUS-g u ided FNA uses a l i near-a rray echoendoscope, which 
provides rea l-time u ltrasound imag ing  of the need le  i n  
t h e  ta rget area .  T h e  need le device consists o f  t h e  need le, 
its sheath, a stylet with i n  the need le, and the hand le  of 
the device. Need les a re ava i lab le  in va r ious sizes: typi
ca l ly, 19 ga uge, 22 ga uge, and 2 5  gauge.  A 22-gauge or 
25-gauge need le  is  preferred when access ing  les ions from 
with i n  the duodenum as acute angu lat ion and looping of 
the scope may make it tech n ica l ly cha l leng ing to advance 
the la rger 1 9-gauge need le out of the scope. An asp i ra
t ion syr inge is  typ ica l ly used a long with the need le  device 
and is  usua l ly  provided i n  the sa me package. 
• The les ion of i nterest is i maged by the l i near  echo

endoscope.  The d ista nce between the echoendo
scope and the les ion should be m i n i m ized with the 
a id of the u p/down a n d  sometimes the left-r ight 
wheels of the echoendoscope. 

• Color Dopp ler  imag ing  is performed to ensure that 
(1) the lesion of i nterest is  not vascu la r  and (2) there 
a re no i nterven ing  vessels  in the path of the FNA 
need le .  

• The need le device is passed through the chan
ne l  of the echoendoscope and the handle is  then 
Luer-locked. The sheath is  s lowly advanced out of the 
scope and the posit ion is confirmed endoscopica l ly. 

• 

• 

• 

• 

with a gent le downwa rd deflect ion of the t ip  of the 
scope.  With the scope at the a pex of the duodena l  
b u l b, s l i ght cou nterclockwise torq ue and  u pwa rd 
deflect ion br ings  the porta l vei n in v iew. The b i l e  
duct is  seen cours ing  between t h e  transducer a n d  
the porta l ve i n  and  ca n be traced by torq u i n g  t h e  
scope i n  both the d i rections .  T h e  pa ncreatic d uct 
is a lso seen cou rs ing  below the b i l e  duct a n d  may 
need u pwa rd or downwa rd deflect ion of the t ip  of 
the scope or torq u i n g  of the scope to visua l ize com
p letely. B a l loon i nf lat ion is  not as  necessa ry with a 
l i near  scope as it is with a rad i a l  scope.  V isua l izat ion 
of the a m p u l l a  fo l l ows the same pr inc ip les as the 
rad i a l  scope.  The p a p i l l a  i s  v isua l i zed endoscop ica l ly, 
the scope is kept perpend icu la r  to the pa p i l l a  a n d  
imag ing  is  commenced.  T h e  pa p i l l a  is  or iented at 6 
o'c lock posit ion a n d  the b i l e  a n d  pancreatic ducts 
a re v isua l i zed in the i r  l i near  confi g u rat ion .  Gent le 
torq u i n g  a n d  s low withdrawa l is  performed t i l l  the 
porta l confl uence is  seen .  N ext, the unc i nate pro
cess of the pa ncreas i s  seen by pass ing  the echo
endoscope d ista l to the a m p u l l a  and shorten ing  to 
ach ieve a stra ight posit ion .  The aorta is l ocated by 
gentle torq u i n g  of the scope.  Once the aorta is  lo
ca l i zed, the scope is  torq ued c l ockwise to locate the 
pa ncreas and  then withd rawn with gent le torq u i ng 
in both d i rect ions t i l l  the porta l confl uence is aga in  
v isu a l i zed .  

It i s  he lpfu l to measure the d ista nce from the sheath 
t ip  to the m i d d l e  of the les ion using the on-screen 
ca l i pers to g ive an idea about the approxi mate 
depth of needle insert ion .  
The need l e  is  then adva nced under  rea l -t ime u ltra
sound g u ida nce to the m idd le  of the les ion .  Once 
the need le  is  i n  the lesion, the sty let is  removed 
from the system.  The asp i rat ion syri nge i s  attached 
to the need le  device and  suct ion is  a p p l ied .  
If a cyst ic  les ion i s  be ing asp i rated, the suct ion sy
r inge is  removed and the needle is  withd rawn i nto 
the sheath at the end of the asp i ration of cyst con
tents. The entire system i s  then removed and the 
fl u i d  ana lyzed .  For pract ica l purposes and  ease 
of ava i l a b i l ity, cyst fl u i d  is  typ ica l ly a n a lyzed for 
cyto logy, carci noembryon ic  a nt igen (CEA), and  a my
lase leve ls .  

If a so l i d  mass is  be ing asp i rated, q u ick a n d  forcefu l to
and-fro m ovements a re performed with or without suc
t ion,  a n d  the need le  path is fa n ned ins ide  the les ion to 
max imize the y ie ld  for cytology. After a few strokes, suc
t ion is stopped, the needle is withd rawn i nto the sheath, 
and the enti re system i s  removed .  The materia l  with i n  
t h e  needle device is  then sent for cyto log ic  eva l uati o n .  
Presence o f  a cyto log ist d u r ing  the proced u re is  recom
mended to get a n  on-site, i m med iate cyto log ic  eva lua
t ion a n d  thereby l i m it the n u m ber of passes of the FNA 
needle a n d  maxi m i ze the d iag nostic y ie ld  of FNA.  
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ENDOSCOPIC ULTRASONOGRAPHY 

IN THE EVALUATION OF BENIGN 

PANCREATIC DISEASES 

• The norma l  pancreas has a homogenous, d iffusely speck
led pattern with a sm ooth conto u r. The pancreatic duct 
l ocated with i n  the pancreatic parenchyma is typ ica l ly 
t h i n, sm ooth, anechoic, and  does not have a positive 
Dopp ler  s ig n a l .  It decreases i n  s ize from the head to the 
ta i l .  A normal duct measures 3, 2, a n d  1 m m  i n  the head, 
body, and ta i l  of pancreas, respectively. EUS  exa m for 
eva l uat ion of ben ign  pa ncreatic d i seases is  performed as 
described ear l ie r. 

Acute Pancreatitis 

• F i n d i ngs seen in chron ic  pancreatitis, with the exception 
of ca lcif icat ions, can be seen i n  acute pancreatitis (cysts, 
d ucta l  i rreg u l a rity and  d i lat ion,  stra nd i ng, etc . ) .  There
fore, it is  recom mended to wa it for 4 to 6 weeks before 
performing  EUS of the pancreas after an acute attack of 
pancreatitis .  
• The pancreas may a ppear norma l  or d iffusely en

l a rged with a norma l  or  d iffusely low echo pattern 
i n  edematous pancreatitis. In some c i rcu mstances, 

ENDOSCOPIC ULTRASONOGRAPHY IN 

THE EVALUATION OF PANCREATIC CYSTIC 

LESIONS 

Cystic Neoplasms of the Pancreas 

• Cyst ic neoplasms of the pancreas (FIG 6A-C) can be d i 
v ided i nto neoplastic (serous and muc inous  cysts, i ntra
ducta l pap i l l a ry muc inous  neoplasms [ IPMN] .  or  so l i d  
pseudopa p i l l a ry neoplasms with cyst ic  degeneration) or  
nonneoplastic pancreatic cysts (true cysts, retentions cysts, 
pseudocysts, or lymphoepithe l i a l  cysts). D ifferentiation 
between the two is  essentia l  beca use non neoplastic cysts 
can be safely mon itored and  treated on ly  if they become 
sym ptomatic.  Neoplastic cysts, especia l ly those with h igher  
ma l i gnant potentia l ,  shou ld  be considered for  resect ion .  
EUS  can he lp  i n  exa m i nation of  the cyst with rega rd to 
s ize ,  sha pe, morphologic  featu res, com m u n ication with 
pancreatic duct, and i nvas ion i nto adjacent structu res. It 
can he lp  eva l u ate the cyst wa l l  (nod u l e, th ickness) as wel l  
as intracyst ic structu res such as debr is  or  septat ions .  The 
tech n ique  for  EUS-g u ided FNA is  as described ear l ier. If a 
cyst has m u lt ip le  com ponents, the la rgest component is 
ta rgeted fi rst. If there is an intra m u ra l  nod u l e  (cyst with 
h igher  ma l ig nant potentia l), needle asp i rat ion of cyst 
f lu id  as we l l  as sa m p l i n g  the nod u l e  are ta rgeted sepa
rate ly. CEA level of more than 1 92 ng/m l is thought to be 
a usefu l but less sensit ive m a rker of a muc inous  les ion • 

it may be possi b l e  to d ifferentiate edematous pan
creatit is from necrot iz ing pancreatitis, which may 
appear  as  a foca l hypoechoic  m ass with or without 
echogen ic  stra nds .7  

Chronic Pancreatitis 

• EUS  featu res of chron i c  pancreatitis are d iv ided i nto 
major and m i nor criter ia  for parenchyma l  and d ucta l 
featu res based on the Rosemont criter ia . 3  Major crite
r ia  i nc lude  hyperchoic  foci with shadowing,  lobu la rity 
with honeyco m b i ng,  and  m a i n  pa ncreatic duct ca lcu l i .  
M i nor  cr iteria i nc lude  cysts, nonshadowing foci, l obu l a r
ity with noncont iguous  lobu les, d i l ated m a i n  d uct or s ide 
branches, i rreg u l a r  duct contour, hyperechoic  duct wal l s, 
or echogen ic  stra nds .  

Autoimmune Pancreatitis 

• The pancreas in a utoi m m u n e  d isease may appear  e ither 
normal or  e n l a rged a n d  sausage-shaped.  Occasiona l ly, a 
hypoechoic  m ass may be seen and  may be d ifficu lt to d if
ferentiate from adenocarci noma .  Hyperechoic  stra nds or 
lobu la rity can a l so be seen," a n d  as such, core b iopsy or  
FNA of pancreatic parenchyma or  b iopsy of the a m p u l l a  
m a y  be needed f o r  a defi n itive d iag nosis .  

A 

FIG 6 • EUS  i m a g i n g  of pa ncreatic cyst ic  les ions .  A. Serous 
cyst ( les ion i s  m a rked by white arrow), muc inous  cyst {B), and 
pseudocyst {C) . (continued) B 
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c 

ENDOSCOPIC ULTRASONOGRAPHY 

IN THE EVALUATION OF PANCREATIC 

MASSES 

• E U S  is usef u l  in eva l uat ion of pancreatic masses (FIG 7) 

by p rovi d i n g  cyto log ic  confi rmat ion as we l l  as sta g i n g  
of d i sease.  Pancreatic mass les ions  ca n be d iffe renti
ated i nto th ose that a re m a l i g nant  (adenoca rc inoma,  
lymphoma,  other  ra re  neop l asm) or  those  that  a re 
ben i g n  (ch ron i c  pancreatit is or a uto i m m u n e  pancre
at it is) .  D i fferent iat ion between the m a l i g n a nt and the 
ben i g n  mass les ions  can  be d i ff icu lt, a n d  occas iona l ly, 
surg ica l  resect ion  may be the o n l y  defi n it ive moda l ity 
for d i a g nos is  a n d  treatment .  FNA of mass les ions  of the 
pancreas i s  perfo rmed as ment ioned ear l ier  (FIG 8) .  

The n u m ber  of passes to o bta i n  a cyto log ic  d i a g n os i s  
i s  controvers i a l ,  but a bout seven passes i s  cons idered 
a n  opti m a l  n u m be r  of passes fo r mass les ions  of the 
pa ncreas . 1 0  Hav ing  a n  on-site cyto log ist i s  essenti a l .  
T h e  traj ectory o f  t h e  need le  path d u r i n g  F N A  shou ld  
be a ltered w i th  each  stroke so as to fan the les ion a n d  
maxi m ize y ie ld .  Suct io n  can be used d u r i n g  FNA to h o l d  
the t issue a g a i nst the need l e  d u r i n g  passes. H owever, 
a p revious  study by Wa l l ace 1 1  fou n d  that suct ion  actu
a l ly m a kes the spec imen  b lood ie r  and does not i m p rove 
d i a g n ost ic  accuracy, a lthough  th i s  study was p r imar i l y  
done  to eva l uate asp i rat ion tec h n i q ues i n  m a l i g n a nt 
lymphadeno pathy. Altho u g h  eva l uat ing  a mass i n  the 
pancreas, attent ion shou ld  be focused on  the locat ion  
of the les ion,  the s ize of the les ion,  a n d  i t s  prox i m ity to  
nea rby vascu l a r  structu res. I f  a b n o r m a l  l ymph nodes  are 
seen, these shou ld be ta rgeted fi rst. It i s  h e l pf u l  to use 
d iffe rent need l e  systems  for FNA of pa ncreatic masses 
and suspected m etastatic les ions  to decrease the risk of 
seed i n g .  

F I G  6 • (continued). 

FIG 7 • E U S  imag ing  of pancreatic mass.  

FIG 8 • FNA of pancreatic m ass. The l i near, wh ite l i n e  (arrow) 
is actua l ly the need le, centered in the hypoechoic  m ass with 
i rreg u l a r  borders. 
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INTERVENTIONAL ENDOSCOPIC 

ULTRASONOGRAPHY IN PANCREATIC 

DISORDERS 

Fine Needle Injection Therapy for Locally Advanced 
Pancreatic Tumors 

• Endoscopic  u ltrasonography-g u ided f ine needle i njec
t ion (EUS-FN I )  thera py of a ntitu mor  agents has been 
previous ly documented . 1 2• 1 3  Recently, TN Ferade, when 
de l ivered by EUS-FN I ,  has shown prom ise for loca l ly ad
va nced pancreatic cancer. 1 4  De l ivery of TN Ferade d i d  not 
i nterfere with su bseq uent s u rg ica l  resect ion .  The tech
n i q u e  for performing  EUS-FN I  is  sa me as for a n  FNA. 1 5  
• The tumor  is loca l i zed by the l i near  echoendoscope, 

and a 22-gauge needle i s  adva nced through  the 
tumor  us ing Dopp ler  to ensure that b l ood vessels 
are not punctured .  

• The needle is s lowly withd rawn a n d  the drug is s i 
m u lta neous ly i njected, s lowly, i nto the tumor. 

• Without com p l ete withdrawa l of the need l e  from 
the tumor, the need le  i s  then red i rected at a d i ffer
ent a n g l e  and  the process repeated, there by spread
ing  the i njectate i n  a fa n ned m a n ner. Typ ica l ly, the 
vo l u m e  of TN Ferade i njecta nt i s  2 m l. 1 4  

Pancreatic Duct Drainage 

• E RCP is usua l ly the fi rst- l i n e  therapy for re l ief of an ob
structed pancreatic duct, but when ERCP is  unsuccessfu l ,  
su rgery i s  often i nd icated .  Recently, E US-g u ided pancre
atic duct dra inage has been advocated when ERCP is  not 
feas ib le .  
• E US-g u i ded dra inage can be performed either v ia 

the trans lumena l  approach (stomach or  duodenum) 
or v ia a transpa p i l l a ry approach . 

• The pa ncreatic d uct is identif ied from either the 
stomach or  the duodena l  b u l b  and  a 1 9-gauge nee
dle is  used to punctu re it .  Contrast i s  i njected to de
l i neate the duct .  

• A g u idewi re is advanced i nto the pancreatic d uct i n  
a n  a ntegrade fash ion a n d  a l lowed t o  co i l  i nto the 
d uoden u m  via the pa p i l l a ry or if ice.  

• The transmura l  tract is then d i l ated i n it i a l l y  with a n  
E RCP ca n n u la or  ba l loon or  graduated d i l ator. 

• A 5- to 7-Fr  stent with a length long enough to ex
tend from the stomach or duodenum i nto the m a i n  
pa ncreatic duct a n d  t h e n  v ia  t h e  p a p i l l a  i nto the 
duodenum i s  dep loyed . 

• I n  cases where a transpa p i l l a ry rendezvous a p
proach is u n derta ken, the g u idewi re is advanced 
i nto the duodenum as mentioned ear l ie r  and the 
echoendoscope is  exchanged for a d uodenoscope. 
Ca n n u lat ion of the pa ncreatic duct is  performed 
e ither a l ongs ide the g u i dewi re or the g u idewi re 
is withd rawn i nto the endoscope and  accessories 

Celiac Plexus Block and Neurolysis 

• Pa i n  in chron ic  pancreatitis or pancreatic ca rc inoma i s  
typica l ly med iated by sym pathetic v iscera l afferent fi bers 
that relay v ia the ce l iac p lexus to the sp lanchn ic  nerves 
and enter the sp ina l  cord from T5-T9 . 1 6  The ce l i a c  p lexus 
i s  com posed of g a n g l i a  l ocated a nterolatera l to the aorta 
at the level of the ce l i ac  tru nk .  Ce l i ac  p lexus neurolys is 
(CPN) is  the a b lat ion of the ce l i a c  p l exus with a lcohol ,  
whereas ce l i a c  p lexus b l ock (CPB) refers to the tem po
rary i n h i b it ion of pa in  i m p u lses through  the ce l i ac  p lexus 
with the aid of steroids and a n  anesthetic such as b u p iva
ca ine .  The tech n i q u e  for CPN and CPB is  the same.  
• Proced u re is performed with the patient sedated i n  

t h e  left l atera l posit ion .  
• I ntravenous sa l i n e  may be admin i stered i ntra- or 

postproced ura l ly  to decrease the risk of hypotens ion .  
• B road-spectrum ant ib iotics such as c iprofloxac in  a re 

reco m mended, especi a l ly if stero ids a re i njected, as  
there have been case reports of per ipancreatic  ab
scesses after CPBY 

• Us ing the l i near  echoendoscope, the aorta is l oca l 
ized at the G E  j u n ct ion and  fo l l owed to the or ig i n  
o f  t h e  ce l i a c  a rtery a n d  t h e  b ifu rcat ion o f  t h e  sp len ic  
and  hepatic a rtery with  cou nterclockwise rotat ion .  
The ce l i ac  gang l i a  a re identif ied as sma l l  hypoechoic  
structu res l ocated j u st a nter ior  to and  a bove the ce
l i ac  a rtery or ig i n .  

• A 22-gauge or a 1 9-gauge needle or a dedicated 20-
gauge spray needle (EU S-20-CPN, Cook Endoscopy, 
Winston Sa lem,  N C) with m u lt ip le  ho les can be used . 
The CPN needle a l l ows so lut ions to be d ispersed over 
a wider a rea with less force. The sty let is  withd rawn 
and the needle is  f lushed with sa l i n e  to remove a i r  
and  t h e  gastr ic wa l l  i s  p u nctured with t h e  t ip  o f  the 
needle s l i ghtly anter ior and  a bove the or ig i n  of the 
ce l i ac  a rtery. Aspirat ion is  performed to ensure that 
a b lood vessel has not been punctured .  

• A 0 .25% (5 m l) b u pivaca ine  is i njected fi rst, fol
lowed by 20 m l  of a bsol ute a lcohol  if  CPN i s  per
formed or  0.25% (20 m l) b u p ivaca i n e  fo l l owed by 
80-mg (4 m l) tr iamc ino lone if  CPB i s  performed . 1 8  
T h e  need l e  i s  t h e n  f lushed with 3 m l  o f  sa l i ne to 
ensure com p l ete drug de l ivery. 

• Patient is observed for 2 to 4 hours for hypotens ion,  
fever, or  abdom i n a l  pa in ,  which usua l l y  i s  tra ns ient 
and  treated with supportive measu res. 

Fiducial Placements 

• F iduc ia l s  are inert rad io log ic  ma rkers that are imp lanted 
i nto the ta rget les ion for loca l i z ing  or  track ing d u ring  ra
d iation thera py of pancreatic cancers. A m i n i m u m  of 1 or 
2 f iduc ia l s  are req u i red .  These ca n be p laced either with i n  
t h e  les ion or  with i n  1 em of the les ion o f  i nterest. F iduc ia l s  

passed over  the g u idewi re to a i d  i n  ca n n u lat ion and  • 
can be de l ivered with 1 9-gauge or 22-gauge need le . 1 9  
Sta ndard f iduc ia l s  a re cyl i ndrica l  go ld  seeds, measu r ing 
3 to 5 m m  i n  length and  0.8 to 1 .2 m m  i n  d i ameter. Ster i le  performing  the endoscopic  retrograde pancreatog

ra phy (ERP) .  b o n e  w a x  can be used t o  ho ld  a n d  sepa rate preloaded 
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gold  f iduc ia l s  with i n  the 1 9-ga uge needle .  The new • 

sma l l e r, longer  f iduc ia l  m a rkers a re 1 0  mm in length and  • 

0 .35  m m  in d i ameter. They a re preloaded on a need le  car-
r ier de l ivery device for use with a 22-gauge needle,  which 
a l lows for opti m a l  p lacement.20 The process for f iduc ia l  
i m p l a ntation is s im i la r  to perform ing  FNA. O u r  g ro u p  
has recently reported ear ly data on  E U S-g u ided f iduc ia l  
p lacement with  a new m u lt ifiduc ia l  de l ivery needle .2 1 

The les ion of i nterest is l ocated by the l i near  scope.  
The needle device is  advanced through  the channel  of 
the echoendoscope and  locked i n  p lace. The needle i s  
then advanced i nto the a rea of i nterest, ensur ing lack of  
vascu la r  structu res i n  the path of the need le .  The sty let of  
the needle is  adva nced to maxi m a l  i nsert ion,  thus  push
i ng  the f iduc ia l  out of the need le  a n d  i nto the a rea of 
i nterest. 

PEARLS AND PITFALLS 

ADEQ UATE TRAI N I N G  AND TECH N ICAL EXPERTISE  B E FORE PERFORM I N G  E N DOSON O G RAPHY CAN N OT BE OVE R E M P HASIZED .  

EUS  of pancreas 
(genera l  pr inc ip les) 

E U S  with FNA 

Ce l iac  p lexus i ntervent ions 

Pancreatic d uct dra inage 

POSTOPERATIVE CARE 

• A stat ion-based approach is i m porta nt because com p l ete i m a g i n g  of the pancreas can on ly  be 
obta ined from specif ic stat ions :  stomach, duodena l  b u l b, o pposite the a m p u l la ,  a n d  d ista l to 
the a m p u l l a .  

• If endosonograph i c  or ientat ion is  lost d u r ing  t h e  exa m or  if  u s u a l  l andma rks a re d iffic u lt to 
f ind,  one cou l d  e ither return to the sta rt ing  poi nt for that stat ion or exa m i n e  other stat ions 
and  then come back to the d iffic u lt stat ion . 

• Gent le  c lockwise and  cou nterc lockwise torq ue is needed to ach ieve com p l ete imag ing  with the 
l i near  scope.  

• Passage of need le  is  eas ier  when the scope i s  i n  a stra ight  posit ion and  with m i n i m a l  use of the 
e levator. 

• The need le  shou ld  be p laced in the center of the cyst d u r ing  asp i rat ion .  If f l u i d  is not o bta i ned, 
the needle shou ld  be repositioned ins ide the cyst without com p lete withdrawal  or  rep laced 
with a l a rger  d i a m eter needle to a l low aspi ration of thick cyst contents. 

• If there is  a mass associated with a cyst, sa m p l es from both the so l i d  and cyst ic  components 
shou ld  be obta ined .  

• A fa n n i n g  tech n i q u e  d u r ing  FNA of so l i d  les ions  i s  p referred to max imize cyto log ic  y ie ld .  
• If the asp i rated speci men i s  l ess than desi red, suct ion can be a p p l i ed d u r ing  asp i rat ion .  

Alternative ly, if  the asp i rate is  b loody, suct ion shou ld  be avo ided . 

• If g a n g l i a  a re not c lear ly seen :  The ent i re sol ut ion ca n be i njected j u st a bove a n d  a nter ior  to 
the ce l iac  tru nk .  

• If no  resista nce is  encou ntered d u ring  i nject ion :  The need l e  may sti l l  be i n  stomach or a 
vascu la r  p u nctu re shou ld  be cons idered.  

• The duct should be suff ic iently d i l ated to a l low E US-g u ided need l e  puncture and  i ntervent ion .  

• After the EUS procedure is  completed, the patient i s  monitored 
in the recovery room until sedative medications have worn off 
(about 30 to 45 minutes) and discharge criteria are met. 

EUS-FNA of the pancreas have a 1 %  to 2% risk of pancre
atitis. Clinically significant bleeding and bile peritonitis are 
rare complications of EUS-FNA. 
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Chapter 33 Pancreaticoduodenectomy: 
Resection 

. ----------------------------------- ·----------------------------------------------------- .... 

t 
George VanBuren, II William E. Fisher 

DEFINITION 

• Pancreaticoduodenectomy (Whipple procedure) is defined as 
resection of the pancreatic head, uncinate process, gallblad
der, distal bile duct, duodenum, and gastric antrum. 

• Pylorus-preserving pancreaticoduodenectomy (pylorus
preserving Whipple procedure) is the same operation with 
preservation of the gastric antrum, pylorus, and a cuff of 
proximal duodenum. 

• Complete excision of pancreatic head tumors with negative 
margins maximizes local-regional control and is the stan
dard of care for malignancies of the pancreatic head, am
pulla of Vater, duodenum, or distal bile duct. 

DIFFERENTIAL DIAGNOSIS 

• Pancreatic ductal adenocarcinoma 
• Pancreatic neuroendocrine tumor 
• Pancreatic cystic neoplasm 
• Cancer of the ampulla of Vater 
• Distal cholangiocarcinoma 
• Duodenal adenocarcinoma 
• Biliary stricture 
• Chronic pancreatitis 

PATIENT HISTORY AND 

PHYSICAL FINDINGS 

• A thorough history and physical exam should be performed 
prior to treatment. 

• Critical history: weight loss greater than 10%,  new-onset dia
betes, jaundice, vague abdominal pain in mid-epigastrium, pain 
penetrating to the back (indicates possible celiac involvement) ,  
diarrhea (indicating exocrine insufficiency) 

• History related to biliary obstruction: jaundice, fever, chills, 
pruritus, acholic stools, dark urine 

• Risk factors for pancreatic cancer: smoking, chronic pancre
atitis, diabetes, age 65 years or older, African American race, 
obesity, male gender, family history of pancreatic cancer, fam
ily history of other malignancy (i .e . ,  BRCA2 malignancies) 1  

• Physical exam: scleral icterus, j aundice, signs of malnutri
tion, cachexia, temporal wasting 

• Ominous signs: A palpable abdominal tumor or ascites may in
dicate metastatic disease. Left supraclavicular lymphadenopa
thy (Virchow's lymph node) is indicative of metastatic disease. 

• In addition to a history and physical relating to pancreatic 
cancer, an overall assessment of the patient's functional sta
tus should be performed to assure the patient is a candidate 
for major surgery. 

If the patient's performance status is poor (Eastern Con
ference Oncology Group [ECOG] score greater than 2 or 
Karnofsky score of less than 60) ,  he or she should be con
sidered physiologically borderline resectable.2 
The patient's cardiopulmonary status should also be as
sessed with an assessment of their exercise tolerance and 
activity level . 
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Physical exam should look for other sources of chronic 
disease including carotid bruit, j ugular venous distension, 
rales, wheezing, heart murmur, or clubbing of fingers. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• "Pancreatic protocol" computed tomography (CT) scan of 
the chest, abdomen, and pelvis is required for all patients. 
Pancreatic protocol is a triphasic thin ( o£ 5  mm),  multislice 
CT scan with an arterial, venous, and delayed phase in con
junction with sagittal and coronal views. Water is used to 
opacify the stomach. A properly performed CT scan is per
haps the most critical portion of the preoperative assessment 
to determine if the patient is a candidate for surgery. The 
purpose of the CT scan is to detect any metastatic disease 
and to assess the relationship of the low-density tumor to the 
surrounding vasculature. Particular attention is paid to the 
relationship of the tumor to the portal vein (PV), superior 
mesenteric vein (SMV),  superior mesenteric artery (SMA),  
hepatic artery, and celiac axis. In  addition, a CT will aid 
in identification of aberrant anatomy of the hepatic artery, 
which is present in 20% of cases and must be noted prior to 
surgery. 

• CT scan of chest is done to evaluate for pulmonary metastasis. 
• Based on imaging, there are well-defined consensus criteria 

from the American Hepato-Pancreato-Biliary Association 
for resectable, borderline resectable, locally advanced, and 
metastatic diseases. These criteria have been adopted by the 
National Comprehensive Cancer Network (NCCN) .3 

Resectable tumors demonstrate the following: 
No distant metastases; no radiographic evidence of 
SMV and PV abutment, distortion, tumor thrombus, or 
venous encasement; clear fat planes around the celiac 
axis, hepatic artery, and SMA ( FIG 1 ) 

FIG 1 • CT of a resecta b le  pancreatic cancer. PV, porta l ve in ;  
SMA, super ior  m esenteric a rtery. 

-
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F IG 2 • C T  of a border l i ne  resecta b l e  pancreatic cancer. There 
is  a loss of the "fat p l ane"  between the SMV/PV confl uence PV 

porta l ve in ;  SMA, super ior  mesenteric a rtery. 
. 

' 

Borderline resectable tumors demonstrate the following: 
No distant metastases; venous involvement of the SMV/ 
PV demonstrating tumor abutment with or without 
impingement and narrowing of the lumen, encasement 
of the SMV/PV but without encasement of the nearby 
arteries, or short segment venous occlusion resulting from 
either tumor thrombus or encasement but with suitable 
vessel proximal and distal to the area of vessel involve
ment, allowing for safe resection and reconstruction; gas
troduodenal artery (GDA) encasement up to the hepatic 
artery with either short segment encasement or direct 
abutment of the hepatic artery, without extension to the 
celiac axis; tumor abutment of the SMA not to exceed 
1 80 degrees of the circumference of the vessel wall (FIG 2) 

Locally advanced tumors demonstrate the following: 
No distant metastases; unreconstructable SMV/ PV oc
clusion; greater than 1 80 degree encasement of SMA, 
celiac axis, or aortic invasion; metastasis to lymph 
nodes beyond the field of resection (FIG 3) 

• Endoscopic ultrasound (EUS) .  This is an important step in the 
assessment of many, but not all, pancreatic masses and cystic 
lesions. EUS is performed to obtain a tissue diagnosis of a solid 
mass, which will be required if neoadjuvant chemotherapy is 
planned. Cystic lesions may be characterized by EUS and the 
fluid may be aspirated and sent for cytology including a mucin 
stain, carcinoembryonic antigen (CEA) and amylase concen
tration, and perhaps, genetic analysis. Furthermore, EUS may 

FIG 3 • CT of an u n resecta b le/loca l ly adva nced pancreatic 
cancer. The lesion has enc i rc led the SMA. PV, porta l ve i n .  

b e  used a s  a n  adjunct t o  the C T  scan t o  further evaluate venous 
involvement and can be more sensitive than CT in detecting a 
small mass. If enlarged celiac lymph nodes are seen, they may 
be biopsied. EUS and CT can be compromised by the presence 
of a bile duct stent so ideally, these tests are performed prior to 
endoscopic retrograde cholangiopancreatography. 

• Endoscopic retrograde cholangiopancreatography (ERCP) .  
ERCP may be used to  provide biliary decompression. In  chol
angiocarcinomas, it is necessary to evaluate the entirety of the 
biliary tree and see the proximal extent of the stricture. This 
may require a percutaneous transhepatic cholangiogram. In 
ampullary carcinomas, the mass can be directly visualized 
and biopsied. A biliary stent should be placed if neoadjuvant 
therapy is planned, to allow time for referral to a high-vol
ume pancreas surgery center, and in cases where the serum 
bilirubin is particularly elevated ( > 1 0  mgldL).4 Although 
stent placement has been shown to increase infectious com
plications, prolonged biliary obstruction causing liver insuffi
ciency and coagulopathy adversely affects surgical outcomes. 

• Duplex ultrasound of the neck is performed selectively in pa
tients who may need to undergo PV resection to evaluate the 
patency of the internal jugular veins. It may also evaluate the 
carotids in patients at high risk for atherosclerotic disease. 

• Octreotide scan. Octreotide scan is a radionuclide scan used for 
localization of primary and metastatic neuroendocrine tumors. 
Radioactive octreotide attaches to tumor cells that have recep
tors for somatostatin. Somatostatin receptor scintigraphy and 
three-dimensional single-photon emission computed tomogra
phy (SPECT) images are taken at 4 hours and 24 hours. The 
tracer is visible in the thyroid, liver, gallbladder, kidneys, spleen, 
and urinary bladder; the physiologic uptake by these organs is 
diffuse. Carcinoid tumors may be seen at 24 hours more clearly 
than at 4 hours by virtue of reduction in background activity. 

• Tumor markers. Serum carbohydrate antigen 19-9 (CA 19-9) 
is shown to be predictive of outcomes in pancreatic adenocarci
noma. However, CA 19-9 can be falsely elevated in the setting 
of obstructive jaundice. If it is more than 1 ,000 U/mL in the ab
sence of jaundice, there should be a high suspicion for metastatic 
disease.5 In patients who receive neoadjuvant therapy, CA 1 9-9 
may be used as a marker to assess response. A drop in CA 19-9 
of greater than 50% may be predictive of improved survival.2 A 
low value is not predictive of favorable biology. Serum chromo
granin A should be performed in patients with pancreatic neu
roendocrine tumors. Elevated chromogranin A may be followed 
as a marker; a low value is not predictive of favorable biology. 

• Liver function test and coagulation profile: Bile salts are re
quired for absorption of vitamins A, D, E, and K. Patients 
with biliary obstruction may require vitamin K ( 1 0  mg 
administered intramuscularly three times every day) if the 
prothrombin time/international normalized ratio (PTIINR) 
is prolonged. A serum albumin level of less than 3 may indi
cate the need for preoperative nutritional supplementation. 

• Cardiopulmonary clearance and risk assessment by a car
diologist or appropriate internist may aid in perioperative 
optimization. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Presentation of the case at a multidisciplinary tumor board 
with radiology, gastroenterology, medical oncology, radiation 
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oncology, and surgical teams in attendance is optimal in the 
evaluation of all pancreatic lesions. This allows the case to 
be reviewed in an objective manner, facilitates enrollment in 
clinical trials, and allows the development of institutional 
guidelines of care among all specialties .  

• Be prepared to alter the sequence of the dissection; ana
tomic relationships of the tumor drive this up to the point 
of commitment for resection-unaffected planes should be 
addressed before embarking on those at risk. 

• All patients with pancreatic adenocarcinoma, whether re
sectable, locally advanced, or metastatic, should be offered 
access to a clinical trial. 

Positioning 

• A pancreaticoduodenectomy should be performed at a high
volume center (approximately more than 16 pancreatic 
resections per year ) .  Resections performed at institutions 
below that volume have higher perioperative morbidity and 
mortality rates and worse oncologic outcomes.6•7 

• Supine position with both arms out to the side. Tuck the 
sheet tight under the bed to ensure bed rails are accessible 
for retractor placement. 

• Turn the head to the right with neck extended to expose the 
left internal jugular vein. 

DIAGNOSTIC LAPAROSCOPY 

• Diag nostic l a pa roscopy. The va l u e  of stag ing  l a pa roscopy 
has decreased as the accu racy of CT sca n n i ng has im
proved .3 La pa roscopy shou ld  be pe rformed as a pre l ude 
to potent ia l  surg ica l  resect ion i n  selected patients who 
have pancreatic adenocarc inoma.  We advocate selective 
lapa roscopy on  the same day as the p l an ned resect ion 
i n  h i g h-r isk patients with potent ia l ly advanced d i sease, 
l a rge (>4 em) or  border l i n e  resecta b le  tumors after neo-

INCISION 

• Pancreaticod uodenectomy can be performed through  a 

• 

m i d l i n e  i nc is ion from x ipho id  to u m b i l icus or through a • 
b i l atera l su bcosta l  inc i s ion .  A b i l atera l su bcosta l i nc i s ion 
may be su per ior i n  patients with a shorter body ha bitus • 
or s ign if icant obes ity. A b i l atera l su bcostal  i nc i s ion can be 

adjuvant thera py, l iver les ions too sma l l  to cha racter
ize or percuta neous ly b iopsy, any ascites f lu id ,  m a rked 
weight l oss, hypoa l b u m i nem ia, and h i g h  (> 1 ,000 U/m l) 
CA 1 9-9 leve ls .  
The peritoneum,  omentum, and  su rface of the l iver a re 
inspected for evidence of m etastas is .  A m u lt i part tech
n i q u e  with mob i l izat ion of the tissues and use of a l a pa
roscopic  u ltrasound probe is  req u i red for a thorough 
exa m i nation .  

i nfer ior  i n  patients w i th  a na rrow costa l a n g l e  and  may  
l i m it exposure to  the pe lv i s  i n  patients w i th  adhes ions 
from previous pelv ic surgery. 
The fa lc iform l i gament is l i g ated, keep ing  it long to p lace 
over the stu m p  of the GDA at the end of the case. 
S u rg ica l  retractor of cho ice (Bookwalter or  Thom pson) is  
p l aced . 

INITIAL ASSESSMENT OF RESECTABILITY 

• The i n it i a l  port ion of the proced u re is an assessment of 
resect a b i  I ity. 

• The gastro h e pat ic  omentum is opened, a n d  the re
g i o n  of the ce l i a c  axis i s  exa m i n ed for e n l a rged lymph 
nodes .  The base of the transverse m esoco l o n  to the 
r ight  of the m i d d l e  co l i c  vesse l s  i s  exa m i ned for t u m o r  

• The l iver and  viscera l and  par ieta l peritonea l  su rfaces are 
thoro u g h ly assessed v ia  a systematic fou r-q uadra nt ex- • 
p lorat ion i nc l ud ing  b i m a n u a l  p a l pat ion of the l iver a n d  
ru n n i n g  the sma l l  bowel from the l i g a ment o f  Treitz to 
the cecum and pa l pation of the co lon .  

CATTELL-BRAASCH AND 

KOCHER MANEUVERS 

• The ascend ing  colon and  hepatic flexu re of the colon 
a re freed of their latera l and  su per ior attachments us ing 
a n  energy device.  The colonic mesentery is  completely 
mob i l ized and reflected med i a l ly to expose the second 
and th i rd port ions of the duode n u m  and the head of 
the pa ncreas (FIG 4) .  An avascu la r  p lane between these 
structu res w i l l  deve lop over the th i rd port ion of the d uo
denum and extend u p  to the i nferior border of the neck 

i nvolvement .  
Add it iona l  i nformation rega rd i n g  the extent of the ma
l i g n a ncy with respect to the PV, SMA, a n d  so forth wi l l  be 
g leaned as the d i ssect ion prog resses. 

of the pancreas (FIG 5) .  A Kocher maneuver is  performed 
by inc i s ing the peritoneum a long the l atera l edge of d uo
d e n u m .  Th is  i nc is ion shou ld  be extended cepha lad  i nto 
the fora men of Wins low. Inc ise the avascu la r  l i ga ment 
that tethers the th i rd port ion of the duodenum i nfer ior ly, 
a l lowing further d i ssect ion beh ind  the head of the pan
creas, thus e levat ing the duodenum and pancreas from 
the vena cava and aorta . The duodenum is  mob i l ized me
d i a l ly u nti l the left rena l  ve i n  is  seen cross ing  over aorta . 
Th is  w i l l  usu a l ly a lso resu lt in fu l ly expos ing and  d iv id ing 
the l i ga ment of Tre itz from the r ight  s ide of  the patient. 
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FIG 5 • Operative photog raph taken d u r ing  performance 
of a Catte l l -Braasch maneuver expos ing the duodenum and 
pancreatic head.  The white arrow poi nts to the avascu l a r  
p l ane  between t h e  tra nsverse mesoco lon and  t h e  h e a d  of 
the pancreas, which in th i s  v iew has yet to be d issected from 
the mesentery and omentu m .  TM, transverse mesoco lon;  02, 

FIG 4 • Artist's rendit ions of the Catte l l - B raasch maneuver second port ion of d u odenum;  03, third port ion of duodenum;  
a n d  su bseq uent wide Kocher  maneuver. HOP, head of pancreas. 

EXPOSURE OF THE INFRAPANCREATIC 

SUPERIOR MESENTERIC VEIN 

• The gastrocol ic  omentum is d ivided, open ing the lesser sac 
and exposing the body and ta i l  of the pancreas. As the gas
troco l i c  l igament is d ivided, the d issection is kept outside of 
the gastroepip lo ic vessels to preserve the gastric vascu lature 
and b lood supply to the duodenal cuff. Dissection proceeds 
from the patient's left to r ight with the goal of defi n ing 
the avascu lar fusion p lane between the omentum, the right 
gastroepip lo ic  vascu lar  ped ic le, and the tra nsverse mesoco
lon .  This p lane is fu l ly mobi l ized to expose the pancreatic 
head. Congenital ad hesions of the antrum to the anterior 
pancreas are then taken along the i nferior border of the 
pancreas working towa rd the gastroepip lo ic vei n  (FIG 6) .  

• Dissect the anter ior aspect of the m i d d l e  co l i c  ve i n (s) and  
c i rcumferentia l ly d issect the gastroep ip lo i c  ve in  as it i n 
serts i nto the a nter ior su rface o f  the SMV at the i nfer ior 
border of the neck of the pa ncreas. They may enter as 
a common tru n k  (gastroco l i c  tru n k) or  sepa rate ly. There 
is often a tr ibuta ry ve i n  i nsert ing i nto the cepha lad  (un
v isua l i zed) aspect of the gastroep ip lo i c  vei n .  A lthough 
contra i ntu it ive, the safest p lace to get around the ve i n  
is  a t  t h e  level o f  t h e  SMV-not a l itt le  b i t  away from it .  

FIG 6 • Ta ke down the congen ita l attachments of the 
poster ior  stomach to the anter ior aspect of the pancreatic 
body. After d iv is ion of the gastroco l i c  omentum, d i ssect a long 
the i nfer ior  border of the pancreas, work ing from the patient's 
r ight to left up to the gastroep ip lo i c  vascu l a r  ped ic le  (G EVP). 
The head of the pancreas (HOP) is  v isua l i zed on the left. 

Once isolated, the gastroep ip lo i c  ve i n  is  l i g ated and  d i - • Dissect ion is conti nued to further m o b i l ize i nfer ior bor
der  of the pancreas to identify and expose the a nter ior  
su rface of the SMV (FIG 8) .  

vided (FIG 7) .  A l l  efforts shou ld  focus on  preservation of 
the m idd le  co l i c  ve in ;  however, in rare c i rcu mstances, it is 
prudent ly d iv ided based on  a n atomy to prevent tract ion • 

i nj u ry or tea r ing of the vessels  l ater in the d i ssect ion .  
At  th i s  po i nt, the a nter ior aspect of the pancreas is  fu l ly 
exposed and  the i nfer ior  aspect of the neck and  body has 
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FIG 7 • A. The gastroep ip lo i c  ve i n  is c i rcumferentia l ly d issected (black arrow ma rks the course of the SMV) and  (B) l i gated 
between l i g atu res and d iv ided.  GEVP, gastroep ip lo i c  vasc u l a r  ped ic le; MCV, midd le  co l i c  ve i n .  

been d issected, i nc l ud ing  t h e  anter ior aspect o f  t h e  SMV 
(FIG 9) .  

• The p lane  a nter ior  to the SMV as it cou rses beh ind  the 
pa ncreatic neck is  now i n it ia l ly assessed .  Comp letion of 
th i s  retropancreatic tunnel  should be deferred unti l  the 
PV is exposed cepha lad  to the pa ncreatic neck i n  su bse
q uent steps.  The a uthors recommend the use of a b l u nt
t ipped i nstru ment such as a Ke l ly  c l amp to perform th i s  
exposu re .  Care m u st be taken to carefu l ly assess pote n
tia l  i nvolvement of this p l ane  by tumor or i nf lam mation 
d u r ing  th i s  step .  I nadvertent in ju ry to the SMV at th is  
po int wi l l  resu lt i n  catastroph ic  hemorrhage that can be 
very d iffi cu lt  to control g iven the l i m ited exposu re .  

• The re lat ion of the tumor  to the SMV and a rtery can 
now be re lat ive ly we l l  assessed by pa l pation; however, 

FIG 8 • Once the gastroep ip lo i c  ve i n  has been d ivided, the 
a nter ior aspect of the SMV is exposed . Th is  d i ssect ion of the 
SMV is conti nued i nferior ly to the caudad aspect of the t h i rd 
port ion of the duoden u m .  

pa l pation i s  n o t  com p l etely re l i a b l e, as  poster ior  or  l at
era l  extens ion of the les ion that comprom ises these m a r
g i n s  ca n n ot be com p l etely determ ined unt i l  l ater in the 
operation when the neck of the pancreas is  d iv ided and 
the surgeon i s  com m itted to resect ion .  

FIG 9 • Schematic representat ion of  exposure of the  
pancreatic head ,  neck, and  body i nc l ud ing  the anter ior aspect 
of the SMV. 
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DISSECTION OF THE PORTA HEPATIS 

• The porta hepatis is pa l pated by p lac ing a f inger  through 
the fora men of Wins low. E n l a rged or  f i rm lymph nodes 
that can be swept down toward the head of the pancreas 
with the speci men do not precl ude resect ion .  

• The presence of an aberrant r ight hepatic a rtery or other 
anoma l ies shou ld  be identif ied d u ring  review of the 
preoperative CT sca n .  Regard l ess, pr ior  to i n it iat ing the 
d i ssect ion of the porta hepatis, it is  i m porta nt to assess 
fo r a berrant hepatic a rter ia l  anatomy, which i s  p resent 
in approxi mately 20% of patients, by pa l pation of the 
porta hepatis .  The a berrant a rtery com m o n ly ar i ses from 
the SMA poster ior  to the pancreas and ascends para l l e l  in 
a l atera l and poster ior  l ocat ion to the common b i l e  duct 
and  PV. Poss ib le  a lterat ions in th i s  anatomy a re reviewed 
in Part 3, Chapter 1 5 . 

• 

• 

• 

The proxi m a l  hepatic a rtery is identif ied usua l l y  by 
removi ng a lymph node that l ies a nter ior  to the a rtery. 
The hepatic a rtery is d i ssected and  traced toward the 
porta hepatis .  S m a l l  vesse ls  i n  th i s  a rea can be l i g ated 
with s i l k  l i gatu res or b ipo la r  e lectroca utery to prevent 
bothersome hemorrhage that m a kes su bseq uent d i ssec
t ion more ted ious .  
I nfer ior retract ion of the py lorus  wi l l  expose a band of 
tens ion from the hepatic a rtery-this  i s  the r ight gastric 
a rtery and this is  l i gated and d iv ided.  The G DA is  identi
fied poster ior  to the r ight gastr ic a rtery com i n g  d i rectly 
off the caudad aspect of the hepatic a rtery (FIG 1 0) .  

F IG  1 0  • Operative exposu re o f  the c o m m o n  hepatic a rtery 
(CHA) and  its named branches.  The demonstrated anatomy is  
not c lass ic i n  that the b ifurcat ion of the r ight and  left hepatic 
a rtery (RHA and LHA) occurs pr ior  to the or ig i n  of the G DA. 
The GDA a r ises from the RHA. The r ight gastr ic a rtery has 
been l i gated a n d  d iv ided i n  th i s  photogra p h .  

F IG  11  • T h e  G DA is l i gated a n d  d iv ided.  T h e  a uthors 
recommend add it iona l  sutu re l igat ion or oversewing  the G DA 
stu m p  and mark ing it with a surg ica l  c l i p .  

• 

• 
• 

Once the GDA is identif ied (FIG 1 1 ), it is c i rcu mferent ia l l y  
d i ssected and  test c lam ped to ensure that  a strong pu lse 
rem a i n s  i n  the proper hepatic a rtery. This test rules out 
a hemodyn a m ica l ly s ign if icant ce l i ac  stenosis lead ing to 
hepatic blood f low depend ing  on co l l atera l c i rcu lat ion 
through the pa ncreatic head.  I f  th i s  c l i n ica l  scenar io  i s  
p resent, p roceed ing  with resect ion is  contra i n d i cated . 
The G DA is doub ly  l i gated a n d  a surg ica l  c l i p  app l ied . 
Once the G DA is d iv ided, the hepatic a rtery is retracted 
med i a l ly and the common b i l e  duct is  retracted l atera l ly 
to revea l  the a nter ior su rface of the PV (FIG 1 2) .  

F IG  1 2  • Div is ion o f  the G DA fac i l itates med i a l  and  cepha lad  
retract ion of the hepatic a rtery a n d  i t s  branches (RHA), 
expos ing  the PV cepha lad to the pancreatic neck. 
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CREATION OF A TUNNEL BETWEEN THE 

PANCREATIC NECK AND PORTAL VEIN 

• The a uthors prefer to com p l ete th i s  step pr ior  to d i ssec
t ion of the b i l e  d uct as f ind ings  may i m pact the decis ion 
to proceed.  

• Dissect ion is performed o n ly on the a nter ior  su rface of 
the ve i n .  

• Dissect the PV super ior  to the neck of the pa ncreas. If 
there is  no tumor i nvolvement, the neck of the pancreas 
w i l l  sepa rate from the vein easi ly. A l a rge, b l u nt-t i pped 
c la m p  is  a safe i nstru ment to use for this d i ssect ion .  

• The tunne l  under  the neck of the pancreas can then be 
com p l eted mostly under  d i rect v is ion as one prog resses 
from both the i nfer ior  a n d  super ior  aspects of the pan
creas  (FIG 1 3) .  

• 

• 

A vessel  loop or u m b i l ica l  tape is then p laced under  the 
neck of the pancreas. 
The common b i l e  duct or  hepatic d uct (depen d i n g  on  the 
need for margin) is  c i rcu mferent i a l ly d issected and  a ves
sel loop i s  p laced around the duct (FIG 14) .  

F IG  1 3  • To c i rcu mferent ia l ly d i ssect the c o m m o n  b i le  d uct 
(CBD), conti n u e  work ing anter ior to poster ior  a long the 
l atera l marg i n  of the PV esta b l ish ing  a p lane between the PV 
a n d  the CBD. The l atera l lym phatic t issues a re a l so d issected 
so they rem a i n  with the speci men .  The enc i rc led CBD ca n be 
contro l led with a vessel loop. I f  a replaced hepatic a rtery i s  
p resent, use care to ensure you esta b l i sh a p lane  between the 
bi le d uct and  the a rtery. 

FIG 14 • Com p l ete the d issect ion of the anter ior aspect of 
the PV from the neck of the pa ncreas. An u m b i l i ca l tape can 
be p laced to fac i l itate su bseq uent parenchyma l  tra nsect ion .  

• The cystic  duct and  a rtery are d i ssected, l i g ated, and  d i 
v i d e d  (FIG 1 S) .  A cholecystectomy is  performed.  Alterna
tively, it is  safer to perform a retrograde d i ssect ion of the 
g a l l b ladder if inf lam mation is  present. 

• At th i s  poi nt (FIG 1 6), one m ust com m it to resect ion or  
abort .  

FIG 1S • Chol ecystectomy is  performed.  The cyst ic  duct and  
a rtery a re d issected, contro l led with  l igatures, and  d iv ided . 



DIVISION OF THE DUODENUM 

C h a p t e r  3 3  PANCREATICODUODENECTOMY: Resection 

FIG 16 • Schematic d rawing of the d i ssect ion at the po int 
of decis ion to proceed or abort .  The next step comm its to 
resect ion .  

• 

• If the operative p lan  is for pyloric preservation, the stomach 
and proxi ma l  duodenum a re mob i l ized off the pancreas, 
preserving the gastroep ip lo ic  vesse ls down to the pylorus. • 

Antrum d ivis ion is performed at the d ivis ion of the vagus 
nerves of Latarjet ("crew's feet") usua l ly at the th i rd or 
fou rth transverse vei n  on the lesser curvature and at the 
confluence of gastroepip lo ic veins on the greater curvature. 
If the pylorus is  p reserved, the a uthors typ ica l ly d i g ita l ly 
d i l ate the pylorus pr ior  to reconstruct ion j ust pr ior  to the 
d u odenojej u n a l  anastomosis .  

• E ither the d uoden u m  is d iv ided 1 . 5 to 2 em d ista l to the 
pylorus-preservi ng pancreaticoduodenectomy (PPPD) or, 
a lternatively, the antrum is d iv ided (FIG 1 7) .  

F IG  1 7  • Div is ion o f  the duoden u m  and the jej u n u m  w i t h  a G I A  
sta p ler. T h e  p o i n t  of d u o d e n a l  transact ion shou ld  be at least 2 e m  
d ista l to the pylorus.  Alternatively and  i n  l i ne w i t h  the c lassic 
performa nce of the operation, the a ntrum i s  d iv ided.  The jej u n u m  
is  d iv ided d i sta l t o  t h e  LT. T h e  point o f  transact ion is  based on the 
vascu l a r  a rcade a n d  m esenteric length . The d ista l l i m b  m ust reach 
the r ight upper q u a d rant  without te ns ion .  The mesentery of the 
proxi m a l  l i m b  is  contro l led and  d iv ided adjacent to the bowel wa l l  
t o  m i n i m ize r isk o f  i nj u ry t o  t h e  super ior  m esenteric vesse ls .  
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TAKEDOWN OF THE LIGAMENT OF TREITZ 

• The jej u n u m  is d iv ided approxi m ately 1 0  em beyond the 
l i g a ment of Treitz (LT) . Ca refu l atte ntion is  made to avoid 
i nj u ry to the i nfer ior  mesenteric ve i n  j u st to the l eft of 
the LT. 

• The mesentery of jej u n u m  is l i g ated u nti l the jej u n u m  
c a n  be de l ivered poster ior  t o  t h e  super ior  m esenteric ves
sels from left to r ig ht. 

• The a uthors recommend perform ing  the major ity of th i s  
d i ssect ion from the left s ide of the patient a n d  mob i l i z i ng  

DIVISION OF BILE DUCT 

• The common hepatic b i l e  d uct is then sharp ly  d iv ided, 
usua l ly above the entrance of the cyst ic  duct. 

• If present, the b i l i a ry stent is removed and passed from 
the operative field as  a conta m i n ated object. Of note, 
meta l l i c  stents do  not i m pact d iv is ion of the b i l e  d uct and  
can be extracted with  m i n i m a l  resista nce. 

• Some su rgeons obta i n  cu ltures of the b i l e  and  conti nue  
d i rected, postoperative ant ib iotic thera py. 

DIVISION OF THE PANCREAS 

• Hemostatic  tract ion sutu res a re p laced on the i nfer ior  
and  super ior  borders of the pancreas around the tra ns
verse pa ncreaticod uodena l  vesse ls  pr ior  to d iv i s ion .  These 
sutu res shou ld  be p laced to i ntentiona l l y  l i g ate the long i 
tud ina l  a rteries with i n  the pancreas; however, care  m ust 
be taken to ensure they do not entrap the pancreatic 
d uct (FIG 1 9) .  

• 

• 

• 

• 

as m uch as poss ib le  from th i s  same s ide of the base of the 
mesentery. D i ssect ion is  cont in ued proxi m a l ly to d iv ide 
a n d  control  the m esentery of the fou rth and  th i rd por
t ion of the duode n u m .  The v isua l i zat ion is maxi m ized i n  
t h i s  m a n n e r  a n d  t h i s  avo ids  movi ng t h e  speci men back 
and  forth and  reposit ion ing  of retractors. 
The mesentery ca n be taken with t ies; however, many 
surgeons have fou n d  that energy devices may speed th i s  
port ion .  Ca re m ust be taken as the d i ssect ion approaches 
the mesenteric vesse ls-the plane of d i ssect ion is the 
bowel wa l l .  

A b u l ldog c l a m p  is  p l aced on  t h e  b i l e  duct t o  prevent 
b i l e  from conta m i nat ing the f ie ld  (FIG 1 8) .  The d ista l 
b i l e  d uct is oversewn and the ends of the suture l eft 
e longated to or ient the patho log i st to th i s  i m porta nt 
m a rg i n .  
T h e  d ista l b i l e  d uct and  associated lymphat ic  t issue i s  
then further d issected down a l o n g  t h e  anter ior p l a n e  of 
the PV. 

FIG 1 8  • Divis ion of the b i l e  duct. A b u l ldog c lamp is  
p laced proxi m a l ly to prevent ongoing conta m i nation of the 
operative f ie ld with bi le and  m a i nta i n  hemostasis .  The b i l e  
duct is  sharp ly d iv ided.  If present and  eas i l y  retrieva b le, the  
b i l i a ry stent is  removed and passed off the f ie ld .  It shou ld  
be cata loged as removed by  the patholog ist.  The d ista l  b i l e  
duct is  sutu red c losed . The  ends  of  th i s  suture are left long  
to  or ient the  patholog ist. BD, b i l e  duct; HA, hepatic a rtery; 
PV, porta l ve i n .  

T h e  pancreatic neck is  d iv ided a nter ior  t o  t h e  P V  (FIG 20) . 
The a uthors wou l d  d iv ide the pancreas with e lectroca u
tery on the super ior and  infer ior ends a n d  with the sca l
pe l  through the m idsect ion of the pancreas to prevent 
cautery in ju ry and assist in identif icat ion of pa ncreatic 
d uct. D iv is ion i s  performed just a nter ior  to the PV with a 
l a rge b l u nt-t ipped c l a m p  be ing p laced beh ind  the pan
creas to protect the ve i n .  
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FIG 1 9  • P lace sutu res at the proxi m a l  and  d i sta l  marg i ns 
of the pancreatic neck to control the long itud i n a l  a rteries 
and provide retract ion .  

FIG 20 • Div ide the pancreatic neck. A. This is idea l ly  performed sharp ly  with  jud ic ious use  of cautery to control hemorrhage 
to faci l itate pathologic assessment of the marg i n .  B. Once comp leted, the anterior aspect of the PV is fu l ly  exposed.  RP, remnant 
pancreas; HOP, head of pancreas speci men; PV, porta l ve i n .  

DISSECTION OFF THE LATERAL ASPECT 

OF THE SUPERIOR MESENTERIC-PORTAL 

VEIN CONFLUENCE 

• 

• 

The pancreatic head and  unc i nate process are then d i s
sected off of the r ight l atera l aspect of the SMV, l igat ing 
the fra g i l e  branches d ra i n i n g  the head and  unc i nate pro
cess i nto the PV (FIG 21 ) .  

Super ior ly, as the pancreatic h e a d  is  be ing retracted i n 
fer ior ly and  latera l ly, the sma l l  venous tr ibutaries from 
the PV and SMV to the pa ncreatic head i nc l ud ing  the 
super ior pancreaticod uodena l  ve i n  (ve i n  of Be lcher), 
which inserts at the super ior  l atera l su rface of the PV, 
a re l igated. 

• I nfer ior ly, as the pancreatic head is retraced su per ior ly 
a n d  latera l l y, the fi rst jej u n a l  branch wi l l  be encou ntered .  
The a uthors suggest l igat ing the fi rst jej u n a l  branch as it 
comes off of the SMV. If this is  not l i gated c l ose to the 
SMV, it may be i nj u red d u ring  the d i ssect ion and  retract 
beh ind  the SMA. Efforts to control b leed ing once the 
vessel  has retracted may resu lt  i n  i nj u ry to the SMA. If 
the tumor is  i nfer ior  i n  locat ion, this l igat ion is  cr it ica l .  
I n  cases where t h e  t u m o r  is  away from t h e  fi rst jej u n a l  
branch o f  t h e  SMV, it c a n  be preserved . 

• The SMV is then fu l ly mob i l ized off of the unc inate process 
to revea l  the SMV/PV g roove. The vei n  must be ent ire ly 
mob i l ized away from the head of the pancreas to a l low 
for maxi m a l  retroperitonea l marg i n  resect ion (FIG 22) .  
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FIG 21 • L igate a n d  d iv ide the latera l venous branches of the 
pancreas i nsert ing  i nto the SMV/PV. B ewa re the fi rst jej u n a l  
branch o f  t h e  SMV. I t  i nserts i nto t h e  SMV poster ior ly a n d  
receives a branch from t h e  unc i nate process. PV, porta l ve i n .  

• If the les ion is adhered to the SMV, PV, or confl uence of 
these vessels, obta i n  vascu l a r  control by c i rcu mferentia l l y  
d issect ing  the SMV. Mob i l i ze the body of the pancreas 
off the sp len oporta l confl uence and off the proxi m a l  
s p l e n i c  ve i n .  Enc i rc le  t h e  s p l e n i c  ve i n  with a vessel  loop 
as wel l ,  and  enc i rc le  the PV su per ior ly with a vessel  loop .  
Once venous vascu la r  control is  ach ieved, the d i ssect ion 
then proceeds med ia l  to the SMV d i rect ly anter ior  down 
onto the SMA and is  cont in ued around the r ight l atera l 
aspect of the SMA, retract ing  the spec imen latera l ly and  
mob i l i z i ng  the spec imen u p  so that  it i s  then on ly  at
tached by the venous i nvolvement a n d  is  otherwise com
p l etely free. Part 3, Chapter 39 d i scusses PV resect ion and 
reconstruct ion .  

COMPLETION OF THE RETROPERITONEAL 

AND SUPERIOR MESENTERIC ARTERY 

DISSECTION 

• I n  cases without ve i n  i nvolvement, the super ior  mesen
teric-porta l ve in  (SM PV) confl uence i s  retracted med ia l l y  
w ith  a pea n ut or ve i n  retractor to a l low exposu re of the  
retroperitonea l  attachments to the SMA.  

• The unc i nate process is then d i ssected off of the poste
r ior  and  r ight l atera l aspect of the SMA, removi ng a l l  
associated autonomic  nerve t issue s o  that t h e  d i ssect ion 
p l ane  is  a long the adventit ia of the SMA. Th is  can be the 
m ost ted ious port ion of the o peration, but thorough ly  
c lear ing a l l  t i s sue  f rom the mesenteric vessels  m i n i m izes 
the r isk of a m a rg i n-positive resect ion .  

FIG 22 • Dissect the anter ior  and  latera l su rface of the SMA. 
The sp lanchnic  nerves and  lymphatics i n  th i s  reg ion ca n m a ke 
identif icat ion of the infer ior pancreaticod uodena l  a rtery 
or a rteries cha l l eng ing .  Avo id  the i m p u lse to d iv ide these 
structu res with an energy device a lone-pseudoa n e u rysm i n  
t h e  sett ing o f  pancreatic f istu la  from t h i s  site is  u n iversa l ly l ife 
th reaten i n g .  

• 

• 

• 

The a uthors recommend ta k ing  the retroperitonea l mar
g i n  in a contro l led fash ion with sma l l  b ites separat ing  
out the tissue and  d iv is ion with  e i ther  suture t ies  or  en
ergy dev ice .  They prefer l igat ion of the i nfer ior pancre
aticod uodena l  a rtery and any lesser, u n n a med n utr ient 
a rteries ar is ing from the SMA (FIG 23) .  The a uthors th i n k  
that u s e  o f  a sta p ler  f o r  t h i s  port ion o f  t h e  proced u re 
leaves t issue beh ind  on the SMA and w i l l  increase the 
i n cidence of R 1  resect ions .  
If a n  energy device is  used on  th i s  port ion,  caut ion m ust be 
taken to avoid latera l spread to the SMA which can resu lt 
in a catastroph i c, postoperative SMA pseudoaneurysm .  
Once t h e  pancreatic spec imen i s  o u t  (FIG 24), t h e  re
m a i n i n g  pa ncreatic neck shou ld  be fu l l y  m o b i l i zed ap
prox imately 2 to 3 em off of the sp len ic  a rtery a n d  ve i n  
t o  fac i l itate t h e  reconstruct ion .  
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FIG 23 • Operative image of the completed d i ssect ion .  PV. 

porta l ve in ;  SMV. super ior  mesenteric ve in;  CBD, common 
b i le  duct .  

ORIENTING THE SPECIMEN FOR 

PATHOLOGIC ANALYSIS 

• Before the speci men is sent to patho logy, it is cr it ica l that 
the speci men be l a beled by the su rgeon i n  a sta nda rd
ized fash ion to fac i l itate com m u n i cat ion with the pa
tholog ist. We p lace sutu res on  the bi le duct, pancreat ic 
neck, and retroperitonea i/SMA marg i n .  The SMA m a rg i n  
ca nnot be m a rked retrospectively. F u rthermore, if  a n y  
port ion o f  t h e  S M V  or P V  w a s  resected, t h e  ve i n  shou ld  
be m a rked and  sent  for  frozen sect ion .  

PEARLS AND PITFALLS 

FIG 24 • Operative image of the com p l eted d i ssect ion .  

• Positive resect ion marg ins  of the pancreatic neck or b i l e  
d uct m a y  warrant further resect ion,  b u t  recently for
warded data wou l d  suggest that th i s  maneuver does not 
i m pact outcome.  

• If there is a positive m a rg i n  on the SMA marg in ,  no fur
ther t issue can be taken and  gold f iduc ia l  m a rkers ca n be 
left in p lace for postoperative rad iat ion thera py. 

Preoperative assessment • N ot adeq uately identify ing a repl aced hepatic a rtery can resu lt  i n  i nj u ry leading to a n  ischemic  
i nj u ry to the l iver and  poss ib ly  su bseq uent l iver fa i l u re .  
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Open ing  of the lesser sac  • L igate the gastroep ip lo i c  a n d  sometimes midd le  co l i c  ve ins  ear ly. Th is  provides i m p roved exposu re 
of the SMV a n d  p revents a tract ion i nj u ry to the ve i n .  

D i ssect ion o f  t h e  SMV/PV 
confl uence 

Retroperitonea l  d i ssect ion 

• F i rst jej u n a l  branch not be ing proper ly l i g ated can resu lt i n  d iv is ion or  i nj u ry to the ve i n  with it 
retract ing  beh ind  the SMA. Attem pts to control this b leed i n g  may resu lt  in iatrogen ic  i nj u ry to 
the SMA. 

• Com p l ete remova l of unc i nate process and  the mesenter ic  soft t issue from the SMA decreases the 
chance of a n  R 1 resect ion .  
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Vei n  i nvolvement • If the tumor is  adhered to S M PV confl uence, we obta i n  vascu l a r  control of the PV, SMV, and sp len ic  
ve i n  and  d i ssect med i a l  to the PV/SMV and perform a n  a rtery-fi rst d i ssect ion .  Com p l et ing  th i s  
d i ssect ion fi rst decreases c l a m p  t ime once the ve i n  i s  d iv ided.  

Pancreatic neck • M o b i l izat ion of the pancreatic neck off of the sp len ic  a rtery and  ve i n  fac i l itates a secu re 
reconstruct ion and a nastomosis .  

Py lorus preservation  • If the pylorus i s  preserved, the a uthors typica l ly d i g ita l ly d i l ate the pylorus pr ior  to reconstruct ion 
once the sta p le  l ine is  removed. The a uthors th ink th i s  reduces postoperative gastroparesis .  

POSTOPERATIVE CARE 

• Patients should be monitored in the intensive care unit for 
hemodynamic changes, urine output, or changes in drain 
characteristics. 

• Monitoring of drains: The authors would check postopera
tive drain amylase on postoperative days 1 and 3. If a pancre
atic leak exists, the drain should be left in place. In addition, 
the drain fluid should be monitored for change in character to 
bilious or sanguineous . If no pancreatic or biliary leak exists, 
the drains should be removed on postoperative day 3 .  

• A low amylase level i n  the drain does not ensure the absence 
of a leak. Tachycardia and leukocytosis should drive concern 
and may warrant CT evaluation. 

• Patients should be placed on perioperative antibiotics. If 
the bile cultures come back positive, the authors continue 
culture-directed antibiotics for 7 days . 

OUTCOMES 

• At high-volume institutions, 30-day mortality rates are less 
than 1 . 5 %  and 90-day mortality rates are 4 % .  

• The overall l -year survival rate o f  people with pancreatic can
cer is 26%, and the 5-year survival rate is approximately 6 % .  
I f  the cancer i s  detected a t  a n  early stage when surgical removal 
of the tumor is possible, the 5-year survival rate is about 22% .  

COMPLICATIONS 

• Pancreatic fistula 
• Delayed gastric emptying 

• Biliary fistula 
• Fistula-associated pseudoaneurysm-uncommon. Often, a 

herald bleed presents as an episode of hypotension accom
panied by hematemesis and blood from the intraabdominal 
drain. These should be treated emergently with angiography 

• Wound infection 
• Abdominal abscess 
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Chapter 34 Pancreaticoduodenectomy: 
Minimally Invasive Resection 
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Song Cheal Kim Ki Byung Song 

DEFINITION 

• Pancreaticoduodenectomy (PD) is defined as the resection of 
the pancreatic head, duodenum, bile duct, and gallbladder, 
with or without the distal stomach (pylorus preserving) ,  for 
benign or malignant periampullary diseases. 

• Gagner and Pomp first introduced laparoscopic pyrolus pre
serving pancreatoduodenectomy (LPPPD ) in an advanced 
laparoscopic surgical trial in 1 994. Subsequently, there has 
been technical progress in laparoscopic pancreatoduode
nectomy (LPD) that includes hand-assisted LPD as well as 
laparoscopic-assisted and robot-assisted PD. 

DIFFERENTIAL DIAGNOSIS 

• Pancreatic cancer 
• Distal bile duct cancer 
• Ampullary cancer 
• Duodenal cancer 
• Pancreatic neuroendocrine neoplasms 
• Others 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Not all patients are suitable candidates for LPD. Table 1 
shows the currently accepted contraindications for LPD. 
LPD with portal vein (PV) resections and reconstructions 
has been reported. With increasing experience, LPD can be 
attempted in obese patients . 

• A history of extensive, previous abdominal surgery or pan
creatitis may preclude successful completion of LPD. Hence, 
a detailed patient history and medical record review is vital 
to minimize the rate of conversion. 

• A high body mass index (BMI) should be considered a sig
nificant factor for morbidity, especially during the learn
ing period. Patients with a high BMI usually have a large 
amount of parietal and visceral fat, which makes identifica
tion of the detailed structures of the inner abdominal organ 
challenging. Exposure of the third and fourth portions 
of the duodenum is particularly challenging in the obese 

Table 1 :  Current Contra indications for 
Laparoscopic Pancreaticoduodenectomy 

Loca l l y  advanced d isease 
Obesity ( B M I  > 3 5) 
Extensive adhes ions from previous operations  or infl am mation 
Card iopu lmonary d isease that wi l l  not to lerate pro longed insuff lat ion of 

the abdomen 
Aberrant anatomy 

BMI, body mass index. 

patient. Furthermore, the fragile nature of a fatty pancreas 
leads to difficulties in manipulating or suturing the organ 
during anastomosis. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Patients require abdominal or abdominopelvic computed to
mography (CT) or magnetic resonance imaging for diagnosis 
and surgical planning. Multidetector CT (MDCT) is a useful 
diagnostic tool for detecting the vascular involvement of the 
tumor, including the PV, the superior mesenteric vein (SMV) 
or artery, and the celiac axis. MDCT has been reported to 
have a sensitivity of 8 5 %  to 95% and a specificity of 9 5 %  
for pancreatic cancer. 

• The advent of MDCT has eliminated the need for routine 
magnetic resonance imaging. Heavily weighted T2 imaging 
sequences in magnetic resonance cholangiopancreatography 
can depict the pancreatic duct, biliary tree, liver, and vascular 
structures. Magnetic resonance cholangiopancreatography 
can replace endoscopic retrograde cholangiopancreatogra
phy for imaging of pancreatic and biliary lesions, thereby 
avoiding endoscopic retrograde cholangiopancreatography
related complications such as bleeding, perforation, and 
pancreatitis .  

• Endoscopic ultrasound (EUS) with a high-frequency probe 
produces a high-resolution image of the pancreas and its sur
rounding structures; a small pancreatic mass or cancer can 
be detected with a sensitivity of 9 1 %  to 99% and a spec
ificity of 1 0 0 % .  EUS fine needle aspiration (EUS-FNA) is 
useful for the diagnosis of an indeterminate pancreatic cys
tic lesion or when a clinical diagnosis prior to operation is 
clinically indicated. However, EUS-FNA is not mandatory 
in operable patients who have been diagnosed with a resect
able surgical pancreatic mass by conventional CT and who 
have clinical signs compatible with a malignant diagnosis. 
Surgeons should also be mindful of possible risk factors and 
complications that are associated with an extended surgical 
time, a possibility that may arise during LPD. (See the guide
lines of the Society of American Gastrointestinal Endoscopic 
Surgeons . )  

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative palliation of obstructive j aundice may be 
appropriate for j aundiced patients but such procedures are 
associated with an increased risk of operative complications. 

• In the case of colon or mesocolon invasion, a bowel prep 
should be considered before the operation. 

• Prophylactic antibiotics and chemical and mechanical 
venous thromboembolism prophylaxis are warranted. 
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POSITIONING 

• The patient is p laced in the sup ine  posit ion with pads 
underneath the r ight s ide of the back to e levate the r ight 
s ide of the abdomen .  Alternative ly, a sp l it- leg posit ion
i ng  can be used for LPPPD. I n  th i s  posit ion,  the operator 
sta nds between the legs of the patient and the assista nts 
sta nd on e ither s ide of the patient. 

• A nasogastr ic tube and  Fo ley catheter are i nserted to de
compress the stomach and b ladder, respectively. 

TROCAR PLACEMENT 

• Open tech n i q u e  is used to esta b l ish the pneumoper ito
neum through  a 1 2-mm troca r on  the u m b i l icus .  

• Th i rty-deg ree a n g led v is ion scope is used for v i sua l iza
t ion of the deep port ion .  The troca r locat ions are shown 
i n  FIG 1 . 

• 

• 

An addit iona l  th ree or fou r  troca rs a re p laced under d i rect 
v is ion.  Two or th ree 5-mm trocars (one on the r ight f la n k  
for t h e  left h a n d  o f  t h e  surgeon and o n e  or two on t h e  left 
f lank for surgica l  assistance, if necessa ry) and two 1 2-mm 
troca rs (one for  the l apa roscope and one on the u m b i l icus 
for the r ight hand of the surgeon) a re emp loyed . 
Abdom i n a l  pressure is m a i nta i ned at 1 2  m m H g  us ing  car
bon d ioxide (C02) gas insuffl ation .  Keep ing  the abdomi
n a l  i nf lat ion pressu re low, not  more than 12  m m Hg, is  
i m portant to m i n i m ize accu m u lat ion of C02 gas; the LPD 
proced u re can routi ne ly take more than 6 hours .  

IDENTIFICATION OF THE PORTAL VEIN 

AND DIVISION OF THE DUODENUM OR 

STOMACH 

• 

• 

The entire abdomen is exa m i ned for any abnorm a l it ies 
or  metastas is .  The ent i re hepatic and  peritonea l  su rfaces 
shou ld  be i nspected .  I ntrao perative u ltraso u n d  may be 
used for further exa m i natio n .  
T h e  gastroco l i c  omentum is  d issected t o  a l low entry i nto 
the lesser sac (FIG 2) .  

• 

• 

Reverse Trende lenburg (1 0 degrees to 30 deg rees) posi
t ion is  used to expose the operative f ie ld .  
Two mon itors a re p l aced at the s ides  of the operator a n d  
fi rst assista nt. T h e  pr imary su rgeon a n d  second assista nt, 
who ho lds  the lapa roscope, sta nd to the r ight of the 
patient, and  the f i rst assistant and  the scru b n u rse a re 
posit ioned to the left of the patient. I ntravenous patient
contro l led ana lges ia systems a re used to control the p a i n  
after the o perat ion .  

FIG 1 • Location of troca r p lacement for  l aparoscop ic  
pylorus-preservi ng PD .  Two or th ree 5-mm troca rs (one on the 
r ight f l ank  for the l eft hand of the surgeon and  one or two on  
the left f l ank  for  s u rg ica l  assista nce ) and  two 1 2-mm trocars 
(one for the l aparoscope and one on the u m b i l icus for the 
r ight hand of the su rgeon) a re e m p l oyed . 

• The PV is identif ied at the i nfer ior border of the pancreas 
by d ista l ly fo l lowing  the gastroep ip lo i c  ve i n  (G EV) to its 
i nsert ion i nto the SMV. The G EV is  c l i pped and d iv ided as 
it i nserts i nto the SMV (FIG 3) .  The G EV often drains i nto 
the m idd le  co l i c  ve in ,  and in th i s  c i rcu msta nce, efforts 
shou ld  be made to preserve the m idd le  co l i c  ve i n .  

• 

• 

The anter ior aspect of the retro pancreatic seg ment of 
the PV/SMV is d i ssected, creat ing  a tunne l ,  and  potenti a l  
i nvasion o f  tumor  i nto t h e  P V  i s  assessed (FIG 4} .  

T h e  gastrohepatic o m e n t u m  is  opened t o  expose the he
patic a rtery cours ing  cepha lad to the pa ncreas. The r ight 

FIG 2 • Lapa roscop ic  u ltraso u n d .  Lapa roscopic  i ntraoperative 
u ltrasound probe i s  inserted i nto the 1 2-mm troca r, and  
u ltrasonography is  performed for  ident ify ing the location of  
the les ion . 
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Right gastric 
vessels 

FIG 3 • R ight gastr ic ep ip lo i c  vessels  a re tra nsected a n d  
d iv ided.  

gastr ic  a rtery i s  l i g ated us ing a metal c l ip  or  H a rmon ic  
sca l pe l .  After d iv id ing  the branches of the r ight  gastro
ep ip lo i c  vesse ls  a long  the duodenum,  the d uoden u m  is  
d iv ided 2 em d i sta l  to the pylorus us ing a n  endoscop ic  l i n 
ear  sta p ler  (FIG 5) . Alternatively, resect ion of t h e  gastr ic 
a ntrum can be performed accord ing  to su rgeon prefer-

Pancreas 

FIG 5 • The d uoden u m  is  d iv ided approximately 2 em d ista l 
to the pylorus (dotted line) us ing  a n  endoscopic  l i near  sta p ler. 
We prefer ear ly d iv is ion of the d uoden u m  to fac i l itate the 
su bseq uent d i ssect ion .  

then d iv ided with  a vascu l a r  sta p le  load .  The a uthor rec
o m m ends mark ing th i s  vessel as  we l l  us ing a c l i p .  

ence or w h e n  there is  concern f o r  obta i n i n g  a n  adequate • The PV tunne l  is co m p l eted and  gent le u pwa rd tract ion 
of the iso lated pancreas is  a p p l i ed us ing  a n  u m b i l i ca l  
tape i n  preparat ion for d iv is ion of the pancreas. 

• 

m a rg i n .  The stomach is p laced in the upper  reg ion of the 
abdom i n a l  cavity. 
The upper  border of the pancreas is  d i ssected to esta b l ish 
" Ki m 's tr ia ng le , "  formed by the common hepatic a rtery, 
upper  border of the pancreas neck, and  gastrod uodena l  
a rtery (G DA) (FIG 6) .  The G DA i s  l i g ated at i ts  or ig in  and  

Inferior border 
of pancreas 

>+--- Superior 
mesenteric 

FIG 4 • I dentif icat ion of PV a n d  SMV. The SMV is identif ied 
at the i nfer ior  border of the pancreas and  d issected up to the 
retropa ncreatic PV. 

Portal vein 

U pper border 
of pancreas 

FIG 6 • K i m 's tri ang le .  The out l i n e  of common hepatic 
a rtery, upper  border of the pa ncreatic neck, a n d  G DA forms 
a tr ia ng le  for the tunne l i ng  behind the neck of the pancreas. 
The tr i a n g u l a r  space is  d i ssected to iso late the pancreas from 
the PV (tu n n e l i ng) and gentle u pward tract ion of the i so lated 
pancreas i s  app l i ed us ing cotton tape (" lasso tech n ique" )  i n  
preparation f o r  d iv is ion o f  t h e  pa ncreas. 

741 
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MOBILIZATION OF THE RIGHT COLON 

AND DUODENUM AND IDENTIFICATION 

OF THE SUPERIOR MESENTERIC VEIN 

• The peritoneum of the hepatic flexu re of the r ight co lon 
is  i ncised . The r ight co lon  i s  mob i l ized downwa rd a n d  to 
the left s ide of the pat ient to fu l ly  expose the second and 
t h i rd port ions of the duoden u m .  The d i ssect ion between 
the mesoco lon and  the d uoden u m/pancreatic head pro
ceeds a long  the avascu l a r  surg ica l  p l ane  and i s  faci l itated 
by the fi rst assista nt p u l l i n g  the mesentery of the r ight 
co lon toward the patient's left lower quadra nt (FIG 7) .  

Any rem a i n i n g  branches  of r ight gastroep ip lo ic  vessels  
a re d iv ided (FIG 8) .  

• M o b i l izat ion of the t h i rd and  fou rth port ions of the d u o
denum (Kocher maneuver), i n c l ud ing  d iv is ion of the l iga
ment of Tre itz, i s  performed (FIG 9) .  Ca refu l tract ion of 
the duodenum should be a p p l ied to prevent perforat ion .  
D i ssect ion is  conti nued to the left of the aorta a n d  u p  to 
the or ig in  of the super ior  mesenteric a rtery (SMA) .  The 
l i g a ment of Treitz can be successfu l ly taken down from 
this exposu re i n  the major ity of patients, but occas ion
a l ly, there a re addit iona l  peritonea l  attachments to the 
fi rst port ion of the d uoden u m  that wi l l  need to be di
vided with exposure beneath the tra nsverse mesoco lon .  
The t h i rd and  fou rth port ions of the duodenum m ust be  
fu l ly exposed pr ior  to i n it iat ing the d iv is ion of the mes
entery to the d u ode n u m .  

F IG  7 • Dissect ion o f  colod uodena l  avascu l a r  p l ane .  T h e  colod uodena l  p l ane  i s  b l u nt ly 
d issected a long the avascu l a r  surg ica l  p lane.  Th is  step i s  a cruc i a l  to avoid co lon ic  ischemia  
due  to i nj u ry of the mesoco l i c  vessels  near  the co lon .  

FIG 8 • Div is ion of  branches of  r ight G EV. Black line, d iv is ion 
l ine of branches of r ight G EV; dotted white circle, l i g ated 
branches of r ight G EV. 

FIG 9 • M o b i l izat ion of the retroperitonea l  duoden u m .  
Kocher maneuver i s  performed t o  t h e  left ren a l  ve i n  a n d  
aorta . Ca refu l tract ion o f  t h e  d uoden u m  shou ld  be performed 
to prevent perforat ion of the duode n u m .  A fu l l  mob i l izat ion 
of the retroperitonea l  duode n u m  fac i l itates the separation of 
duodenum from the root of the m esentery. 
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DISSECTION OF THE PORTA HEPATIS 

• Cholecystectomy is performed.  
• The lymphatic d i ssect ion proceeds d ista l ly from d ivided 

the CT sca n and carefu l  i nspect ion before d iv is ion of the 
bi le d uct a re cruc ia l  to avoid u nexpected i nj u ry to the 
hepatic a rtery beca use pa l pation of the porta hepatis i s  
i m possi b le  i n  l aparoscop ic  surgery. 

or ig i n  of the G DA u p  to the bifu rcat ion of the proper • Div is ion of the common b i l e  d uct is executed 2 to 3 em 
proxi m a l  to the duode n u m .  The proxi m a l  d uct is  con
tro l led with a b u l ldog c lamp .  The d i sta l  d uct is  oversewn 
to prevent conta m i nat ion and to provide hemostas is .  
The PV can now be fu l ly exposed by d i ssect ing  the soft 
tissues a n d  lym phat ics us ing  u ltrason i c  shears or b ipo la r  
e lectroca utery. 

• 
hepatic a rtery. 
Ca refu l d i ssect ion of the b i l e  duct shou ld  be perfo rmed 
to avo id i nj u ry to the accessory or  rep laced hepatic a r
tery from the SMA trave l i n g  poster ior  to the common 
b i l e  duct or the l ow-lyi ng r ight hepat ic  a rtery trave l l i n g  
anter ior t o  the b i l e  duct (FIG 10) .  Preoperative review of 

Replaced 
hepatic 

A 

Low-lying 
right hepatic artery 

B 

FIG 1 0  • Replaced hepatic a rtery (A) a n d  low-lyi ng r ight hepatic a rtery (B). Carefu l  d issect ion of the b i l e  duct shou ld  be 
performed to avo id  i nj u ry to the accessory or rep laced hepatic a rtery from the SMA trave l l i n g  poster ior  to the common b i l e  
duct or  t h e  l ow-lyi ng r ight hepatic a rtery trave l l i n g  a nter ior  t o  the b i l e  duct .  

DIVISION OF THE NECK OF THE 

PANCREAS 

• Suture l igat ion of the long itud i n a l  a rteries cours ing  
with i n  the parenchyma a long the super ior  and  i nfer ior 
border of the neck of the pancreas ca n help control  
b l eed ing  from the cut su rface d u r ing  tra nsect ion of the 
pancreas. We prefer to use u ltrason i c  shears to d iv ide the 
pancreas to m i n i m ize b leed ing  (FIG 1 1 ) .  

• Retract ion  of the pancreas parenchyma us ing  cotton 
tape to sepa rate the PV/S MV h e l ps prevent i nj u ry to 

FIG 11 • Div is ion of pancreas us ing u ltrason i c  shears .  
E lectroca utery can be used depend ing  on  the surgeon's 
preference. We prefer to use u ltrason i c  shears to d iv ide the 
pancreas with m i n i m a l  b leed i n g .  
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the PV. M et i cu lous  control  of b l eed i n g  from the cut 
pancreatic s u rface i s  necessa ry to preve nt posto perative 
b leed i n g  a n d  fa i l u re of the pancreaticoente r ic  a n a sto- • 

mosis .  The pancreatic d u ct is id entif ied (FIG 1 2) .  A fro-
zen tissue sect ion  can be o bta i n ed from the m a rg i n  of 
the pancreas. 

• The SMV and PV a re further d issected, identify ing,  con
tro l l i ng, and  d iv id ing  the few venous tr ibutar ies ar i s ing 
from the head of the pancreas and  unc inate process. 

The a uthors reco m mend the use of c l i ps to control these 
vesse ls .  
The rem a i n i ng pancreatic stu m p  i s  fu rther d i ssected to 
provide the 1 to 2 em of m o b i l ity necessa ry to inva g i n ate 
the pancreas i nto the jej u n u m  for the pancreaticojej u
nostomy (FIG 1 3) .  

F IG  1 2  • I dentif icat ion o f  pancreatic d uct. 

FIG 13 • Mobi l iz i ng  the pancreatic rem n a nt. The rem a i n i n g  
pancreatic stu m p  is  mob i l ized b y  1 to 2 em t o  fac i l itate 
i nvag i nation of the pancreas i nto the jej u n u m  for the 
pancreaticojej u nostomy. 

TRANSECTION OF THE PROXIMAL 

JEJUNUM 

• The jej u n a l  mesentery, 1 0  to 1 5  em d i sta l  to the l i g a ment • 
of Tre itz, is d iv ided between vascu la r  a rcades a n d  the 
mesenter ic vessels  a re l i gated (FIG 14) .  The jej u n u m  is  
tra nsected with a n  endoscop ic  l i near  gastroi ntest ina l  sta-
p ler. Th is  proced u re can be performed to the r ight s ide • 
of the base of the mesentery after p u l l i ng  the jej u n u m  
through t h e  retromesenteric space. Alternatively, we 

perform th i s  procedure in its or ig i n a l  posit ion (perform
ing  the d iv is ion of the jej u n u m  and mesentery pr ior  to 
p u l l i ng  the jej u n u m  i nto the r ight s ide) .  
Although the H a rmon ic  sca lpe l  or  b ipo la r  e lectroca utery 
a re usefu l for d iv id ing  the mesentery of the proxi m a l  
jej u n u m, it is prudent t o  c l i p  the mesenteric (re m a i n i ng) 
s ide (FIG 1 5) .  

T h e  n utr ient vesse ls  o f  the jej u n u m  a n d  d uoden u m  
shou ld  be taken a t  t h e  level o f  t h e  bowel t o  m i n i m ize 
r isk of i nj u ry to the c isterna chyle or  mesenteric vesse ls .  

FIG 14 • Transection of proxima l  jejunum.  The jejuna l  mesentery 
1 0  to 1 5  em d ista l from the l igament of Treitz is d ivided a long the 
mesenteric vascu lar  a rch and mesenteric vessels a re l igated. 

FIG 1 5  • Retract ion of the jej u n u m  beh ind the m esenteric 
vessels  without d iv is ion of the mesenter ic  vesse ls  can 
com p l icate the operation due  to the resu lt ing l a rge vo l u m e  
o f  bowe l i n  a confi ned space; th i s  i s  a part icu l a r ly relevant 
po int for l aparoscopic  surgery. 
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DISSECTION OF THE UNCINATE PROCESS 

FROM THE SUPERIOR MESENTERIC 

ARTERY 

• This  step is the m ost tech n ica l ly d ifficu l t  part of the pro
ced u re, and a lso, the most crit ica l in terms of obta i n i n g  
tumor-free marg ins .  E l evat ion o f  t h e  speci men revea ls  
deta i led featu res of the rem a i n i n g  attachments, inc lud
i ng  tr ibutar ies of the PV or SMV. The fi rst jej u n a l  ve i n  
and  its tr ibutar ies t o  t h e  unc i nate process o f  t h e  pancreas 
can a lso be identif ied with this latera l anter ior tract ion 
of the speci men (FIG 1 6) .  I m portantly, th i s  maneuver ro
tates the mesentery fac i l itat ing  v isua l i zat ion of the SMA; 
however, th i s  change in the a natomic  re lat ionsh i p  puts 
the a rtery to the r ight of the PV a n d  at r isk for i nj u ry. 

FIG 1 6  • Latera l a n d  a nter ior  retract ion of the spec imen is  
usefu l  to identify the fi rst jej u n a l  ve in  and its tr i b utar ies to the 
unc i nate process of the pancreas. 

• To a i d  in the d i ssect ion a n d  to control any u nexpected 
b leed i n g  from the PV or  SMV, an u m b i l ica l cotton tape is 
a p p l ied to the PV and SMV, respectively, j ust a bove the 
sp len ic  vein and the fi rst jej u n a l  ve i n  (FIG 1 7) .  A hooked 
retractor is  usefu l for tract ion of the mesenteric root to 
the left in order to d i ssect the p l ane  between the un
c inate process and  the mesenteric ve ins .  Tract ion with 
u m b i l i ca l  tape a l l ows the neuro lymphatic soft tissues 

• 
around the SMA to be c lear ly v i sua l ized.  
Two poss ib le  methods can be used to d i ssect between 
the SMA and the unc i nate process: downwa rd (from the 
common b i le  duct s ide to the mesentery of the jej u n u m) 
or u pwa rd (from the mesentery of the jej u n u m  to the 
common bi le duct s ide) (FIG 1 8) .  We prefer a n  u pward 
d i ssect ion beca use this exposes the venous branches 
more effect ively than the downward approach . 

FIG 1 7  • The a p p l ication of u m b i l i ca l cotton tape to the 
PV and SMV is usefu l to a i d  i n  the d i ssect ion and  contro l  any 
unexpected b leed ing from the PV or SMV. 

FIG 1 8  • Two poss ib le  methods to d i ssect between the SMA a n d  the unc i nate process: 
u pwa rd d i ssect ion (from the m esentery of the jej u n u m  to the common b i l e  duct s ide) or 
downwa rd (from the common b i l e  duct side to the mesentery of the jej u n u m) .  We prefer a n  
u pwa rd d i ssect ion (arrow) beca use t h i s  exposes t h e  venous branches more effectively than 
the downwa rd d i ssect ion (arrow). 
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FIG 1 9  • I dentif icat ion of i nfer ior pancreaticod uodena l  a rteries ( I PDA) . After d iv id ing  the 
tr ibuta r ies from the fi rst jej u n a l  branch,  the soft t issue near  the SMA should be d issected to 
identify one or  two I PDA. 

• With u pwa rd tract ion of the SMV us ing u m b i l ica l  tape 
and ca uda l  tract ion of the speci men,  poster ior venous 
tr ibutaries d ra i n i ng from the unc i nate process to the fi rst 
jej u n a l  ve i n  (two or three vei ns) can be identif ied and  
d iv ided with  c l i ps and  a H a rmon ic  sca l pe l .  After d iv id
i ng  the tr ibutar ies from the fi rst jej u n a l  branch, the soft 
t issue near  the SMA shou ld  be d issected to identify one • 

or two i nfer ior pancreaticod uodena l  a rteries (FIG 1 9) .  

A Ha rmonic  sca l pe l  may be used  to d iv ide these a rteries; 
however, we prefer to sepa rately c l i p  the rem a i n i n g  pan
creaticod uoden a l  a rteries.  Occas iona l ly, sma l l  branches 
that ca nnot be identif ied may be easi ly d iv ided using a • 

H a rmon ic  sca l pe l .  
• The rem a i n i n g  d i ssect ion of the soft t issue between the 

SMA a n d  the unc i nate should be performed accord ing  
to  the oncologic  status of  the d isease. For d i seases other  

than pancreatic ducta l adenocarc inoma,  the d i ssect ion 
can be performed near  the unc inate process without r isk 
of i nj u ry to the SMA. H owever, for pa ncreatic d ucta l ad
enocarc inoma,  a c lear  d i ssect ion of the neurolym phatic 
soft tissues of the r ight s ide of the SMA is needed to 
obta i n  a marg i n-negative speci men .  
M ost soft tissues i nc l ud ing  sma l l  mesenteric vessels  can  
be safely sea led w i th  a H a rmon ic  sca lpe l  to  tra nsect the  
pancreas head  from the SMA. However, the rem a i n i ng 
l a rge  super ior  pancreaticod uodena l ve i n  shou ld  be t ied 
or  c l i pped secu re ly. 
The speci men is  p laced in a spec imen bag and  retrieved 
at the end of proced u re, e ither through  the 2- to 3-cm 
extens ion of the u m b i l i ca l  port or  a sepa rate i nc is ion 
(FIG 20) .  The spec imen bag conta i n i n g  the g a l l b ladder  is  
removed at the same t ime .  

FIG 20 • Peri u m b i l i ca l and  Pfa n nenst ie l  i nc is ions .  The speci men i s  p laced i n  a 
spec imen bag a n d  retrieved at the end of procedu re, e ither through the 2- to 
3-cm extens ion of the u m b i l ica l port or a sepa rate Pfa n nenst ie l  inc i s ion .  
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PEARLS AND PITFALLS 

I n d ications 

Preoperative p l a n n i n g  

Tech n i q u e  

Postoperative care 

• Su rgeons wish i n g  to perfo rm LPPPD shou ld  have suff ic ient exper ience i n  both OPD and advanced 
lapa roscopy and l a pa roscopic  sutu r ing  techn iq ues.  

• The i n d ications for LPD should be l i m ited i n it ia l ly to patients with low B M I, benign or  low-g rade 
m a l ig n a nt d i sease, or  confined m a l i g nant d i sease without vascu l a r  i nvolvement. 

• Pa l pation ca nnot be used to identify a berrant a rter ia l  a natomy. Review preoperative imag ing  
specifica l ly to  th i s  regard .  

• Ear ly  d iv is ion of the duodenum fac i l itates further d i ssect ion .  
• M o b i l izat ion of the r ight co lon i s  cruc ia l  to c lear ly expose the operative f ie ld .  
• Sta p le  and  l i gate the G DA-C i i ps w i l l  s l i p  off the spec imen s ide d u ri n g  su bseq uent m a n i p u lat ion of  

the spec imen .  Sta p le  l i nes are at r i sk  for  pseudoaneurysm .  L igate a bove the sta p le  l i ne .  
• A b u l ldog c l a m p  on the proxi m a l  b i l e  duct prevents conta m i nat ion and  provides hemostas is .  
• L igat ion of long itud i n a l  a rteries a n d  energy d iv is ion of the pa ncreatic neck are essent ia l  steps to a 

hemostatic  f ie ld .  
• Anter ior  a n d  l atera l retract ion of the speci men i s  essent ia l  for  v isua l i zat ion of the attachments of  

the unc inate process to the SMV a n d  SMA. 
• I dentif icat ion a n d  carefu l  d iv is ion of the fi rst jej u n a l  ve i n  a n d  its  tr ibutar ies to the unc i nate process 

of the pancreas i s  cr it ica l to prevent u n expected b leed i n g .  
• Apply ing u m b i l i ca l  cotton t a p e  a r o u n d  t h e  P V  and SMV j ust a bove t h e  s p l e n i c  ve i n  and  fi rst jej u n a l  

ve i n  c a n  a lso he lp  control any unexpected b leed i n g .  

• Hemorrhage is  m a naged based on t i m i n g  and  c l i n ica l  observat ions .  
• With i n  24 hou rs, return to the operat ing  room .  
• With i n  t h e  fi rst 5 t o  7 postoperative days, cons ider endoscopy t o  assess for a n  anastomotic source. 
• Over 5 to 7 days, CT a rter iography and catheter-based control of pseudoa neurysm 

POSTOPERATIVE CARE The operative time is usually longer than that of conven
tional pyrolus preserving pancreatoduodenectomy (PPPD) .  
The time between surgery and hospital discharge i s  the same 
or less than that of an open procedure. Oncologic outcomes 
for advanced cancer, such as the number of harvested lymph 
nodes and the rate of negative margin status, also show simi
lar results to those of open procedures.  

• In the majority of cases, patients should be transferred to an 
intensive care unit for monitoring. However, patients may be 
transferred to a general ward in highly specialized centers. 

• The patient should wear anti thrombotic stockings and receive 
prophylactic low-molecular-weight heparin until discharge. 

• Intravenous patient-controlled analgesia systems are used to 
control pain. 

OUTCOMES 

• When compared to open pancreaticoduodenectomy (OPD) ,  
LPD potentially offers the recognized advantages of laparo
scopic surgery, including faster postoperative recovery, im
proved cosmesis, and fewer wound complications. 

• Mortality rates of 1 %  to 8% for LPD have been reported. Our 
series of 1 00 cases showed a mortality rate of less than 1 % .  
The postoperative morbidity rate was approximately 3 0 % .  

• The perioperative outcomes o f  LPPPD i n  large series includ
ing ours are shown in the Table 2 .  

COMPLICATIONS 

• Morbidity rates of between 20% and 40% have been reported. 
The most common and fatal complications are pancreatic 
leakage and hemorrhage. The majority of intraabdominal 
infections are associated with pancreatic leaks and fistulas. 

• Pancreatic fistula 
• Hemorrhage 

Table 2:  Morta l ity and Morbidity in Large Series of Total Laparoscopic Pancreaticoduodenectomy 

Variables Dulucq et al .  Palanivelu et al .  Kendrick et al .  Zureikat et a l .  Kim et al .  

N u m ber  
Convers ion (%) 
Mortal ity (no . )  
Operative t ime (median,  m i n utes) 
Pancreatic fistu la  (%)* 
Length of hospita l stay (median ,  days) 
Marg in·negative resection (%) 

NA, not available. 

1 3  
NA 

1 
295  

8 
1 6  

1 00 

7 5  
0 
1 

3 5 7  
7 
8 

97 

6 5  
4 .6  
1 

368 
1 8  

7 
89 

1 4  
1 4  

1 
456 

36  
8 

1 00 

*Definition of pancreatic fistula varies according to authors. Current table represents International Study Group on Pancreatic Fistula (ISGPF) grade 8 or C. 

1 0 5 
4 .7  
1 

474 
6 

1 1  
1 00 
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Chapter 35 Pancreaticoduodenectomy: 
Robotic-Assisted Resection 
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DEFINITION 

• Pancreaticoduodenectomy entails resection of the head 
of the pancreas and duodenum, which requires mobiliza
tion and transection of the pancreas, stomach, common 
bile duct, and j ej unum. This chapter will focus on the re
section and extraction of the specimen using a robotic
assisted technique, with subsequent chapters devoted to 
reconstruction. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The history and physical exam should focus on identifying 
evidence of metastatic disease, which would preclude resect
ability. 

• The robotic technique is routinely used for both benign and 
malignant disease. 

• Patients are not excluded from the robotic approach based 
on age, body mass index (BMI) ,  or comorbidities. 

• Relative contraindications to robotic surgery are the antici
pation of vascular resection and reconstruction and exten
sive prior abdominal surgery. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A primary goal of imaging modalities for pancreatic cancer 
is to determine resectability by excluding metastatic disease 
and involvement of the mesenteric vessels. 

• Based on consensus guidelines/ resectable tumors are 
those that have no distant metastasis; have no radiographic 

A 8 

evidence of abutment or distortion of the superior mes
enteric vein ( SMV) and portal vein (PV) ; and have clear 
fat planes surrounding the celiac axis, hepatic artery, and 
superior mesenteric artery ( SMA) ( FIG 1 ) .  Patients with 
tumor abutment of the SMV/PV, gastroduodenal artery 
( GDA) abutment or encasement up to the hepatic artery, 
or abutment of the SMA less than 1 8 0  degrees are con
sidered to be borderline resectable and may benefit from 
neoadjuvant treatment. 2 

• Computed tomography ( CT)  scan-A triphasic CT scan 
of the chest, abdomen, and pelvis with fine cuts through 
the pancreas is the mainstay of imaging for pancreatic pa
thology. CT allows for characterization of the pancreatic 
mass, identifies involvement of the mesenteric vessels, and 
evaluates for metastatic disease, particularly in the liver 
or lungs. 

• Endoscopic ultrasound (EUS)-This diagnostic modality, al
though not routinely performed at all institutions, should be 
considered standard of care in most cases. EUS allows for 
visualization and biopsy of the mass, particularly if a tis
sue diagnosis is required for treatment with neoadjuvant or 
adjuvant chemotherapy. Mesenteric vessel involvement can 
be evaluated. Additionally, suspicious lymph nodes can be 
identified and biopsied, which helps to accurately stage the 
patient. 

• Staging laparoscopy-The role of staging laparoscopy in the 
management of pancreatic cancer remains controversial and 
is not routinely performed at most institutions. 3 For patients 
with large tumors, equivocal CT findings, or highly elevated 
carbohydrate antigen (CA 1 9-9) ,  staging laparoscopy can be 
considered. 

FIG 1 • A CT sca n demonstrat ing the tumor  relationsh ip  to the surround ing  vascu lature is  req u i red to determ ine  resecta b i l ity d u ring  the 
preoperative p l a n n i ng phase.  A. CT sca n of the abdomen with a rter ia l  contrast demonstrati ng c lear  fat p lanes around SMA in resecta b le  
pancreatic cancer (white arrow). B.  Venous phase sca n demonstrati ng c lear  fat  p la nes around SMV (white arrow). 
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SURGICAL MANAGEMENT 

Preoperative Planning 

• Determining resectability based on high-quality diagnostic 
and imaging modalities is the key step in preoperative plan
ning, particularly because the use of the robotic technique 
precludes the ability of the surgeon to palpate the tumor and 
readily identify vascular involvement intraoperatively. 

• Four units of crossmatched packed red blood cells should be 
prepared and available. 

• Preoperative antibiotics should be administered. 

Positioning 

• The general setup for the robotic operating room is depicted 
in FIG 2 . 

• The patient is positioned supine on a split-leg table, which 
allows space for the assistant surgeon to have access to the 
abdomen. The right arm is tucked with protective foam 
padding. 

• Prior to the start of the procedure, central and arterial lines 
are inserted in addition to a nasogastric tube and Foley cath
eter. A convective warming blanket is used on the upper 
body. 

Anesthesiolog ist 

Surgeon 

Bovie 
l igasure 
suction 

Circulator 

FIG 2 • Setup of o perat ing room for robotic pancreaticod uodenectomy. The robot i s  p laced a bove the patient's head.  A sp l it- leg ta b le  is 
used to a l low the assistant access to the abdomen and robotic a rms.  The robotic conso le  is  p laced to the s ide of the room to a l low a m p l e  
space f o r  t h e  c i rcu l ator and  scrub  tech .  

PORT PLACEMENT 

• Seven ports are used for robotic assistance d u r ing  pan
creaticod uodenectomy. Ports inc lude  a 1 0-mm camera 
port, three robotic arm ports, two ass istant ports, and  a 
5-mm l iver retractor port .  O u r  port l ocat ion a n d  configu 
rat ion is  d isp layed i n  F IG 3 . 

• 

• 

Access to the a bdomen is obta ined us ing a 5-mm optica l 
sepa rator port i nserted to the left of the u m b i l icus in the 
m idclavicu l a r  l i ne.  Th is  port i s  eventu a l ly u psized to 8 mm 
and serves as a robotic a rm .  
A 4 - to 5-cm i nc is ion to extract the speci men i s  p laced i n  
t h e  left m idc lavicu l a r  l i n e .  
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R2 
0 

R1  
R3 • 
0 Camera 

A2 port 
0 • 

A1 
0 

FIG 3 • Seven ports a re used for robotic assista nce d u ring  pancreaticod uodenectomy, i nc l ud ing  a 1 0-mm camera port, three 
robotic po rts, two assista nt ports, and a 5-mm l iver retractor port .  

MOBILIZATION OF THE RIGHT COLON 

AND DUODENUM 

• Sta ndard l aparoscopic  i n struments i nc l ud ing  an atra u
matic g rasper and  b ipo la r  e lectroca utery a re used to fu l ly 
m o b i l ize the r ight co lon .  

• The duodenum is kocherized with mob i l izat ion of the 
t h i rd a n d  fou rth port ion unti l  the jej u n u m  reaches i nto 
the r ight upper  q u ad ra nt a n d  the SMV is exposed at the 
root of the sma l l  bowel mesentery (FIG 4) .  

• The jej u n u m  is tra nsected 1 0  em d ista l to the l i gament 
of Tre itz using a l i near sta p ler. The proxi m a l  jej u n u m  is 
passed back under the super ior mesenteric vesse ls .  The 
d ista l jej u n u m  is then marked with a sutu re at aprproxi
mately 50 em and secu red to the stomach i n  a n  a nteco l i c  
fash ion,  ensur ing  it is  eas i l y  identif ied for  reconstruct ion 
of the gastrojej u nostomy (FIG 5) .  

Liver 

Inferior vena cava Duodenum 

FIG 4 • Com p l ete kocher izat ion of the duodenum us ing  
lapa roscop ic  i nstru ments br ings  the duodenum i nto the left 
u p per q u a d ra nt. The i nfer ior  vena cava is v isua l i zed d u ring  
mob i l ization  of  the duode n u m .  
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Stomach 

Jejunum 

MOBILIZATION AND DIVISION OF THE 

STOMACH 

• Conti n u i ng l aparoscop ica l ly, the lesser sac is entered by 
d iv is ion of the gastroco l i c  omentu m .  The poster ior  stom
ach i s  freed from the a nter ior pa ncreas. 

• The r ight gastr ic and  r ight gastroep ip lo i c  a rteries are l i 
gated c lose to  the stomach w ith  a b ipo la r  e lectroca utery 
device and  c l i ps (FIG 6) .  

• The stomach is d iv ided with a l i near  sta p ler  after rem ova l 
of the nasogastric tube .  

DISSECTION OF THE PORTA HEPATIS 

• At th i s  po int in the operation, the robot is docked d i 
rect ly over the head of  the ta b le  w ith  the patient i n  steep 
reverse Trende len b u rg posit ion .  The operat ing  su rgeon 
m oves to the robotics conso le  and the assist ing su rgeon 
sta nds between the legs to exchange i nstruments, pass 
need les, and assist with suct ion and sta p l i n g .  

• Dissect ion is conti nued a long the super ior  border of the 
pa ncreas and  i nto the porta hepatis us ing the robotic 
hook ca utery. The common hepatic a rtery (CHA) lym ph 
node is  identif ied a n d  removed (FIG 7) .  This  a l l ows ex
posure of the CHA. The CHA is  exposed a n d  fo l l owed 
unt i l  the r ight gastr ic and G DAs are identif ied (FIG 8) .  

A vessel loop is  passed a r o u n d  the G DA a n d  it is  occ l uded 
whi le flow i s  checked by co lor  f low a n d  3-D Dopp ler  

FIG S • Sutur ing the d iv ided jej u n u m  to 
the stomach fac i l itates f ind ing  it for the 
gastrojej u nostomy. 

Right gastric artery/vein 

Stomach 

FIG 6 • The r ight gastr ic a rtery i s  identif ied and l i gated close 
to the stomach using b ipo la r  e lectroca utery. 

FIG 7 • The CHA lym ph node is identif ied (white asterisk) and 
removed us ing hook cautery. Th is  a l l ows exposure of the CHA. 
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i n  the CHA. Once f low i s  confi rmed, the G DA i s  l i g ated • Chol ecystectomy may be performed in a n  a nteg rade 
fash ion at th i s  po int or  reserved for after the m a i n  
speci men is  removed. 

with a vascu l a r  load sta p ler  and  rei nforced with a 1 0-m m  
tita n i u m  c l i p .  

• Porta l lymph nodes a re d issected a n d  removed. The PV • The common b i l e  d uct is d issected and  d iv ided with a vas
cu l a r  load of the endosta p ler. and  common b i l e  duct a re then exposed (FIG 9) .  

Divided right gastric artery Common hepatic artery 

Gastroduodenal artery 

FIG 8 • The G DA is identif i ed . F low in the CHA is confi rmed 
with a vessel loop constrict ing the G DA. The G DA is  then 
l i gated with a n  endosta p ler  with a vascu l a r  load.  

MOBILIZATION AND DIVISION OF THE 

PANCREAS 

• The r ight gastroep ip lo i c  ve i n  is fo l l owed to its or ig in  to 
identify the SMV. The SMV is d issected off the i nfer ior 
border of the pancreas and  a tunne l  is  created between 
the pa ncreas a n d  PV. The robotic ca mera ang l es a l l ow for 
exce l lent v isua l i zat ion of the tunnel  (FIG 1 0) .  

• 

• 

Once a tunne l  is formed, the neck of the pancreas is d i 
v ided  with  e lectroca utery (FIG 1 1 ) .  Ca re is  taken  to iden
tify the pancreatic d uct and  leave sma l l  extens ion on i t .  
The  pancreas is then  mobi l ized, fi rst at the  latera l border of 
the SMV/PV. The fi rst jejuna l  branch of the SMV is identified 
as it crosses over the SMA i nferiorly. The fi rst jejuna l  branch 

Pancreas 

Su perior mesenteric vein 

FIG 10 • Dissect ion at the i nfer ior  border of the pancreas 
a l l ows the tunne l  u n derneath the pancreas and over top of 
the mesenteric vesse ls .  

Common 
bile duct 

Divided right 
Portal vein Divided G DA gastric 

FIG 9 • The porta l d i ssect ion conti n ues unt i l  the common 
b i l e  duct and  PV are identif ied and  exposed . 

• 

• 

• 

• 

of the SMV is preserved by taking severa l sma l l  recu rrent 
branches to the unc inate process over c l ips or s i lk  ties. 
The SMV/PV is  brought med i a l ly, expos ing the SMA, which 
is  then d issected a long the p lane of Ler iche (FIG 1 2) .  

T h e  super ior  a n d  i nfer ior  pancreatico-d uoden a l  a rtery 
(PDA) a re i n d iv id u a l ly identif ied and  secu red with c l i ps, 
s i l k  l i g atures, or  L igaSure, depend ing  on  size a n d  l ocat ion 
(FIG 1 3) .  

T h e  super ior  unc inate branch o f  the P V  i s  identif ied and  
l i g ated with  the vascu la r  load ,  c l i ps, or  s i l k  l i g ature .  
The speci men i s  removed i n  a n  EndoCatch bag through 
a 4- to 5-cm extract ion i nc is ion i n  the l eft m idc lavicu l a r  
l i ne .  Fo l l owing remova l of  the speci men,  the resect ion 
f ie ld  is  prepa red for reconstruct ion (FIG 14) .  

FIG 11  • The pancreas i s  d iv ided us ing ca uterized scissors. 
The enha nced camera a n g l es on  the robotic system a l low 
for exce l lent v i sua l izat ion d u r ing  the tunne l  and su bseq uent 
d iv is ion of the pa ncreas. 
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Portal vein Divided pancreas 

lnf. pancreatioduodenal artery SMA SMV 
Uncinate process Superior mesenteric vein Splenic vein 

FIG 12 • The unc i nate process is  d issected us ing a comb inat ion 
of hook ca utery and f ine scissors. 

FIG 13 • Retract ion of the SMV med i a l ly exposes the SMA to 
a l low for d i ssect ion a long the p lane  of Ler iche.  The i nferior 
pancreaticod uodena l  a rtery i s  identif ied and  l i g ated. 

PEARLS AND PITFALLS 

Preoperative p l a n n i n g-determ i nation 
of resecta b i l ity 

Port p lacement 

Secu r ing the d iv ided jej u n u m  to the 
stomach 

D issect ion of the porta he pat is  

H a n g i n g  tech n i q u e  for unc i nate 

Divided common bi le duct 

Divided jejunum Inferior 
vena cava 

Portal vein Divided pancreas 

FIG 14 • The resect ion bed fo l lowing  remova l of the 
spec imen .  The f ie ld  is  now prepared for reconstruct ion .  

• I nvas ion of the tumor i nto the m esenteric vessels  ca nnot be fu l ly assessed by  pa l pation 
unti l  after the pancreatic neck is  d iv ided and  the surgeon is  comm itted to resect ion;  
therefore, a h i g h-q u a l ity preoperative CT and p l a n n i ng a re req u i red to determ i n e  
resecta b i l ity. 

• I f  the ports a re p l aced too close together, the robot arms w i l l  h i t  each other. The 
camera port needs to be superior and  latera l to the u m b i l icus to a l low for adequate 
porta l a n d  unc inate d i ssect ion exposure.  

• The sutu r ing  of the jej u n u m  to the stomach pr ior  to docking the robot fac i l itates 
f i nd ing  it for reconstruct ion .  

• Assess for  a berrant vascu l a r  anatomy such  as a r ight hepatic a rtery f rom the SMA, 
which occu rs in u p  to 20% of patients. 

• The t h i rd robotic arm m ust rotate the speci men l atera l ly and super ior ly to a l l ow for 
adequate exposu re of the SMA.  
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POSTOPERATIVE CARE 

• Following completion of the operation, the patient is extu
bated and transferred to either the intensive care unit or a 
monitored floor bed based on individual patient and opera
tive factors. A nasogastric tube is left in the place. 

• A drain is left in the pancreatic bed and a drain amylase is 
checked after postoperative day 3. Drains with normal amy
lase are removed prior to discharge. 

OUTCOMES 

• Although no randomized or large case-control series have 
been published comparing robotic and open pancreatico
duodenectomy, the preliminary experience of several groups 
suggests that outcomes of robotic pancreaticoduodenectomy 
are comparable to open surgery.4-7 Several series have con
sistently demonstrated a reduction in estimated blood loss 
with the robotic approach. 

• The largest series of robotic pancreaticoduodenectomy from 
a single institution was recently reported,8 with outcomes 
for 132  pancreaticoduodenectomies listed below: 

Thirty-day and 90-day perioperative mortality was 1 . 5 %  
and 3 . 8 % ,  respectively. 
Clinically significant morbidity (grade 3 or 4 Clavien 
Dindo) affected 2 1 %  of patients. 
Median operative time was lengthy at 527 minutes; how
ever, significant improvement was noted over the experience. 
The median estimated blood loss was around 300 mL for 
the series. 
Conversion to open was required in 8% of cases. 

COMPLICATIONS 

• The types of complications following robotic pancreati
coduodenectomy are identical to open. The incidence and 

severity appears to be similar to open surgery in series detail
ing preliminary experiences with robotic pancreaticoduo
denectomy. 4-8 

Pancreatic leak 
Pseudoaneurysm 
Delayed gastric emptying 
Infection (wound, intraabdominal abscess) 
Biliary leak 
Gastric leak 
Gastric outlet obstruction 
Bowel obstruction 
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Chapter 36 Pancreaticoduodenectomy: 
Pancreaticojej unostomy 

. ----------------------------------- ·----------------------------------------------------- .... 

t 
Charles M. Vollmer 

DEFINITION the immediate postoperative recovery period through the 
prevention of complications. Chief among these is pan
creatic anastomotic failure, which occurs roughly 1 5 %  of 
the time. 

• Pancreaticojejunostomy is defined as the anastomosis of a 
remnant pancreas to the j ejunum. This is a necessary step in 
restoring intestinal tract continuity following pancreatico
duodenectomy (PD) .  

• Although there are numerous options on  how to  restore 
continuity of the pancreas to the enteric tract following PD, 
central pancreatectomy, or distal pancreatectomy (rarely) ,  
pancreaticojejunostomy is the most frequently applied 
technique worldwide. Furthermore, there are a number of 
technical variations available for this procedure including 
"dunking" and " invagination" approaches. This chapter 
depicts construction of the widely prevalent double-layered, 
duct-to-mucosa, end-to-side pancreaticojejunostomy. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• This chapter's importance lies in the following: Although 
the first half of PD hinges on the optimal resection of dis
eased tissue, which determines long-term (usually onco
logic ) outcomes, the reconstruction phase sets the tone for 

• An improved, international consensus definition of this com
plication has been enthusiastically adopted by most pancreatic 
surgeons (International Study Group on Pancreatic Fistula 
[ISGPF] ) . 1  Subsequently, patient-specific risk factors for 
clinically relevant leaks have been identified as ( 1 )  soft gland 
texture, (2) small pancreatic duct diameter, ( 3 )  pathology ex
clusive of pancreatic cancer or pancreatitis, and ( 4) elevated 
blood loss.2 These variables are best elucidated at the time of 
the operation, but preoperative prediction of these important 
variables is possible, should factor into decision making, and 
understanding them can influence intra- and postoperative 
management techniques. 3 
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SURGICAL MANAGEMENT 

Pancreatic Transection 

• 

• 

A successfu l  a nastomosis  beg ins  we l l  before the recon
struct ion phase of the proced u re .  L i m it ing  b lood l oss and 
ca refu l h a n d l i n g  of the pancreas dur ing  the resect ion 
stage shou ld  be reg u l a r  goa ls .  
Once a n  a ppropr iate s ite of transect ion over  the porta l 
ve i n  (PV) ca n a l  is chosen, it is he lpfu l  to p l ace hemo
static tra nsfix ion sutu res on each s ide of the proposed 
p lane .  There a re reprod uc ib le  hor izontal  a rter ia l  a rcades 
a few m i l l i meters with i n  the super ior  and  i nfer ior  bor
ders of the pa ncreas. A 2-0 s i l k, f igu re-of-e ight suture is  
deeply p laced i nto each border and  on  each s ide of the 
transect ion plane (tota l  of fou r) .  Ca re m ust be taken to 
not p l ace these too deeply i n  to the parenchyma on the 
l eft (stay) s ide, such that the pa ncreatic duct is  i nadver
tently occl uded .  Th is  is  not a concern on  the r ight s ide 
where the pancreatic head spec imen wi l l  u l t imately be 
removed . Once t ied down, these sutu res are not cut but 
rather m a i nta ined long on a snap to aid i n  l everage of 
the d i sta l g l and  d u r ing  the reconstruct ion phase (FIG 1 ) .  

• Tra nsect ion can occur  v ia  a n u m ber of techn iq ues i nc lud
i ng  sca lpe l  or  sta p lers. H owever, Bov ie  ca utery is  pre
ferred for its a b i l ity to l i m it b l ood loss. A needle-t i pped 
ca utery provides good prec is ion with focused coagu la 
t ion .  The cut  mode is  used to tra nsect the capsu le  and  
m ost of the pa renchyma, whereas foca l use  of the co
a g u l at ion mode is  va luab le  to control d i st i nct b lood ves
sels when encou ntered .  Th is  approach proceeds through 
the major ity of the g land unt i l  the a rea of the d uct is  

a nt ic i pated . Sharp tra nsect ion of th i s  a rea i s  p referred to 
prevent therm a l  damage to the d uct. 

• Cautery is then foca l ly a p p l ied to d ry up any ooz ing  from 
the cut edge of the pa ncreas. There is  q u ite often a re
prod uc ib le  a rter ia l  vessel on the poster ior  edge of the 
g l a n d  j ust beneath where the d uct l ies. 

• The d i sta l pancreatic rem n a nt shou ld  be e levated off of 
the sp len ic  ve i n  beneath it for a d ista nce of at least 2 to 

FIG 1 • En face p icture of the tra nsect ion p lane  of the 
pancreatic neck.  Two sutu res a re p l aced i nto the parenchyma 
to control the superior and  i nfer ior  vascu l a r  a rcades. These 
a lso provide leverage i n  " l ift i ng"  the pa ncreatic rem n a nt out 
of the retroperitoneum for the anastomotic construct ion .  

-
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A B 

FIG 2 • A. The pa ncreatico b i l i a ry l i m b  is posit ioned in the RUQ by br ing ing  it beh ind  the mesenteric sta l k  through the l i gament 
of Treitz ca n a l .  B. I n  effect, this becomes a neod uodenum,  as  it l ays comforta bly i n  a pposit ion with the pa ncreas and b i l e  duct. 
Undue  tens ion on this l i m b  can be avo ided by resect ing at least 20 em of proxi m a l  jej u n u m  i n it i a l ly. 

3 em.  Th is, a long with tract ion on the tra nsfix ion sutu res, 
w i l l  expose the back s ide of the g l and  so that the poste
r ior  row of the outer a nastomotic layer can eventua l ly 
be created . Th is  is genera l ly a n  avascu l a r  p l ane  unt i l  the 
point where the splenic ve i n  becomes i n corporated by 
pancreatic parenchyma. 

The Setup 

• O n ce hem ostas i s  of the  pancreat ic transect ion  p l a nes 
i s  a c h i eved, the  pancreat ico b i l i a ry d r a i n a g e  l i m b  i s  in-

• 

tro d u ced to the  r ight  u p p e r  q u a d ra nt (RUQ) .  A lth o u g h  • 

many a c h i eve t h i s  by p l a c i n g  it th rough  the tra nsve rse 
m esentery in a retroco l i c  pos it ion ,  the a uthor  prefers 
to lay the l i m b  in a co m p l ete ly retro mesenter ic  fash
ion.  The l i m b  i s  i ntroduced from the i nfraco l i c  com-
p a rtment ( l eft s ide  of m i d l i n e) through the prev ious  • 

l i g a ment  of Tre itz ca n a l  to the R U Q .  O n ce p l aced i n  
a p pos it ion with t h e  rem n a nt p a ncreas a n d  t h e  tran
sected b i le  d u ct, th is, i n  essence, beco mes a " n eoduo
d e n u m "  (FIG 2) .  H oweve r, t h i s  may a l so be a c h i eved 
in the m o re tra d i t i o n a l  fas h i o n  ment ioned e a r l i e r, p a r
t i c u l a r ly  i n  the cases where the pat ient has  s i g n if icant 
centra l obes ity. 

• Remember the h a l l m a rk surg ica l  d ictu m  that the success 
of an a nastomosis  is  pred icated on the fo l lowing factors: 
( 1 )  hea lthy t issue with a good b lood supp ly, (2) lack of • 

tens ion,  and  (3) freedom of d i sta l obstruct ion .  You can as
sure that the pa ncreatico b i l i a ry dra inage l i m b  has a good 
pu lse by pa l pati ng the vascu la r  a rcade with i n  the mes
entery after it has been p laced i n  the des i red posit ion .  

M eticu lous tech n i q u e  d u ring  the jej u n a l  resect ion shou ld  
assu re that there is  not a mesenteric hematoma, which 
m i g ht com prom ise the hea lth of the l i m b . Do not short
change the a m o u nt of proxi m a l  jej u n um,  which i s  or ig i 
n a l ly resected, as  th i s  wi l l  shorten the m esenteric " leash " 
and  therefore p lace tens ion on the l i m b  as it reaches to 
the RUQ.  
Hemostas i s  of the tra nsect ion p l ane  of the neck of the 
pancreas is  ach ieved by j u d ic ious use of the need le
t i pped Bovie cautery on a l ow power ( 1 5 to 20).  Energy 
nea r the pancreati c  d uct is  avo ided.  
The pancreatic duct d i a m eter is  exa m i ned and  measu red 
with a f lex ib le  ru ler. An a bsorptive "Weck-Ce l "  a rrow
head spear i s  usefu l  in keep ing  the duct d ry both now, 
and  later, when precis ion is needed d u ring  suture p l ace
ment in the duct (FIG 3) .  

T h e  duct can be actively d i l ated b y  p l a c i n g  the t ips o f  a 
f ine i nstrument (G e m i n i  or pediatr ic r ight ang le) with i n  
t h e  duct a n d  gent ly spread ing  and  h o l d i n g  t h e m  open, 
be i n g  ca refu l to not d i s rupt the duct t issue. F i n a l ly, the 
patency of the cou rse of the pancreatic duct should be 
assu red by advanc ing a 5- or  8-Fr pediatr ic feed i n g  tube 
with i n  the duct in a retrograde m a n ner. These a re f lex
ib le  and  safer than a r ig id  probe, which m i g ht be ad
vanced i n advertently through the d uct wa l l  a n d  even the 
parenchyma .  
The operative f ie ld  is  then prepared by  cover ing  the re
tract ion devices with an arrangement of wh ite towel s  
wh ich ,  i n  effect, exc ludes the retractor f rom the f ie ld  a n d  
provides a neutra l background t o  better v i sua l ize f ine, 
co lored monofi la ment sutu res (FIG 4) .  
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FIG 3 • An a rrowhead Weck-Ce l fac i l itates 
a l i zat ion of the pancreatic duct. 

FIG 4 • Placement of fou r  wh ite surgical towels  a round the 
per iphery of the i nc is ion enha nces v i sua l izat ion of f ine  suture 
a n d  prevents it from tang l i ng on the retractors. 

TECHNICAL CONSIDERATIONS 

• The i nner  (d uct-to-mucosa) a nastomosis is constructed • 
with monofi l a ment a bsorba b le  suture. A 6-0 ca l i ber  is  
favored for normal to s m a l l  ducts, but a 5-0 ca l i ber  can 
be used on  l a rger, d i l ated ducts (;,8 mm).  I n  select c i r-
cu msta nces in extremely sma l l  d i a m eter ducts (1 to 2 • 
m m), a 7-0 ca l i ber  may be necessa ry. Remember that 
sma l le r  g rade suture has sma l l e r  need les, and  thus cre
ates sma l l e r  pu ncture ho les .  Doub le-armed sutu res pro
vide the m ost f lex ib i l ity for needle p lacement, as some 
sutu res a re best a p p l ied from i n  to out, whereas oth-
ers a re opti m a l ly p laced from out to i n .  This shou ld  be 
determined on a sutu re-for-suture bas is, depend ing on 

THE INNER LAYER-FRONT ROW 

• The o bjective of th i s  step is to "open"  the duct or if ice 
a n d  further e l evate the face of the transect ion p lane  i nto 
the f ie ld .  The a p pearance of the transected d uct can be 
compared to the face of a c lock (FIG 5) .  

• Sta rt by p lac ing  the 1 2  o'clock suture. These needles a re 
cu rved considera b ly, and  thus, the hand motion shou ld  
a l low for  perpend icu la r  p lacement of the needle t ip  i nto 
the pa renchyma a bout 2 mm beh ind  the d uct. A cu rvi ng 
motion wi l l  de l iver it a bout a m i l l i meter i nto the duct 
l u men,  where it shou ld  be retrieved us ing a smooth " ro l l  
out" motion rather t h a n  a "tugg i n g "  tech n ique .  

• The two l i m bs of the suture are gathered, a n d  the needle 
from the parenchym a l  s ide is  removed whi le  the needle 
attached to the l imb emanat ing from the d uct is  ma in 
ta ined .  A straight snap i s  used to identify that  th i s  i s  a n  
ord i n a l  po int (3, 6 ,  9 ,  a n d  1 2  o'c lock posit ions; F IG  5) and 
is  p laced off the f ie ld  i n  a manner  that  e l evates the pan
creas  out of the i nc is ion s l i g htly. 

how the a rc of the need le  is a p p l i ed the m ost effort lessly 
through the d uct. 
Due to the precision requ i red for this step, a Castro Viejo 
needle driver is recommended rather than a bu l ky, longer 
d river contro l l ed in  the pa l m .  F iner s ized ducts (<3 mm) may 
benefit from the use of Loupe g lasses for magn ification .  
The a uthor rout ine ly  a voids p lac ing  a pa ncreatico-enteric 
stent across the a nastomosis, i n  l i g ht of its i n effic iency 
in preventi ng pancreatic f istu la ,  particu lar ly  in h i g h-r isk 
patients.4 However, to i ncrease precis ion of the needle 
p lacement i n  preca r ious ducts, some surgeons f ind va lue  
i n  creat ing the a nastomosis w i th  a sm a l l  ped i atr ic feed
ing tube tem porar i ly  in p lace d u r ing  the a nastomotic 
construct ion .  

3 o'clock 

FIG 5 • Clockface or ientat ion of the pa ncreatic duct at the 
tra nsect ion p lane .  
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FIG 6 • A. Placement of the 9 o'c lock stitch from i n  to out on the 
pancreatic duct, i ncorporat ing a few m i l l i meters of parenchyma 
a round the duct. B. Placement of these i n it i a l  st itches i n  the front 
row provides better exposu re for subsequent stitch p lacement. 

• The next moves consist of p lac ing the 9 o'clock a n d  
3 o'clock (hor izonta l p la ne) sutu res w h i c h ,  w h e n  u n d e r  
tens ion,  w i l l  fu l l y  " o p e n  u p "  the l u men o f  the duct 
(FIG 6) .  These a re a lso gathered with stra i g ht sna ps. 

• Next, the two l i m bs can be com p l eted from the hor i 
zon to the zenith (3 o'c lock to 12 o'c lock pos it ions and 
9 o'c lock to 12 o'c lock posit ions, respectively). A 3-m m 

B 

duct w i l l  usu a l ly accommodate two eve n ly p laced sutu res 
in each of these l i m bs, for a tota l of seven sutu res p laced 
dur ing  this seq uence (FIG 7A) .  H owever, there i s  room 
for fl exi b i l ity to add more sutu res as  necessa ry (th ree to 
fo u r  per quadra nt) for l a rger  d i a m eter d ucts. To keep 
a sem b l a nce of order, these i ntermed iate l i m b  sutu res 
shou ld  be gathered with rubber shods (FIG 7B) .  

FIG 7 • A.  A 3-mm duct w i l l  accom modate seven doub le-armed sutu res on  the anter ior row. Need les s h o u l d  be m a i nta i ned on 
the l i m bs that ex it  the duct and  cut off on the s ides that enter the duct. B. To m a i nta i n  consi stency, sutu res shou ld  be ca refu l l y  
l a id  o u t  i n  a n  a rray across the externa l  f i e l d .  Stra ight snaps a re used t o  gather the corner sutu res, whereas r u b b e r  shods 
de l i neate other posit ions around the duct c i rcu mference. 
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P a r t 3 OPERATIVE TECHNIQUES IN HEPATO-PANCREATO-BILIARY SURGERY 

PREPARATION OF THE ENTEROTOMY 

• An appropriate-sized enterotomy is created on the 
anti mesenteric side of the pancreaticob i l iary d ra inage l imb, 
a bout 5-cm upstream from the oversewn stap le l ine .  Care 
should be taken to match the d iameter of this to correspond 
to the size of the pancreatic duct lumen.  Do not make the 
enterotomy too big; in  fact, undersize it if anyth ing, as the 
open ing tends to expa nd as you are worki ng on it. 

• A needle-t i pped Bovie ca utery works n i ce ly here (FIG 8) .  

U s e  the " c u t "  m o d e  t o  precisely o p e n  the serosa l leve l .  
Then, create a p i n po int  open ing  o f  the mucosa i n  a n  
atra u matic fash ion .  Avoid m a n i pu lat ing t h i s  fra g i l e  t issue 
with u n n ecessa ry i nstrumentation to m i n i m ize b leed ing,  
hem atomas, and  edema.  

• To opt im ize or ientat ion and  control of the m ucosa l out
pouch ing,  p lace fou r  6-0 sutu res at the ord i n a l  posit ions  
(3 ,  6, 9, and  12  o'c lock) (FIG 9A) .  I n  do ing so,  the c lock 
faces of the d uct and  the enterotomy shou ld  now m i rror 
themse lves (FIG 98) .  These sutu res shou ld  be very sma l l  
b ites, which tack t h e  mucosa t o  t h e  serosa i n  t h e  fou r  
corners (FIG 98, inset) . Aga in ,  the precis ion o f  a Castro 
Viejo i nstrument i s  p referred to m i n i m ize tissue tra u m a .  

F IG 8 • T h e  enterotomy is  created w i t h  exce l lent precis ion 
us ing a needle-t i pped Bovie ca utery. The serosa l layer i s  opened 
a bout 2 m m  for a correspond ing  3-mm wide pancreat ic duct. 
Create a p i n po i nt open ing  in the mucosa at fi rst. 

FIG 9 • A. In order to "t idy u p "  the enterotomy, 6-0 
a bsorbab le  sutu res a re app l ied to each corner by tack ing  the 
mucosa to a smal l  ( 1  mm)  bite of serosa. Use care to prevent 
undue  m a n i p u lat ion of the mucosa. B. These sutu res prevent 
puckeri ng of the mucosa (inset) and aga in  i n d i cate a c lockface 
config u ration, which now forms a m i rror image of that of 
the d uct. 

3 
6 



C h a p t e r  36 PANCREATICODUODEN ECTOMY: Pancreaticojejunostomy 

THE OUTER LAYER-BACK ROW 

• This  e lement is best ach ieved ear l ie r  in the process rather  • 
than after the i n ner layer has been com p l eted. It is im
portant to  properly s i ze  u p  where the sutu res w i l l  be  
p l aced vis-a-vis the duct and  enterotomy. I n  do ing  so, you 
ca n assure a good a p posit ion of the duct and the enter
otomy, which w i l l  not be under  tens ion .  

• Fewer sutu res here mean less opportun ity to damage the 
usua l ly fra g i l e  pancreatic parenchyma .  Therefore, most • 
of d ista nce of the back row can be a pproxi m ated with 
two horizontally p laced 2-0 or  3-0 s i l k  sutu res, l i m it ing  
the n u m ber  of ho les i ntrod uced i nto the g l a n d .  

• The fi rst suture is p l aced on the l atera l poster ior  sur-

A 

B 

face of the pancreatic capsu le  and  emerges in the m id- • 
l i n e  of the pancreas a bout 1 em beh ind the tra nsect ion 
edge (FIG 1 0A) .  Care is  taken to keep th is  b ite rather 
superfic i a l  so as not to i ncorporate the pancreatic duct 

1 2  o 'clock 

12 o'c lock 

beneath yet deep enough to " g r i p "  enough parenchyma 
so that it does not r ip  through when be ing t ied down. 
Th is  is  then brought across to the bowel ,  where the d i rec
t ion of the needle travel i s  now from med i a l  to l atera l on 
a l i n e  a bout 1 . 5 to 2 em per iphera l  from the enterotomy 
(FIG 1 08) .  Assum ing  the enterotomy is  s ituated at the 
ant imesenteric edge of the bowel c i rcu mference, th i s  
essentia l ly equates to a bout a q u a rter of the way from 
the i nterface of the bowel and its mesentery. 
A second posterior suture is p laced in an ana logous fashion.  
This t ime, however, the fi rst move is from latera l to med ia l  
on the bowel (FIG 11A), and then across to  the g land where 
it is placed in a med ia l  to latera l trajectory (FIG 1 1 8) .  Thus, 
the knots of each of these sutu res a re tied down latera l ly. 
Extra security of the peri phery of this row can be achieved 
by one to two addit ional  s i l k  sutures on each side, tied aga in 
on the outside. The bowel now lays i n  d i rect apposit ion 
with the cut face of the pa ncreas (FIG 1 1 C) .  

FIG 1 0  • A. Construct ion of the back row of the 
outer layer commences with a hor izonta l ly or iented 
s i l k  suture p laced from l atera l to med i a l  on the 
poster ior  surface of the pa ncreas. The need le  shou ld  
emerge at the m i d point of the g l and  but be p laced 
su perficia l ly to avo id  i nvolv ing the pa ncreatic duct 
beh ind  it. B. This  suture is then brought across to the 
bowel and  a p p l i ed i n  a m ed i a l  to latera l  d i rect ion 
so that the knot can be t ied on the per iphery of the 
pancreas. 
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P a r t 3 OPERATIVE TECHNIQUES IN HEPATO-PANCREATO-BILIARY SURGERY 

A 

1 2  o'clock 

FIG 11 • A. The back row is continued i n  an 
ana logous fash ion.  F i rst, a s i l k  suture is p laced from 
latera l to med ia l  in the horizonta l p lane on the 
bowel to meet the pr ior stitch. B. Then, the suture 
is app l ied from the m idpo int of the pancreatic 
parenchyma latera l ly to the i nferior border of 
the poster ior pancreas. C. Demonstration of the 
relative d ista nce of suture p lacement. Sutures 
on the poster ior pancreatic parenchymal  surface 
should be a bout 1 to 2 em behind the tra nsection 
margin,  whereas the position on the bowel usua l ly 
corresponds to a bout one-fou rth around the 
c i rcumference from the enterotomy site. D. Once 
the back wa l l  is comp leted with a few addit ional  
sutu res on the peri phery, the enterotomy wi l l  be 
appropriately positioned across from the orifice 
of the pancreatic duct. 
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THE INNER LAYER-BACK ROW 

• If the previous step is we l l  performed, the enterotomy • 
site of the bowel shou ld  " ro l l  over" to a l i g n  with the 
pa ncreatic duct without any tens ion .  N ow, p lace a s in
g l e-armed 6-0 monofi la ment suture at 6 o'c lock posit ion 
with i n  the duct such that it cu rves out a bout 2 m m  i n  the 
tra nsected p lane of the parenchyma (FIG 1 2A) .  Ro l l  th i s  
through ca refu l ly. 

• Then, p lace it through the bowel serosa a bout 2 mm away 

A 

B 

from the edge of the mucosa of the enterotomy (FIG • 
128) .  Advance th is  through the enterotomy at the site of 
the 6 o'clock mark ing stitch, be ing ca refu l to not incorpo
rate the mucosa of the opposite side. Gather the sutu re, 

and after the need le  is  removed, app ly a stra ight c lamp 
to ind icate that  th is  is  the m idpoint of  the poster ior row. 
Next, us ing the same tech n iq ue, p lace two to three su
tu res i n  each l ower quadra nt of the duct com ing  from 
m ed i a l  to l atera l (FIG 1 3) .  Gather these with rubber 
shods after the need le  i s  p laced through the bowel and 
removed.  The seq uence of p lacement of th is  row is  dem
onstrated i n  (FIG 14) .  Again,  you can be f lex ib le  with 
how many sutu res a re needed on  each quadra nt based 
on the actua l  duct d i a m eter. 
Once these have a l l  been p l aced, t ie  them down from the 
m idd le  suture (6 o'c lock posit ion) to the per iphery. You 
w i l l  notice that the knots of th i s  a bsorbab le  suture a re a l l  
on t h e  ins ide  o f  t h e  a n astomosis .  

FIG 12 • A. Placement of a suture from i n  to out at the 
6 o'c lock posit ion of the duct beg i n s  the construct ion 
of the back row of the i nner  layer. Ta ke a m i l l i m eter or 
two of parenchyma with the b ite. B. This  suture is  then 
a p p l i ed to the bowel  and  brought through the mucosa at 
the po int correspond ing  to the previous ly p l aced 6 o'c lock 
or ientat ion suture. 
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FIG 1 3  • Placement of the 7 o'c lock stitch from in to out on 
the duct. Th is  is  then conti nued from out to i n  at 4 o'c lock 
posit ion on the bowe l .  

9 o'clock 3 o'clock 

FIG 14 • Sequence of p l acement of 
sutu res for the back row of the i nner  l ayer. 
The genera l  theme is to work from med ia l  
to latera l fo r opt i m a l  exposu re of need le  
placement.  

COMPLETION OF THE INNER LAYER

FRONT ROW 

• N ow it's t ime to revisit the or ig i n a l ly p laced sutu res from 
the front row of the i n ner layer. These a re p laced seri a l l y  
across to t h e  enterotomy-this  t ime work ing from the 
l atera l (3 o'c lock and  9 o'c lock) posit ions u p  to the zenith 
( 1 2 o'c lock posit ion)  (FIG 1 5A) .  The seq uence of p lace
ment i s  dep icted in FIG 1 58. 

• E n s u re that the sutu re l i m bs are u nwound co m p l ete ly 
before p l a c i n g  across to the ente roto my, as  twisted 
sutu res across the a n asto mos is  w i l l  lead to a l eak .  
Ag a i n, be caref u l  not to i ncorporate the m u cosa of the 
back wa l l  of the  enteroto my. O n ly once, a l l  the sutu res 
from both l i m bs a re p l aced a cross to the bowel s h o u l d  
you t ie  them d o w n .  Th ese knots w i l l  be exte rna l  to t h e  
a n asto mos is .  

A 

FIG 1 5  • A. Com p l et ion of the front row of the i n ner layer 
sta rts by p l acement of the previous ly p laced corner sutu res 
(either 3 o'c lock or 9 o'c lock posit ion) from in to out on the 
enterotomy. (continued) 
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THE OUTER LAYER-FRONT ROW • 

• The pancreaticojej u n a l  reconstruct ion is com p l eted by 
secu r ing  the front row of the outer layer. The 2·0 s i l ks a re 
p l aced ca refu l ly i nto the pancreas a bout ha l f  a centi me· 
ter behind the cut edge of the parenchyma l  tra nsect ion 
edge (FIG 1 6) .  Although these need to be su bsta nt ia l  • 
part icu la r ly in softer g l a nds, take care to stay superfic i a l  
to the i n ner a nastomosis, part icu l a r ly, because as you 
get c loser to the center of the g l a nd, the parenchyma 
becomes sha l l ower. 

6 

4 
FIG 1 5  • (continued) B. The opti m a l  sequence 
of th i s  p lacement is  dep icted, reflect ing  a genera l  
movement from the hor izon (3 o 'c lock and  9 o'clock 
posit ions) u p  to the zen ith ( 1 2 o'c lock posit ion) .  
P l ace a l l  sutu res across to the bowel  before any one 
of them i s  t ied .  

B r ing  these sutu res across to the serosa of the bowel l imb . 
A l low for some d i stance (5 to 1 0  mm) between the inner  
anastomosis and  the need le  p lacement i nto the bowel .  
T h i s  a l l ows for enough red unda ncy such that t h e  bowel 
w i l l  ro l l  over to the face of the transect ion without p lac· 
ing undue tension to the pa ncreatic capsu le  (FIG 1 7) .  

T h e  g reatest o f  ca re i s  needed w h e n  tying  these sutu res 
down to avoid "sawi n g "  through the pa renchyma .  Avo id  
" bo b b i n g "  m ovements as you a re tying  these knots, as  
th i s  wi l l  l ift the suture out of the f ie ld  and  thus cause a 
l i near  tear through the pa renchyma .  

765 

FIG 1 6  • T h e  front aspect o f  t h e  outer layer is  com p l eted 
by p lac ing s i l k  sutu res i nto the pancreatic parenchyma .  Once 
p l aced across to the bowel, t ie  these down with the g reatest 
of ca re beca use the pancreas capsu le  i s  vu l nerab le  to tea r ing .  
Aga in ,  work  f rom the latera l aspects of the g l a n d  seq uenti a l ly 
to the m i d po i nt (d i rect ly over the i n n e r  a nastomosis) .  

FIG 17 • F i n a l  a p pearance of the doub le- layered anastomosis  
showi ng the tens ion-free a p posit ion of the bowel to the 
pancreatic capsu le .  
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FINAL STEPS 

• I n  select c i rcumsta nces, some pancreas w i l l  have a f ibre
fatty l ayer on the i r  a nter ior surface. Try to preserve th i s  
when i n it i a l ly d issect ing and  transect ing the pancreas, 
and  keep it attached to the pancreatic body. If it is ava i l 
a b le, it can be a p p l ied across t o  the bowe l wa l l  with s i l k  
sutu res t o  essent ia l ly provide a t h i rd l ayer (hood) f o r  the 
a nter ior  row. 

• You may a l so be ab le  to attach the red undant bowel 
near the d ista l sta p le  l i n e  to e lements of the tra nsverse 
mesoco lon i nfer ior to the anastomosis i n  order to he lp  
secu re the l imb  aga i nst a n  outr ight deh i scence. 

• F ina l ly, a dra in  can be placed in the vicin ity. I prefer a thin, 
fl uted 1 9-Fr B lake dra in  and p lace it j ust anterior to the anas
tomosis. Avoid placing r igid drains d i rectly behind the 
anastomosis, which necessari ly p laces them between the 
pancreas and the porta l and superior mesenteric veins. 

PEARLS AND PITFALLS 

Pre lude  

Setup 

The i n ner  anastomosis  

The outer a nastomosis  

• A good pa ncreaticojej u n ostomy beg ins  d u r ing  the resect ion phase with attention to deta i l .  
M i n i m ize u n necessa ry b lood loss and  avo id  u n d u e  t issue tra u m a  t o  t h e  pancreatic parenchyma .  

• Although f i nesse is  req u i red for t h e  fi rst h a l f  (resect ion phase) o f  P D ,  t h e  tone o f  t h e  reconstruc
tion phase is  m a rked ly d ifferent, with concentrat ion on  deta i l , and the su rgeon shou ld  reorient 
their m i ndset accord i ng ly  at th i s  po int of the case. 

• Assure that the pa ncreatico b i l i a ry dra inage l i m b  i s  v iab le, nonedem atous, and hea lthy with good 
blood fl ow, and adequate laxity to the RUQ structures. 

• To m i n i m ize tech n ica l  m ishaps  with f ine-ca l i ber sutu res, cover the retractor system with a field of 
wh ite towels .  

• Castro Viejo needle dr ivers provide the precis ion necessa ry for the de l i cate sutu r ing req u i red .  

• Control the operative f ie ld  by  consistently a p p ly ing stra i g ht c l amps to gather  ord i n a l  (3 ,  6, 9 ,  and  
12  o'c lock posit ions) sutures. E m p loy rubber  shods  for  the in-between posit ions .  

• Use a d e l i berate, rol l i ng motion i n  p lac ing the suture through the duct and  parenchyma, taking 
advantage of the natura l  a rc of the need le .  Avo id  tugg ing  motions when contro l l i ng the need le .  

• Ta ke care to keep the b ites sha l low, yet su bsta nt ia l ,  so as to avo id  the i n ner l ayer of the anastomo
s is  or  pancreatic duct d i sta l  to it. 

• Ca reless suture tying  at this po int can lead to t issue fractu res of the pa ncreatic capsu le, even in 
firm g l a nds .  

POSTOPERATIVE CARE OUTCOMES 

• The drain can be assessed for amylase activity once the 
patient is tolerating a soft diet, which will stimulate vigor
ous pancreatic secretion (usually around day 5 or 6 ) .  

• The drain can b e  removed i f  the patient appear clini
cally well, the drain amylase level is low (generally under 
300 International Unit) ,  the volume is reasonable, and the 
fluid does not appear sinister. 1  

• Drain amylase values between 300 and 1 ,000 International 
Unit are indeterminate and require judgment about the indi
vidual patient's circumstances. Levels over 1 ,000 International 
Unit are highly suggestive of a leak and warrant the continu
ation of external drainage, and possibly, more intervention 
(radiology assessment, percutaneous or operative proce
dures, etc . ) .  

• I f  a postoperative leak is clinically apparent, general guidelines 
for management are provided in a review by Callery et al.5 

• This described pancreatic anastomotic technique has resulted in 
a 3 %  clinically relevant fistula rate in the author's last 70 cases 
in patients with an average Fistula Risk Score of 3 .70.3 
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Laureano Fernandez-Cruz 

DEFINITION 

• Pancreaticogastrostomy (PG) is defined as the anastomosis 
of the remnant pancreas to the stomach rather than a limb 
of j ejunum. This procedure is necessary following pancreati
coduodenectomy or central pancreatectomy. 

DIFFERENTIAL DIAGNOSIS 

• PG is a viable option regardless of the indication for pancre
atic resection requiring reconstruction. 

• PG may be a particularly arttactive option for patients with in
traductal papillary mucinous neoplasms (IPMN). In these pa
tients, the rationale for surgical intervention is reduction of risk 
for malignant transformation. Many surgeons advocate partial 
pancreatectomy for IPMN, trading the risk of progression of 
disease in the remnant against the brittle diabetes associated 
with total pancreatectomy. However, this approach mandates 
surveillance of the pancreatic remnant. PG theoretically pro
vides straightforward access to the remnant duct to facilitate 
this surveillance, but clinical benefit has not been proven. 

• PG should also be considered for reconstruction of the dis
tal, remnant pancreas in the rare situation that central pan
createctomy is performed. PG avoids the need for creation of 
a Roux limb, and although complications of this component 
of intestinal reconstructions are rare, they do occur. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Pancreatic fistula has a central role in the development of 
other intraabdominal complications and occurs with a 

TELESCOPIC INVAGINATION 

• 

• 

• 

Delcore et a l .' reported a method of PG in which the pan
creatic rem n a nt was tel escoped i nto the gastr ic l u m e n  
(a s m a l l  gastrotomy i s  made i n  the poster ior  gastric wa l l )  
without any stent ing o f  the m a i n  pa ncreatic duct. 
PG i s  performed either through the tra nsected gastric 
stu m p  pr ior  to gastrojej u nostomy or through an a nte
rior wa l l  gastrotomy (in the case of a pylorus-preservi ng 
procedu re) (FIG 1 ) .  

T h e  most i m porta nt tech n ica l  aspect o f  th i s  anastomo
s is  is  esta b l ish ing  adequate m o b i l izat ion of the rem n a nt 
pancreatic body a n d  ta i l .  At least 3 em is req u i red, but 
g reater mob i l izat ion i s  not d i scouraged provided it does 
not comprom ise perfus ion .  

• 

• 

• 

frequency of 5 %  to 3 0 % . 1•2 Risk factors for pancreatic fis
tula include a soft pancreas, a small pancreatic duct, the un
derlying pathology, reduced regional blood supply, and the 
surgeon's experience.3 •4 Thus, patient factors impact the risk 
of pancreatic fistula. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Efforts to reduce the rate of pancreatic fistula have encom
passed the consideration of replacing the pancreaticojejunal 
(PJ)  anastomosis with PG. 

• The lack of a uniform technique for performing PG has led 
to the same debate as that regarding the PJ anastomosis 
(duct-to-mucosa, invagination, or telescoping the pancreatic 
remnant into the gastric cavity ) .  

• At present, there is still no consensus on the choice of anas
tomotic technique (PJ vs. PG). There have been four pro
spective randomized controlled trials (RCTs )  comparing PJ 
with PG.3•5-7 Three RCTs5-7 showed similar pancreatic fis
tula rates for the two types of pancreatic anastomosis: 1 2 % ,  
1 6 % ,  and 1 3 %  for PG and 1 1 % , 2 1 % ,  and 1 6 % ,  respec
tively, for PJ. In one recent RCT,3 the pancreatic fistula rate 
was significantly lower after PG (4% ) compared with that 
after PJ ( 1 8 % ) .  

• P G  has been gaining favor i n  recent years . O f  historical in
terest, the clinical introduction of this procedure originated 
when Waugh and Claggett8 reported it in 1 946. 

A poster ior, tra nsverse gastrotomy is  created . Attent ion 
to the s ize of the gastrotomy is  paramount and  shou ld  
take  the e last ic  nature of the stomach i nto considerat ion .  
The need to d i late the gastrotomy to accommodate the  
pancreatic rem n a nt is  a welcome f ind ing .  
A generous long itud ina l ,  anter ior gastrotomy i s  per
formed d i rectly o pposite of the poster ior  gastrotomy to 
provide access to the l u men s ide of the PG. (Alternative ly, 
the sta p le  l i n e  from the a ntrectomy that w i l l  be used for 
a su bseq uent gastrojej u nostomy is  removed .) 
The pancreaticogastric a nasto mosis i s  fash ioned by ta k ing  
fu l l-th ickness b ites of the stomach to the pa ncreas. 
• Sta rt at the most cra n i a l  a spect of the  a n a stomo

s i s .  Work  ca u d a l ly, a lternat i n g  between the  poste
r io r  and a nte r io r  sutu res so that the a n asto mos i s  
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FIG 1 • The PG a nastomosis described by Ara n h a . 9  The pancreatic rem n a nt 
is i nvag i nated i nto a poster ior  gastrotomy w h i l e  be ing visu a l ized through a 
generous a nter ior gastrotomy. I n  a s i ng le  layer of i nterru pted sutu res, the 
pancreatic parenchyma is  sutu red to fu l l -th ickness bites of the stomach . 

is f in i shed at the  ca u d a l  aspect. T h i s  a p p roach fa
c i l itates exposu re to each su bse q u ent b ite with
out  hav ing  to put  u n d u e  tens ion  on  prev ious ly  
p l aced sutu res.  

• I nterru pted 3-0 s i l k  sutu res a re used . Pass the needle 
through the pancreas t i ssue outs ide of the stomach • 

l u m e n  so that the need le  can be retr ieved on the 
extra l u m i n a l  s ide .  Then, pass the suture through the • 

gastrotomy and then " back ins ide-out, " ta k ing a 
fu l l-th ickness b ite of the stomach wa l l .  

• M ost exper ie nced surgeons prefer to tag each 
sutu re; they w i l l  be t ied after a l l  sutu res have been 
th rown .  

• P lace the sutu res c i rcu mferent ia l ly, spaced every 3 to 
4 m m .  

A s  t h e  sutu res a re t ied, t h e  pancreas is  i nvag i nated i nto 
the l u m e n  of the stomach .  
The a nter ior gastrotomy i s  c losed i n  two l ayers as  
c lassica l l y  descr ibed.  
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INVAGINATING • 

PANCREATICOGASTROSTOMY 

• Ara n ha9  describes a one- layer i nvag i nati ng PG after • 
pa ncreaticod uodenectomy. 

• For th i s  approach, the pancreatic rem n a nt is m o b i l ized 
fo r a d i sta nce of 4 em. 

• As mentioned ear l ier, the s ize of the gastrotomy m ust 
accommodate stretch ing  of the gastric wa l l ,  and  an an- • 
ter ior  long itu d i n a l  gastrotomy is created to provide ex
posure to the l u m e n .  

• I nterru pted 3-0 s i l k  sutu res a re p l aced . 

The bea uty of th is  tech n ique  is the visu a l i zat ion a n d  
s i m p l ic ity. It i s  performed entire ly w h i l e  v isua l i z i ng  t h e  
l u m i n a l  aspect o f  the a nastomosis .  
Beg i n  i ns ide the l u m e n  of the stomach, ta k ing  a fu l l 
th ickness b ite. I n  one move, take  a b ite of pancreas, en
teri ng the exter ior  g land exit ing  i n  the tra nsected edge 
that can be seen from the l u m i n a l  s ide of the i ntended 
a nastomosis .  
The sutu res are t ied as they are p laced; the end resu lt  
is  a mi ld  i nvag i nat ion of the pancreas i nto the stomach 
(FIG 2) .  

F IG  2 • L i n e  art drawing o f  t h e  completed anastomosis. T h e  va lue o f  t h e  surgeon's 
ab i l ity to visua l ize the intussusception through a generous, long itud ina l  gastrotomy 
cannot be overemphasized. 
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DUCT TO MUCOSA 

• As a n  a l ternat ive PG,  Te lford a n d  M a s o n  10 have re
p o rted that d i rect a n asto m os i s  of the p a ncreat ic  d u ct 
to g a st r i c  m u cosa p rovi d es bette r patency of t h e  p a n -
creat ic  d u ct a s  c o m p a red to a s i m p l e  i nva g i n a t i o n  • 
proce d u re (F IG 3) .  

• I n it i a l ly, s i l k  sutu res are p laced from the poster ior, ceph- • 
a lad gastr ic  wa l l  to the a nter ior pancreas body. I m por
tantly, th i s  is contrary to PJ, where the poster ior  aspect 
of the pancreas is fi rst add ressed . 

• With th i s  l ayer i n  p lace, a duct-to-mucosa anastomosis  is  • 
fash ioned .  

• A sma l l  gastrotomy is made adjacent to the pancreatic 
d uct . Poster ior, cepha lad,  i nterru pted 5-0 a bsorba b le, • 
monofi lament sutu res a re p laced so that the su bseq uent 

knots a re with i n  the l u men of the a nastomosis .  With the 
surgeon on  the r ight s ide of the patient, these sutu res 
enter the l u m e n  of the pancreatic duct, exit the paren
chyma, and  then proceed outside-to- i ns ide, i ncorporat
ing the fu l l  th ickness of the gastric wa l l .  
M a g n ificat ion i s  h i g h ly reco m m ended d u r ing  t h e  p l ace
ment of these sutu res. 
The report by Te lford and Mason 1 0  i nc l uded the use of a 
s i l astic stent. Th is  is opt iona l ,  but if used, the stent shou ld  
be p laced after the sutu res of the poster ior  row have 
been th rown and t ied .  
The anter ior, i nfer ior  suture l ine of the duct-to-m ucosa 
a nastomosis  is  p laced and the sutu res t ied .  These knots 
l i e  outs ide the l u men .  
Sutures (3-0 s i l k) are p laced to  o ppose the poster ior, i nfe
rior gastr ic wa l l  to the poster ior  pancreas body. 

FIG 3 • Duct-to-mucosa a nastomosis .  The poster ior row of the a nastomosis  
i s  opposite of that of a PJ a nastomosis; the a nter ior aspect of the pancreatic 
rem n a nt is  fi rst approached.  
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GASTRIC PARTITION 

• Recently, a new tech n i q u e  of pylorus-preservi ng PD with 
gastr ic part it ion has been reported .6 

• Gastric part it ion is performed us ing two or three Endo 
G IA stap lers a long the g reater curvature of the stomach, 
3 em from the border. Th is  gastric seg ment, 10 to 1 5  em in 
length, is  p laced i n  close proxi m ity to the cut edge of the 
pancreatic stu mp.  An end-to-s ide, duct-to-mucosa a nasto
mosis or  i nvag inat ion anastomosis is  constructed (FIG 4) .  

• The construct ion of th i s  duct-to-mucosa a nastomosis  i s  
essentia l ly identica l to that  described ear l ie r, d i ffer ing 
on ly  i n  that the a nastomosis  is  to the gastr ic part it ion 
con d u it .  Th is  tech n i q u e  is  part icu l a rly attractive for re
sect ions that are performed for I P M N .  It provides access 
to the PD, shou ld  com p letion pancreatectomy prove in 
d i cated at a l ater date, and  has profound i m p l icat ions  
regard ing the com p l exity of that procedu re; one o n ly 
needs to f i re a sta p le  load across the stomach to manage 
the restorative condu it.  

FIG 4 • Gastric partit ion ing  and  duct-to-m ucosa a nastomosis .  The setup to th is  approach i s  ident ica l to that of 
pancreaticojej u nostomy. The part it ion provides add it iona l  mob i l ity and access for surve i l l a nce a n d  s i m p l if ies com p l et ion 
pancreatectomy. 

771 



772 P a r t 3 OPERATIVE TECHNIQUES IN  HEPATO-PANCREATO-BILIARY SURGERY 

PEARLS AND PITFALLS 

H i story a n d  physica l exa m • PG shou ld  be cons idered when the rem n a nt pancreas is at r isk of I P M N  prog ress ion;  it fac i l itates 
surve i l l ance and com p let ion pancreatectomy. 

• PG is an attractive option when centra l pancreatectomy is performed.  It avoids the need to fash ion 
a Roux l i m b .  

Surg ica l  management • The red uced tech n ica l  demands of i nvag i nat ing a soft pa ncreatic rem n a nt deeply i nto a poste
r ior  gastrotomy, when compared to a duct-to-mucosa PJ, l a rge ly exp l a i n  the enth us iasm for th i s  
approach.  

• The back suture row of a PG i s  to the a nter ior aspect of the pa ncreas. 

Outcomes • O utcome com par isons of PG to PJ have been ham pered by variations i n  tech n ique .  

POSTOPERATIVE CARE 

• A nasogastric tube is left in place. Despite natural concerns, 
it can safely be removed on postoperative day 1 in the 
majority of patients . 

• A liquid diet is initiated the following day, provided the 
patient does not complain of hiccups, nausea, or excessive 
belching and does not have a distended stomach by physical 
examination. 

• A drain is left in the pancreatic bed and a drain amylase 
is checked after postoperative day 3. Drains with normal 
amylase ( < 1 ,000 IU/dL) are removed prior to patient 
discharge. 

OUTCOMES 

• The analysis of the four RCT3•5-7 comparing PG and PJ does 
not allow us to conclude that one of the techniques is su
perior to the other regarding prevention of complications 
after PD. 

• In the Yeo et al.7 study, PJ was performed in either end-to
end or end-to-side fashion, at the surgeon's discretion. PG 
was accomplished by anastomosing the pancreatic remnant 
to the posterior gastric wall; the average size of the posterior 
gastrotomy is 2 .5  to 3 em. In the Bassi et al.5 study, PJ was 
carried out using a single-layer PJ or duct-to-mucosa tech
nique, and PG was carried out by telescoping the pancreatic 
remnant into the gastric cavity. 

• In the Duffas et al . 6  study, PJ could be performed end
to-end or end-to-side, but the technique of PG was not 
described. 

• In the Fern:indez-Cruz et aP study, PJ was carried out as an 
end-to-side, duct-to-mucosa anastomosis, and PG was per
formed using a gastric partition and duct-to-mucosa anasto
mosis. Transanastomotic internal stent was used for both PJ 
and PG. 

• Given this variability in techniques, these RCTs have not re
solved the notion that PG is superior to PJ with respect to 
the rate of pancreatic fistula, and this topic remains a subject 
of controversy. 

COMPLICATIONS 

• Pancreatic fistula 
• Pseudoaneurysm 
• Delayed gastric emptying 
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Steven J. Hughes 

DEFINITION 

• Laparoscopy indicates the use of a camera combined with 
minimal access techniques to perform surgical, abdominal 
procedures. 

• Pancreaticojejunostomy (PJ) is the operative anastomosis 
of a remnant pancreas (distal pancreas )  to a limb of je
j unum to restore continuity of pancreatic secretions into 
the intestinal tract. This procedure is necessary following 
pancreaticoduodenectomy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Pancreatic texture will vary depending on the underly
ing indication for pancreaticoduodenectomy as well as 
associated patient factors . 1  The pancreatic duct may also vary 
in size, depending on whether the duct has been previously 

Assistant 
surgeon 

Anesthesiologist 

Primary 
surgeon 

obstructed, has been involved in intraductal papillary 
mucinous neoplastic changes, or is of normal caliber. 

• The major risk of PJ is leakage of pancreatic secretions lead
ing to abscess or fistula.  A classification scheme for the se
verity of this complication has been characterized. 

• This complication is less frequent when the pancreas is firm 
in texture, thus providing a substrate that firmly anchors su
tures and is not prone to laceration. 

SURGICAL MANAGEMENT 

Positioning 

• The patient is positioned supine; tucking of the arms is not nec
essary (FIG 1 ) .  Some surgeons prefer a "split-table" approach, 
where the surgeon is positioned between the patient's legs. 

• Reverse Trendelenburg position facilitates the exposure. 
Thus, a footboard should be used. 

FIG 1 • The patient is  posit ioned sup ine  with both arms 
extended.  The operat ing ta b le  i s  p laced i n  reverse Trende len burg 
to faci l itate exposure of the upper  abdomen.  The surgeon 
is  posit ioned to the patient's left. Some surgeons use a sp l it
leg posit ion so that the o perat ing  surgeon can be posit ioned 
between the patie nt's legs .  
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TROCAR PLACEMENT 

• Troca r p lacement is dep icted in FIG 2 . F ive access po i nts 
a re the m i n i m u m  req u i red to perform the tech n ique  
lapa roscopica l ly. A fixed retractor is  p laced i n  the fa r 
r ight port to e levate the left lobe of the l iver and  i m 
prove exposu re t o  the pancreatic rem n a nt .  T h e  other 
trocars a re used for the camera, a fi rst assista nt, and  the 
operative surgeon. 

MOBILIZATION OF THE REMNANT 

PANCREAS 

• To comp lete the poster ior suture row of the a nastomo
sis, a m i n i m u m  of 1 em and ideal ly 2 em of the rem nant 
pancreas must be mob i l ized (FIG 3) .  I ncreased mob i l iza
t ion of the remnant pancreas fac i l itates e levation of the 
gland during the a nastomosis and resu lts i n  i m p roved 
visual ization .  

• The reconstructive l i m b  shou ld  be fash ioned focus ing 
on  adequate mesenter ic  length and  preservation of the 
a rter ia l  and  venous b lood supp ly. A n u m ber of options 

• 
Uver retractor 

Assistant • 
CaQlera 

• �Surgeon 

FIG 2 • Trocar p lacement. A five-trocar scheme is  emp loyed . 

B 

rega rd ing  reconstructive anatomy a re ava i l ab le .  The au
thor favors posit ion ing  the reconstructive l imb poster ior  
to the mesenter ic  vessels as a " neod uode n u m . "2 G iven 
the natural or ientat ion of the mesentery of the proxi
mal jej u n u m, this reconstructive a pproach m i n i m izes the 
length of the mesentery necessa ry to perform the PJ i n  
a tension-free environment.  T h i s  approach a l so red uces 
the potent ia l  for i nterna l  hern ia  or  other techn ica l  errors 
associated with creat ing a window in the tra nsverse 
mesoco lon .  I m portantly, th i s  approach avoids exces
sive rotation of the jej u n a l  l i m b  beh i n d  the mesenter ic  
vascu lature .  

FIG 3 • A. The surg ica l  f ie ld pr ior  to i n it iat ion of the PJ . After com p letion of the d i ssect ion,  the pancreatic neck i s  c i rcumferent ia l l y  
mobi l i zed for  at least 1 to 2 em .  CBD, common b i l e  d uct; PV, porta l ve in ;  RL ,  reconstructive l imb of jej u n u m .  B. Schematic d rawing 
of the com p l eted an astomosis  with the pancreas i ntussuscepted approxi mately 1 em i nto the end of the reconstructive l i m b  
o f  jej u n u m .  
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TECHNIQUE 1:  END-TO-END 

INTUSSUSCEPTING ANASTOMOSIS 

• The a nastomosis  is constructed with a runn ing  4-0 
po lyd ioxa none suture on a vascu la r  RB- 1  need le .  A dou
b le-armed suture measur ing 40 em i n  length (20 em for 
each a rm) i s  fash ioned by tying  two sutu res together. The 
suture is  p laced through a 1 2-mm troca r and one arm 
is  posit ioned out of the surgical  f ie ld  i n  the left upper  
quadrant .  Th is  arm wi l l  be used l ater for the a nter ior  su
ture l i n e .  The sta p le  l ine on  the reconstructive l i m b  of 
jej u n u m  is  removed us ing e lectroca utery. 

• The a nastomosis is i n itiated by p lac ing the fi rst suture i n  
t h e  reconstructive l i m b  as shown i n  F I G  4. T h i s  w i l l  fa
c i l itate forehand sutur ing for the enti re a nastomosis and  
p l ace the tens ion of poster ior  suture l i n e  on  the serosa of  
the bowel rather than the soft parenchyma of the pan
creas .  Th is  suture shou ld  be p laced at the a nti  m esenteric 
border of the reconstructive l i m b .  

• The fi rst b ite of the pancreatic parenchyma is p laced 
back hand at the cepha lad  aspect of the rem n a nt pan
creas  as dep icted i n  FIG 5 . This  suture i s  typ ica l ly or iented 
tra nsverse to the long itud i n a l  p lane  of the pancreatic 
rem n a nt. Su bseq uent sutu res i n  the pa ncreas w i l l  be or i 
ented long itu d i n a l ly. 

• 

• 

The suture is then passed poster ior  to the suture that 
now br idges the bowel and the pancreas as  shown in 
FIG 6. This ma neuver is  essent ia l  to prevent lock ing of 
the suture as the poster ior suture l i n e  of the anastomosis 
is  i n it iated . 
An add it iona l  purchase of the reconstructive l i m b  is  
taken and  then the suture is  " p a rach uted " down to a p
pose the reconstructive l i m b  to the rem n a nt pancreas 
(FIG 7) .  Care shou ld  be taken to ensure that the knot 
secu r ing  the two arms of the suture is in good a p posit ion 
to the serosa of the bowe l .  Fa i l u re to do so wi l l  su bse
q uently i m pact the a b i l ity to obta i n  adequate tissue a p-

FIG 4 • The i n it i a l  b ite of t issue is taken in the jej u n u m  i n  
a long itud ina l ,  d i sta l -to-prox ima l  or ientat ion .  T h i s  suture 
shou ld  be p laced at the ant imesenteric border to fac i l itate 
the or ientat ion of the reconstructive l i m b  to the base of the 
m esentery. By sta rt ing the poster ior  row on the side of the 
jej u n um,  th i s  row and the a nter ior  row of the anastomosis  
a re p laced forehand .  

FIG 5 • A. The fi rst b ite of  pancreatic parenchyma is  taken  at  
the cepha lad aspect of  the g l a n d .  Th is  suture can be th rown 
in a long itud ina l ,  proxi m a l -to-d ista l or ientat ion;  however, th i s  
or ientation  can be d iffi cu lt  to ach ieve without the p lacement 
of a n  addit ional  5-mm troca r i n  the subxi pho id space. B. A 
poster ior-to-a nter ior  or ientat ion (as shown) is a n  accepta b le  
a lternat ive often emp loyed to avo id  the need  for  th i s  
add i t iona l  troca r. 

• 

posit ion at the cepha lad aspect of the a nastomosis with 
the fi rst tissue bites of the a nter ior  suture l i n e .  
T h e  fi rst assistant prov ides exposure a n d  m a i nta ins  ten
s ion on the suture l i n e  by g rasp ing the suture with an 

FIG 6 • To p lace the second bit of the poster ior  row i n  the 
jej u n u m  without lock ing the sutu re, the needle is  passed 
poster ior  to the stra nd that now br idges the jej u n u m  and 
pancreas. The second b i te  of jej u n u m  is  then taken, advanc ing 
3 to 4 m m  a long the poster ior  row. 
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FIG 7 • The sutu re is pa rach uted, br ing ing  the pancreas and  
jej u n u m  i nto a pposit ion .  A. The knot that  was  fash ioned to  
create the doub le-armed suture (ca n n ot be v isua l ized i n  th i s  
photog ra ph) is  brought i nto a p posit ion with the serosa of the 
jej u n u m  and then the sutu re is  t ightened whi le the jej u n u m  
is  g rasped and  m oved i nto posit ion adjacent t o  t h e  pancreas. 
B. The serosa of the jej u n u m  is  now i n  a p posit ion with the 
poster ior  ca psu le  of the pancreas. 

atra u matic g rasper approxi mately 1 . 5 to 2 em a bove su
ture l ine as  shown i n  FIG 8. The poster ior  suture l ine is  
then run cont in uous ly (FIG 9) .  The o perat ing  surgeon 
sets the tens ion of the sutu re on the t issue after each b ite 
of jej u n u m, and then passes the suture on  tens ion to the 
fi rst ass istant.  At the caudad aspect of the pancreas, the 

A 

FIG 9 • A. Formation of the poster ior  row is cont inued with a 
forehand bite of the pancreas, fo l l owed by (B) a serom uscu la r  
b ite of the adjacent jej u n u m .  The  surgeon then  app l ies tens ion 
to the stitch and  passes it back to the assistant who aga in  
m a i nta ins  tension and  exposu re.  Th is  process is  repeated every 
3 to 4 mm unt i l  the caudad aspect of the suture l i n e  i s  reached.  

i m med iately adjacent to the i n it i a l  suture of the poste
r ior  row (FIG 1 1 ) .  The fi rst bite of the reconstructive l i m b  
i s  s i m i l a r ly posit ioned i n  close proxi m ity t o  t h e  knot that 
holds the two arms of the suture together and  a lso serves 
to prov ide tens ion on  the cepha lad  aspect of the poste
r ior  suture l i ne (FIG 1 2) .  

suture is  he ld  b y  the p lacement o f  a Lapra-TyTM (FIG 1 0) .  • The assista nt a p p l i es tens ion to the suture l i n e  after each 
su bseq uent b ite of jej u n u m  as the pr imary surgeon in
verts the mucosa of the bowe l .  Apply ing this tens ion to 
the left side of the patient faci l itates the d rawing of the 

• The anter ior suture l i ne is performed next. The fi rst b ite 
of t issue is  taken on  the cepha lad aspect of the pancreas 

FIG 8 • The f i rst assista nt provides a nter ior tens ion to the 
suture l i n e .  This tens ion a l so fac i l itates exposure to the 
poster ior  surface of the pancreas. 

FIG 10 • At the caudad aspect of the poster ior  suture l i ne, a 
Lapra-TyTM is p laced to m a i nta i n  tens ion .  
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A 

B 

FIG 1 1  • A. The fi rst b ite of the a nter ior suture l i n e  is taken 
i n  the cepha lad  aspect of the pa ncreas. B. Placement of the 
i n it i a l  b ite of jej u n u m .  The arrow ma rks the suture knot that 
ho lds  the two arms of the suture together a n d  is  now located 
at the cepha lad  aspect of the poster ior  suture l i ne .  

jej u n u m  u p  over  the a nter ior  aspect of the pancreas, thus  
i n d uc ing the i ntussuscept ion .  

• As th i s  suture l i n e  is cont in ued cauda l ly, the i ntussus
cept ion prog resses, and typ ica l ly, the tension on  the 
jej u n u m  w i l l  lead to comp let ion of the i ntussuscept ion 
pr ior  to the p l acement of the last few b ites of t issue 
(FIG 1 3) .  

• At the comp let ion of th i s  suture l i ne, a second Lapra-TyTM 

is  p laced to m a i nta i n  te ns ion .  The suture is  then tied 
(FIG 14) .  

F IG  1 2  • T h e  surgeon i nverts the jej u n a l  m ucosa as the fi rst 
assista nt a p p l i es tens ion to the suture.  Th is  tens ion shou ld  be 
a p p l ied to the patient's left to fac i l itate ro l l i n g  of the jej u n a l  

A 

B 

FIG 1 3  • A-C. As the a nterior sutu re l i n e  nears com p let ion,  a 
f i na l  tuft of jej u n a l  mucosa is typ ica l ly present and subseq uently 
inverted with each add it iona l  sutu re unti l  the i ntussusception  of 
the pancreas i nto the l u men of the jej u n u m  is  complete. 

wa l l  over the a nter ior  aspect of the pancreas, resu lt ing i n  the FIG 1 4  • The a nter ior suture is  secured with a second 
pancreas i ntussuscept ing i nto the l u men of the jej u n u m .  Lapra-TyTM a n d  t h e  a nter ior and  poster ior  sutu res a r e  t ied .  

777 



778 P a r t 3 OPERATIVE TECHNIQUES I N  HEPATO-PANCREATO-BILIARY SURGERY 

TECHNIQUE 2:  END-TO-SIDE, DUCT-TO

MUCOSA (BLUMGART) ANASTOMOSIS 

• There are two tech n ica l cha l lenges to l aparoscopica l l y  
performing  th i s  p roven approach t o  PJ .3 
• The surgeon m ust ma i nta i n  an organ i zat ion system 

for the m u lt i p le, i nterrupted sutu res that a re p laced 
and not i m med iately t ied.  

• Orienting the course of the need le  during  the p lace
ment of the duct-to-mucosa sutu res with the sta ndard 
troca r p lacement can prove d ifficu lt. The strategic 
p lacement of a n  addit ional  5-mm troca r(s) (often best 
positioned in the m i d l i ne, below the xiphoid) can 
overcome this cha l l enge.  

• The a nasto mos is  is i n it i ated by the p l acement of a 
ser ies of 3-0 po lyg lact i n  sutures on a n  S H - 1  need le .  
These  i nterru pted sutu res a re p l aced fu l l  th ickness 
as  dep icted in FIG 1 S . The suture passes a nter ior  to 
poste r ior  th ro u g h  the fu l l  th ickness of the pa ncreas.  
A l o n g itu d i n a l ,  seromuscu l a r  b ite of jej u n u m  i s  taken 
poste r ior  to the i ntended duct-to-mucosa a nasto mosis  
at the ant imesenter ic  border, a n d  the sutu re i s  brought 
back thro u g h  the fu l l  th ickn ess of the pancreas.  Care 
i s  taken not to traverse the pancreatic d u ct with these 
sutu res. Typ ica l ly, five to s ix  sutu res are req u i red .  To 
m a i nta i n  org a n izat ion of the suture pa i rs, c l i ps shou ld  
be a p p l ied across the p a i red stra nds .  Th i s  a p proach w i l l  
a l so m a i nta i n  prox im ity o f  t h e  bowel t o  t h e  pancreas 
as  the d u ct-to-mucosa sutu res a re p l aced . Va ryi n g  the 
length of each suture ca n a l so be h e l pfu l  i n  m a i nta i n i n g  
orga n i zat ion .  

FIG 1 S  • An end-to-s ide, d uct-to-m ucosa PJ  is  i n it iated 
by p lac ing a poster ior  row of sutu res. This row opposes the 
poster ior  aspect of the pancreas to the reconstructive jej u n a l  
l i m b .  T h e  sutu res a r e  p laced through t h e  fu l l  th ickness of 
the pancreas to a l low a l l  of the sutu res to be th rown pr ior  
to tying  the sutu res. Th is  provides add it iona l  exposu re d u ring  
subseq uent steps but does  mandate that  a n  organ izationa l  
system is  emp loyed to  prevent confusion regard i n g  the pa i red 
stra nds .  

FIG 1 6  • Typica l ly, two sutu res a re p laced to i n itiate the 
poster ior aspect of the duct-to-m ucosa a nastomosis .  As shown, 
the knots are posit ioned outs ide of the l u m e n .  Some surgeons 
p lace these sutu res so that the knots a re with i n  the l u m e n .  

• Two 4-0 po lyg lact in  sutu res on an RB-1  need le  are 
then p laced i n  a duct-to-mucosa fash ion as shown in 
FIG 1 6. Once both are p laced, these sutu res are t ied 
down, br ing ing  the bowe l and  pa ncreatic duct i nto 
a p posit ion .  Care must be taken to prevent any ten
s ion to the anastomosis at th is  poi nt, as  these sutu res 
w i l l  eas i ly tear through the soft pancreatic duct. 

• The anterior row of duct-to-mucosa anastomosis is then 
fashioned with additiona l  interrupted 4-0 polyg lactin 
sutures (FIG 1 7) .  Some surgeons favor the placement of 
a s i lastic stent prior to this step to prevent accidenta l ly 

FIG 1 7  • The a nter ior  duct-to-m ucosa sutu res a re p l aced . An 
opt iona l  s i l ast ic  stent can be p laced to prevent i n advertently 
i ncorporat ing the poster ior  wa l l  of the a nastomosis .  This may 
be part icu lar ly  usefu l  when the pancreatic duct i s  of s m a l l  
ca l i ber. T h e  stent s h o u l d  be removed p r i o r  t o  com p l et ion of 
the a nastomosis .  
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i ncorporating the back wa l l  of the anastomosis in  one 
of these sutures. Once al l  sutures are in  p lace, these 
are then a l l  tied. If used, the stent should be removed 
prior to this step to avoid inadvertent retention and the 
need for subsequent endoscopic retrieva l .  

• The sutu res p laced as shown in FIG 1 5  a re t ied 
(FIG 18) .  

F I G  1 8  • T h e  poster ior  i nterru pted suture l i n e  is  t ied .  

PEARLS AND PITFALLS 

• The a nter ior  row of sutu res is or iented long itud i 
n a l ly i n  the pancreatic parenchyma and then a sero
m uscu la r  bite of the jej u n u m  i s  ta ken.  The p ioneer 
of th is  a nastomotic tech n ique  advocates i n corpo
rati ng the t ied suture from the poster ior  sutu res 
to m i n i m ize l aceration  of the often soft pa ncreas 
tissues (FIG 1 9) .  

F I G  1 9  • Construct ion o f  t h e  anter ior suture l i n e  to 
approxi mate the anter ior aspect of the pancreas to the 
jej u n u m .  N ote the i ncorporat ion of the t ied suture p l aced as 
shown i n  FIGS 15 a n d  1 8. 
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Patient h i story and  physica l 
f ind ings  

• Antic ipate a soft-textu red pancreas i n  the c l i n i ca l  sett ing  of neuroendocr ine, i ntra pa ncreatic b i le  
duct, and  duodena l  neop lasms .  A soft-textured g l a n d  i s  associated with  h i g her com p l ication  rates. 

Su rg ica l  management 

Postoperative care 

• Adequate m o b i l izat ion of the pancreatic rem n a nt i s  essenti a l  for p lacement of poster ior  sutu res. 
• Attention to restr ictive f l u id  resuscitat ion and m i n i m iz ing  c l a m p  time on the porta l ve i n  

when necessa ry c a n  dramatica l l y  i m pact bowe l edema a n d  thus t h e  tech n ica l  cha l lenge o f  the 
a nastomosis .  

• Place add it iona l  5-mm troca r(s) i n  the subxi pho id  space or  e l sewhere if  the or ientat ion of the 
st itch ca n n ot be opti m ized with the sta ndard trocar p lacement.  

• If  us ing the i nterru pted sutur ing  tech n i q ue, keep the sutu res as short as  poss ib le  and strictly 
adhere to a n  organ i zation method; that is, c l i p  pa i red stra nds together. 

• Neither t issue sea l a nts nor  stents have been shown to red uce pancreatic fistu l a .  

• B leed ing  (e ither i ntra l u m i n a l  or  v i a  operatively p laced dra i ns) that occu rs after 5-7 days i n  the 
sett ing of a pancreatic f istu la  is  due  to a l i fe-th reate n i n g  pseudoa neurysm unt i l  p roven otherwise.  

• Delayed gastr ic e m ptying  should be assumed to be due  to a n  evo lv ing pancreatic fistu l a .  

POSTOPERATIVE CARE 
• Sandostatin therapy does not reduce rates of pancreatic fis

tula but may shorten the time required for a fistula to close. 
• Patients typically require admission postoperatively to a 

closely monitored setting. 
• Drain amylases are obtained on postoperative days 1 and 4.  
• Drains can be removed provided the amylase content is less 

than 1 ,000 IUD on postoperative day 4. 
• Drains rich in amylase content should be left in place until 

the content returns to that of serum, or the drain output is 
less than 10 mL per day. 

• Delayed gastric emptying often accompanies evolving pan
creatic fistula. If a surgical feeding system was not placed at 
the time of the operation, a nasojejunal feeding tube can be 
placed, understanding that this is associated with increased 
risk given the recent enteric anastomosis. Alternatively, total 
parental nutrition may be necessary. Nutritional support 
should be in place by postoperative day 7. 
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Table 1 :  Pancreatic Fistula Rates fol lowing 
Pancreaticojej unostomy 

Grade n 

lntussuscepting P J' 3 1  
A 5 
B 1 
c 1 

Duct-to-mucosa PJ (open series)b 1 87 
A 2 5  
B 7 
c 6 

% 

1 6 . 1  
3 . 2  
3 . 2  

1 3 .4 
3 . 7  
3 . 2  

'Unpublished data from the author's experience over a recent 6-month-period. 
•Adapted from Grobmyer SR, Kooby D, 8/umgart LH, et at. Novel pancreati

cojejunostomy with a low rate of anastomotic failure-related complications. 
J Am Col i  S u rg .  20 1 0;2 1 0(1). 54-59. doi. 1 0. 7 0 1 6/j.jamcoffsurg.2009. 09. 020. 
PJ, pancreaticojejunostomy. 

COMPLICATIONS 

• Fistula4 
• Delayed gastric emptying 
• Hemorrhage (pseudoaneurysm) 
• Sepsis 
• Death 

OUTCOMES 

• Expected outcomes with respect to pancreatic fistula are summa
rized in Table 1 .  The overall fistula rate should be approximately 
25% (range of 15% to 40% )  over a large series and typically 
correlate with the percentage of soft glands in the series. 5•6 
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DEFINITION 

• Borderline resectable pancreatic cancer is defined by tumor 
involvement of mesentericoportal venous axis. 1  

• En bloc portal vein (PV) resection with immediate recon
struction is now routinely performed by most high-volume 
pancreatic surgery centers. Large clinical series have dem
onstrated that this additional operative complexity does not 
result in increased morbidity. 2•3 

• Arterial resection and reconstruction is not indicated be
cause existing data do not show a favorable benefit-to-risk 
ratio. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Most borderline resectable patients will ultimately be staged 
with Nl disease.4 Thus, these patients have a 5-year survival 
that is very close to the operative mortality. 

A 

c 

8 

D 

• Previous central venous access or venothromboembolic 
events may be a contraindication to venous reconstruc
tion because of venous hypertension. 

• A history of hypercoagulability must be considered as an 
additional risk and factored into consideration for surgical 
therapy and potential for postoperative anticoagulation. 

• Lower extremity edema is a contraindication for use of the 
deep femoral vein as conduit. 

IMAGING AND OTHER DIAGNOSTIC STIJDIES 

• A high-quality, multidetector, thin-slice, triphasic computed 
tomography (CT) scan is essential ( FIG 1 ) .  Pay particular at
tention to the PV phase; loss of the fat plane for greater than 
1 8 0  degrees or narrowing of the mesentericoportal complex 
are predictive of PV involvement by neoplasm.5 

• Obtain bilateral duplex ultrasound studies of the deep femo
ral and jugular veins. Surface mapping of deep femoral vein 
assists in harvesting the conduit but is not required for success .  

FIG 1 • A. CT of a pat ient  with pa ncreatic cancer  demonstrat ing  SMV i nvolvement. B. The i nsert ion of the fi rst jej u n a l  branch proved 
to be i nvolved . The resu lt ing latera l wa l l  defect was repa i red with a bovi ne per icard i a !  patch .  C. CT of a patient with l a rge pancreatic 
cancer demonstrat ing 1 80-deg ree effacement of the SMV and (D) midd le  co l i c  ve i n  i nvolvement.  An i nterposit ion g raft was p l a n ned and  
u lt imately req u i red to obta i n  a n  RO resect ion and  perform the su bseq uent reconstruct ion .  
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PREOPERATIVE PLANNING 

• Key to success is the accurate, preoperative determination 
that an interposition graft will be required. 

• If the vein is narrowed, plan for a circumferential excision 
with primary repair versus interposition graft. Using the CT 
scan, estimate the length of the PV involved and the resulting 
defect requiring reconstruction ( FIG 2 ) .  

A 

c 

Superior 
mesenteric 
vein ----'1 

Left 
gastric 

Inferior 
mesenteric vein 

Splenic 

B 

A defect measuring less than 2 em can usually be repaired 
primarily. 
A defect 2 to 4 em typically can be reconstructed using an 
interposition graft. 
Defects measuring more than 4 em will result in a long
segment conduit; the risk of graft thrombosis is propor
tional to the length, and longer segment reconstructions 
may preclude surgical therapy. 

FIG 2 • Potentia l  resect ion options and  the associated reconstruct ion 
a pproaches i n  ascend ing  leve l  of com p l exity. A. A common l ocat ion 
for a les ion that  i nvolves the l atera l aspect of the PV but where the 
med i a l  wa l l  ( i nvolvi ng the SV/PV confl uence) can be preserved . The 
red line i nd i cates the p l a n ned ve i n  resect ion marg i n .  B. Tra nsverse 
c losure of a long itud i n a l  latera l wa l l  defect. C. Use of a patch to 
repa i r  a l a rge latera l wa l l  defect. (continued) 
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FIG 2 • (Continued) D. A les ion resu lt ing in s ign if icant na rrowing of the SMV req u i r ing  excis ion of the ve i n .  The red areas represent 
the p l an ned resect ion m a rg i n .  E. Pri mary end-to-end venous anastomosis for reconstruct ion .  This  approach is  appropr iate when the vein 
defect is less than a 2-cm gap or with mesenteric mob i l ization; the ends can be approximated without tension .  F. Reconstruct ion using an 
a utologous ve i n  g raft (ga p  i n  excess of 2 em or under tension). G. If  the SV confl uence with the SMV is i nvolved, reconstruction of SV i nflow 
is optiona l .  

• Tumor involvement with respect to the splenic vein (SV) 
and superior mesenteric vein (SMV) confluence must be 
considered. 

If the lateral wall is involved, a primary transverse repair 
or patch repair is ideal. 
If a circumferential vein resection is required and a primary 
end-to-end anastomosis or interposition graft planned, 
most experienced surgeons do not reinsert the SV-this 
significantly increases the complexity of the procedure. 
Rather, the SV is ligated proximally. The risk of sinister 
portal hypertension leading to symptoms is acceptably 
low. 

• Consider initiating or continuing a daily enteric-coated aspi
rin ( 8 1  mg) through the perioperative period. 

• Have a bovine pericardium patch available. 
• Most centers have abandoned the use of cadaveric vein 

grafts. 
• Strongly consider a neoadjuvant approach for all patients 

with borderline resectable disease. An Rl resection confers 
no survival benefit over a nonsurgical, palliative therapeutic 
approach. 

• Neoadjuvant therapy should be offered to all patients in 
whom there is a loss of the fat plane around the superior 
mesenteric artery (SMA) .  
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POSITIONING 

• Tuck the left a rm .  Th is  w i l l  p rovide better access to the 
l eft neck should the j u g u l a r  ve i n  need to be procu red as 
a g raft (FIG 3) .  

• P lace e ither an upper or l ower body active wa rming  

towels (FIG 4) .  Ensure that  these towe ls  create a ster i le  
f ie ld  between these isolated sites. Use % ster i le  d ra pes as 
i nd icated to ach ieve this object ive. The a uthors support 
the use of iod ine-conta i n i ng, self-ad hesive ba rr iers to se
cure these f ie lds  under  the add it iona l  over ly ing drap ing  
and  red uce the r i sk  of surg ica l  s i te  i nfect ions .  

device; th i s  dec is ion is  d r iven by the p l an ned sou rce of • To m i n i m ize the r isk of hypothermia ,  d rape the patient 
such that o n ly the abdom i n a l  operative f ie ld i s  exposed . 
Th is  d rape w i l l  be cut to expose the g raft ha rvest site 
when i nd icated .  

cond u it .  
• Prepare the patient's sk in .  Then, isolate the left neck or  

left th igh  a n d  abdom i n a l  operative f ie lds  w ith  ster i le  

�----- Internal 
jugu lar vein 

·,:---:,:.::___ Deep 
femoral vein FIG 3 • Auto l ogous sou rces of i nterpos it ion ve i n  g rafts 

inc lude the j u g u l a r, left rena l ,  a n d  deep femora l  ve ins .  

FIG 4 • The patient is  posit ioned sup ine  with  the l eft arm 
tucked . The l eft leg is  prepared and  d ra ped with  towe ls, 
then the a bdomen is prepped and d ra ped i n  a way that 
shou ld  access need to be o bta i ned for the left leg, the 
draping ca n be removed or  exposed by cutt ing through 
the over ly ing d rape without compromis ing  e i ther  aseptic 
operative f ie ld .  



A 

C h a p t e r  39 PORTAL VEIN RESECTION AND RECONSTRUCTION 

INCISION AND EXPOSURE 

• E ither a m i d l i n e  or b i l atera l su bcosta l  i nc i s ion can pro
vide adequate exposure .  In add it ion to exposing  the 
upper  a bdomen,  the i nc is ion must a l l ow for com p l ete 
mob i l izat ion of the r ight co lon and retroperitonea l  at
tach ments of the sma l l  bowel mesentery. 

DISSECTION 

• The d i ssect ion proceeds for the most part as presented 
in deta i l  in Part 3, Chapter 33  but may inc lude l i m it ing 
part icu l a r  port ions  of the d i ssect ion;  most importantly, 

the uncinate process/SMA dissection is performed prior 

to dissection of the SMVIPV. 

• Perform a com p l ete Catte l l - B raasch maneuver, fu l l y  
mob i l i z i ng  the retroperitonea l  attachments of the  
cecum, r ight  co lon ,  and  sma l l  bowel mesentery to  
the l eft of the aorta a n d  u p  to the th i rd port ion of  
the d uoden u m .  

• As part of the Kocher maneuver, esta b l ish a p lane  
between the t h i rd port ion of the duodenum and 
the aorta and  extend th i s  d i ssect ion cepha lad  to the  
or ig i n  of the SMA (FIG 5) .  

• M o b i l ize the l iga ment of Treitz and  derotate the 
sma l l  bowel such that the cecum is  i n  the l eft upper 
quadrant.  

• These maneuvers w i l l  p rovide exce l lent exposu re 
and  mob i l ity of the mesentery to fac i l itate pr imary 
reconstruct ion without undue  tens ion fo l lowing  
mesenter icoporta l resect ions u p  to  2 to 3 em i n  
length .  

8 

• This  mob i l ization  w i l l  a lso expose the anter ior as
pect of the left rena l vei n-a potent ia l  sou rce of re
construct ion cond u it .  

• Open the lesser space and  expose the pancreatic 
head. Assess the root of the transverse mesoco lon 
and  b i m a n u a l ly pa l pate the les ion .  A lso, pa l pate 
the cou rse of the SMA with respect to the pa lpab le  
les ion . 

• Proceed with the d i ssect ion of the i nfer ior  and  su
per ior borders of the pancreas, identify ing the a nte
rior borders of the SMV and PV proxi m a l  and d ista l 
to the a rea of tumor i nvolvement, respectively. 

• By pa l pation  a n d  visu a l ization, identify the re la
t ionsh i p  of the tumor with respect to the SV/SMV 
confl uence.  

• Esta b l i sh the p lane  between the root of the mesen
tery and  the t h i rd and  fou rth port ions of the d u ode
num and unc inate process. 

• Determine  resecta b i l ity with respect to i nvolvement 
of the SMV/PV and the extent of resect ion req u i red 
(FIG 2) .  

A very sma l l  seg ment of the l atera l wa l l  o f  t h e  
SMV/PV i s  i nvolved-a s ide-b ite c l amp p laced 
long itud i n a l  to the ve i n  w i l l  provide adequate 

FIG 5 • A. Com p l etely mob i l ize the r ight co lon and the retroperitonea l  attachments of the sma l l  bowe l .  B. Extend the 
d i ssect ion by mob i l iz ing  the retroperitonea l  attachments of the d uoden u m  a n d  pancreatic head to the or ig i n  of the SMA 
(white line represents p lane of d issect ion) .  02, second port ion of the d uoden u m .  03, t h i rd port ion of the duode n u m .  
HOP, h e a d  o f  pancreas. 
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B 

FIG 6 • Esta b l i sh the p lane  between the root of the m esentery and  the th i rd and  fou rth port ions of the d u oden u m  and 
unc i nate process. A. M o b i l ize the unc i nate process a long the adventit ia of the SMA (white line rep resents p lane of d i ssect ion) .  
B. Control the i nfer ior  pa ncreaticod uodena l  a rteries with l i g atu res. HOP, head of pa ncreas. 04, fou rth port ion of duoden u m .  

resect ion m a rg i n  ( 2  t o  3 mm)  a n d  vascu l a r  con
tro l .  N ote: A long itud i n a l  c l amp w i l l  not a l low 

cepha lad  i s  stra ig htforwa rd from the poster ior-infer ior  
approach described ear l ie r. 

a tra nsverse c losure of the resu lt ing defect due  • Confi rm the resect ion p l an  a n d  req u i red reconstruct ion .  
Part icu l a r ly, determ i n e  if  a n  i nterposit ion g raft w i l l  be  
req u i red .  H a rvest ing  of th i s  g raft should be performed 

first to m i n i m ize vascu la r  c l a m p  time and the resu ltant 
bowel edema that i m pacts reco nstruct ion of i ntest i n a l  
conti n u ity. 

to tens ion;  the c l a m p  w i l l  typica l ly need to be 
reposit ioned tra nsverse ly. Thus, the a uthors 
rarely use a s ide-bit i ng c l amp tech n i q u e  a n d  
usua l ly obta i n  ci rcu mferent ia l ,  p roxi ma l ,  a n d  
d i sta l contro l .  
U n l ess a p l a n e  c a n  be rea d i ly esta b l ished a n 
ter ior  t o  t h e  SMV/PV confl uence ( i .e . ,  o n ly the 
latera l wa l l  of the ve i n  i s  i nvolved), save d iv i 
s ion of the pancreatic neck for l ater. 

• Proceed with the other steps of the d issect ion .  
D i ssect the porta hepat i s  and  d iv ide and  con
trol the bi le duct and  gastrod uodena l  a rtery. 
D iv ide the prox ima l  gastroi ntest ina l  (GI )  tract 
(d uoden u m  or stomach) .  

• Approach ing  from the poster ior-infer ior, d i ssect the un
c inate process and  duodena l  mesentery f rom the SMA, 
hugg ing  the adventit ia l  p l ane  wh i l e  work ing  caudad to 
cepha lad  unt i l  the latera l aspect of the SMA has been 
fu l ly d issected u p  to its or ig in  from the aorta .  An energy 
device ca n be used for m uch of this d i ssect ion,  but the 
a uthors recommend l i gat ion or sutur ing  of any identi
f ied i nfer ior  pancreaticod uodena l  a rtery (FIG 6) .  

• Alternative ly, the SMA d i ssect ion can be fac i l itated by 
approach ing  it from the anter ior aspect, i nfer ior  to the 
takeoff of the m idd le  co l i c  a rtery but super ior to the a r
bor ization  of the a rtery. F i rst, iso late and  enc i rc le  with a 
vessel  loop the SMV wel l  i nfer ior  to the tumor (FIG 7) .  
D i ssect down t o  the adventit ia and  t h e n  conti n u e  d i s
sect ing  a long the r ight latera l border unt i l  you brea k 
through to the poster ior  d i ssect ion p lane .  Once th i s  ma
neuver has been performed, conti n u i n g  the d i ssect ion 

FIG 7 • C i rcu mferent i a l ly d i ssect the SMV a n d  control it with 
a vessel  loop. This a lso provides and a nter ior approach to the 
d i sta l  SMA. Th is  approach a l so prov ides safe access to the 
adventit i a l  p lane of the SMA. 
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PROCURE THE RECONSTRUCTION 

CONDUIT 

• 

• 

I ntravenous ly a d m i n ister u nfract ionated hepar in  su lfate 
(50 I U/kg) and a l low t ime for the drug to c i rcu l ate. 
Have a basin with hepar in ized norma l  sa l i n e  ( 1 00 I U/m l) 
ava i l ab le  to store the condu it.  

Left Renal Vein 

• When of adequate length, the left rena l  ve i n  is an idea l  
sou rce of con d u it as it can be procu red without esta b l i sh
i ng  another surg ica l  f ie ld,  is  typ ica l ly  of  appropr iate ca l i 
ber, a n d  has a relatively th i ck  wa l l  that  ho lds  sutu res wel l .  

• Assess the left rena l  ve i n  for ca l i ber  and length (from the 
i nsert ion of the left gonadal  vei n  to the i nferior vena cava) 
and determ ine if it is  su itab le  as the cond uit for reconstruc
t ion.  If the i nterposition graft is  antic i pated to need to be 
3 em, the length of condu it should be longer, that is, 5 em.  

• Use a ru n n i n g  5-0 Pro lene to control the proxi m a l  ren a l  
v e i n  a n d  v e n a  cava . 

Femoral Vein 

• The deep femora l  ve i n  is a lso an exce l lent sou rce of con
d u it as  it i s  relatively thick wal led, of good ca l i ber a n d  
never i nadeq uate i n  length, and  com p l ications associ
ated with the procurement site are su rpr is i ng ly  rare.6 

• 

• 

• 
• 

Prepare the surg ica l f ield for conduit procurement by cutting 
the overlying drap ing.  Use additional towels as ind icated. 
Use a clean set of i n stru ments and keep them sepa rate 
from those used for the abdom i n a l  surg ica l  f ie ld .  
The left th igh  i s  more rea d i ly ava i l a b l e  . 
See Lee et a l . 7 for deta i l s  of the exposu re and  other 
deta i l s  of the tech n i q u e .  

Jugular Vein 

• C i rcu mferentia l ly d i ssect the ve i n  and  control it with ves- • The left j u g u l a r  ve i n  is the preferred con d u it for PV 
reconstruct ions at some centers. sel  loops. Us ing vascu la r  c l am ps, control the vei n  proxi-

m a l l y  and d i sta l ly and sha rply excise the condu it.  P lace it • The exposu re and surgica l  anatomy a re ava i lab le  in Part 6, 
Chapter 3. in hepar in ized sa l i n e  ( 1 00 I U/mL). 

VASCULAR CONTROL AND RESECTION 

• If the pancreatic neck has not been d iv ided, esta b l i sh a 
p lane  poster ior  to the pancreas at the level of p l an ned 
tra nsect ion (th i s  is  often at the level of the pancreat ic 
body to the l eft of the SMV/PV conf luence).  Divide the 
pancreas and  obta i n  hem ostas is  on  the cut su rface. 

• I so late and  control the SV with a vessel loop (FIG 8) .  D u r
i ng  th i s  d i ssect ion,  be m i ndful  of the left gastr ic ve i n .  It 
typ ica l ly i nserts i nto the cepha lad  aspect of the SV a p
proxi m ately 1 em proxi m a l  to the SMV/PV confl uence.  It 
is at r isk for i nj u ry d u r ing  iso lat ion of the SV or i nsert ing 
d i sta l to the po int of control;  th i s  w i l l  lead to a lack of  
hemostas is  after c lamping d u r ing  the ve i n  resect ion .  The 
a uthors typica l ly l i gate and  d iv ide th i s  ve i n .  

• The i nsert ion of the I M V  i nto the SV is q u ite va r iab le .  
It may need to be i ndependent ly iso lated if it inserts i n  
c lose proxim ity t o  t h e  SMV/PV confl uence.  

• C i rcu mferentia l ly d i ssect the SMV prox ima l  to the a rea 
of venous i nvolvement. Control it with a vessel  loop. Be 
m i ndfu l of the fi rst jej u n a l  branch of  the SMV. Th is  vesse l 
usua l ly receives a l a rger  tr ibutary ve i n  from the unc i nate 
process and i nj u ry or  l oss of control ca n be q u ite cha l 
leng ing .  F u rthermore, obta i n i ng control proxi m a l  to the 
vessel  wi l l  not  lead to a hemostati c  f ie ld .  

• Get control of the PV above the p l an ned level of ve i n  
resect ion .  Identify t h e  super ior  unc i nate ve i n  (ve i n  of 
Be lcher) and iso late, l igate, a n d  d iv ide it. 

FIG 8 • If i n d i cated, iso late and control the SV. In th i s  
c i rcu mstance, the tumor  i s  attached to the l atera l aspect of  
the SMV/PV confl uence.  The pa ncreas has been d iv ided to the 
left of the pancreatic neck to provide a n  adequate m a rg i n  and 
expose the a nter ior su rface of the SV. Dur ing  th i s  d i ssect ion,  
be m i ndfu l  of the left gastr ic ve i n .  It typ ica l ly i n serts i nto the 
cepha lad  aspect of the SV approxi mately 1 em proxi m a l  to 
the SMV/PV confl uence.  It is  at r isk for i n ju ry d u r ing  i so lat ion 
of the SV or  i nsert ing d ista l to the po int of contro l ;  th i s  w i l l  
l e a d  t o  a l a c k  o f  hemostas is  after c l amp ing  d u r ing  t h e  ve i n  
resect ion .  
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• At th i s  poi nt, proxi m a l  and  d i sta l control has been 
ach ieved (FIG 9) .  

• If a condu it was not procured, i ntravenously admin ister 
unfractionated heparin sulfate (50 I U/kg); a l low at least 1 
m inute for the d rug to c ircu late prior to placing c lamps. The 
authors prefer to have the c lamps relatively remote from 
the p lanned resection p lanes; this length provides better ex
posure and mobi l ity of the vessels during the construction.  

• M a rk the a nter ior surface of the vessels  us ing a m a rk
ing pen .  This w i l l  fac i l itate m a i ntena nce of the vessels'  
or ientat ion .  Alternative ly, cons ider mark ing the a nter ior 
aspect of the ve i n  with a f ine  monofi l ament suture .  Loss 
of th is  or ientat ion is  surpr i s ing ly  easy and can resu lt  i n  
tors ion and  na rrowing o f  t h e  reco nstruct ion .  Sharp ly d i 
v ide the ve i n (s) a long  the p l a n n ed resect ion p lane .  

• Orient the patholog ist to the spec imen us ing sutu res. 
One or  more of these sutu res shou ld  identify the venous 
marg ins .  

RECONSTRUCTION 

• 
• 

• 
• 

The vascu la r  reconstruct ion proceeds i m med iately . 
P l ace mo istened wh ite towe l s  around the f ie ld  a n d  
over the fixed retractor b lades/a rms t o  better s e e  t h e  
f ine  reconstructive suture a n d  avo i d  ta n g l i n g  it  on  t h e  
retractor. 
Use 6-0 Pro lene on a f ine  vascu l a r  needle for the repa i r  . 
The a uthors do not reverse the systemic  a nticoag u la 
t ion effects of  the hepar in  u n l ess necessa ry to  control 
nonsurg ica l  b leed i n g  at the com pletion of the proced u re .  

Primary Transverse Closure 

• Place s ing le-armed 6-0 Pro lene sutu res at the ( 1 )  a nter ior 
a n d  (2)  poster ior  long itud i n a l  m idpo ints of the venot
omy (FIG 1 0) .  The two stitches are p laced long itud i n a l ly, 
1 m m  from the cut edge from outs ide in a n d  then i m me
d iately back ins ide out so that they can be t ied and  resu lt  
with the knot outs ide the l u m e n .  

• Beg i n  with the poster ior  sutu re, advanc ing  1 m m  cepha
lad from outs ide the l u men i nto the l u m e n .  

• Run the poster ior  suture visu a l i z ing  the p l acement of the 

FIG 9 • Prox ima l  a n d  d i sta l  control  with com p l ete 
m o b i l izat ion of the unc i nate process off of the super ior  
m esenteric a rtery. The white lines represent the p l an ned 
venous resect ion l i nes.  Th is  plan inc l udes a tangent ia l  
p roxi m a l  a nastomosis that i ncorporates and  a berrant IMV 
insert ion i nto the SMV a n d  l igat ion of the SV. 

• 

• 

• 

Place i nterrupted repa i r  sutu res as necessa ry to o bta i n  a 
hemostatic a nastomosis .  
Hemostatic agents such as cel l u l ose may fac i l itate control 
of ooz ing  from needle tracts. 
Release the rem a i n i n g  c l amps . 

Patch Closure 

• When a l atera l defect in the ve i n  ca n n ot be tra nsverse ly 
c losed without undue tension, e m pl oy a patch veno
p lasty using bov ine per icard i u m  (FIG 1 1 ) .  

• 

• 

• 

• 

Cut the patch to s ize .  Leav ing the patch a bout 80% of 
the length of the defect and  twice as wide as the defect 
w i l l  m i n i m ize the r isk of na rrowing the vesse l .  
I n it iate t h e  doub le-armed sutu re l i n e  at t h e  a pex o f  the 
venotomy. The assista nt retracts the patch ca uda l ly and 
latera l l y  to expose the poster ior  suture l ine from the 
l u men s ide (FIG 1 1 8) .  

U s e  care t o  a l i g n  t h e  patch with the vei n-bites o f  t h e  ve i n  
s h o u l d  be spaced fu rther apart t o  prevent a s i z e  m ismatch. 
P lace a second doub le-armed suture at the heel of the 
repa i r  and  then t ie the poster ior  suture to th i s  second 
suture .  

sutu res from ins ide the l u m en unt i l  the anter ior  suture • Alternat ive ly, th i s  suture ca n be p laced at the same t ime  
as the a pex suture a n d  each  suture can be run toward the  
m idd le .  Th is  approach red uces the r i sk  of  a s ign if icant 
s ize m ismatch but l i m its the exposu re .  

can be used to com p l ete the anastomosis  with  v isua l iza
t ion from outs ide the vesse l l u m e n .  

• Release the PV c l a m p  to a l l ow retrograde b lood fl ow. 
A l l ow the vessel  to f i l l ,  thus degass ing  the a nastomosis .  • 

Ho ld  m i n i m a l  tens ion on the sutu res to a l low the suture 
l i ne to maxi m a l l y  expa nd before tying  the two sutu res 
together to com p l ete the a n astomosis .  

Run the anter ior suture l ine to the m i d po i nt of the 
repa i r  and  then use the hea l  suture to com p l ete the 
anastomosis .  Do not t ie  down the suture unt i l  retrograde 
restorat ion of b lood f low has been acco m p l i shed.  
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F IG 1 0  • A tra nsverse c losure of a long itud i n a l  defect. A. The suture l i n e  is  i n it iated at the a nter ior  a n d  poster ior  m id-poi nts 
of the long itud i n a l  venotomy (arrows). B. The poster ior  suture i s  run fi rst, v isua l iz ing  the repa i r  from ins ide the l u m e n  of the 
vesse l .  C. The a nter ior  suture com p l etes the a nastomosis .  

A 

Patch 

T 
80% 

l_ �2Xl 

FIG 1 1  • A per icard ia  I patch repa i r  of a l a rge latera l wa l l  defect. A. Est im ate the width of the patch, a n d  then doub le  it to 
prevent na rrowing .  The a uthors prefer to a lso shorten the length of the defect by pu rposely shorte n i n g  the patch .  B. The latera l 
poster ior  suture l i n e  is p laced fi rst with exposu re from the l u men s ide of the ve i n .  The " h ea l "  of the patch can be anchored to 
the proxi m a l  wa l l  of the venotomy to assist in a l i g n ment (not shown).  C. The anter ior suture l i ne is then p laced to com p l ete 
the patch repa i r. 
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FIG 1 2  • End-to-end native ve in  reconstruct ion .  S ize m ismatch is often an issue; the a uthors recommend i nterru pted sutu res 
in this c l i n ica l  sett ing .  When compared to i nterru pted sutu res, a runn ing  suture takes l ess t ime and is  more hemostatic but puts 
the anastomosis at r isk for na rrowing by prod uc ing a pu rse-str ing effect. A. Doub le-armed, 6-0 Pro lene sutu res are p laced at 
the 3 o'clock and 9 o'clock posit ions .  B. The poster ior  sutu re l i n e  is  p laced under  v i sua l izat ion from ins ide the l u m e n .  The suture 
l i n e  is com p l eted at the 9 o'c lock posit ion by tyi ng the sutu res together. C. The anter ior suture l i n e  is then p laced . 

• Release the rem a i n i n g  c lam ps; p lace repa i r  sutu res as 
needed.  

Primary End-to-End Anastomosis 

• When the ve i n  has been ci rcumferent ia l ly excised to ob
ta i n  a margin, a pr imary repa i r  can often be accomp l ished.  
Typica l ly, gaps of even g reater than 2 em can be c losed by 
cepha lad  mob i l ization of the root of the mesentery. 

• 

• 

Beg i n  by p lac ing doub le-armed sutu res at 3 o'clock and  
9 o'c lock posit ions  (FIG 1 2) .  I f  there is  a s ign if icant s ize 
m ismatch, cons ider us ing i nterru pted sutu res. The ve i n  
c a n  usu a l ly be " ro l led"  1 80 deg rees t o  expose t h e  poste
r ior  wa l l  so that these sutu res can be p laced with good 
exposu re .  
Beg i n  a ru n n i n g  suture l i n e  u s i n g  one o f  the 3 o'clock 
posit ion stra nds .  Pass this outs ide i n  the d ista l (hepa
topedal )  ve i n  or if ice.  Then, run the suture using expo
sure from the l u m e n  side. At 9 o'c lock posit ion,  pass the 
suture outs ide the lumen on  the prox ima l  s ide (hepatof
uga l )  a n d  tie it to one of the 9 o'c lock posit ion suture 
a rms.  Use ca re not to " p u rse-str i n g "  th i s  poster ior  suture 
l i ne .  Some surgeons advocate not tying  th i s  sutu re unt i l  
porta l b lood f low has been restored, thus a l lowing the 
suture l i n e  to " p a rachute" open and  m i n i m ize the r i sk  of  
na rrowing the l u m e n .  

• 

• 

Run  the a nter ior suture l i n e  from both the 3 o'clock a n d  
9 o'c lock posit ions so t h a t  the a nastomosis  i s  com p l eted 
at the 1 2  o'clock posit ion .  
Release the proxi m a l  c l amp to degas  the vessel  a n d  
a l l ow the suture l i n e  to pa rachute. Then, t ie  the sutu res 
to com p l ete the a nastomosis  and p l ace repa i r  sutu res as 
needed.  

Interposition Graft 

• When the gap  ca n n ot be c l osed without undue  tension, 
a n  i nterposit ion g raft is  i nd icated (FIG 1 3) .  

• Do not cut the cond u it  to length unt i l  the prox ima l  a nas
tomosis i s  com p l eted. 

• 

• 

• 

Each a nastomosis  is fash ioned as described for the pr i 
m a ry repa i r. The assista nt m a i nta in s  cepha lad tens ion on  
the g raft to faci l itate the exposure .  
M i n i m ize tra u m a  to the endothe l i u m  of the con d u it .  
When poss i b le, o n ly g rasp the adventit ia of the con d u it 
with f ine, atra u matic forceps. 
If the defect i nvolves the sp lenoporta l confl uence, over
sewing the SV i s  a reasonab le  option with accepta b le  
morb id ity. Re i m p l a ntat ion can be cons idered to avoid 
s i n i ster porta l hypertens ion and  augment flow through 
the con d u it thus theoretica l l y  red uc ing the r isk of 
throm bosis .  
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D 

vein 

B,C,E 

FIG 13 • An i nterposit ion g raft repa i r  of the SMV/PV us ing a deep femora l ve i n  con d u it .  I n  th i s  exa m p le, the SMV/PV confl uence 
has been resected .  A. I ntraoperative photog ra ph  of prox ima l  and d i sta l control with vascu la r  c l amps prior to p l acement of an 
i nterpos it ion g raft. The SV has been oversewn and is  not v i sua l ized.  As nearly 4 em of ve i n  was resected, an i nterpos it ion g raft 
w i l l  be req u i red but w i l l  o n ly be 2 em in length . Th is  is faci l itated by the mob i l izat ion of the retroperitonea l  attachments of 
the mesentery. B. Reconstruct ion beg ins  with the prox ima l  a nastomosis  us ing ident ica l  tech n ique  to that dep icted in FIG 1 2 . 
C. The d ista l anastomosis  is then constructed.  D. I ntraoperative photog ra ph d u r ing  performa nce of a proxi m a l  a nastomosis .  
E. Re imp lantation of the SV is  at the surgeon's d iscret ion .  If it is  performed, porta l f low can be re-esta b l ished pr ior  to beg i n n ing  
the anastomosis  by p lac ing a s ide-bit i ng c l amp on  the con d u it .  (continued) 
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F 

PEARLS AND PITFALLS 

FIG 13 • (Continued) F. Reperfused i nterposit ion g raft-the 
SV has been l i g ated by oversewing  with Pro lene .  

Preoperative p l a n n i n g  • T h e  key to successfu l  P V  resect ion and  reconstruct ion i s  b e i n g  prepared to perform t h e  proced u re .  
• Assess potenti a l  con d u it a n d  i nform the patient of the possi b le  need for a second surg ica l  inc i s ion .  

Operative tech n i q u e  • Dissect t h e  unc i nate process from t h e  SMA p r i o r  to contro l l i ng  and  d i v i d i n g  t h e  ve i n .  Th is  provides su
per ior exposu re to the poster ior  aspect of the ve in ,  m i n i m izes c lamp t ime, and  avo ids  the ted ious  and 
occas iona l ly b loody d i ssect ion of the unc inate whi le the PV i s  c lam ped.  

• Gain ear ly contro l  of the SMV and PV. 
• Procure the reconstruction condu it pr ior to c lamping the mesoporta l vessels and complet ing the resect ion.  

Postoperative care • Prescr ibe ant i  p late let thera py. 

POSTOPERATIVE CARE 

• Administer an aspirin suppository in the recovery room and 
continue daily antiplatelet therapy at least until discharge. 
The authors continue enteric-coated aspirin ( 8 1  mg) indefi
nitely after surgery. 

• Admit the patient to a monitored environment capable of 
frequent assessment of vital signs, drain output, and so 
forth. 

• Instruct nursing team to immediately contact the service for 
a sudden increase in drain output; this can be the first sign of 
spontaneous thrombosis of the graft-early recognition of 
thrombosis is essential for any reasonable attempt at surgi
cal revision. 

• Bedside ultrasound with Doppler assessment is the first diag
nostic modality to assess flow in the PV. Portal venous-phase 
CT can reliably assess patency of the PV. 

• Return to the operating room or angiographic maneuvers to 
restore patency of a thrombosis have been reported but are 
rarely employed-reported patency rates of PV reconstruc
tion exceed 9 0 % .  

OUTCOMES 

• Morbidity, mortality, and disease-free and overall survival 
do not differ between standard resection and resection re
quiring a PV/SMV resection/reconstruction. 8 

COMPLICATIONS 

• Bleeding 
• PV thrombosis 
• Deep venous thrombosis 
• Venous insufficiency 
• Harvest site wound morbidity 
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Chapter 40 Open Distal Pancreatectomy 
·----------------------------------------------------- .. 

Susanne G. Warner Rebecca M. Minter 

DEFINITION 

• Distal pancreatectomy is defined as resection of the body 
and tail of the pancreas with or without splenectomy with 
transection at any point distal to ( left of) the superior mes
enteric vessels. This chapter will discuss techniques and 
indications for open distal pancreatectomy and will focus 
predominantly on resection for malignancy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• In the era of minimally invasive surgery, there are fewer in
dications for open distal pancreatectomy than ever before. 
Whenever possible, minimally invasive techniques for dis
tal pancreatectomy should be pursued. Indications for open 
distal pancreatectomy are dictated either by the clinical cir
cumstance mandating resection or by a comorbidity or con
traindication to laparoscopy. Both can be identified during a 
thorough history and physical (Table 1 ) .  Patients suffering 
ductal rupture as a result of trauma or those with extensive 
adhesions or anatomic anomalies resulting from prior surgery 
are two such examples . Other conditions include a history of 
peripancreatic inflammation in the setting of acute or chronic 
pancreatitis or a malignant diagnosis with known vascular 
involvement. Local advancement into the retroperitoneum 
without evidence of distant spread is yet another indication. 

• In an elective practice, the majority of distal pancreatecto
mies will be precipitated by suspicion for malignancy/ and 
those being performed open will likely have been selected as 
such, secondary to local extension of disease. This chapter 
will thus focus on oncologic principles of resection. 

• A relevant history and physical examination in the setting 
of potential malignancy should include a detailed past medi
cal history with discussion of known pancreatic cancer risk 
factors such as family history of pancreatic cancer, chronic 
pancreatitis, history of diabetes, obesity, and smoking. Char
acter, duration, and mitigating factors of any abdominal 
or back discomfort or sensations should be discussed and 
considered carefully to guide differential diagnosis. 

Table 1 :  Indications for Distal Pancreatectomy 

Indications for Open 
Distal Pancreatectomy 

• Mal ig nancy with concern for 
vascu la r  involvement or  substant ia l  
retroperitonea l  loca l invasion 

• Tra uma/pancreatic duct disruption 

• Sequelae of acute/chron ic 
pancreatitis (e.g . ,  stricture or  
d iscon nected pancreatic ta i l )  
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Contra indications for 
Minimally Invasive 
Procedure 

• Unab le  to to lerate pneu
moperitoneum ( i .e. ,  severe 
card iopu lmonary d isorder) 

• Untreated coagu lopathy or  
l iver fa i l u re 

• Docu mentation of host i le  
abdomen 

• Medical comorbidities as well as cardiovascular and pulmo
nary functional status should be evaluated, and any relevant 
testing needed for preoperative clearance such as stress 
echocardiograms or pulmonary function tests should be per
formed in accordance with anesthesia guidelines.2 

• A detailed past surgical history and special attention to 
family history can help identify patterns of hereditary ma
lignant disease, which can in turn guide preoperative deci
sion making, postoperative surveillance, and genetic testing 
of the patient and their families. If a neuroendocrine tumor 
is suspected, symptoms of functional tumors such as rash, 
diabetes, diarrhea, hypoglycemia, and signs of peptic ulcer 
disease should be discussed. 

• A thorough physical exam should evaluate for any abdomi
nal abnormalities such as organomegaly. Splenomegaly 
should raise concern for segmental portal hypertension, 
which could be precipitated by tumor thrombosis or vas
cular invasion. Hepatomegaly can imply the presence of he
patic metastases. Special attention should also be paid to a 
patient's nodal basins, specifically left supraclavicular and 
periumbilical nodes to evaluate for any palpable nodal me
tastases that would prompt a workup. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The nature of preoperative testing depends heavily on the 
nature of the diagnosis. Most conditions will warrant fur
ther definition with laboratory evaluations and contrasted, 
cross-sectional imaging, at times, in conjunction with endo
scopic ultrasound for tissue diagnosis and for definition of a 
pancreatic lesion as it relates to surrounding structures. 

• Laboratory testing should include a complete blood count and 
a comprehensive metabolic panel, including evaluation of liver 
enzymes and amylase. A preoperative carbohydrate antigen 
1 9-9 (CA 1 9-9) level is important for postoperative surveil
lance and can contribute to decision making when neoadju
vant therapy is being considered. When an endocrine tumor 
is suspected, functional urine and relevant hormone stimula
tion tests should be performed. If a patient has experienced 
substantial weight loss, a prealbumin level can be helpful in 
establishing nutritional status and can guide recommendations 
for perioperative supplemental alimentation, if appropriate. 

• Preoperative workup of a pancreatic mass or injury should 
almost always include a contrasted, cross-sectional imaging 
study. Although there is some debate regarding the optimal 
choice of imaging modality, the most common standard is a 
computed tomography (CT) "pancreas protocol ,"  which is 
a triple-phase CT that allows evaluation of arterial, pancre
atic, and portal venous phases, and is critical to determin
ing resectability and to establishing an appropriate operative 
plan. Three-dimensional reconstruction, where available, 
can also add insight regarding resectability. FIG 1 demon
strates a lesion with adrenal involvement that would be ap
propriate for radical antegrade distal pancreatectomy. 

-



FIG 1 • CT sca n showing d ista l pancreatic m ass with adrena l  
i nvolvement. 

• In the case of cystic neoplasms of the pancreas, many sur
geons use magnetic resonance cholangiopancreatography 
(MRCP) in order to assess cystic nature and communication 
with the main pancreatic duct or side branch ducts in order 
to further characterize risk of cystic lesion. 

• Endoscopic ultrasound (EUS) is another available tool that 
can elucidate possible lymph node metastases and confirm 
spatial relationships between a mass and peripancreatic vas
culature. EUS can also secure a tissue biopsy of the mass 
and any suspicious lymphadenopathy as relevant. EUS is not 
always needed if surgical planning can be completed with 
cross-sectional imaging, and the results of the EUS would 
not change the surgical plan. Multidisciplinary collaboration 
between surgeons and gastroenterologists is important to en
sure the appropriate information is gathered and conveyed. 

• The role of positron emission tomography (PET)-CT in pan
creatic cancer staging for consideration of resection is currently 
poorly defined and is not currently considered standard of care. 

INCISION 

• Left su bcostal  and m id l i ne  i ncis ions are both reasonable 
choices; obesity and costa l marg in  angu larity should in-
f luence the exposure .  I ncis ion location var ies  based on • 
patient body hab itus, tumor location, and surgeon prefer-
ence. Genera l ly, a s lender patient or a patient with a sharp • 
costa l marg in  ang le  is appropr iate for a m id l i ne  inc is ion as 
this  i ncis ion is less morbid .  Other candidates for a m id l i ne  
i ncis ion are patients with previous m id l i ne  inc is ion and  

INITIAL SURVEY AND EXPOSURE • 

• The abdomen is explored for s igns of extrapancreatic 
metastases. The l iver and peritoneal su rfaces are visua l ly ex
am ined and palpated . The omentum is exami ned for caking 
or nodu larity. The gastrohepatic l igament and lym phatic tis- • 
sues around the cel iac p lexus are inspected for any evidence 
of metastasis. Any unexpected f indings should be biopsied 
and sent for frozen section ana lysis prior to an  extensive d is
section. When a d ista l pancreatectomy is anticipated, the 
head of the pancreas should a lso be examined and pal pated 
in order to confi rm the a bsence of major a bnormal ities. 
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SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative imaging guides surgical treatment. Location of a 
tumor to the left of the superior mesenteric vessels obviates the 
possibility of successful disease eradication with a distal or sub
total pancreatectomy. The imaging studies mentioned earlier 
should be reviewed thoroughly. Close attention should be paid 
to the planned resection margins, as they relate to surrounding 
organs and vasculature; particular attention must be given to 
the retroperitoneal margin, major mesenteric and celiac vessels, 
left adrenal gland, and left renal vasculature and kidney. If a 
portion of the colon is involved, a bowel preparation should be 
considered in anticipation of en bloc colonic resection. 

• The anesthesiology team should be informed in advance 
if a surgeon anticipates an arduous dissection that poses a 
risk for significant hemorrhage. A type and screen should be 
drawn on all patients to facilitate blood availability in case 
of emergent need. 

• In addition to adequate peripheral or central intravenous 
access, a Foley catheter, nasogastric tube, and arterial line 
should be placed. 

• Preoperative antibiotics should be administered within 
1 hour of incision. Coverage should be broad spectrum and 
should include gram-positive skin flora as well as gram
negative and anaerobic intestinal pathogens. 

• The entire abdomen from nipples to pubis should be shaved 
including flanks, even if a midline incision is anticipated. This fa
cilitates subcostal and perixiphoid incisional extension if needed. 

Positioning 

• The patient is positioned supine with arms out unless pre
cluded by patient shoulder mobility. The secure placement 
of the post of a self-retaining retractor should be considered. 

those with tumors c loser to the m i d l ine .  In obese patients 
or  those with a particu larly h igh  sp len ic f lexure or a tumor 
that is  q u ite d istal  on the pancreas, a su bcosta l i ncis ion may 
provide enha nced visua l ization of the left upper quadrant. 
A vert ica l  m i d l i ne i nc is ion is  made from x ipho id  to j ust 
be low the u m b i l icus .  
A l eft su bcosta l  i nc is ion is  made two f ingerbreadths 
below the costa l marg in  and is  carr ied from the m i d l i ne, 
ob l ique ly  to approximately the a nter ior axi l l a ry l i ne .  

A self-reta i n i n g  O m n i-Tra k or  Bookwalter retractor 
shou ld  be p laced . Our i nstitut iona l  p reference is  the 
O m n i-Tra k retractor as th i s  provides super ior  exposure 
i n  the upper a bdomen using the sterna l  retractors to el
evate the costa l  marg i n .  
T h e  sp len ic  fl exu re i s  mob i l ized and  reflected downwa rd.  
I n  select patients, one may cons ider l aparoscop ic  m o b i l i 
zation o f  the s p l e n i c  fl exu re and  d iv is ion o f  the short gas
tr ic vesse ls  pr ior  to open d i sta l pancreatectomy to a l l ow 
for a more l i m ited inc i s ion .  
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EXPOSURE OF THE PANCREAS 

• The gastroco l i c  l i g a ment is d iv ided to g a i n  entry i nto the 
l esser sac. The tra nsverse co lon is  gently retracted i nfe
r ior ly, ta k ing care not to avulse the m idd le  co l ic  ve i n  as 
it i nserts i nto the super ior  m esenteric ve i n  (SMV) at the 
i nfer ior  neck of the pancreas. 

• The short gastr ic vessels  a re d iv ided with a n  energy de-

to fac i l itate poster ior  pa l pat ion . At the i nfer ior border 
of the pancreas, gentle separation of pancreatic paren
chyma from poster ior  attachments can be ach ieved . The 
sp len ic  ve i n  can be identif ied and  isol ated j u st to the left 
of its u n i o n  with the porta l ve i n  (PV) usua l ly beneath the 
pancreas. I ntraoperative u ltrasound can a lso be used to 
locate sma l l  les ions i n  the ta i l  of the pancreas that a re 
not rea d i ly ident if ied.  

v ice, or  rarely between c l a m ps a n d  t ies .  Any poster ior  • More typ ica l ly, the ce l i ac  tru n k  is identif ied at the su pe
rior border of the pancreas and the hepatic and sp len ic  
a rteries are identif ied a n d  fo l l owed to the i r  or ig i ns .  The 
splenic a rtery is  then l i gated and  d iv ided us ing  e ither a 
vascu la r  sta p ler  or s i l k  t ies, doub le  secu r ing with a stick 
t ie  (3-0 s i l k) fo l lowed by free t ie  (FIG 2) .  

gastr ic attachments t o  the pancreas a re d iv ided a n d  t h e  
stomach is  retracted su per ior ly t o  expose the a nter ior  
su rface of the pa ncreas. 

• I n  the case of a sma l l  les ion that is not rea d i ly v isu a l ized, 
the i nfer ior  attachments of the pancreas ca n be freed 

Hepatic artery 
proper\ 

Gastroduodenal 

Greater 
pancreatic 
artery 

Dorsal 
pancreatic 
artery 

Gastroepip loic 
artery 

CHOICE OF PANCREATIC DISSECTION 

TECHNIQUE 

• As with any o perat ion,  there are a wide va r iety of tech
n i q ues ava i la b l e  to ach ieve the i ntended resect ion .  One 
shou ld  dec ide  preoperative ly whether to undertake 
a latera l to med i a l  (retrograde) or  a med ia l  to l atera l 
(antegrade) resect ion a n d  whether a sp leen-preservi ng 
proced u re is  a ppropr iate to cons ider. I n  the sett ing  of 
m a l igna ncy, our preferred practice i s  typ ica l ly a rad ica l 
a ntegrade resect ion with N l  resect ion .  

FIG 2 • Sp len ic  a rtery d iv i s ion .  

Splenectomy with Lateral to Medial (Retrograde) 
Dissection 

• Beg i n n ing  at the i nfer ior pancreatic border, the poste
r ior  pancreatic attachments to the retroperitoneum a re 
d iv ided unt i l  the i nfer ior  mesenteric ve i n  ( I MV) and  SMV 
a re v isua l i zed (FIG 3) .  The pa ncreas i s  gent ly  retracted 
a nter ior ly, which shou ld  he lp  deve lop the avascu l a r  
p l ane  between the pancreas and  retroperitoneum.  The  
I M V  is  d iv ided and  the sp len ic  ve i n  is  e levated w i th  the  
spec imen a long  the poster ior  aspect of  the pa ncreas. 



• With the body a n d  ta i l  freed, the l i enorena l  a n d  l ieno
phrenic attachments can be d ivided, and  the spleen 
should be freed from the poster ior  abdom i n a l  wa l l .  Pos
ter ior  mob i l izat ion shou ld  be predom i n a ntly com p l ete 

• 

and the sp leen a n d  d i sta l  pancreas can be refl ected me- • 

d i a l ly. At th i s  poi nt, the sp len ic  a rtery is identif ied, typ i 
ca l ly runn ing a long the super ior  border  of the pancreas, 
a l though there can be s ign if icant a natomic  va r ia b i l ity i n 
c l ud ing  a n  i ntrapa renchym a l  locatio n .  The sp len ic  a rtery 
is  i so lated 2 em proxi m a l  to the mass les ion at the s ite • 

of p l an ned parenchyma l  tra nsect ion or j u st d i sta l  to its 
or ig i n  a n d  d iv ided between c l a m ps.  It i s  doub ly secu red 
with a st ick tie and a free tie. The sp len ic  ve i n  can then 
be c lear ly fo l l owed to its  confl uence with the PV a n d  can 
be d iv ided and  oversewn at the level of the PV. 
• With the d ista l pa ncreas now entire ly mob i l ized, it 

shou ld  be pa l pated to ensure that ant ic i pated po int 
of tra nsect ion is in fact free from the mass of i nter
est or any other abnorma l it ies .  If the po int of tran
sect ion needs to occur  proxi m a l  to the splenic vei n/ 
PV conf luence and  the PV is  free of tumor, a p lane  
on the a nter ior  su rface of the ve i n  can be deve loped 
to fac i l itate pa ncreatic parenchyma l  transect ion 
c loser to the pancreatic neck .  • 

Pancreatic transect ion is now performed (see " Pa ncreatic 
Tra nsect ion"  for deta i l s) . 

Splenectomy with Medial to Lateral (Antegrade) 
Dissection 

• This  is our  preference for patients with loca l ly advanced 
pancreatic cancer in the body or ta i l  of the pancreas. 
This proced u re may be m ore time consu m i n g  but fac i l i 
tates ear ly  vascu la r  i so lat ion and  enha nced lymph node 
procurement as we l l  as  ear ly a n d  safe esta b l i shment of 
marg i n  status.  With th i s  tech n i q ue, ear ly pancreatic tra n
sect ion i s  necessitated . 

• Once the g reater omentum is e levated and  the colon 
retracted i nfer ior ly, the lesser sac is  opened and the 
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FIG 3 • Exposure of i nfer ior pa ncreatic border-SMV 
and IMV. 

common hepatic a rtery is traced to the proper hepatic .  
The gastrod uodena l  a rtery is  identif ied and  occas iona l ly 
req u i res d iv is ion if a more proxi m a l  po int of tra nsect ion 
at the neck of the pancreas i s  req u i red.  
Lymph nodes a re d i ssected free of the left border of 
the proper hepatic a rtery, PV, and  common hepatic a r
tery. The avascu l a r  p l ane  between the PV and poster ior  
pancreatic neck i s  deve loped and the pa ncreatic neck i s  
d iv ided.  
The ce l i a c  tru n k  is  identif ied a n d  a ce l i ac  lymph node 
d i ssect ion i s  carr ied out from the super ior  border of the 
pancreas, u lt i m ately exposing  the or ig in of the sp len ic  
a rtery, which is then l i g ated as prev ious ly shown (FIG 2) .  

T h e  a rtery i s  typ ica l ly l i g ated w i t h  a 2 - 0  s i l k  free t ie  a n d  
a 3 - 0  s i l k  st ick t ie  but c a n  a lso be sta p led if the a n g l e  
i s  appropr iate a n d  there is  no compromise t o  the ce l i ac  
tru nk .  Rare ly, the l eft gastr ic a rtery wa rra nts l igat ion at  
th i s  j u ncture i n  order  to fac i l itate com p l ete lymph node 
d i ssectio n .  However, th i s  is  not  a n  opt ion  i n  the case of  
a rep laced left hepatic a rtery, and  it is  very i m portant 
to ca refu l ly review the preoperative CT ang iogram pre
operatively to be fu l ly aware of any a berrant a rteria l  
a natomy. 
The sp len ic  ve in  is enc i rc led and  d iv ided at the j u nct ion 
with the PV. D i ssect ion i n  a sag itta l p l ane  then proceeds 
unt i l  the su per ior mesenteric a rtery (SMA) is  ident if ied.  
The per iaortic lymph tissue between the ce l i a c  tru n k  and 
SMA is then removed.  An adeq u ate d issect ion exposes 
the left side of the aorta from the or ig i n  of the SMA su
per ior ly to the or ig in  of the ce l iac tru n k  (FIG 4} .  
• This  d i ssect ion ca n be carr ied down onto the d ia

phragm, if  necessa ry, to inc lude  the a d rena l  g l a n d  
as part o f  t h e  resected spec imen if needed.  

• The left ren a l  ve i n  shou ld  be the i nfer ior  border 
of d i ssect ion .  The adrenal ve i n  is  identif ied and re
ma ins  u n d istu rbed if  the adrena l  gland i s  not part 
of the spec imen .  Gerota's fasc ia is resected from the 
super ior  po le  of the k idney i n  the case of more lat
era l  m a l i g n ancies.  
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FIG 4 • Exposu re of l eft aorta from SMA to ce l i a c  tru n k  (A) with left adrena l  in p lace, (B) with left adrena l  removed.  

• The super ior  and  i nfer ior  pancreatic peritonea l  attach
m ents are then d iv ided and d i ssect ion proceeds latera l ly. 
The IMV i s  l i gated and  tra nsected a n d  the sp leen is  sepa
rated from the k idney as the final operative step prior to 
speci men remova l .  
• Although rare, adrenal resection is sometimes neces

sary and has been described in deta i l  by Strasberg et a l .3 

Spleen-Preserving Distal Pancreatectomy 

• Sp len ic  preservation can be considered in the case of 
cyst ic les ions or sma l l  wel l -d ifferentiated neoplasms for 
which a l a rge rad ica l exc is ion is  oncolog ica l ly u n necessa ry. 

• There a re severa l tech n iq ues for sp len ic  preservat ion :  
• The Warshaw• tech n ique of d iv id ing the sp len ic  a r

tery and ve i n  prox ima l  to the tumor and then aga in  

at the sp len ic  h i l u m, leavi ng the short gastrics and 
as the pr imary b lood supply for the spleen is  occa
s iona l ly  attem pted but is less commonly  performed 
secondary to the severity of com pl i cations that can 
occur, namely splenic i nfa rcts, splenic a bscess, and 
gastric varices. 

• The more common method of sp len ic  preservat ion 
i nvolves preservation of the sp len ic  vessels  and  care
ful d i ssect ion of the vessels  away from the poste
rior pancreas unt i l  the sp len ic  h i l u m  is  reached.  The 
sma l l  a rter ia l  a n d  more n u merous venous branches 
a re isolated between c l a m ps a n d  l igated or con
tro l led with a surgical  energy device. FIG S shows 
the resect ion bed fo l l owing sp leen preserv ing d ista l 
pancreatectomy. 

FIG 5 • Resect ion bed fo l l owing sp leen preservat ion .  
SV, sp len ic  ve in ;  SA, sp len ic  a rtery. 



PANCREATIC TRANSECTION 

• I n  cases of relatively nonedematous or nonf ibrotic pan
creatic parenchyma that is  typ ica l ly not g reater than 1 . 5 
em in th ickness, an Endo G IA sta p ler  can be used to tra n
sect the pancreas (3 .0-mm load) .  I n  cases of pancreatic  
edema or a th icker g land,  a n  energy device can be used 
for parenchyma l  tra nsect ion,  and the l i n e  of transect ion 
i s  then oversewn us ing a r u n n i ng, lock ing 3-0 Pro lene 
stitch .  FIG 6 sh ows pancreatic tra nsect ion us ing a thora
coa bd o m i n a l  (TA) sta p ler. 

• The speci men is removed and m a rked for marg ins  on a 
back tab le .  The surgeon may wish to wa l k  to pathology 
persona l l y  to ensure spec imen or ientat ion and  d i scuss ion 
of marg ins .  

CLOSURE 

• 

• 

• M i d l i n e  fasc ia l  i nc 1s 1on is c l osed us ing  ru n n i n g  looped • 
0 or 1 -0 polyd ioxa none (PDS) sutu re .  Sk in  is then reap
proxi m ated with i nterru pted 3-0 Vicry l  deep derm a l  
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The tra nsected spec imen should be sent to patho logy for 
m a rg i n  assessment-typica l ly, the pancreatic m a rg i n  is  
assessed and,  if  i n  q uest ion and  there is  the possi b i l ity 
of add it iona l  retroperitonea l  c learance, then a frozen 
sect ion on the retroperitonea l  m a rg i n  may be o bta ined 
as we l l .  Ser ia l  sect ions may be req u i red to esta b l i sh ad
equate marg ins .  
The resect ion bed may be ma rked with c l i ps for  postop
erative radiation if proced u re is  for a ma l i gnancy, particu
lar ly, if there is  a marg i n  which is  felt to be i n  question 
fo l lowi ng rad ica l resect ion .  A c losed suction d ra i n  is  left i n  
t h e  resect ion b e d  n e a r  t h e  pancreatic stu mp .  S i z e  and type 
of d ra i n  a re based on surgeon preference. In general ,  our  
practice is to  use  a 1 0-Fr f l a t  J ackson-Pratt d ra i n .  The  colon 
and stomach are p laced i n  the ir  usua l  anatomic  posit ion .  

FIG 6 • Pancreas d iv is ion us ing TA sta p ler. 

sutu res a n d  4-0 Monocryl sutu re in a ru n n i n g  su bcuticu
l a r  fash ion .  
Su bcosta l  fasc ia l  i nc is ion is  c losed i n  one or  two lay
ers using 0 or 1 -0 PDS suture depen d i n g  on  su rgeon 
preference. 

799 



800 P a r t 3 OPERATIVE TECHNIQUES IN  HEPATO-PANCREATO-BILIARY SURGERY 

PEARLS AND PITFALLS 

I n d ications • A com p l ete h i story and  physica l and  review of imag ing  must be performed to ensure the patient 
i s  a n  a ppropr iate surgical  ca nd idate and  to review for any a berrant anatomic cons iderat ions .  
If a ppropr iate, m i n i m a l ly i nvasive techn iq ues a re preferred . 

I nc is ion • M id l i n e  i nc is ion is  p referred fo r more s lender  patients or  those with a sharp ly ang led costa l m a r-
g i n .  The sp len ic  f l exu re can be mob i l ized l aparoscop ica l ly for enha nced ease of d i ssect ion and  
potent ia l ly a more  l i m ited m i d l i ne inc i s ion .  

• Patients w ith  h i g h  sp len ic  fl exu re or  those u ndergo ing  a sp len ic-preserv ing proced u re may ben efit 
from left su bcosta l  inc i s ion .  

I n it i a l  su rvey a n d  exposu re • Retractor p lacement (Om n i-Tra k) 
• Any u n a ntic i pated lymphadenopathy outs ide the p l an ned p lane  of d i ssect ion or unexpected 

suspected metastases shou ld  be b iops ied and sent for frozen sect ion pr ior  to any d i ssect ion .  
Be certa i n  to exa m i n e  the head of the pancreas. 

Exposu re of the pancreas • When mob i l i z i ng  the poster ior  stomach away from the a nter ior pancreas, vessels  encou ntered be-
tween the gastrum and mesoco lon shou ld  be l i g ated with care taken not to in jure the m idd le  co l i c  
vesse ls .  Do n o t  a p p ly undue  tens ion i n  retract ing t h e  c o l o n  d o w n  as t h e  m idd le  c o l i c  ve i n  ca n b e  
avu lsed off t h e  SMV. 

Latera l to med i a l  • If t h e  point o f  tra nsect ion needs t o  occur proxi ma l  t o  t h e  sp len ic  vei n/PV confl uence and the 
(retrograde) d i ssect ion PV i s  free of tumor, a p lane  on the a nterior surface of the ve i n  can be deve loped to faci l itate 

pa ncreatic pa renchyma l  tra nsect ion c loser to the pancreatic neck. Th is  may req u i re l i gation of the 
gastroduodena l  a rtery. 

Med ia l  to latera l • Dur ing  sp len ic  a rter ia l  l i g at ion,  control is o bta ined proxi m a l  to ant ic i pated site of l igat ion pr ior  to 
(antegrade) d i ssect ion t ie or  sta p ler  p l acement. 

• Pr ior to l igat ing the sp len ic  a rtery, enc irc le and occ lude it,  then verify that the proper hepatic i s  sti l l  
pu lsati l e  t o  verify l igat ion o f  t h e  correct structure .  

• If needed, secondary to extens ive poster ior  i nvolvement, d i ssect ion can be carr ied down onto the 
d i a p h ragm to inc lude the adrenal  g l a n d  as part of the resected spec imen .  

• If tra nsverse co lon  i nvolvement i s  suspected, a fu l l  bowel preparat ion is  recom mended i n  a nt ic ipa
t ion of poss ib le  en b l oc resect ion .  

Sp len i c  preservat ion • Sp len ic  preservat ion  ca n be cons idered i n  the case of cyst ic  les ions or sma l l  we l l -d ifferentiated neo-
plasms for which a l a rge  rad ica l  exc is ion is  onco log ica l ly unnecessa ry. 

Pa ncreatic tra nsect ion • I n  cases of severe edema or  f ibrosis or  a th icker g land (> 1 .2 to 1 . 5 em), hemostas is  and  pancreatic 
duct c losure can be incomplete with the use of a sta p ler. I n  this insta nce, our  preference is  to use 
and energy device to transect the pa ncreas. 

• Regard less of tra nsect ion method, the pancreatic stu m p  i s  a lways oversewn using a ru n n i ng, 
lock ing 4-0 Pro lene suture .  

Spec imen a n a lysis • It i s  i m porta nt to work with pathology co l l eagues both on  speci men or ientat ion and to encourage 
a ppropr iate noda l  retrieva l a n a lysis .  I nk ing  of margins by the surgeon is  encouraged.  

POSTOPERATIVE CARE 

• Blood glucose should be closely monitored postopera
tively. Development of diabetes in the postoperative setting 
is widely variable, ranging from 9% to 40% and may de
pend on the preoperative pancreatic function and severity 
of chronic pancreatitis.5 Whichever the case, blood glucose 
must be closely monitored in the perioperative setting and at 
regular intervals in the long term. 

• A transient elevation of pancreatic enzymes may be noted 
but should trend down within several days . Closed suction 
drainage should remain in place until the patient's diet has 
been advanced, and drain output should be monitored for 
signs of pancreatic fistula. Although there is a trend toward 
drainless pancreatic surgery, it remains our preference to use 
a closed suction drain to monitor for postoperative fistula. 
The reported incidence of fistula is 9% to 3 5 % ,  regardless 
of pancreatic transection technique. If there is persistent 

amylase-rich output at 4 weeks postoperatively, the patients 
are treated with pancreatic duct stenting, which typically re
solves the fistula and allows for drain removal. 

• We typically begin clear liquid diet on postoperative day 2, 
depending on patient status. From there, diet is advanced 
in the standard fashion, based on patient distension and 
abdominal comfort level. Postoperative nasogastric tube 
placement is not used as a standard, although in the case of 
a longer operative duration with retraction of the stomach 
upward and more extensive dissection, it may be used for 24 
to 48  hours after surgery. 

• Once diet is advanced, providers should be vigilant for 
symptoms of pancreatic insufficiency even if blood glucose 
control remains adequate. Many patients will benefit from 
perioperative pancreatic enzyme supplementation, particu
larly if they had any underlying chronic pancreatitis preop
eratively. Approximately 17% will need supplementation in 
the long term. 6 



• For any patients undergoing pancreatic resection, it is im
portant that they are monitored by their primary care physi
cians for vitamin D deficiency and osteoporosis in the long 
term at their health maintenance exams, which can result 
from long-standing pancreatic exocrine insufficiency. The 
surgeon should communicate this surveillance need to the 
patient's primary care physician, as they may otherwise be 
unaware of this possible disease-specific deficiency. 

OUTCOMES 

• An RO resection should be the goal in every oncologic resec
tion. Long-term results for distal pancreatectomy vary sig
nificantly based on pathology. With adenocarcinoma of the 
body and tail of the pancreas, long-term results of the ante
grade technique have shown improved negative margin rates 
with only 9% positive tangential margins in recent years as 
compared to the more traditionally observed approximate 
25% Rl resection rate seen with the retrograde method.7 
With the antegrade method, Strasberg and colleagues3 are 
reporting an actual 5-year survival of 30 .4% with an actuar
ial survival of 35 .5 % .  However, one must bear in mind that 
most of the evidence surrounding open distal pancreatec
tomy for malignancy is underpowered, single-institution, 
and retrospective in nature . 

COMPLICATIONS 

• Most of the available outcomes data for distal pancreatec
tomy exists as retrospective case series or large reviews of 
case series. Therefore, reporting of certain complications is 
highly variable. 

• Overall complication rates are reported as high as 40% for 
open distal pancreatectomy in large series .5•8 

• The data regarding pancreatic bed and subphrenic abscesses is 
conflicting with some authors demonstrating increased abscess 
formation following spleen-conserving surgery, and others re
porting the opposite.9•10 With increasing popularity of splenic 
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preservation as more solid and cystic pancreatic lesions are 
identified incidentally, a more clear picture of benefit and risk of 
splenectomy versus splenic preservation will hopefully emerge. 

REFERENCES 

1. Lillemoe KD, Kaushal S, Cameron JL, et al. Distal pancreatectomy: 

indications and outcomes in 235 patients. Ann Surg. 1999;229 (5 ) :  
693-698; discussion 698-700.  

2 .  Fleisher LA, Beckman JA, Brown KA, et  al .  ACC/AHA 2007 guidelines 

on perioperative cardiovascular evaluation and care for noncardiac 

surgery: a report of the American College of Cardiology/American 

Heart Association Task Force on Practice Guidelines (Writing Com
mittee to Revise the 2002 Guidelines on Perioperative Cardiovascu

lar Evaluation for Noncardiac Surgery) :  developed in collaboration 

with the American Society of Echocardiography, American Sociery of 
Nuclear Cardiology, Heart Rhythm Sociery, Sociery of Cardiovascular 
Anesthesiologists, Society for Cardiovascular Angiography and Inter

ventions, Society for Vascular Medicine and Biology, and Sociery for 

Vascular Surgery. Circulation. 2007; 1 1 6 ( 1 7):e41 8-e499. 

3 .  Strasberg SM, Drebin JA, Linehan D.  Radical antegrade modular pan
creatosplenectomy. Surgery. 2003;133 (5 ) :521-527. 

4 .  Warshaw AL. Conservation of the spleen with distal pancreatectomy. 

Arch Surg. 1 988 ;123 (5 ) :550-553.  
5 .  Hutchins RR, Hart RS,  Pacifico M, et al .  Long-term results of dis

tal pancreatectomy for chronic pancreatitis in 90 patients. Ann Surg. 

2002;236(5 ) :612-6 1 8 .  

6 .  Speicher JE, Traverso LW. Pancreatic exocrine function i s  pre
served after distal pancreatectomy. ] Gastrointest Surg. 2010;14(6 ) :  
1 006-1 0 1 1 .  

7 .  Mitchem JB, Hamilton N ,  Gao F, e t  al. Long-term results o f  resection 

of adenocarcinoma of the body and tail of the pancreas using radical 
antegrade modular pancreatosplenectomy procedure. JAm Coli Surg. 
2012;214( 1 ) :46-52. 

8 .  Kooby DA, Gillespie T, Bentrem D, et al. Left-sided pancreatectomy: 

a multicenter comparison of laparoscopic and open approaches. Ann 
Surg. 2008;248(3  ) :43 8-446. 

9 .  Benoist S, Dugue L, Sauvanet A, et al. Is there a role of preservation 

of the spleen in distal pancreatectomy? ] Am Coil Surg. 1999; 1 8 8 ( 3 ) :  

255-260. 
10.  Shoup M, Brennan MF, McWhite K, et al. The value of splenic preserva

tion with distal pancreatectomy. Arch Surg. 2002;137(2) : 164--168. 



Chapter 41 Minimally Invasive Distal 
Pancreatectomy 

·----------------------------------------------------- .... 

t Pa ul D. Hansen W. Cory Johnston 

DEFINITION 

• Laparoscopic and robotic approaches to distal pancre
atectomy were initially reserved for small, benign lesions 
of the pancreatic body and tail. As surgical expertise and 
refinements of the techniques progressed, indications 
have expanded to include larger lesions and invasive 
malignancies .  

• Minimally invasive resections are now commonly performed 
in cases of malignant neoplasms with oncologic outcomes 
equivalent to open resection in experienced hands. 

• The decision to attempt splenic preservation is dictated by 
the underlying pathology, the size and location of the lesion, 
and its relationship to the spleen and splenic vasculature. 

DIFFERENTIAL DIAGNOSIS 

• Pancreatic adenocarcinoma 
• Pancreatic neuroendocrine tumors 
• Cystic pancreatic lesions 
• Pancreatic metastases 
• Sequelae of chronic pancreatitis 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Tumors of the pancreatic body and tail are typically asymp
tomatic and are, therefore, more likely to manifest in the 
later stages of disease progression. Consequently, regional 
and distant disease is commonly encountered during the ini
tial evaluation or at the time of surgical exploration. 

• Careful attention should be made in the history and physical 
examination to elicit symptoms and signs of advanced dis
ease including back pain from invasion of the celiac plexus, 
nausea and early satiety from invasion or compression of the 
stomach or duodenum, and splenomegaly caused by throm
bosis of the splenic vein. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The primary imaging modality is pancreatic protocol, mul
tiphase computed tomography (CT) scans including precon
trast, arterial, and portal venous phases. 1- to 3-mm cuts 
with coronal and sagittal reconstructions allow a detailed 
analysis of the pancreas, the pathologic target, and the sur
rounding vasculature and viscera {FIGS 1-3A) .  Abdominal 
and pelvic CT is also useful in identifying the presence 
of lymphadenopathy, metastatic peritoneal or omental 
implants, and hepatic metastases. In patients with known or 
suspected pancreatic adenocarcinoma, a staging chest CT is 
also recommended. 

• Abdominal magnetic resonance imaging (MRI) is slightly 
more sensitive in identifying liver metastases but provides 
less anatomic soft tissue detail regarding the pancreas and 
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vasculature. Magnetic resonance cholangiopancreatography 
(MRCP) can be helpful in grossly examining ductal anatomy 
but does not provide fine detail. MRI requires a higher de
gree of patient cooperation but may be helpful in patients 
with contrast allergies or other contraindication to contrast
enhanced CT. 

• Endoscopic ultrasound (EUS) is operator-dependent but can 
result in a more accurate assessment of tumor size and rela
tionship to the portal and superior mesenteric veins (SMV) 
( FIG 18). Assessment of superior mesenteric artery (SMA) 
and celiac involvement is no better than CT. Tissue sampling 
via ultrasound-directed fine needle aspiration (FNA) of pri
mary tumor or regional lymph nodes may provide confir
matory tissue diagnosis. EUS-guided sampling of fluid from 
pancreatic cystic lesions may help distinguish between be
nign and premalignant tumors.  

• Endoscopic retrograde cholangiopancreatography (ERCP) 
can be useful in providing fine details of pancreatic and bile 
duct anatomy, such as dilatation, strictures, luminal defects, 
or masses. 

A 

B 

FIG 1 • A. Venous-phase CT showing a hypodense mass i n  
t h e  pancreatic body adjacent t o  t h e  sp len ic  a rtery. T h e  d i sta l  
pancreatic duct i s  d i l ated . B. EUS showing the pancreatic body 
mass with d i rect abutment with the sp len ic  a rtery (SA) . 

-
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B 

FIG 2 • A. Venous-phase CT showing an i r reg u l a r  hypodensity i n  
the pancreatic  ta i l .  T h i s  was proven t o  b e  a ducta l adenocarc inoma 
on EUS/FNA. B. IOUS  image showing a n  i rreg u l a r, hypoechoic 
mass i n  the pancreatic  ta i l  around the pancreatic  duct (PD).  The 
mass abuts both the sp len ic  vei n  (SV) and the sp len ic  a rtery (SA) . 

• Intraoperative ultrasound (IOUS) is used routinely to define 
the relevant pathology, to identify important vascular struc
tures, and to determine resectability during operative staging 
( FIGS 2B and 3B) .  

SURGICAL MANAGEMENT 

Preoperative Planning 

• Feasibility of resection should be determined preoperatively 
based on cross-sectional imaging and EUS. We use National 
Comprehensive Cancer Network (NCCN) guidelines for re
sectability based on the tumor's relationship to the SMA and 
celiac trunk. 1  Portal, superior mesenteric, splenic, and left 
renal vein involvement do not preclude resection but may 
suggest a role for neoadjuvant therapy.2 Resection of the ce
liac trunk with reconstruction of the hepatic artery has been 
described in numerous series, but most major American cen
ters have not adopted this approach.3 

• The extent of gland resection is variable and should be di
rected by tumor location within the pancreas and its rela
tionship with relevant blood vessels. Lesions in the tail of the 
pancreas can be resected with preservation of the neck and 
body, whereas more proximal lesions may require division 

B 

FIG 3 • A. Venous-phase CT showing a rou nded hypervascu la r  
mass i n  the pancreatic  ta i l .  The patient presented with 
sym ptomatic hypog lycem ia .  The tumor was proven to be an 
insu l i noma by EUS/FNA. She was treated with a sp leen-preserv ing 
d ista l pancreatectomy. B. IOUS  showing the insu l inoma at the 
t ime of resect ion .  The deep marg i n  was with i n  2 m m  of the 
pancreatic  duct (PD).  

of the gland closer to the portal vein. The gastroduodenal 
artery (GDA) is generally considered the landmark for the 
proximal limit of transection, as division of the pancreas 
more proximally places the intrapancreatic bile duct at risk 
of injury. 

• The decision to include the spleen in the resection is typically 
made preoperatively based on surgeon preference and the 
characteristics of the tumor. If malignancy is suspected, the 
spleen and lymphatic tissue along the splenic vessels should 
be resected en bloc with the pancreas . Cystic lesions that are 
considered low risk for malignancy can be considered for 
a spleen-preserving approach. Intraoperative findings may 
alter plans for spleen preservation. 

• Central venous access is typically not necessary as long as 
reliable, large-bore peripheral intravenous ( IV) lines are es
tablished. An arterial blood pressure catheter can be placed 
at the discretion of the anesthesiologist. 

Positioning 

• The patient is positioned supine or, in some cases, in a gentle 
right semilateral decubitus position on a padded mattress .  
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The arms are supported on arm boards at just under 90 de
grees to prevent stretch of the brachial plexus. Alternatively, 
the arms may be tucked at the patient's side to facilitate 
placement of fixed retractors. 

• During the dissection, the operating table is positioned in 
reverse Trendelenburg with the left side slightly elevated so 
that the hollow viscera fall caudad and to the right, away 
from the operative field. 

• The position of the operating surgeon depends on the po
sition of the tumor within the pancreas and may change 
during the procedure. During mobilization of the stomach 
and colon, the surgeon is typically on the patient's right 
with the assistant on the patient's left .  Once the body and 
tail of the pancreas are exposed, the surgeon's position 
depends on tumor location. If the tumor is distal and the 

DIAGNOSTIC LAPAROSCOPY 

Port Placement 

transection of the pancreas will be in the body, the sur
geon stays on the patient's right. If the tumor is in the 
proximal body and the point of transection will be at the 
pancreatic neck, the dissection may be easier by having 
the surgeon stand on the patient's left. This facilitates the 
surgeon's ability to dissect along the superior mesenteric 
and portal veins and create the window behind the neck of 
the pancreas. 

• We typically use a 1 0-mm high-definition (HD) laparoscope 
to ensure optimal visualization. Alternatively, a 5-mm HD 
laparoscope may be used. 

• We prefer to use dual carbon dioxide (C02 ) insufflation de
vices . This can be valuable in cases where bleeding occurs, 
as laparoscopic suction devices can rapidly decompress 
pneumoperitoneum. 

• Two or th ree add it iona l  ports a re p laced, depend ing on 
the comp lexity of the proced u re and on  the posit ion of 

the tumor with i n  the pancreas (FIG 4) .  

• For exp loratory lapa roscopy, we sta rt with two ports. The 

fi rst is  typica l ly 1 1  or  12 m m  and p l aced j ust be low the 
u m b i l icus.  The second i s  a n  1 1  or 12 m m  and  p laced just 
l atera l to the l eft rectus m uscle, at the level of the um

b i l icus .  These ports fac i l itate peritoneoscopy and lapa ro
scop ic  u ltrasound exa m i nation .  

• A h igh, r ight 5-mm subcosta l port w i l l  u ltimately serve to 
retract the stomach cephalad to expose the pancreas. Ad

dit ional  5-mm ports may be p laced just latera l to the r ight 
rectus m uscle above the level of the umb i l icus or latera l ly 

a long the left subcostal marg in .  Which ports are used for 

the camera, surgical d i ssection, or assistant's retraction wi l l  
depend on the position of  the  tumor  as described ear l ier. 

Vid��r I 
mooi/ 

Ultraso��d ! 
mooit/ 

FIG 4 • I l l ustrat ion showing port posit ions.  The 
patient i s  posit ioned sup ine  with the left s ide b u m ped 
s l i ghtly with a padded wedge.  The arms can be tucked 
or  extended.  The surgeon can stand on  e ither s ide; 
typi ca l ly, patient's r ight for d i sta l  tumors and patient's 
left for proxi ma l  tumors. 



C h a p t e r  41 M I N I MALLY I NVASIVE DI STAL PANCREATECTOMY 

• A hand port may be used at the surgeon's d i scret ion .  Hand 
assistance can be very useful for  l a rge tumors that  i nvade 

the surround ing  viscera, infl ammatory masses, and proxi
mal tumors that a but the ce l i ac  axis .  The opt ima l  posit ion 
of the port is  var iab le .  R ight-handed surgeons w i l l  prefer 
to have the left hand in the port, and a lower m i d l i ne 
posit ion is p referred . Left-handed surgeons typica l ly pre

fer to have the i r  r ight hand in the port, which shou ld  be 
positioned latera l ly beneath the left costa l  marg i n .  

Examination of  Peritoneum and Viscera 

• 

• 

• 

• 

The enti re peritonea l  su rface is exa m i ned for carc inoma
tosis. Susp ic ious  les ions are b iops ied and  sent for i m medi
ate patho log ic  ana lysis . 
The abdom ina l  v iscera are l i kewise exa m i ned and any 

susp ic ious lesions a re sampled .  Although we look at the 

omentum and  eas i ly  access ib le  v iscera, we typ ica l ly do 
not "run the bowe l "  u n l ess otherwise i nd icated. 
The root of the sma l l  bowel mesentery and the undersurface 

of the transverse mesentery are examined in cases of large 
mal ignant tumors and those located in  the centra l pancreas. 

Ascitic f l u id  is  sent for cyto logy . 

LAPAROSCOPIC DISTAL PANCREATECTOMY 

AND SPLENECTOMY 

Intraoperative Ultrasound 

• The l iver is systematica l l y  exa m i ned for evidence of me
tastases. Su rface les ions are wedged out with a sma l l  
marg i n  and sent for frozen sect ion ana lysis. l ntra paren
chyma l  nodu les a re b iopsied with a cori ng need le  and 

sent for i m med iate patho log ic  ana lysis .  
• The pancreatic parenchyma is exa m i ned .  The exact loca

t ion and d imens ions of the tumor  a re determi ned as we l l  
as  its re lat ionsh i p  t o  t h e  duct (FIG 38) .  

• The relat ionsh i p  of the tumor to the SMA, SMV, sp len ic  

vessels, and  left rena l  ve i n  i s  determi ned (FIG 28}. The 

i ntended location of pancreatic g l and  tra nsect ion i s  
est imated. 

• 

• 

Paraaort ic lymph nodes as wel l  as those a long the or ig ins  
of the ce l i a c  trun k  and the SMA are exa m i ned.  Susp ic ious 

lymph nodes outs ide the l i m itations of the proposed 
resect ion shou ld  be b iops ied and sent for frozen sect ion .  
The proced u re is  term inated or  a predetermi ned pa l l ia 
t ive bypass is  performed if d iagnost i c  l aparoscopy revea l s  

metastatic or  loca l l y  u n resecta b le  d isease. 

from the inferior splenic pole. This dissection occurs in  the 
avascular plane between Gerota's fascia and the mesocolon. 

• The i nfer ior po le  of the sp leen is mob i l ized by d iv id ing  

Mobilization of the Splenic Flexure the avascu l a r  retroperitonea l  attachments. 

• With the patient in reverse Trendelenburg position with the 
left side rotated up, the latera l peritoneal reflection is i ncised 

and the proximal  descending colon is media l ized. The d ista l 

transverse colon and splenic flexure are brought down away 

A 

<Oif .... , ' I I I I I I I I I I 

• The lesser sack can be entered anter ior to the ta i l  of 
the pancreas d u ring  th i s  d i ssect ion .  Th is  "c lockwise ap

proach"  i s  described by Asbun  and Stauffer4 and  can be 
usefu l for exposure of the pancreatic body v ia  a left to 
r ight d iv is ion of the gastroco l i c  l i ga ment (FIG SA, B) .  

F IG  5 • I l l ustrat ion showing "c lockwise" tech n ique  for  exposure of the d i sta l  pancreas. A. The left co lon  and  sp len i c  fl exu re are 
mob i l ized from left to r ig ht. The lesser sack is  entered i n  the plane between the pancreatic ta i l  and  the transverse mesoco lon .  
B. The gastroco l i c  and gastrosp len i c  l i gaments a re then d iv ided to expose the pancreas and  to d rop the transverse co lon  out  
of the f ie ld of d i ssect ion .  
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FIG 6 • Operative image showing d iv is ion of the short 
gastr ic vessels between the g reater curvature and  the sp leen .  
These vessels can be taken safe ly with b ipo lar  or u ltrason i c  
coagu lat ing devices un l ess they  are engorged due  to sp len i c  
ve i n  thrombosis .  

Entry into the Lesser Sack and Division of the Short 
Gastric Vessels 

• Preserv ing the r ight gastroep ip lo i c  a rcade, the lesser sack 
is  trad it ion a l ly entered through the gastroco l i c  l i ga ment 
j ust below the g reater curve of the stomach .  The gastro
co l i c  and gastrosp len ic  omentums a re then d iv ided from 

r ight to left us ing u ltrason ic  shears or  a b ipo la r  e lectro
cautery device (FIG 6) .  

• E n l a rged venous co l l atera ls  may be present in th i s  a rea if 
the splenic ve i n  is  i nvaded or  throm bosed . A l i near  sta
p le r  or  i nd iv idua l  vessel l igat ion with c l i ps or t ies is  often 

preferred for d iv is ion of va r ices g reater than 3 m m  in 

d i ameter. 
• M o b i l izat ion of the fundus conti nues a l l  the way to the 

l eft crus.  The poster ior wa l l  of the stomach i s  mob i l ized 

a nter ior ly to comp letely expose the body and ta i l  of the 
pancreas. Avascu la r  congenita l  adhes ions are freq uently 
present between the stomach and pancreas and can be 

d iv ided b l untly or  with e lectrocautery (FIG 7) .  

• For proxi ma l  tumors of the pancreatic body, the d i ssec
t ion cont in ues towa rd the patient's r ight .  The transverse 

FIG 7 • Operative image demonstrat ing the d iv is ion of the 
congen ita l  adhes ions from the poster ior wa l l  of the stomach 
to the pancreatic body. 

mesoco lon is swept cauda l l y  in an avascu la r  p lane  that 

exposes the m idd le  co l i c  and gastroep ip lo i c  vessels, 
which are fo l l owed to the i r  confl uence with the SMV. 
The a nter ior surface of the SMV is c leared cepha lad  i n  
its adventitia l  p l ane  u p  t o  t h e  i nfer ior marg i n  o f  the 
pancreas. 

Mobilization of the Pancreatic Body and Tail 

• 

• 

• 

• 

• 

• 

The stomach is retracted anter ior ly, away from the pan
creas us ing a l iver retractor or  by sutu r ing the g reater 
cu rve to the abdom ina l  wa l l  (FIG 8) .  

Us ing e lectroca utery or  u ltrason i c  energy, the retroperi
toneum is i ncised along the i nfer ior  border of the pan
creas from medial  to l atera l .  Gent le retract ion is  used on  

the pancreas, as  it is  p rone to tea r ing and b leed i n g .  
T h e  l i n e  o f  tra nsect ion o f  the pancreas is  d i ctated by 
the location of the patho logy. Tumors from the ta i l  to 
the m idbody can be resected with a generous marg i n  by 
transect ing  the proxi ma l  pancreatic body. Tu mors invo lv

i ng  the proxim a l  body requ i re subtota l d i sta l pancre
atectomy with g l and  transect ion of the pancreatic neck 
a nter ior to the SMV. Tumors i nvo lv ing the pancreatic 

neck req u i re tra nsect ion to the right of the SMV. The 
most proxi m a l  resect ion p lane  is  where the G DA passes 

a nter ior to the pancreatic head.  Attem pts to resect fur
ther to the r ight may resu lt  in i nj u ry to the i ntra pancre
atic b i l e  d uct. 
The p lane  between the poster ior  wa l l  of the pancreas and  

the retroperitonea l  fat is  entered and  the g l and  is  mob i 
l ized a nter ior ly with b l u nt d i ssect ion or e lectrocautery. 
The pancreatic ta i l  is mob i l ized a nter ior ly, tak ing care 
not to enter the sp len ic  h i l u m .  The p lane  of this d i ssec
t ion w i l l  i ntersect in the lesser sack with the p lane previ

ously opened d u ring  mob i l izat ion of the sp len ic  f l exu re 
of the co lon .  
The retroperitoneum a long the super ior  marg i n  of the 

pancreas is  d iv ided a long the length of the g land.  The 
splenic a rtery is  freq uently seen i n  a superfic i a l  retroperi
toneal  p lane and can be d issected and enc i rc led with a 
vascu la r  loop.  

FIG 8 • Operative image showing exce l lent exposure of the 
pancreatic body after d iv is ion of the gastroco l i c  omentum 
and e levation of the stomach with a retractor p laced through 
a r ight  upper  quadrant port.  
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FIG 9 • Operative image demonstrat ing d i ssect ion of the 
splenic ve i n  behind the poster ior  aspect of the pancreatic 
body. A window i s  created between the splenic ve i n  and the 
super ior edge of the pancreas. The splenic a rtery i s  often seen 
behind the ve i n  from th is  perspective. 

Isolation and Division of the Splenic Vein 

• 

• 

• 

U ltrasound is used to confi rm the locat ion of the tumor 

and  to select a n  a ppropr iate l i ne  of g l and  transect ion .  

The sp len ic  vessels a re a lso v i sua l ized and  the i r  re lat ion
sh ip to the pancreas is  noted (FIG 28) .  For d i sta l tumors, 

the ve i n  is  d i ssected and d iv ided beh ind  the pancreatic 
body. For proxi ma l  tumors, the SMV/sp len ic  ve in con
f luence is  d i ssected behind the pancreatic neck and the 
splenic ve i n  is  d iv ided here. 
With the pancreas refl ected a nter ior ly and cepha lad, 

the sp len ic  ve i n  is  located behind the pancreas in the in
tended reg ion of transect ion .  The ve in may be part ia l ly 
or comp letely enveloped in pancreatic t issue, part icu la r ly 
at the more d i sta l aspects of the g l and .  
A cu rved d i ssector is  used to  enter the adventit ia l  p l ane  

around the ve i n  and  create a tunne l  between the ve in  
and pancreas (FIG 9) .  The tunne l  i s  extended cepha lad 

and a nter ior ly u p  to the super ior  marg i n  of the pancreas. 

FIG 10 • Operative image of the mob i l ized pancreatic body. 
Passage of a vascu l a r  loop around the pancreas he lps with 
retract ion d u r ing  vascu la r  d i ssect ion and posit ion ing  of the 
sta p l i n g  device.  

FIG 11 • Mobi l izat ion of the splenic ve i n  (SV) away from the 
poster ior wa l l  of the pancreas, and enc i rc lement of the ve i n  
with a vascu l a r  l o o p  t o  fac i l itate retract ion .  

• 

• 

• 

• 

The sp len ic  a rtery may be encou ntered and  exposed d u r

i ng  th i s  d i ssect ion .  
A short vessel loop may be passed around the pancreas 
and the ta i l s  retracted a nter ior ly, fac i l itat ing  exce l lent 

exposu re to the sp len ic  ve i n  (FIG 1 0) .  

T h e  sp len ic  ve i n  i s  d i ssected c i rcumferent ia l l y  and m a y  b e  
enc i rc led with a second vesse l loop.  T h e  l o o p  is  used for 

retract ion as the ve i n  i s  mob i l ized away from the pan
creas a long a suff ic ient length to provide passage of a 
l i near  sta p ler  (FIG 1 1 ) .  

T h e  ve i n  is  d ivided with a l i near  vascu l a r  stap ler  or  be
tween lock ing c l i ps or nona bsorbab le  t ies.  If the ve i n  i s  
c losely opposed to the pancreas at the point of tra nsec
t ion,  it can be inc luded in the stap le  l i n e  if a l i near  stap ler  
is  used . 

For proxi m a l  tumors, the a nteromed i a l  surface of the 
SMV i s  b l u ntly d issected away from the pancreatic neck 
to expose the confl uence of the sp len ic  ve in (FIG 1 2), 

FIG 12 • Operative image showing the d i ssect ion of the 
SMV/sp len ic  ve i n  (SV)/porta l ve in  (PV) confl uence beh ind  
the neck  of the pancreas. Th is  is  the marg i n  of tra nsect ion 
for more proxi m a l  tumors of the pancreatic body. Patho logy 
i nvo lv ing the pancreatic neck req u i res d iv is ion of the pancreas 
even further to the patient's r ight i n  the reg ion of the G DA. 
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FIG 1 3  • A. Operative image demonstrati ng anter ior 
retract ion of the pancreas to expose the splenic ve i n  
(SV; looped and retracted poster ior ly) and  t h e  sp len ic  
a rtery (SA) . B. I l l ustrat ion demonstrating  a nter ior 
retract ion of the pancreas to expose the SV ( looped and 
retracted poster ior ly) and  SA. B 

Splenic artery 

Tumor 

which can then be enc i rc led and d iv ided either proxim a l  o f  IOUS  i n  proxi ma l  tra nsect ions to confi rm iso lat ion of 

or  d i sta l  to the i nfer ior mesenteric ve i n  ( IMV) confl uence.  the splenic a rtery, as i nadvertent d iv is ion of the ce l i ac  
tru n k  and common hepatic a rtery have been reported 

Isolation and Division of the Splenic Artery (FIG 1 5A-C) .  

• 

• 

• 

The sp len ic  a rtery is typ i ca l ly encou ntered cepha lad  to 

the sp len ic  ve i n  a long the super ior  edge of the pa ncreas, 
a lthough it i s  a tortuous vessel and its cou rse can be 
u n pred icta b le  (FIG 1 3) .  

As w i th  the sp len i c  ve in ,  the reg ion of d issect ion and  

d iv is ion of  the sp len ic  a rtery va ries w i th  tumor  loca
tion. For tumors of the ta i l  and m i d body, the a rtery i s  

d iv ided d i sta l  to i ts  or ig in  from the ce l iac .  For tumors of  

the prox ima l  body and  neck ,  the a rtery is  d iv ided at its 
or ig i n .  

T h e  a rtery i s  c leared c i rcumferent ia l ly and enc i rc led 
with a vessel loop (FIG 14) .  We recommend rout ine use 

FIG 1 4  • Operative image showing the sp lenic a rtery (SA) 
just d ista l to its or ig in  from the ce l iac  axis .  The a rtery i s  
looped to assist with retract ion dur ing  vascu la r  d i ssect ion .  
HA. hepat ic  a rtery. 

• The a rtery is d iv ided with a l i near  vascu la r  stap ler, be
tween locking vascu l a r  c l i ps or between permanent su
ture l i gatu res (FIG 1 6) .  

• Alternative ly, the sp len ic  a rtery can be inc l uded in the 
pancreatic stap le  l ine for d i sta l tra nsect ions .  We do not 

recommend th i s  for more proxi ma l  tumors, as  the ce l iac  

trun k  or hepat ic  a rtery may be at increased r isk of inad
vertent i ncorporation i nto the stap le  l i ne .  

Division of the Pancreas 

• Once suff ic iently mob i l ized away from the sp len ic  and  

mesenteric vesse ls, the pancreas ca n be transected at any  
po int i n  the operat ion .  We prefer to d iv ide the g l and  
ea r l y  on,  as th i s  w i l l  g reatly enhance exposure of  the  un 

der ly ing vascu la r  structures. 
• The l i n e  of g l and  tra nsect ion is determined by the loca

t ion of the pathology. A m i n i m u m  1 -cm marg i n  i s  des i r
ab le  for m a l ignant tumors, and  th i s  ca n be confirmed 
with i m mediate frozen t issue exa m i n at ion .  The proxim a l  

( o r  r ig ht-s ided) l i m it o f  transect ion is  typ ica l ly the p l a n e  
where t h e  G DA crosses the anter ior aspect of t h e  pancre

atic head .  
• The perfect method of d iv id ing  the g l and  and contro l 

l ing the pancreatic duct rema ins  e l usive. N u merous tech
n iq ues have been app l i ed with s i m i l a r  rates of leakage 

from the pancreatic stump .  
• Soft g l ands that are relatively th i n  (<2.0 em in th ickness) 

a re best d iv ided with a l i near  stap ler  (FIG 1 7) .  B io log ic  or 

synthetic Sea mguard have been used with m ixed resu lts. 

We recommend s low compress ion of the g l and  pr ior  to 
d iv is ion,  as th i s  m i n i m izes parenchyma l  l acerat ions that 
ca n resu lt  i n  postoperative leaks.  
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A 

c 

B 

FIG 1 5  • A. JOUS is rout ine ly performed pr ior 
to d iv is ion of the sp len ic  a rtery (SA) if the 
transect ion approaches the m i d l i ne .  The common 
hepat ic  a rtery (HA) can be m ista ken for the 
splenic and  d iv ided accidently if care is  not taken .  
B,C. JOUS i mages demonstrat ing the aorta, the  
SMA, the ce l i a c  ax i s  (CA), and the or ig i n s  of  the  
sp len i c  (SA) and common hepatic (HA) a rteries. 
The bifu rcat ion of these two vessels shou ld  be 
rout ine ly visua l i zed before d iv id ing  the sp len ic  
a rtery to ensure that  the common hepat ic  is  not 
i n advertently tra nsected .  

• F ib rotic  or th ick g l a nds  can be d iv ided with l i near  sta- Dissection of the Specimen off the Retroperitoneum 

• 

piers, e lectrocautery, sa l i ne-enhanced monopo lar  cau

tery, or  H a rmon ic  sca l pe l .  The pancreatic duct should be 
identif ied dur ing  the d iv i s ion .  
The pancreatic duct ca n be secured with either mat

tressed sutu res or  a b ipo la r  t issue-sea l i n g  device. 

FIG 16 • Operative image showing p lacement of a vascu l a r  
stap ler  across the  sp l en i c  a rtery (SA) nea r  its or ig i n  from 
the ce l iac  axis .  A vascu la r  loop around the a rtery he lps with 
retract ion d u ring  posit ion ing  of the sta p ler. HA. hepatic 
a rtery. 

• 

• 

After d iv is ion of the pancreas and sp len ic  vessels, 
the spec imen is swept off the retroperitoneum in a n  

avascu la r  p l ane  a nter ior to t h e  left adrena l  g l and  and  
Gerota's fascia, typ ica l ly u s i ng  hook  e lectrocautery or a n  

u ltrason i c  d issector. 

The rema i n i n g  retroperitonea l  and d i aphragmatic at
tach ments to the sp leen a re d iv ided, comp let ing  the mo

b i l izat ion of the speci men .  

Extent of Lymphadenectomy 

• I n  the  sett i n g  of suspected m a l i g n a ncy, en b l oc d i s
ta l pancreatectomy and sp lenectomy s h o u l d  be per
formed with the i ntent ion of h a rvest i ng  the lym phat i c  
t i ssue with i n  the  sp len i c  h i l u m  a n d  a l ong  the s p l e n i c  

vesse l s .  
• For pancreatic neuroendocr ine tumors, cyst ic  neoplasms, 

and sma l l  (<3 em) pancreatic adenocarc inomas, the ear

l ier  descr ipt ion typ ica l ly resu lts in an adequate lymphad
enectomy. 

• For l a rger  adenoca rci nomas, a more extens ive lymphad

enectomy may be desi red. Laparoscopic  D 1  lym ph node 
d issect ion with skeleton ization of the ce l i a c  trun k, SMA, 
and latera l aorta a long with resect ion of the left adrena l  
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A 

Stomach 

Cel iac trunk � 
Splenic artery 

Hepatic artery 

Pancreas 

B 

FIG 1 7  • A. Operative image showing stap led transect ion of the pancreatic body for a tumor in the ta i l .  S low compress ion of 
the stap ler  is i m porta nt to avo id crush ing  and fractu r ing the pancreatic parenchyma. The ce l iac  axis, common hepatic a rtery 
(HA), and  sp len ic  a rtery (SA, d iv ided with stap les) a re seen to viewer's left of the pancreas. B. I l l ustrat ion showing stap led 
transect ion of the pancreatic body for a tumor in the ta i l .  S low com press ion of the stap ler  is important to avoid crush ing  and 
fractu r ing the pancreatic parenchyma .  The ce l i a c  ax i s  (CA), common HA,  and  SA a re seen  to viewer's l eft of the pancreas. 

g l and  (rad ica l  a ntegrade mod u l a r  pancreaticosp lenec
tomy [RAM PS] proced u re) can be performed by expe
r ienced surgeons.5 However, we recommend a n  open 
approach to these les ions as i s  warranted i n  most s itua

t ions, which i s  described i n  Part 3,  Chapter 40. 

Specimen Extraction, Placement of Drains, and Port 
Site Closure 

• 

• The speci men is p laced i nto a l a rge extract ion bag, • 
sp leen fi rst with the pancreas on top. The wound i s  

s l i ghtly e n l a rged.  The pa ncreas is  removed and  d iv ided 
from the sp len ic h i l u m  extracorporea l ly. The sp leen i s  
then morce l l ated and  removed . • 

• Alternatively, if the s ite of pathology is not in the d i s

ta l  pancreas, the sp leen can be sepa rated from the 

pancreas i ntracorporea l ly once the d i ssect ion i s  com
p lete. The pancreas i s  p l aced i n  a sepa rate bag a n d  re

m oved i ntact through  the 1 2-mm port s ite. The sp leen i s  

p l aced i n  a re inforced extract ion  bag,  morce l lated, and  
removed. 

I n  cases of ma l i gnancy, the tra nsect ion marg i n  should be 
shaved and sent for frozen sect ion exa m i nation to en
sure a negative marg i n .  
A c losed suct ion d ra i n  m a y  be p laced se lectively adja
cent and  poster ior  to the pancreati c  stu mp .  We do not 
routi ne ly  use dra i ns, but th i s  rema ins  a controvers i a l  

issue.  
After i rr igat ion of the abdom i n a l  cavity and  thorough 
sweep for fore ign  bodies, the port s ites a re c losed us ing 

Vicryl  sutu re. 
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SPLEEN-PRESERVING LAPAROSCOPIC 

DISTAL PANCREATECTOMY 

Preservation of the Gastroepiploic Arcade and Short 
Gastric Vessels 

• I n it i a l  steps for access and exposure a re ident ica l  to that 
described ear l ie r. 

• Care is taken to preserve the r ight gastroep ip lo i c  a rcade 

dur ing  d iv is ion of the gastrohepatic l i gament, as these 
vessels w i l l  p rovide  perfus ion to the sp leen .  

• The gastr ic fundus is not mob i l ized, and the short gastric 
vessels are preserved . 

Retrograde Division of Splenic Vein Tributaries 

• The sp len ic  ve i n  is separated from the pancreas as de
scribed ear l ie r  and enc i rc led with a vessel loop, which is  

used for both retract ion and  vascu l a r  contro l .  
• The ve i n  is d i ssected away from the body and  ta i l  of the 

pancreas i n  a retrograde fash ion  from r ight to left us ing 

b l unt or sharp d i ssect ion but avo id ing  monopo lar  cau
tery, as desiccat ing  heat can eas i ly  i nj u re sma l l  sp len ic  
ve i n  tr ibutar ies.  

FIG 18 • Operative image showing c l i ps being p l aced across 
a sp len ic  ve i n  (SV) tr ibutary a long the d ista l pancreas d u r ing  a 
sp leen-preserv ing d i sta l pancreatectomy. S m a l l  tr ibutar ies can 
be contro l led with energy b ipolar energy devices, but those 
l a rger  than 3 to 5 m m  shou ld  be contro l led with c l i ps or ties. 

• Feed ing  branches to the pancreas are d iv ided between 

c l i ps, typica l l y  i n  a n  a ntegrade fash ion proceed ing  from 
r ight to left. 

Warshaw Technique 

• Venous tr ibutar ies from the pancreas a re skeleton ized • 
and d iv ided between c l i ps or with b ipo la r  energy a long 

I n  the techn ique  described by Warshaw."·7 the sp len i c  
vesse l s  can be l i gated and d iv ided at the proxi m a l  tran
sect ion marg i n  and aga in  d ista l l y  near the sp len ic  h i l u m .  
T h e  m i d  port ion o f  t h e  sp len ic vessels is  i nc luded with the 

resected speci men,  whereas the sp leen is  left i n  s itu to be 
perfused by the short gastr ic vesse ls .  Preservat ion of the 

r ight gastroep ip lo i c  a rcade and short gastr ics are essen

t ia l  with th i s  approach.  

the length of the sp lenic ve i n  (FIG 1 8) .  

Antegrade Division of Splenic Artery Branches 

• The sp len ic  a rtery is skeleton ized a long the super ior bor

der of the pancreas. 

ROBOTIC DISTAL PANCREATECTOMY 

General Concepts 

• The robotic approach to a d ista l pancreatectomy is 
l a rge ly the same as the laparoscop ic  approach.  

• The potenti a l  advantage of a robotic a pproach inc l udes 

increased dexterity, poss ib ly  benefic i a l  i n  cases where 
sp len ic  preservat ion is pr iorit ized ." 

• The potent ia l  downside to a robotic approach inc lude 
the loss  of hapt ics, d ifficu lty with  a lter ing  the f ie ld of  
view, the comp lexities i nvolved i n  docki ng and l i m ited 

access to the patient, and cost.9 

Patient Positioning 

• The patient posit ion ing  is the same as a l aparoscopic  
approach.  

• The optim a l  posit ion for the ca mera d u ring  the d i ssec
t ion aga in  depends on where the a nt ic i pated a rea of 
most d ifficu lt d issect ion l ies. Most common ly, the camera 

w i l l  be in the i nfra u m b i l ica l  port and the d i rect ion of sur

g ica l  a pproach w i l l  be from the patient's r ig ht, look ing 
toward the sp leen .  

• 

• Retract ion of the stomach may be performed with the 
th i rd robotic arm or  may be v ia a bed-mou nted fixed 

retract ion .  
• The assistant wi l l  stand on the opposite s ide of the bed 

from the camera for add it iona l  retract ion and suct ion/ 

i rr igation .  

Port Placement and Docking of the Robot 

• Ports be ing used by the robot are typica l l y  better p laced 

s l i ghtly fa rther away from the ta rget than those used in 
a lapa roscopic  approach.  This red uces the chance that 

ports w i l l  be i nadvertently d i s lodged and a l l ows the 

ports to be p laced s l i ghtly fa rther away from each other, 
red uc ing the confl ict between the robotic a rms outs ide 
the patient. 

Mobilization of the Colon and Pancreas 

• The i n d i v i d u a l  steps of co l o n i c  m o b i l i zat ion a n d  ex

posure of the body a n d  ta i l  of the pancreas a re the  

sa m e  as  those  descr ibed ear l i e r  for the  l apa roscop i c  
a p p roach .  
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Mobilization of the Pancreas and Control of the 
Vasculature 

• The i nd iv id ua l  steps of pancreatic mob i l izat ion and con

trol of the vascu lature a re the same as those described 
ear l ie r  for the l aparoscop ic  approach.  

• 

dexter ity by wh ich  the vasc u l atu re of d i sta l  pancreas 

and sp leen  can be d i ssected away from the  ta i l  of the 
pancreas.  
Us ing the th ree-d imens iona l  (3-D) v isua l izat ion, the sma l l  

branches o f  t h e  sp len ic  ve i n  a n d  a rtery are identif ied, d is
sected, and  i n d iv id u a l ly d iv ided us ing monopo lar  or b i 
po lar  techno logy. 

Splenic Preservation Using a Robotic Approach to 
Distal Pancreatectomy Specimen Extraction 

• The p r i m a ry advantage of a robotic a p p roach to a • 
d i sta l pancreatectomy is thought to be the i nc reased 

The i nd iv idua l  steps of specimen extract ion are the same 
as those descr ibed a bove for the l aparoscopic  approach.  

PEARLS AND PITFALLS 
Sequence and  deta i l s  of d i ssect ion can be a ltered 
based on  i nd iv idua l  a natomic  cha racteristics. 

• Dissect ion of the sp len ic  ve i n  deep to the super ior  pancreas marg i n  may 
resu lt  i n  d ifficu lt-to-control b l eed i n g .  The ve i n  is  more safe ly approached 
i nfer ior ly from below the pancreas. 

B l eed ing from sp len ic  vesse ls  contro l led with 
vascu l a r  loops, topica l hemostatic agents, or  non
a bsorbab le  sutures. 

• The d ista l pancreatic duct is  suture l i gated with a U st itch if v i sua l ized 
when d iv id ing  the pa ncreas without duct-sea l i n g  techno logy. 

Suct ion  device recom mended to ma inta i n  d ry op
erative f ie ld .  Cons ider dual  i nsuffl at ion systems to 
ma inta i n  pneumoperitoneum whi le suct ion ing .  

• Method of g l and  transect ion shou ld be i nd iv idua l ized based on  th ickness 
and texture of the pancreas. Vascu la r  sta p lers a re genera l ly a ppropr iate 
for g l ands up to 2.0 em in th ickness. Sa l i ne- l i n ked monopo lar  cautery, u l 
trason i c  energy, and  rad iofreq uency a b lat ion a re a lternative methods of 
tra nsect ion .  

I nd iv idua l ized port p lacement based on  abdom ina l  
length and body hab itus. Ports shou ld  be moved 
cepha lad in l a rge and obese patients. 

• Placement of dra ins  i s  opt iona l  and shou ld  be i n d iv id ua l ized based on 
texture of the pancreas and  confidence i n  the c losure of the pancreatic 
stump .  

A hand port is  usefu l  fo r  centra l tumors with abut
ment of the ce l i a c  vesse ls  and for b u l ky tumors 
that a re d iffi cu lt  to mob i l ize lapa roscop ica l ly. 

• The common hepatic a rtery shou ld  be visua l ized with IOUS  pr ior  to l i gat
ing the sp len ic  a rtery to prevent inadvertent i nj u ry. 

POSTOPERATIVE CARE 

• Coverage with 24 hours of prophylactic antibiotics, as deter
mined by institutional standards 

• Initiation of low-molecular-weight heparin deep vein throm
bosis (DVT) chemoprophylaxis, typically starting on postop
erative day (POD) 1 in the absence of evidence of hemorrhage 

• Clear liquid diet on POD 1 ,  advance as bowel function 
resumes. 

• Early mobility commencing on the day of surgery 
• Drain amylase on POD 4 if a closed suction drain was used. 

Remove if within normal range of serum amylase. 
• CT scan if patient develops leukocytosis, fever, prolonged 

ileus, or other signs of pancreatic fistula or intraabdominal 
infection. 

• Percutaneous interventions are typically sufficient for man
agement of postoperative fistulas and abscesses. 

• Discharge on POD 4 or 7 in the absence of complications. 

OUTCOMES 

• Overall survival not related to minimally invasive surgery 
(MIS ) versus open approach10 

• Oncologic resection not compromised by MIS approach11 

• Decreased blood loss compared to open resection12 
• Increased length of surgery compared to open approach 13 
• Decreased average length of hospital stay compared to open 

approach14 
• Morbidity and mortality equivalent or better than open 

surgery15 

COMPLICATIONS 

• Pancreatic fistula 1 5 %  to 3 0 %  
• Intraoperative/postoperative hemorrhage 
• Intraabdominal abscess 
• Pancreatic pseudocysts 
• Splenic infarction 
• Splenic vein thrombosis 
• Overwhelming postsplenectomy sepsis ( OPSS) 
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Chapter 42 Distal Pancreatectomy with 
Splenic Preservation 

I 
- ----------------------------------- �----------------------------------------------------- + 

Adam 5. Brinkman Sharon M. Weber 

DEFINITION 

• Distal pancreatectomy with splenic preservation (DPSP) is 
the complete removal of the distal pancreas ( lateral to the 
superior mesenteric vein/portal vein [SMV/PV] confluence) 
while preserving the spleen via meticulous dissection and 
preservation of the splenic artery (SA) and splenic vein (SV),  
or with sacrifice of these vessels (Warshaw technique) with 
preserved blood flow to the spleen through the short gastric 
vessels. 

• Indications for DPSP include benign tumors for which local 
excision is inadequate (neuroendocrine tumors) ,  pancreatic 
cysts, chronic pancreatitis limited to the distal pancreas, and 
selected cases of distal pancreatic trauma. DPSP for distal 
pancreatic malignancies (adenocarcinoma) is controversial 
as body and tail lesions may have lymphatic drainage to the 
splenic hilum. 

• The majority of cases performed in the United States are 
accomplished either open or laparoscopically, whereas fewer 
are performed using robotic assistance or with a hand port. 
Variation in surgical technique with respect to preservation 
of the splenic vessels versus ligation of the vessels exists. 

DIFFERENTIAL DIAGNOSIS 

• Premalignant or malignant lesions a DPSP may be considered: 
Solid pancreatic tumors 
Functional and nonfunctional neuroendocrine (NE) tumors 
Cystic pancreatic tumors 

Intraductal papillary mucinous neoplasms (IPMNs) 
Mucinous cystadenomas (MCN) 
Solid pseudopapillary tumors 

Benign conditions 
Congenital cysts 
Serous cystadenomas (SCA) 
Chronic pancreatitis pancreatic pseudocysts can also be 
theoretically resected with a DPSP 

• The location of the lesion and the anatomic relationships of 
the splenic vasculature are the major factors that should be 
evaluated before considering a DPSP as the surgical proce
dure of choice. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients being considered for DPSP should be evaluated with 
a thorough history and physical examination including a 
detailed past medical history, past surgical history (including 
previous foregut and pancreatic surgery) ,  as well as personal 
and family history of pancreatic disease or malignancy. 

• Particular attention should be paid to symptoms of pancre
atic insufficiency, nutritional status, and ability to tolerate a 
pneumoperitoneum of 1 5  mmHg if a laparoscopic approach 
is chosen. 

814 

• Severely malnourished patients (more than 1 0 %  to 15% of 
ideal body weight [IBW] loss in the preceding 2 months) or 
serum albumin less than 3 g/dL should be considered for sup
plemental nutrition; enteral nutrition via Dobhoff tube or total 
parenteral nutrition through indwelling central venous catheter. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Pancreatic protocol helical computed tomography (CT) 
with oral and dual phase intravenous contrast is the pre
ferred imaging modality for pancreatic diseases. The thin 
cuts through the pancreas allows for ideal delineation of 
vasculature, size of the lesion, involvement of surrounding 
structures, and evidence of local disease progression ( FIG 1 ) .  
Careful attention should b e  paid t o  the arterial and venous 
phases as well as the arterial blood flow to the spleen, as this 
can determine feasibility of splenic preservation. 

• The relationship of the mass, cyst, or stricture should be 
noted and its anatomic relationship to the SV, inferior mes
enteric vein (IMV),  and SA should be noted in anticipation 
of potential intraoperative pitfalls. 

• In addition to CT, consideration can also be given to 
endoscopic ultrasound (EUS) to better evaluate the pancre
atic lesion and its relationship to the surrounding structures.  
In addition, sampling of the mass with fine needle aspiration 
for diagnostic purposes or aspiration of a cyst fluid for eval
uation of carcinoembryonic antigen ( CEA) ,  amylase concen
tration, and mucin analysis may assist with diagnosis and 
operative planning. The presence of local disease discovered 
on CT imaging may be further investigated with EUS and 
suspicious masses (often lymph nodes) can be sampled. 

FIG 1 • Pancreatic protocol he l ica l  CT scan of with dua l  phase 
i ntravenous contrast of the abdomen and  pelv is demonstrating  
a so l i d  3 .6 x 2.9-cm comp lex cyst ic  l e s ion  (star) i n  the ta i l  of 
the pancreas concern ing  for m a l ignant transformation of I P M N  
a m e n a b l e  f o r  a DPSP. A .  aorta; L ,  l iver; 5 ,  sp leen; SA, sp len ic  
a rtery; SV, sp len ic  vei n .  

-
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• Additional pathology can also be identified, including iso
lated gastric varices indicative of SV thrombosis and sinistral 
portal hypertension. 

• Additional diagnostic testing that may be considered prior 
to a DPSP includes magnetic resonance imaging (MRI) or 
magnetic resonance cholangiopancreatography (MRCP),  
which may better define the pancreatic ductal anatomy. 

• Consideration can also be extended to endoscopic retrograde 
cholangiopancreatography (ERCP), the gold standard to 
define pancreatic ductal anatomy, which also offers an oppor
tunity for evaluation of communication with the main pancre
atic duct for cystic lesions, which is diagnostic for IPMN. 

• Additional imaging including a chest radiograph or chest 
CT scan may be obtained for complete staging and preop
erative evaluation in patients with suspected malignancy. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Prior to proceeding to the operating room (OR),  all patients 
should be evaluated with a full history and physical exami
nation with cardiovascular and pulmonary testing as medi
cally needed. Patients scheduled to undergo a laparoscopic 
distal pancreatectomy should be made aware of the potential 
need to convert to an open approach during the operation. 

• Consideration should also be given to vaccinating against 
encapsulated bacteria including Neisseria meningitidis, 
Haemophilus influenzae, and Streptococcus pneumoniae. 

These vaccines should be given 1 to 2 weeks prior to 
operative intervention in the event splenic preservation is 
not possible. 
Should a splenectomy be required in a non vaccinated patient 
then vaccines should be administered within 2 weeks follow
ing surgical intervention to mitigate postsplenectomy sepsis. 

LAPAROSCOPIC APPROACH 

Port Placement 

• Patients should also obtain baseline laboratory function in
cluding type and screen, serum electrolytes, hemoglobin and 
hematocrit as well as pregnancy testing in reproductive-aged 
females. 

• Preoperative antibiotics and deep venous thrombosis (DVT) 
prophylaxis should be ordered prior to patient arrival to the 
OR. Arterial lines and central venous catheters are placed 
selectively for high-risk patients. 

Positioning 

• Patients should be positioned supine on the OR table with 
arms extended wide with easy access to the OR table should 
a Bookwalter retractor need to be placed. Preoperative DVT 
prophylaxis with heparin should be administered subcutane
ously prior to the induction of general anesthesia, bilateral 
lower extremity sequential compression devices should be 
placed, and a single dose of a second-generation cephalospo
rin should be administered within 60 minutes of skin incision. 

• After the patient is intubated, a Foley catheter should be 
placed under sterile technique and a nasogastric tube should 
be placed for gastric decompression. 

• The abdomen is shaved, prepped, and draped, with the 
xiphoid process, umbilicus, and right and left anterior 
superior iliac spines exposed. 

• An adequate prep will allow for easy incision planning 
should there be a need to convert to the open technique. 

• Some surgeons prefer a semilateral positioning in a relaxed right 
lateral decubitus position to assist with visualization of the left 
upper quadrant, whereas others prefer a split leg (Nissen) table 
to allow the surgeon to stand between the patient's legs. 

• Standard laparoscopic instruments (including 0- and 30-degree 
laparoscopes),  ultrasonic dissector or bipolar electrocautery, 
laparoscopic staplers (vascular and bowel staple loads),  and 
clip appliers should be available. 

vesse ls through the gastroco l i c  l i gament. Th is  a l l ows 

visua l i zat ion of the poster ior stomach and the anter ior 
surface of the pancreas (FIG 3) .  

• Access to the abdom ina l  cavity ca n be accomp l ished with 

either a supra u m b i l i ca l  Veress needle or Hassan trocar 
depend ing  on surgeon preference and a pneumoperito
neum is estab l ished at 1 5  m m H g .  

• The short gastr ic vesse ls  a long the super ior aspect of the 

fundus should be preserved, as they may be req u i red 

for sp len ic  preservation if the SA and SV a re d iv ided 
(Wa rshaw techn iq ue). 

• 

• 

Three to fou r  add it iona l  ports a re p laced under  d i rect 
v isua l izat ion, usu a l ly with one in the upper  m i d l i n e  or  

j ust r ight  of m i d l i ne, depend ing  on  the patient's anat
omy. Two add it iona l  ports (a 5 mm and a 1 0  mm to 

accommodate the laparoscopic  sta p ler) can be p laced i n  
t h e  left m i d d l e  or  lower quadra nt (FIG 2) .  

Once  a l l  ports a re  p laced, a thorough d iagnost ic  l apa

roscopy is  performed to ru le out metastatic d isease. If 
abnorma l  les ions a re identif ied, they shou ld  be b iopsied 
and sent for frozen section ing .  Adhes ions are freed to 

a l low fu l l  v i sua l izat ion of the left upper quadrant.  

Opening the Lesser Sac 

• The lesser sac is then opened a long the g reater cur
vature of the stomach i nfer ior to the gastroep ip lo i c  

• If sp lenectomy is p l an ned, a l l  short gastr ic vessels w i l l  

need t o  be tra nsected.  

Identification of the Pancreatic Lesion 

• Every effort shou ld  be made to identify or pa l pate the 
pa ncreatic les ion and its relat ionsh i p  to the pancreatic 

neck. Les ions amenab le  to a DPSP a re those to the left 
of the SMV/PV confl uence (FIG 4) .  If the lesion cannot 
be identif ied then emp loyment of the laparoscopic  u ltra

sound or EUS can be performed to assist with loca l ization .  

Dissection of the Pancreas 

• Di ssect ion a long the i nfer ior  border of the pancreas 
beg ins  a bove the l igament of Tre itz and shou ld  be ex
tended toward the sp len ic  h i l u m .  
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5-mm port 
or optional 
hand port ---+'------

--;.:----- 5-mm port 

---;.-=:---- 1 0-mm port FIG 2 • Port p lacement for a l aparoscop ic  DPSP inc l udes 
th ree 5-mm ports, one 1 0-mm port, and a n  occas iona l  hand 
port p laced i n  the upper m i d l i n e  to ass ist with speci men 
retract ion and d i ssect ion .  

• 

• 

• 

Carefu l  attention is pa id  to open ing just the th in  perito
neum i nfer ior  to the pancreas and to e levate the pan
creas from the retroperitonea l  t i s sue by assu r ing the 

plane of d i ssect ion stays with i n  the f ibroareo la r  p lane .  
If th i s  i s  done correctly, the SV w i l l  usua l l y  be e levated 
with the pancreas and wi l l  resu lt  in mob i l ization of the 
pancreas a nterior ly (FIG S) .  

Carefu l  attention is  req u i red to  avo id  lacerat ing  or  tra n
sect ing the poster ior SV. 

The IMV shou ld  be identif ied and l i gated if it enters the 
SV to the l eft of the mass or preserved if it enters the SV 

to the r ight of the p l an ned pancreatic tra nsect ion p lane .  
Neoplastic i nvolvement of the IMV req u i res l igat ion and 
resect ion .  

• Some surgeons advocate for p lacement of a hand port 
in the left upper  quadra nt to assist with tissue man ipu la 
t ion and a id  with  d i ssect ion d ur ing th i s  step.  

Dissection and Control of the Splenic Artery 

• With sp len ic  vessel p reservat ion 
• Attention shou ld  then be focused on identif ica

t ion of the serp ig i nous SA located on the super ior  
aspect of the pancreas. The SA can then be ca refu l ly 
d issected from the pancreas us ing suture l igat ion or 

c l ipp ing p lus  energy-assisted l igat ion and d iv is ion 
of sma l l  a rter ia l  branches runn ing to the pancreatic 

ta i l  unti l  the pancreas is  com p letely separated from 

the SA. 

Esophagus � 

A 

FIG 3 • A. The lesser sac is entered by 
open ing  the gastroco l i c  l i ga ment (star) 

a long the g reater cu rve of the stomach 
(S). Ca re should be taken to avo id l igat ing 
a l l  the short gastr ic a rteries a pproach ing  
the sp leen  (SP). B. Open ing the lesser 
sac through the gastroco l i c  l iga ment. 
The gastroep ip lo i c  vesses ls  a re preserved 
d u r ing  the d i ssect ion .  

Harmonic 
scapel 

Pancreas 

Stomach 

under 
gastrocolic 

l igament � 

B 

} 

Short gastric 
arteries 

Gastrocolic 
l igament 

�Transverse colon 
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Superior 
mesenteric vein Vertebrae 

(beh ind vasculature 
and pancreas) 

FIG 4 • Les ions amenab le  to a DPSP a re those left of the 
SMV!PV confl uence.  

• Without sp len i c  vessel preservation (Wa rshaw techn iq ue) 
• The SA is d i ssected and contro l l ed, fo l l owed by l iga

t ion us ing a vascu la r  load of the lapa roscop ic  sta
p le r. The a uthors suggest add it iona l ,  subsequent 
control of e ither l igat ion or c l i pp ing  to m i n i m ize 

risk of pseudoaneurysm in the sett ing of pancreatic 
f istu l a .  The SA ( i nflow) should be contro l led before 
SV (outflow) to decrease b leed i n g .  

H armonic 
scalpel 

Superior 
mesenteric vein 

Stomach \ 

Colon 

Transection of the Pancreas 

• With sp len ic  vessel preservation 

• 

• A tunne l  shou ld  be created to the r ight of the les ion 
to free the pancreas from the vascu lature for tran
sect ion (FIG 6) .  

• The pancreas ca n then be tra nsected with a l apa
roscop ic  Endo G IA stap ler, Ha rmonic  sca lpe l ,  or  

L igaSure device. 

In patients with thick pancreas, the pancreatic 

parenchyma can be th i nned out with the u ltra
sonic d i ssector wh i l e  avo id ing  the pancreatic 

duct, which usu a l ly is  posit ioned poster ior ly 

i n  the pancreas approxi mately one-th i rd i nfe
r ior  to the super ior  border. Th is  enha nces the 

a b i l ity of a sta p ler  to appropr iately control  the 
pancreatic duct. 

Without sp len ic  vessel preservation (Wa rshaw techn iq ue) 
• Alternatively, the pa ncreas can be transected with 

the lapa roscopic  stap ler  i ncorporat ing  the SA and 
SV i n  the sta p le  l i ne .  Alternative ly, the pancreas, SA, 
and  SV can be d i ssected and tra nsected i nd iv idua l ly. 

I n  most cases, it is s imp lest to l igate the SV with the 
pancreas us ing a stap ler. 

Dissection of the Distal Pancreas 

• With sp len ic  vessel preservation 
• The SV is identif ied and  d issected off the pancreas 

poster iorly. This is  often expedited by transect ion 
of the pancreatic parenchyma, with a r ight-to-left 

mob i l ization .  
• Sma l l  venous branches i nto the pancreas shou ld  be 

ca refu l l y  d i ssected and  e ither d iv ided between c l i ps, 

t ies, or with the u ltrason i c  d i ssector (FIG 7) .  Often, 

FIG S • Dissect ing  and open ing the 
peritoneum along the i nfer ior aspect of the 
pancreas i n  a med i a l  to l atera l d i rect ion .  
The SV i s  poster ior  to the pancreatic body 
and at r isk for in jury d u r ing  d i ssect ion if the 
poster ior f ibroareo la r  p lane i s  v io lated . 

81 7 
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FIG 6 • Tra nsect ion of the pancreas (P) at the confl uence of 
the SV and porta l ve in left of m i d l i n e  us ing a hand port. The 
SA i s  d i ssected ci rcu mferent ia l l y  and sta p led .  The cut edge 
of the pancreas (star) i s  refl ected a nter ior ly and towa rd the 
sp leen (S) to assist with further poster ior d i ssect ion .  

A 

FIG 7 • A. Dissect ion of the pancreas (P) from 
the under ly ing sp len ic  vei n  (SV) i n  a med i a l  
to latera l d i rect ion .  Sma l l  venous branches 
are contro l led with f ine sutu re, c l i ps, or  
sta p les .  B. Med ia l  to latera l d i ssect ion of the  
pancreas f rom under ly ing  SV. C. The pancreas 
is  tra nsected to the r ight of the lesion using a 
l aparoscopic  Endo G IA  sta p ler  

B 

c 

sma l l  b leed ing  ve ins  can be contro l led through 

d i rect pressure for a short t ime; however, persistent 
b leed ing  may req u i re l igat ion with a Pro lene suture. 

• Without sp len ic  vessel preservation (Warshaw tech n iq ue) 
• An add it iona l  f ire of the l aparoscop ic  sta p ler  us ing 

a vascu l a r  load is  needed to control the sp len ic  vas

cu lature at the sp len ic  h i l u m .  
• G reat care shou ld  be taken to avoid l acerat ing  or 

punctu r ing the sp len ic  parenchyma d u r ing  control 
of the h i l a r  vesse ls .  

• O nce accomp l ished, the speci men can be removed 
from the abdomen us ing a specimen bag through 

the la rgest port s ite, leav ing the sp leen to obta i n  its 
vascu la r  supp ly from the short gastr ic vesse ls .  

Pancreas 

Splenic vein 

Superior mesenteric vein 

Pancreas 

Laparoscopic 
atraumatic 
graspers 
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Management of the Residual Gland Closure 

• Once the spec imen is removed, ca refu l attention shou ld  • 
be pa id  to assu r ing meticu lous  hemostas is .  The surg ica l  
bed shou ld  b e  i r r igated with warm ster i le  sa l i ne  and  the 

SA and SV should be i nvest igated to ensure hemostas is .  
Attention should a l so be d i rected to the sp leen to en
sure adequate perfus ion and  no ev idence of ischem ia  or  
b leed i n g .  • 

• Placement of a soft closed suct ion d ra i n  to mon itor for 

pancreatic leaks i n  the postoperative period is  i nd icated .  

OPEN TECHNIQUE 

Incision Choice 

• The i nc is ion of cho ice for a DPSP depends on the pa
t ient's body ha bitus and previous abdom ina l  surgery. 

• E ither an upper  m i d l i n e  or left su bcosta l i nc is ion can be 
used. Patients with previous upper  m i d l i n e  i nc is ions can 
be used a lthough in obese patients and those with a na r

row subcosta l  ang le, it may be d ifficu lt to reach the pan
creatic ta i l  with a m i d l i n e  inc i s ion .  Addit iona l ly, loca l l y  

advanced ma l i gna ncies, l a rge  tumors, or those where 
oncologic  endpo ints may be comprom ised shou ld  be a p

proached with the open tech n ique .  
• Once i ns ide the peritonea l  cavity, ca refu l pa l pation of 

the abdom i n a l  cavity shou ld  be performed to ensure no 
evidence of metastatic d isease. A self-reta i n i ng retractor 

(Bookwa lter) ca n be p laced with cepha lad retract ion of 
the left costa l  marg i n  to a l l ow for v isu a l izat ion .  

PEARLS AND PITFALLS 

• 

• 

Fol lowing specimen remova l ,  the sp leen shou ld be in 
spected to assess perfus ion and b leed ing .  When us ing the 
Warshaw tech n ique, if  a comp letely ischemic  or part ia l ly 

ischemic  sp leen is identif ied, a sp lenectomy shou ld  be 
performed, as ongoing ischemia  wi l l  often resu lt  in s ign if
icant left u pper quadrant a bdom ina l  pa in  and b leed ing .  
The  fasc ia  i s  c losed fo r  1 0 -mm or  l a rger  port s ites and  the 

sk in  is  c losed with 4-0 d issolvab le  sutu res. If a hand port 
is p laced, the fasc ia  is c losed . 

The rem a i nder  of the operative steps in the open tech
n ique  are identica l to those used for the l aparoscop ic  

techn iq ue, a lthough sometimes it is  eas ier  to perform 
a left-to-r ight mob i l izat ion fi rst, a l lowi ng the spleen to 
be e levated i nto the operative f ie ld .  If performing the 

Warshaw techn iq ue, the SA and SV on the poster ior 
aspect of the pancreas are tra nsected, fo l l owed by pan

creas transect ion .  The transected edge of the pancreas 
shou ld  be i nvest igated after the speci men is  removed 
and the pancreatic duct l i gated with a 2-0 or 3-0 polypro
pylene sutu re, or  other  tech n iques of pancreatic stu m p  
c losure c a n  be used, such as t h e  stap ler, u ltrason i c  d i ssec

tor, or L igaSure .  
A soft c losed suct ion d ra i n  shou ld  be p laced a long the 
cut edge of the pancreas and brought out through  a 
separate stab i nc is ion on the abdom ina l  wa l l .  The fasc ia  

i s  then closed i n  severa l l ayers. 

Preoperative cons iderations • A comp lete h i story and physica l exa m i nat ion shou ld  be performed to ensure the 
patient is  a cand idate for surgery. 

Open vs. l aparoscop ic  techn ique  

Ma nagement of short gastr ic a rteries 
(Warshaw tech n ique  on ly) 

• Eva l uate for pancreatic insuffic iency and  m a l n utr it ion; cons ider  preoperative 
nutrit iona l  support. 

• Vaccinat ion aga i nst encapsu lated organ isms 

• Ab i l ity to to lerate pneumoperitoneum and previous foregut su rgery 
• Lapa roscopic  is the preferred approach for les ions amenab le  to th i s  tech n ique .  
• Cons ider p lacement of  hand port to  assist w ith  d i ssect ion or speci men remova l .  
• M id l i ne  or  l eft su bcosta l i nc is ion c a n  be used for t h e  open approach.  

• M a i nta i n  short gastrics and  avoid excessive tract ion .  
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Control of sp len ic  a rtery and ve i n  • Smal l  branches o f  t h e  S V  should b e  control led with d i rect pressu re, c l ips, or  suture l igation.  

Sp lenectomy 

Ma nagement of the res idua l  pa ncreas 

• I MV shou ld  be l i gated and d iv ided if it enters the SV to the left of the target les ion 
and preserved if it enters the SV to the r ight of the les ion or  enters the SMV. 

• If the les ion i nvolves the SA, SV, or I MV-I igate and resect the vessels with the 
spec imen (Warshaw tech n ique). 

• Ca refu l d i ssect ion of the th i n-wa l led SV can avo id b leed ing  and postoperative SV 
throm bosis .  

• Sp len i c  preservation is  a n  option except i n  cases of adenocarc inoma,  unc lear  
d iag nosis, or  d i rect i nvolvement of the sp len ic  h i l u m .  

• Unexpected b leed ing  or sp len ic  ischem i a  m a y  req u i re unp l anned sp lenectomy. 

• Soft c losed suct ion d ra i n  p laced and  output mon itored for severa l days. 
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POSTOPERATIVE CARE 

• Following an uncomplicated DPSP, the patient should be ad
mitted to the general care floor. Routine nasogastric decom
pression is per surgeon's discretion but may not be needed. 

• Assuming stable hemodynamics and hematocrits, patients 
may begin a clear liquid diet the following day and diet may 
be advanced as tolerated. 

• On postoperative day 1, drain amylase should be checked 
to assess the risk for pancreatic fistula formation. Attention 
should be paid to the volume, consistency, and color of the 
soft closed suction drain and changes in any of the three 
should prompt further investigation for a developing pan
creatic fistula. 

• Patients are encouraged to ambulate often and discharged 
home 4 to 5 days following surgery. 

OUTCOMES 

• With adequate laparoscopic training and a solid anatomic 
understanding, this approach can be safely performed with 
similar rates of morbidity, mortality, and pancreatic fistula 
development. As with the majority of laparoscopic tech
niques, patients often experience less postoperative pain, 
narcotic use, shorter hospital stay, and nearly identical rates 
of operative blood loss. Several studies have indicated that 
when comparing splenic vessel ligation (Warshaw technique) 
to splenic vessel preservation, there was a greater incidence 
in splenectomy with splenic vessel ligation, although this 
technique is easier to perform with shorter operative times.  
Despite similar outcomes compared with the open technique, 
a DPSP should be performed by those surgeons with advanced 
laparoscopic skills after careful patient selection.1-19 

COMPLICATIONS 

• Hemorrhage 
• Infection-often subdiaphragmatic 
• Pancreatic leak/fistula 
• Splenic vein thrombosis 
• Thrombocytosis 
• Hyperglycemia-potential to develop diabetes mellitus 
• Pancreatic exocrine insufficiency 
• Splenic ischemia (Warshaw technique) 
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DEFINITION 

• Central pancreatectomy (occasionally referred to as median 
or middle pancreatectomy) is a conservative resection of the 
neck and body of the pancreas in order to conserve endocrine 
and exocrine pancreatic function. This segmental resection 
also preserves surrounding structures including the duode
num, spleen, biliary tract, and gallbladder. Central pancre
atectomy has been described for benign, premalignant, and 
low malignant potential tumors located in the pancreatic 
neck and proximal portion of the pancreatic body. 

DIFFERENTIAL DIAGNOSIS 

• Pancreatic neuroendocrine tumors (PNETs) are most com
monly nonfunctional, but approximately 1 5 %  of PNETs ac
tively secrete insulin, glucagon, vasoactive intestinal peptide 
(VIP) ,  pancreatic polypeptide (PP), somatostatin, or gastrin. 
Neuroendocrine tumors have known malignant potential 
and resection is indicated in appropriate surgical candidates. 
PNET is the most frequent diagnostic indication for central 
pancreatectomy. 

• Mucinous cystadenomas (MCAs) account for 2% of all 
pancreatic neoplasms and approximately 25% of cystic neo
plasms. 1 ·2 These tumors tend to be larger than SCAs, contain 
a mucin-secreting epithelial lining, and have no communica
tion with the pancreatic ductal system. MCAs are considered 
dysplastic lesions with premalignant potential and resection 
is indicated in suitable surgical candidates. 

• Pseudopapillary tumor (SPT) is a rare cystic-appearing neo
plasm with malignant potential in approximately 5% of cases. 
The hypodense areas seen on imaging represent necrosis of 
solid papillary vascular stalks that slough as the tumor grows. 
Resection is indicated upon diagnosis. As these rare lesions 
are typically large at the time of diagnosis, central pancreatec
tomy as a viable surgical approach will be incredibly unusual. 

• Serous cystadenomas (SCAs) represent approximately 1 %  
of all pancreatic neoplasms and 3 3 %  of pancreatic cystic 
neoplasms.2 These lesions contain a true epithelium and do 
not communicate with the pancreatic duct. Indications for 
surgical intervention for SCAs include symptomatic lesions 
or rapid growth with solid components. Otherwise, obser
vation of SCAs is recommended. As with SPT, these lesions 
tend to be large at the time of diagnosis; central pancreatec
tomy will rarely be a viable option. 

• Intraductal papillary mucinous neoplasms (IPMNs) are con
tinuous with the pancreatic ductal system. These lesions may 
be classified as either branch-type or involving the main pan
creatic duct. Main duct neoplasms may be invasive in up to 
50% of cases and central pancreatectomy is not appropriate. 
Branch-type IPMNs should be resected if they are symptom
atic, contain concerning radiographic findings (e .g. ,  a mural 
nodule, thickened septae, or a ductal stricture) ,  high-grade 
atypia, strong family history of pancreatic cancer, or size 
greater than 3 em. As surgical therapy for IPMN includes 

reduction of malignant potential, the authors do not advo
cate central pancreatectomy for IPMN-the surgical goal for 
these patients is not parenchymal preservation. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Early symptoms of benign pancreatic lesions may include 
vague abdominal pain or bloating, nausea, and weight loss. 
More advanced lesions may present with gastric outlet ob
struction, jaundice, or recurrent pancreatitis. However, most 
of these lesions are identified incidentally with cross-sectional 
imaging. In particular, lesions amenable to central pancre
atectomy are typically small ( � 1 to 2 em) and are generally 
asymptomatic. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Pancreatic protocol triple-phase (arterial, late arterial, and 
venous phase) contrast-enhanced, multiplanar, thin-slice 
computed tomography (CT) provides excellent imaging of 
pancreatic parenchymal and ductal anatomy and is typically 
the diagnostic method of choice for characterizing pancre
atic tumors. Magnetic resonance imaging (MRI) or magnetic 
resonance cholangiopancreatography (MRCP) may further 
characterize the relationship of the lesion to the pancreatic 
duct ( FIG 1 ) .  Endoscopic ultrasound (EUS) may allow for 
fine needle aspiration (FNA) biopsies. Diagnostic character
istics of each lesion are described. 

• PNETs appear as hypervascular lesions on thin-slice CT or 
MRI scans. Somatostatin receptor scintigraphy (SRS) has a 
high sensitivity for most PNETs, with the exception of insu
linomas. EUS may further characterize lesions near the pan
creatic head, which typically have a hypoechoic appearance 
compared to normal pancreatic parenchyma. FNA or core 
needle biopsy sampling can confirm the presence of PNETs 
with immunohistochemical staining of cell block or tissue 
for chromogranin. Functional tumors are diagnosed on a 
biochemical basis. 

• MCAs are typically seen in younger women and may con
tain loculated lesions with multiple septae. More commonly, 
however, these lesions are seen as larger unilocular cysts. 
EUS and FNA reveal viscous, mucinous fluid with high car
cinoembryonic antigen ( CEA) levels and low amylase. 

• SCAs may contain a "starburst" or honeycomb pattern of 
central scarring on CT imaging. EUS reveals a characteristic 
thin-walled capsule with thin septae. If FNA is performed, it 
often yields serous fluid with low amounts of CEA and mucin. 

• SPTs present in young females (mean age 25 to 30 years ) 
typically as a large mass in the body or tail. These lesions 
contain hypodense areas representing sloughed, necrotic 
papillary stalks with internal calcifications. FNA with immu
nostaining may reveal neuron-specific enolase, vimentin, and 
u1-antitrypsinase expression. Aggressive surgical resection is 
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FIG 1 • Contrast-enhanced M RCP of a PNET i nvo lv ing the pancreatic neck. The centra l l ocat ion of the les ion and  evidence of pancreatic 
duct (PD) i nvolvement precl udes safe enuc leat ion; th us, centra l pancreatectomy was offered . A,B. The 1 .2-cm lesion (white arrows) 

enhances as compared to the surround ing  pancreatic parenchyma. The u pstream PD i s  d i l ated (black arrows) and the surround ing  
parenchyma is edematous, consistent w i th  inf lam mat ion .  

warranted even in the presence of local invasion or meta
static disease.3•4 

• IPMNs are diagnosed with CT or MRCP. EUS with FNA 
reveals high amylase and CEA levels. Additionally, K-ras 
mutation and loss of heterozygosity are malignant charac
teristics. Endoscopic retrograde cholangiopancreatography 
(ERCP) will show continuity with the main pancreatic duct. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• A complete history and physical of any patient undergoing 
central pancreatectomy is essential, paying close attention 
to signs of malignancy including weight loss or new-onset 
diabetes. A prior history of jaundice or pancreatitis should 
also be solicited. Basic blood chemistries should be obtained 
as well as a hepatic function panel, complete blood count, 
and coagulation studies. Serum tumor markers, including 
CEA, carbohydrate antigen (CA 1 9-9) ,  and cx-chromogranin 
should be obtained. When indicated, additional studies to 
characterize functional PNETs are warranted. 

• Central pancreatectomy may be considered for lesions less 
than 3 em located deep within the pancreatic neck or proxi
mal body or situated near the main pancreatic duct; such 
lesions are not amenable for enucleation. The length of rem
nant distal pancreas should maximize functional endocrine 
tissue. To this effect, recommendations from Iacono et aP 
include a minimum length of 5 em for the distal pancreatic 
stump. 

• Contraindications to resection include evidence of invasive 
malignancy and chronic or focal pancreatitis not involving 
the pancreatic neck or body. Importantly, central pancre
atectomy is contraindicated when the tail of the pancreas 
receives its only blood supply from the transverse pancreatic 
artery, as this will be ligated during the operation. 5 

POSITIONING 

• The patient is placed in supine postt!On, with the table 
placed into slight reverse Trendelenburg. Two large-bore pe
ripheral intravenous ( IV) lines should be established and, if 
the patient has cardiovascular comorbidities, arterial blood 
pressure monitoring is advisable. 

• Lapa roscop ic  centra l pancreatectomy has been reported 
by exper ienced surgeons to be feas ib le  and safe. Port s ite 
p l acement for a m i n i m a l ly i nvasive approach i s  shown i n  
F I G  2 . T h e  m i n i m a l ly i nvasive operat ion proceeds i n  the 
order descr ibed i n  the fo l l owing text. 



C h a p t e r  43 CE NTRAL PANCREATECTOMY 

• 

• 
• 

FIG 2 • Port p lacement for l aparoscop ic  centra l pancre
atectomy. The camera i s  p laced through the u m b i l ica l 
port and a stomach/l iver fixed retractor is p laced through 
the l eft a nter ior axi l l a ry l ine port. Dur ing the d i ssect ion,  
the surgeon stands on  the r ight s ide of the pat ient .  For 
the pancreatic a nastomosis, the surgeon moves to the left 
s ide of the patient and  the fixed retractor is repos it ioned 
to the r ight a nter ior axi l l a ry l i n e  port.  

EXPOSURE OF THE PANCREAS 

• Obta i n  adequate exposu re to the upper  a bdomen 
through a m i d l i n e  ce l i otomy or, a lternatively, a b i l atera l 

and  th i rd port ions of the duodenu m .  Then, esta b l i sh the 

plane between the gastroep ip lo ic  vascu l a r  ped ic le  and 
the tra nsverse mesoco lon to expose the pancreatic neck 
and superior mesenteric ve in (FIG 3) .  

su bcosta l i n c i s i on .  Thoroug h ly exp lore the a bdomen to • Di ssect the super ior border of the pancreas. D iv ide the 
hepatod uodena l  l i ga ment to expose the common he
patic a rtery (CHA) and the associated lymphatics. Sharp ly  

d i ssect down to the a nter ior adventit ia of the CHA.  
Cont inue  the d i ssect ion d i sta l ly, esta b l ish ing  a p lane  be

tween the CHA and the cepha lad  aspect of the pancre
atic body and neck. The gastrod uodena l  a rtery i s  your 
l andmark  for the d i sta l  extent of the d i ssect ion .  Beyond 

th i s  l andmark, pancreatic transact ion r i sks  i nj u ry to the 
i ntrapancreatic b i le duct. 

exc lude metastatic or other d i sease. 
• D iv ide the gastroco l i c  l i ga ment to enter the l esser space. 

Preserve the gastroep ip lo i c  vascu l atu re; this w i l l  lead you 
to the i nsert ion of the right gastroep ip lo i c  a rtery i nto 
the super ior  mesenteric ve i n .  D iv ide any congen ita l ad

hes ions between the gastr ic a ntrum and  the body of the 
pancreas. Conti nue  th is  d i ssect ion work ing left to r ight 

unt i l  you reach the level  of the gastroep ip lo i c  ve i n .  
• M o b i l i ze the proxi ma l  transverse mesoco lon to fu l l y  

expose the head of the pancreas (HOP) and  the second 

FIG 3 • The HOP should be fu l ly exposed by d iv id ing  the 
omentum and  reflect ing the antrum and py lorus towa rd the 
head.  D i ssect the i nfer ior border of the pancreatic body and 
neck (white line), and identify the anter ior surface of the SMV. 
The les ion is rea d i ly pa lpab le  deep with i n  the parenchyma 
of the pancreas and marked with a n  arrow-it i s  not rea d i ly 
v is i b le  on the surface of the g l and .  
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PREPARING FOR RESECTION 

• If the  les ion  is not v i s i b l e  or p a l p a b le ,  perform i ntra

operative u ltraso und  ( I O U S) of the  pancreas to loca l 
ize the les ion .  IOUS probes for l iver i m a g i n g  typ ica l ly 
ca n n ot v i su a l ize superfi c i a l  structu res a n d  w i l l  not pro

vide good i m a g i n g  of the  pa ncreas u n l ess " sta nd-off" 
tech n i q u e  i s  a p p l i ed .  F i l l  the lesser space with sa l i ne 
as a n  u ltrason i c  cond u i t  a n d  pos it ion the tra nsducer  
2 to 3 em away from the  pancreat ic parenchyma to v i 

s u a l ize the su perfi c i a l  structu res a n d  les ion  with i n  the 
pancreas .  

• L igate and d iv ide the gastroep ip lo i c  ve in  as it i n serts i nto 
the super ior  mesenteric ve i n  (SMV) .  

• Estab l ish a p lane  between the pancreatic neck and  the 

SMV/porta l ve i n .  Pass a vessel loop or u m b i l i ca l  tape to 
fac i l itate exposu re of the poster ior  aspect of the pan
creas.  The a uthors do not perform extensive d i ssect ion 
of the pancreas off of the sp len ic  ve i n  unt i l  the pancreas 

is  d iv ided d ista l ly (towa rd the HOP) .  This d i ssect ion is  

stra ig htforwa rd once the d ista l (toward the HOP) pan
creatic neck has been d iv ided.  

• At th i s  poi nt, identify the a ppropr iate transect ion p l anes 

necessa ry to ach ieve a ppropr iate marg ins  and determine  

if centra l pancreatectomy is feas ib le  or  if  pancreaticod u
odenectomy or d ista l pancreatectomy a re more appro
pr iate (FIG 4) .  

Central Pancreatic Resection 

• Transect the pancreatic neck to the s ide of the HOP. Th is  

FIG 5 • Tra nsect the pancreas. Sta rt to the HOP s ide of the 
les ion .  A stap le  load can be used on th is  s ide .  The a uthors 
prefer to d iv ide the neck with e lectrocautery as it prov ides a n  
exce l lent understa nd ing  o f  t h e  marg i n .  Use a c l a m p  t o  protect 
the porta l ve i n .  Fu rther mob i l izat ion of the body of the 
pancreas to take the proxi m a l  marg i n  is fac i l itated once the 
d ista l marg i n  has been taken.  Do not deviate toward the HOP  
u n less the  marg i n  mandates th is; the  sma l l e r  the  transact ion 
su rface, the less l i ke ly the hemorrhage or  the postoperative 
fistu l a .  In this exa m p le, the d ista l marg i n  cou ld safely be taken 
at the surg ica l  neck of the pancreas (circle marks the locat ion 
of the pa lpab le les ion) .  Note the p lacement of sutu res to 
l i gate the long itud i na l  pancreatic a rteries. 

marg i n  ca n be sta p led or the transact ion may be per- • Dissect the body of the pancreas off the sp len ic  ve in  as in 
d icated to provide a n  adequate proxima l  marg i n  and mo
b i l ity for  enteric reconstruct ion to the remnant pancreas. 
P lace addit ional l igatures through the proxima l  pancreatic 
body (toward the spleen) for hemostasis and take the proxi-

formed with an energy device. For the latter, use 5-0 
monofi lament suture l igat ion for hemostatic control of 

the long itud i n a l  pancreatic a rteries (FIG 5) .  • 

FIG 4 • After d i ssect ing  the super ior  border of the pancreas 
to esta b l i sh space between the hepatic a rtery and the 
pancreas, esta b l i sh a broad p lane between the pancreas and 
the sp len ic  ve in ,  SMV, and porta l ve i n .  A 1 . 5- to 2.0-cm space 
wi l l  a l l ow for transect ions with adequate marg in s  for most 
les ions amenab le  to centra l pancreatectomy (white lines 

represent p l an ned tra nsect ion p l anes). 

• 

• 

mal  marg in  with an energy device. When possible, d ivide 
the pancreatic duct sharply to m in im ize cautery artifact that 

can com promise pathologic assessment of the marg in .  
When performing the proced ure laparoscop ica l ly, retrieve 

the spec imen through a separate i nc is ion (McBurney's 

i nc is ion is the a uthor's preference) us ing a spec imen re
trieva l bag.  Persona l ly assess the marg in s  by visua l ization 
and pa l pation of the speci men .  
The spec imen must then be tra nsported to the patholo
g i st for frozen sect ion ana lysis to ensure c lear  marg ins  

and no evidence of i nvasive d isease. I n  the case  of ma
l i gnancy or a n  i nvolved marg in ,  the operation  of choice 
changes to a standard resect ion,  e ither a pancreaticoduo
denectomy or a d i sta l pancreatectomy with sp lenectomy. 

• The d i sta l stum p  (HOP s ide) is then oversewn with 4-0 
a bsorbab le, monofi la ment sutures. I f  necessa ry, the d is
tal pancreas (remna nt) i s  then further mob i l ized a nteri

or ly from the sp len ic  vesse ls  to ensure adequate space for 
a nastomosis .  

Reconstruction of Pancreatico-Intestinal Continuity 

• Centra l pancreatectomy with pancreaticogastrostomy 
has ga i ned popu la r ity i n  the past decade as a means of 
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FIG 6 • Reconstruct ion of pancreaticoenter ic conti n u ity via a 
pa ncreaticogastrostomy. 

preserv ing pancreatic endocr ine and exocrine  function 

without d isrupt ing i ntest ina l  cont inu ity (FIG 6) .  This tech
n ique  has been proven safe and effective in retrospective 

reviews in two major academic  centers.6-9 Major factors 

support ing this a nastomosis inc lude a generous b lood 
supp ly to the poster ior gastric wa l l  and reduced anas
tomotic tens ion as the poster ior gastr ic wa l l  a l ready l ies 

i n  c lose proxi m ity to the pancreatic ta i l .  Cr it ics note the 
i nactivation of pancreatic enzymes by the low pH of the 

stomach potent ia l ly lead ing  to reduced exocr ine func

t ion .  However, th is  resu lt  is not seen in stud ies eva l uat ing 
centra l pancreatectomy. ' Of note, a recent retrospective 

PEARLS AND PITFALLS 

• 
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review showed a h igher pa ncreatic leak rate with pancre

aticogastric anastomosis .9 

Pancreaticogastrostomy is attractive as it e l i m i n ates the 

need to fash ion  a Roux l i m b; there is  no sepa rate jeju 
nojej u nostomy or  the need for  the creat ion of  a tunne l  
through the co lon i c  mesentery. 

• Pancreaticogastrostomy is u nattractive in that it req u i res 

add it iona l  mob i l izat ion of the pancreatic remnant and is 
rarely emp loyed by most pa ncreatic surgeons.  

• Alternative ly, a Roux l i m b  of jej u n u m  is created by d i 
v id ing  the jej u n u m  1 5  to  30 em d i sta l to  the l i ga ment 
of Tre itz. The mesentery is  transected and the Roux l i m b  

is  de l ivered t o  t h e  pancreas i n  a retroco l i c  posit ion .  The 
pancreaticojej una l  anastomosis may then be fash ioned 
i n  a n  end-to-s ide or end-to-end manner to the d ista l pan
creas (FIG 7) .  

F IG  7 • If the pancreatic remnant ca nnot be adequately 
mob i l ized ( i .e. , 3 em) to provide a tens ion-free a nastomosis 
to the poster ior wa l l  of the stomach or  the surg ica l  team i s  
uncomforta b le  with the techn ique, Roux-en-Y pancreatico
jej u n ostomy shou ld  be performed.  

825 

Patient select ion • Ru le  out possib i l ity of ma l i gna ncy; centra l pancreatectomy is not a n  appropr iate operation  
for  m a l ignant les ions  espec ia l ly adenocarci noma .  

Head of pancreas marg i n  

Pancreaticojej u nostomy 

Pancreaticogastrostomy 

Closure 

• Ensure adequate marg ins  may be obta ined .  
• Exc lude chron ic  pancreatitis patients. 

• Ensure the m a i n  pancreatic ducta l stu m p  i s  v isua l i zed and suture l igated. 

• Posit ion the Roux l i m b  retroco l i c  to the r ight of the m idd le  co l i c  vesse ls .  

• Attractive option as it avoids the need to fash ion  a Roux l i m b . Ensure there is  m i n i m a l  ten
sion on  anastomosis; add it iona l  mob i l izat ion of the pa ncreatic remnant i s  necessa ry when 
compared to pancreaticojej u nostomy. 

• Two c losed suct ion dra ins  p laced in c lose proxi m ity to a nastomosis .  
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POSTOPERATIVE CARE AND 

COMPLICATIONS 

• The patient should be admitted to a monitored setting for at 
least the first 24 hours postoperatively. Postoperative hemor
rhage from central pancreatectomy is relatively uncommon 
but signs including unexplained tachycardia, hypotension, 
or oliguria must be explored. 

• Pancreatic drain outputs are analyzed on postoperative day 
3 for amylase content. Fistulas are identified based on these 
amylase levels and are graded based on the system from 
Bassi et al.10 Drains with high amylase content remain in 
place until output is negligible or amylase content is low. 
Grade B fistulas include those with clinical impact and may 
include early signs of infection and radiographic findings. 
These fistulas typically require antibiotic treatment and fur
ther drainage procedures. Grade C fistulas have greater clini
cal impact, typically progressing to sepsis, and may be an 
indication for reoperation. 

• Endocrine and exocrine function must be assessed prior to 
discharge. Exocrine function may be assessed on a symptom
atic basis, looking for symptoms of malabsorptive diarrhea. 
Serial blood glucose measurements should be performed 
postoperatively, particularly in patients with preexisting hy
perglycemia.  If necessary, diabetic education and an appro
priate regimen should be in place prior to discharge. 

• Delayed gastric emptying is commonly seen after pancreatic 
resections and may be managed medically with promotility 
agents and slow diet advancement. Reoperation and gastro
enterostomy for drainage are rarely required. 

OUTCOMES 

• Numerous retrospective studies have shown comparable re
sults to standard resection techniques, namely pancreatico
duodenectomy and distal pancreatectomy. In fact, reduced 

endocrine insufficiency has been shown in one large retro
spective review.1 

• Postoperative pancreatic fistula rates are variable and have 
ranged from 8 %  to 63%,  depending on the study. 1 •1 1  Al
though pancreas-preserving resections provide an attractive 
alternative for benign lesions, a randomized, prospective 
trial is necessary to further delineate the role of central 
pancreatectomy. 
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Chapter 44 Ampullectomy 
and Transduodenal 
Sphincteroplasty 
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Bhara th D. Na th Tara 5. Kent 

DEFINITION 

• Ampullectomy and transduodenal sphincteroplasty are de
fined as operative approaches to the resection of lesions of 
the ampulla of Vater and the palliative or therapeutic recon
struction of the sphincter of Oddi, respectively, performed 
via a duodenotomy to facilitate exposure of the ampulla 
within the duodenal lumen. Operation on the sphincter 
of Oddi consists of reconstruction of the lumen orifices of 
the pancreatic and/or biliary tree, which may include the 
following: 

Incision of the sphincter alone, without reconstruction 
( sphincterotomy) 
Incision of the sphincter and reapproximation of the duct 
to the duodenal mucosa (sphincteroplasty) 
Incision of the sphincter, division of the septum between 
the pancreatic and common bile ducts, and their reap
proximation with suture (septoplasty) 

• These operations may be employed for the treatment of 
benign, functional, and premalignant disorders of the am
pulla and sphincter complex. Though both ampullectomy 
and transduodenal sphincteroplasty may be incorporated 
as separate components of the same procedure, they effec
tively serve as the extirpative and the reconstructive phase, 
respectively, of an operation on the ampulla of Vater. 

• The standard of care for malignant tumors of the ampulla 
or periampullary duodenum (as well as the head of the 
pancreas and distal bile duct) is a pancreaticoduodenectomy. 

• Ampullectomy is a more limited operation with compa
rably less morbidity that thus has theoretical benefit for 
patients with benign or premalignant lesions of the ampulla 
of Vater. 

DIFFERENTIAL DIAGNOSIS 

• Transduodenal sphincteroplasty/ampullectomy (TSA) may 
be considered one of several treatment options for the 
patient with a mass or functional lesion at the ampulla of 
Vater. However, the caveat is that TSA is only indicated for a 
small minority of patients with ampullary lesions and care
ful consideration of the differential diagnosis is crucial, as it 
will often lead to other management strategies. 

• The indications for transduodenal sphincteroplasty include 
the following: 

Impacted common bile stones that are not amenable to 
extraction by endoscopic means or a "top-down" com
mon bile duct ( CBD ) exploration 
Therapy for sphincter of Oddi dysfunction leading to 
ongoing injury to the liver and/or pancreas that is refrac
tory to endoscopic management 
Management of benign ampullary adenomas 
Pancreas divisum 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients may come to clinical attention due to obstructive 
symptoms of the pancreatic or common bile ducts and may 
initially present with symptoms of biliary or pancreatic ob
struction, such as dark urine, jaundice, steatorrhea, abdomi
nal pain, pruritus, cholangitis, or pancreatitis .  Occasionally, 
melena or iron deficiency anemia may lead to the diagnosis. 

• The majority of ampullary adenomas are sporadic; however, 
a significant second group of patients are those with familial 
adenomatous polyposis (FAP) syndrome. 1 

• Up to 90% of patients with FAP will develop duodenal 
adenomas, and ampullary adenocarcinoma is the leading 
cause of death in FAP patients who have undergone prophy
lactic colectomy. 1 '2 

• Whether sporadic or associated with a polyposis syndrome, 
adenomas at the ampulla are considered precancerous le
sions warranting resection. 

• Various series have documented 25% to greater than 50% 
of adenomas contain occult malignant foci. 1-3 

• Adenomas have a 30% transformation rate to carcinoma.4 
• In several published series, sampling error results in a falsely 

negative preoperative biopsy in 25% to 30% of cases har
boring malignant disease. l,s 

• As patients with benign ampullary lesions are now often 
initially managed with endoscopic resection, candidates for 
surgical ampullectomy comprise a very small group of pa
tients who are neither candidates for endoscopic resection 
nor for pancreaticoduodenectomy.6 Additionally, patients in 
whom endoscopic resection has been incomplete or unsuc
cessful for technically limitations (such as prior Roux-en-Y 
gastric bypass) may fall into this group. 

• In one series of 1 5 7  patients with ampullary lesions, the pres
ence of jaundice, steatorrhea, dark urine, or pruritus was 
associated with malignancy, whereas when the presenting 
symptom was gastrointestinal ( GI)  bleed, the diagnosis was 
more commonly benign.7 Notably, patients with obstructive 
symptoms are highly unlikely to be candidates for ampul
lectomy because of the association with malignancy. 

• Sphincter of Oddi dysfunction (SOD) is a well-characterized 
syndrome that in turn may be due to mechanical causes (e.g., 
fibrosis) or functional (e.g. ,  dysmotility in the biliary tree, 
persistent spasm of the sphincter due to neurohormonal 
dysfunction) .  

• SOD often presents with recurrent biliary-type pain after 
a cholecystectomy. Other causes of biliary pain, such as 
retained CBD stone, pancreatitis, and cholangitis, are typi
cally ruled out by extensive workup before the diagnosis of 
SOD is made. 

• Additionally, SOD may occur in the setting of a prior 
Roux-en-Y gastric bypass performed for morbid obesity.8 
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• Patients who have undergone a prior gastric bypass opera
tion or Roux-en-Y gastrojejunostomy for any other indica
tion may have anatomy that renders endoscopic management 
of ampullary lesions, retained CBD stone, or SOD unfavor
able, necessitating a transduodenal approach. 

• Patients with pancreas divisum are thought to have pancre
atitis secondary to minor papillary insufficiency. This group 
of patients should initially be managed conservatively, and 
replacement of pancreatic enzymes alone may decrease 
symptoms. Endoscopic therapy with minor papillotomy or 
surgical minor papillary sphincteroplasty is the next option.9 

• A final category of patients who may require surgical inter
vention on the ampulla include those who have sustained a 
posterior duodenal perforation as a complication of endo
scopic retrograde pancreatography. Most often, these inju
ries should be managed nonoperatively; however, when the 
injury is immediately recognized, emergent transduodenal 
sphincteroplasty may be considered in carefully selected 
patients . 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Noninvasive imaging modalities may include magnetic reso
nance cholangiopancreatography (MRCP) and computed 
tomography ( CT) with pancreatobiliary contrast protocols 
( FIG 1 ) .  

• Invasive modalities include endoscopic retrograde pancrea
tography (ERCP) or endoscopic ultrasound (EUS) and are 
part of the initial workup for lesions of the ampulla. 

• Imaging modalities can provide information on extent of local 
disease including depth of invasion, if applicable. CT scans 
are the usual initial diagnostic imaging studies performed, 
due to ready availability and ease of interpretation. 

• CT scan has use for the detection of nodal disease or dis
tant metastases, whereas EUS has a great deal of use in the 
detection of depth of invasion of ampullary adenoma and 
hence has a role in the workup of disease amenable to local 
resection (FIG 2 ) .  This point is not without controversy, as 
others have argued that CT scan is not superior to EUS in 
terms of nodal staging. 

• When stricture at the ampulla is suspected, ERCP can be used 
to clarify the extension of the stricture into the pancreatic 

FIG 1 • M RCP image demonstrat ing  a 1 .3-cm adenoma at the 
a m p u l l a  of Vater. The a m p u l l a ry adenoma is out l i ned i n  a dashed 

purple line i n  this image .  

FIG 2 • A. EUS  image of a n  adenoma at the a m p u l l a  of Vater. 
The CBD and pancreatic duct (PD) a re both v is i b l e  and there is  a n  
i rreg u l a r  dens ity t h a t  is  a n  adenoma vis i b le  toward t h e  center of 
the f ie ld (red arrow). 

parenchyma or the distal CBD; this information is critical 
for operative planning. 

• For strictures that extend beyond the ampulla itself, the 
operation of choice would be a pancreaticoduodenectomy or 
CBD reconstruction, that is, hepaticojejunostomy depending 
on the etiology. 

• ERCP, hepatobiliary iminodiacetic acid (HIDA) scan, and 
MRCP with secretin stimulation or sphincter manometry 
may be used to make the diagnosis of SOD. 

• Patients with delayed excretion of contrast after ERCP 
(>45 minutes) ,  CBD dilatation greater than 1 .2 em, and 
elevated alkaline phosphatase or serum glutamic oxaloacetic 
transaminase (SGOT) (greater than two times the upper limit 
of normal)  have excellent response to endoscopic sphincter
otomy alone without other diagnostic maneuvers. 

• Patients who meet some but not all of these criteria benefit 
from further diagnostic testing with manometry, and those 
patients in whom manometry is abnormal may benefit from 
sphincterotomy. 

• Patient with biliary pain but without any of the aforemen
tioned abnormalities may undergo manometry but have gen
erally lower rates of success following sphincterotomy even 
in the presence of abnormal manometry. 

• Although this has not been validated prospectively, one 
small study suggested that HIDA scan with morphine as an 
adjunct has the advantage of a noninvasive test that, when 
positive, correlates well with a positive surgical outcome. 10 

• MRCP with secretin stimulation is another modality that 
has been used to demonstrate SOD dysfunction in patients 
with prior Roux-en-Y gastric bypass for morbid obesity. 8 

• Sphincter manometry is performed via a miniaturized pres
sure catheter that is placed in the sphincter of Oddi using 
a side-viewing endoscope. Four categories of manometric 
abnormalities are defined and include the following: 

Papillary stenosis, which is defined as persistently el
evated resting pressures within the sphincter of Oddi that 
are unresponsive to pharmacologic means of sphincter 
relaxation 
Dyskinesia, in which the response to pharmacologic 
relaxation is preserved within the context of elevated rest
ing pressures 
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Tachyoddia, in which there is an increased frequency of 
spontaneous contractions of the sphincter and physiologi
cally abnormal (paradoxical) response to cholecystokinin.1 1 
Paradoxical sphincter response, in which an increase in 
sphincter tone is observed in response to cholecystokinin 
administration 

• Endoscopy with secretin stimulation test may also be used in 
the stratification of patients with pancreas divisum who are 
likely to benefit from surgical sphincteroplasty. Briefly, EUS 
may be used to visualize the minor pancreatic duct. After 
administration of secretin, increase in ductal dilatation gives 
evidence to an obstructive papillary stenosis. The absence of 
this dilatation should prompt consideration of further trials 
of nonsurgical therapy. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Biliary tract decompression, that is, by percutaneous trans
hepatic biliary drain placement or ERCP, may be required if 
the patient has presenting symptoms of biliary obstruction. 

• Preoperative placement of an epidural catheter for pain 
control is a useful adj unct for a planned open operation 
and limits postoperative dependence on narcotic pain 
medication. 

• General strategies to optimize patients for major surgery 
should be employed as indicated. These may include optimi
zation of nutritional status as well as smoking and alcohol 
cessation. 

Positioning 

• The patient is positioned supine on the operating table. 
Sequential compression device boots are placed. Unless there 
is a contraindication to heparin administration, 5,000 units 

INCISION AND EXPOSURE 

• A r ight subcosta l  (Kocher) i nc is ion is made with exten

sion across the m i d l i n e  to fac i l itate exposure .  The i nci
s ion should be made approxi mately two f ingerbreadths 

i nfer ior  to the costa l  marg i n .  Adequate exposure i s  faci l i 
tated by  the p l acement of a fixed retractor such  as the  

Bookwalter or  Thompson .  I f  the g a l l b ladder  i s  p resent, 

KOCHER MANEUVER 

• The second port ion of the duodenum is g rasped and re
tracted med i a l ly so as to enab le  d iv is ion of the peritoneum 

at i t s  l atera l border. An avascu l a r  p lane is  deve loped, with 
extens ion toward the m id l i ne  to completely mob i l ize the 

duodenum through the th i rd port ion (FIG 4) .  The loca

t ion of the a m p u l l a  is  typica l ly at the d ista l aspect of the 
second port ion of the duodenum; hence, wide mob i l i 

zation of  the  duodenum with  a Kocher maneuver that 

of unfractionated heparin are given in the preoperative hold
ing area as deep venous thrombosis (DVT) prophylaxis. 

• Preoperative antibiotics are administered within 1 hour of 
incision. Appropriate antibiotics should cover for skin flora 
as well as for gram-negative enterics and anaerobes. 

• Our practice is to extend the left arm and tuck the right 
arm and place the Bookwalter (or similar) retractor on 
the patient's right side . A right subcostal (Kocher) inci
sion with extension a short distance across the midline is 
used ( F IG 3 ) .  

FIG 3 • The patient i s  posit ioned i n  the sup ine  posit ion .  The 
r ight arm i s  tucked and a Bookwalter retractor is  typ ica l ly p laced 
on  the right side. A r ig ht-s ided su bcosta l  i nc is ion with extens ion 
across the m i d l i n e  is  used . 

a cholecystectomy is typ ica l ly performed.  We suggest 

leav ing a long cyst ic duct stu m p  to faci l itate p lacement 
of tra nscystic  duct stum p  b i l i a ry catheter to g u ide iden

tif icat ion of the a m p u l l a ry or if i ce .  Th is  maneuver can 
opt im ize the locat ion of the su bseq uent duodenotomy. 

The l iver is retracted super ior ly and  the hepatic f lexure i s  
com pletely mob i l ized such that  it can be safe ly retracted 

i nferior ly out of the operative f ie ld .  

extends i nfer ior ly and med i a l ly towa rd the mid l ine  with 
fu l l  mob i l i zat ion of the hepatic f lexure to expose the 
th i rd port ion of the duodenum i s  essent ia l  to provide ad
equate exposure and a tension-free c losure .  This mob i l i 
zation a lso a l lows the duodenum to  be retracted u p  i nto 

the f ie ld where it may be ma inta ined with stay sutu res 

for su bseq uent steps of the operation .  The p lacement of 
laparotomy pads poster ior to the duodenum to further 
e levate it i nto the i nc is ion is  recom mended.  
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DUODENOTOMY AND EXPOSURE OF THE 

AMPULLA 

• B i m a n u a l ly pa l pate the second port ion of the duode
num to identify the les ion. I f  it ca nnot be pa l pated, p l ace 
a b i l i a ry catheter v ia  the cyst ic  duct stu m p, i nflate the 

ba l l oon,  and withdraw it u nt i l  you meet resi sta nce-the 
b a l l oon wi l l  be pa lpab le  at the a m p u l l a .  An ant imesen
ter ic duodenotomy is then made to expose the l u m i n a l  

or if ice o f  t h e  a m p u l l a  (FIG S) . T h e  duodenotomy may 
be made e ither i n  a long itud i n a l  o r  a so-ca l led l azy 5 

FIG 4 • A Kocher maneuver is performed by i nc is ion of the 
latera l attachments of the duodenum and  extens ion to the 
th i rd port ion of the duodenum,  expos ing  the j u nct ion of the 
m idd le  co l i c  and the super ior mesenter ic vessels .  

curv i l i near  i nc i s ion .  We typ ica l ly favor a long itud i n a l  
i nc i s ion,  w h i c h  a l l ows f o r  extens ion o f  t h e  inc i s ion i f  
a w i d e r  f i e l d  o f  exposure i s  needed.  Alternatively, if a 

wide exposure is req u i red to remove a l a rge adenoma,  
a cu rvi l i near  i nc i s ion offers the broadest operative f ie ld .  

The duodenum wi l l  stretch, so use  ca re not to m a ke a n  
u n necessa r i ly  l a rge inc i s ion .  A 5-cm long itud i n a l  i nc i s ion 
wi l l  usua l ly faci l itate adequate exposu re .  Stay sutu res 
a re p l aced a round the edges of the duodenotomy to 

m a i nta i n  the operative f ie ld ,  thus  expos ing  the l u men 
of the duode n u m .  

F IG  5 • A duodenotomy i s  performed.  T h e  p lacement o f  the 
i nc is ion may be long itud i na l  or  i n  a l azy 5 configu ration .  Pa l pation 
of the a m p u l l a  through the duodena l  wa l l  or  pa l pation of a b i l i a ry 
catheter threaded through the cyst ic  duct stu m p  across the a m p u l l a  
faci l itates p lacement o f  t h e  inc i s ion .  T h e  dashed line represents the 
approxi mated locat ion of the a m p u l l a r  structu res. Pa l pation of the 
structu res (and any preoperatively p l aced b i l i a ry stents) should g u ide 
the p lacement of the inc i s ion .  
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IDENTIFICATION OF THE MAJOR AND • The m inor  pap i l l a  is typ ica l l y  l ocated 2 em cepha lad  to 

the major orif ice. Its identif icat ion may be fac i l itated, if  

needed, by i ntraoperative secret in  i nject ion (75 U/kg) to 
stim u l ate pancreatic secret ions .  

MINOR PAPILLA 

• The major and m inor  ( if p resent) pap i l l ae  a re ident if ied.  
Adenomas are read i l y  apparent. Alternative ly, the b i l i a ry 
catheter wi l l  identify the major pa p i l l a .  

P REPARATION FOR THE EXTIRPATIVE 

PHASE 

• At th i s  poi nt, it is advantageous to prepare the f ie ld for 
exc is ion of the a m p u l l a  (FIG 6) .  The maneuvers used w i l l  
be dependent on t h e  g o a l s  o f  t h e  operation specif ic to 

the i nd iv idua l  patient. If a mass i s  to be excised, p lace
ment of a tract ion suture (2-0 s i l k) i nto the mass a l l ows it 
to be e levated, retracted, and excised.' 

• From with i n  the l u men of the duoden u m, fu l l -th ickness, 

c i rcumferent ia l  stay sutu res a re p laced to dema rcate 

1 .0-cm borders a round the p lan ned resect ion a rea ( i .e . ,  
1 .0 em from the a m p u l l a  or obvious borders of the mass 
itse lf), which w i l l  a lso fac i l itate de l ivery of the a m p u l l a  

i nto a n  opti m a l  posit ion f o r  resect ion .  These sutu res a l so 
sta b i l ize the red undant duodena l  m ucosa . 

PERFORMANCE OF THE EXTIRPATIVE 

PHASE 

• 

• 

• 

Retract ing the mass i nferiorly, needle tip electrocautery 

is used to d ivide the posterior duodenal  mucosa unt i l  the 
bi le duct is  reached. At that point, sutures are placed to 

approximate the (fu l l -th ickness) CBD and the medial duo

denum (5-0 absorbable monofi lament). The dissection then 
continues c i rcumferentia l ly i n  a cran ia l  to cauda l  fash ion.  

The b i l i a ry catheter, when present, is  withd rawn . Need le
t i pped e l ectrocautery is used to inc i se the med i a l  (deep) 
wa l l  of the CBD .  Th is  transact ion po int can be u p  to 3 em 
proxi ma l  to the duodena l  or if ice and sti l l  accommodate 
a ductop lasty. 

As the d i ssect ion prog resses ci rcumferent ia l ly, 4-0 or 

5-0 a bsorba b le  monofi lament sutu res are p laced fu l l 
th ickness through the  CBD and then  the duodena l  wa l l  

a n d  t ied.  Hence, the reconstruct ion occu rs a s  the d i ssec
t ion is  performed. This approach provides opt ima l  identi
ficat ion of the edge of the i ncised bi le duct and prevents 
catastroph ic  retract ion of the CBD out of the f ie ld of view. 

FIG 6 • C i rcu mferent ia l  ca utery a round the a m p u l l a  resu lts 
in the exposu re of the b i l i a ry and  pancreatic d ucta l or if ices. 
If d ifficu lty i s  encountered identify ing the pancreatic or if ice, 
i ntraoperative secret in  a d m i n i strat ion may be used, with a 
resu ltant c lear  eff luent observed in the operative f ie ld from 
the pancreatic orif ice. The loca l ization of the b i l i a ry duct i s  
enab led by the p lacement of a d i rected b i l i a ry catheter v ia 
the cyst ic  d uct stu mp .  

• 

• 

• 

• 

Alternative ly, de lay ing reconstruct ion unt i l  both pan
creatic ducts and CBDs have been excised serves two 

purposes. F i rst, i ntraoperative frozen sect ion of the 
comp letely excised speci men may be performed and ad

d i t iona l  ducta l marg in s  (up to 1 em) taken as needed. 
Second,  the reconstruct ion with or ientat ion of the pan
creatic and CBDs may be opt im ized. 

For th i s  approach, sutu res should be p laced i n  the b i l e  
and pancreatic ducts as the  d issect ion proceeds and the 
need les left i n  p lace .  Oppos ing b ites of duodenum w i l l  

be taken later t o  approximate these structures after the 
resect ion i s  comp lete. 
The pancreatic d ucta l  or if ice i s  encountered at a bout 

the 2 o'c lock posit ion .  S i m i l a r  to the CBD,  stay sutu res 
(5-0 polydioxanone [PDS] or  s i m i l a r) a re p laced fu l l  th ick

ness through the pancreatic duct and u lt imately a re 
secu red to the duoden u m .  

T h e  d i ssect ion is  carr ied c i rcu mferent ia l l y  with sutu res 

p laced through the duodena l  wa l l  unt i l  the ent i re am

p u l l a ry com plex has been  excised. 
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INTRAOPERATIVE FROZEN SECTION 

• If the operation is performed for an adenomatous les ion, 
i ntraoperative frozen section should be used. Ma l ig nancy 

found on intraoperative frozen sect ion shou ld warrant 
consideration of convers ion to pancreaticoduodenectomy. 

RECONSTRUCTIVE PHASE 

• Reconstruct ion proceeds with creat ion of a septu m by a p
posit ion of the CBD and  pancreatic ducts. Fu l l-th ickness 

i nterrupted sutu res us ing 5-0 monofi l a ment, a bsorba b le  

• Between 25 % and  45% of patients with patho log ic  T1  

per iam p u l l a ry les ions wi l l  have positive lym ph node 
metastases. Thus, pancreaticod uodenectomy is the pre
ferred management strategy for ma l i gnancy. I ntraopera

tive ana lysis of the resected adenoma is essentia l 4• 1 0• 1 2 

c losure us ing seromuscu la r  3-0 s i l k  sutu res. Oversewing 

i s  avoided i n  order  to prevent stricture and  to ma inta i n  
maxi m a l  duodena l  patency. I n  some cases, when a long i 
tud i n a l  c losure provides a better pr imary c losure but nar
rows the l u men,  we a lso perform a gastrojeju nostomy. 

sutu res are p laced through each duct such that they can • A c losed suct ion d ra i n  may be left in close proxim ity to 
the d uodenotomy at the surgeon's d i scret ion,  and  the 
abdomen is c losed i n  a standard fash ion .  

be t ied  on the l umen  s ide (FIG 7) .  

• The pancreatic ducts and CBDs a re then approximated to 

the duodena l  wa l l  by tak ing the previously p laced sutu res 
through the ducts and p lac ing fu l l -thickness suture b ites 
through the d uodenum, exit ing  in the duodena l  m ucosa. 
This is  carried out i n  a c i rcumferentia l  fash ion unt i l  a duo
dena l  defect rema ins  at the i nfer ior port ion of the recon

struct ion, which is then c losed by reapproximation (FIG 8) .  
• Our  pract ice is to c lose the d uodenotomy in a tra ns

verse fash ion when th i s  can be accomp l ished in a ten
s ion-free manner  (typica l ly dependent on the s ize of 
the d uodenotomy). Alternative ly, we use a long itud i n a l  

F IG  7 • A completed reconstruction ofthe ampu l l a ry structures. 
The CBD is identified by the dashed green line, whereas the 
pancreatic duct is identified by the dashed blue line. 

FIG 8 • Rea pprox imat ion of the ducta l structures. The 
rea pproximated ducts are a lways sma l l e r  than the excised 
a m p u l la ;  hence, the add it iona l  defect may be c losed with 
s imp le  duodena l  stitches. 

PEARLS AND PITFALLS 
Sph i ncter manometry 

Postoperative pneumob i l i a  

De layed reconstruct ion of 
pancreatic and  CBD 

Bar iatr ic su rgery patients with 
pancreatob i l i a ry-type pa in  

• Avo id use  of ant icho l i nerg i cs or op io ids  such  as morph i ne, which a lter sph i ncter of Odd i  
pressu res. 

• Expected; i nd i cative of patency of the repa i r  

• Faci l itates opti m izat ion of the or ientat ion of the ducts to the duodenum and  enab les add i 
t iona l  marg ins  to be taken  if needed 

• SOD and a m p u l l a ry stenosis should be i n  the d ifferentia l  and may be amenab le  to surg ica l  
i ntervention .  

• More recently, data  has emerged question ing  the va lue  of endoscopic  ma nagement of SOD.  
The extens ion of th i s  f i nd ing  to surg ica l  ma nagement is  un known. 
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Preoperative ERCP and EUS  • Both a re cruc ia l  moda l it ies to  demonstrate the feas ib i l ity of  a m p u l lectomy. 

Duodenotomy • The duodenotomy w i l l  stretch .  Although it must be of suff ic ient s ize so as to afford appropr i 
ate exposu re, sta rt sma l l  and  extend as needed.  

C losure of the duodenotomy • If transverse c losure i s  not poss ib le  to acco m p l ish i n  a tens ion-free manner, a long itud i na l  c lo
sure may be used, with a gastrojej u nostomy if concern exists that the duodena l  lumen is  thus 
na rrowed.  

Identif icat ion of the a m p u l l a  • A b i l i a ry Fogarty catheter m a y  be passed v i a  t h e  cyst ic  duct i n  order t o  fac i l itate identif icat ion 
of the a m p u l l a .  

POSTOPERATIVE CARE 

• Routine postoperative care includes pain control, strict re
cording of urine output via a Foley catheter, gastric decom
pression via a nasogastric tube, and monitoring output of a 
closed suction drain. 

• Patient-controlled analgesia or an epidural is typically used. 
Patients are transitioned to oral pain medication once toler
able of clear liquids . 

• Our practice per the clinical pathway is to draw routine 
full set of labs on the first postoperative day and then the 
fourth postoperative day but otherwise only when clinical 
suspicion raises concern. In sphincteroplasty patients, it is 
prudent to include total bilirubin and serum amylase and li
pase and to delay advancement of diet if pancreatic enzymes 
remain elevated postoperatively. 

• Sequential compression stockings and unfractionated heparin 
(5,000 units three times a day) are used routinely. Addition
ally, pantoprazole (40 mg intravenously daily) is continued in 
the postoperative period. 

• The nasogastric tube is typically discontinued on the third 
postoperative day. 

• The epidural and Foley catheter are typically discontinued 
on the third postoperative day. In the absence of an epidural, 
the Foley catheter is removed once postoperative urine out
put is satisfactory, typically on postoperative day 1 or 2 .  

• The drain output is continuously monitored. The drain i s  
left in place until the patient can tolerate a regular diet. The 
drain is then removed unless the character or volume of out
put is of concern for a leak at the duodenal closure site . 

OUTCOMES 

• When performed for SOD, patient satisfaction and symp
tom relief has been noted to vary with SOD subclass. In one 
series, patients with type I SOD reported good outcomes in 
nearly 1 00 %  of patients. However, results were not as favor
able in type III and type II dysfunction with 5 8 %  and 6 1 %  
favorable outcomes, respectively. I n  multivariate analysis, 
patients with good outcomes tended to be older (47 years 
old vs. 33 years old), whereas patients with poor outcomes 
tended to suffer from chronic pancreatitis .9 

• Surgical sphincteroplasty is associated with a 3 0 %  compli
cation rate. Complications after ampullectomy occur at half 
the frequency of complications of pancreaticoduodenectomy 
and with a lesser degree of severity. 1 0 

• When performed for minor papillary stenosis, success rates 
vary with patient characteristics. Success is lowest in pa
tients with pancreatic-type pain without clinical evidence of 

pancreatitis, intermediate in patients with chronic pancre
atitis, and highest (75% to 9 0 % )  when undertaken after a 
single episode of acute pancreatitis. 

• When performed for SOD, a retrospective review indicated 
that the success rate of transduodenal sphincteroplasty was 
low in patients with concomitant chronic pancreatitis but 
relatively high in patients who had undergone prior bariatric 
surgery.9 

• In patients who had undergone prior Roux-en-Y gastric by
pass and subsequently underwent operation for SOD, one 
relatively small case series demonstrated that the majority of 
patients had pain improvement after surgery.8 

• When performed for malignancy, retrospective analysis in
dicates significant disadvantages to transduodenal resection 
versus pancreaticoduodenectomy including increased inci
dence of local recurrence and decreased survival. However, 
the only prospective series comparing the two techniques is 
relatively small and demonstrates that in selected patients 
outcomes may be equivalent.U  

COMPLICATIONS 

• In one series of patients comparing surgical ampullectomy 
to endoscopic ampullectomy, a 42% morbidity rate was ob
served among the surgical ampullectomy group versus the 
1 8 %  in the endoscopic ampullectomy group. Complica
tions after endoscopic ampullectomy included hemorrhage, 
pancreatitis, and intractable nausea, in decreasing order of 
frequency. After surgical ampullectomy, the most frequent 
complications included dehydration, symptomatic pancre
atitis, wound infection, and intraabdominal abscess. 

• Major complications are rare but include leakage at the du
odenotomy leading to pancreaticobiliary fistula or intraab
dominal abscess and sepsis. Cholangitis is also reported with 
a frequency of 6% in one series .14 
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DEFINITION 

• Pancreatic neuroendocrine tumors (PNETs) are a diverse 
group of neoplasms that can arise from mature endocrine 
cells of the pancreas (o., �' 8, and -y cells ) and multipotent 
cells, which have the ability to differentiate into endocrine 
and exocrine cells. PNETs were previously known as islet 
cell tumors.  

• PNETs can be subdivided into functional and nonfuctional 
based on their production of specific pancreatic endocrine hor
mones. Functional PNETs can produce insulin, gastrin, gluca
gon, vasoactive intestinal polypeptide (VIP), and somatostatin. 

DIFFERENTIAL DIAGNOSIS 

• Functional PNETs amenable for enucleation are the following: 
Insulinoma 
Selected gastrinoma 
Selected somatostatinoma 

• Selected nonfunctional PNETs amenable for enucleation are 
typically less than 2 em but this is an area of controversy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A thorough history and physical must be obtained to assess 
for signs of functional tumors, symptoms of mass effect, 
or evidence of metastatic disease. Physical exam should 
focus on abdominal masses, organomegaly, signs of biliary 
obstruction or liver dysfunction, and lymphadenopathy. 

• Although most PNETs are sporadic, 1 0 %  can be associated 
with predisposing syndromes such as multiple endocrine 
neoplasia type 1 (MEN- 1 ) ,  von Hippel-Lindau (VHL) dis
ease, neurofibromatosis type 1 (NF1 ) ,  and tuberous sclerosis 
complex (TSC) .  

• Nonfunctional PNETs are typically slow growing and occur 
in the head of the pancreas. These lesions usually present sim
ilarly to pancreatic adenocarcinoma due to the mass effect of 
the tumor: jaundice, abdominal pain, and weight loss. 

• Functional PNETs 
Insulinoma: Whipple's triad-symptoms of hypoglyce
mia, generally when fasting, at night, or during exercise; 
hypoglycemia documented at the time of symptoms; and 
symptom relief with glucose administration. 

Supervised 72-hour fast with a plasma glucose of less 
than 45 mg/dL 
Increased C peptide more than 100 pmol/L 
Negative sulfonylurea screen in urine 
Negative insulin antibodies 

Gastrinoma: Zollinger-Ellison syndrome-refractory pep
tic ulcer disease and secretory diarrhea 

Serum gastrin of more than 500 pg/mL 
Gastric pH less than 3 
Positive secretin or calcium stimulation test 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Imaging: Computerized tomography (CT), magnetic reso
nance imaging (MRI) ,  endoscopic ultrasonograph with fine 
needle aspiration (EUS/FNA) ,  somatostatin receptor scin
tigraphy (SRS),  percutaneous transhepatic portal venous 
sampling (PTPVS) ,  and arterial stimulation with venous 
sampling (ASVS) all may play a role in localization of a 
PNET and preoperative planning. FIG 1 shows a CT scan of 
an insulinoma at the level of the head of the pancreas. These 
lesions are typically best visualized on arterial phase CT. 

• CT scanning is unfortunately only 67% sensitive in localizing 
PNET and these other adjunctive measures may be required. 

• As a part of EUS evaluation, tattoo small lesions or lesions 
that are deep within the parenchyma of the pancreas to 
make localization easier at the time of operation. 

• Based on the data collected from laboratory tests and imag
ing studies, only select PNETs are amenable to enucleation. 
Low-grade tumors such as insulinomas are most amenable 
to enucleation. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Because most ( > 9 0 % )  insulinomas are benign, enucleation 
is usually preferred. A formal pancreatic resection should be 
considered if there is evidence of invasion, lymphadenopa
thy, or if the tumor is in close proximity to the pancreatic 

FIG 1 • CT sca n of abdomen showing an insu l i noma in the 
head of the pancreas. It i s  we l l  c i rcu mscribed, consistent with a 
ben ign  PN ET. It is presented as it is u n usua l ;  it does not enhance 
on  the a rter ia l  phase of imag ing .  Arrow poi nts to an exophytic 
insu l i noma at the head of the pancreas. 
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duct or major vessels . It is possible to perform an enucleation 
through traditional open technique or laparoscopically. 

expectancy, and signs of malignancy, which include enlarged 
lymph nodes or distant metastases. 

• For lesions where the pancreatic duct may be at risk for injury, 
some have advocated preoperative placement of a pancreatic 
duct stent. There is not clinical data that supports or con
demns this approach. 

Positioning 

• Contraindications would include recent pancreatitis, un
controlled coagulopathy, comorbidities that would limit life 

• The patient should be placed supine on the operating room 
table. The entire abdomen should be sterilely prepped and 
draped. 

P LACEMENT OF INCISION 

• Open :  An upper  m i d l i ne i nc is ion shou ld  be made to enter 
the abdomen.  

• Lapa roscop ic :  An i nfra u m b i l i ca l 1 0-mm port shou ld  be 
p l aced to ga i n  access to the abdomen.  From there, an

other  two 1 0-mm ports w i l l  be p l aced i n  the left upper  
quadrant and r ight lower quadra nt, and  two 5-mm ports 
wi l l  be p l aced in the r ight upper quadrant and left l ower 
quadrant as shown i n  FIG 2. 

ABDOMINAL EXPLORATION 

• A thorough exa m i nat ion of the abdomen shou ld  be per
formed pr ior  to proceed ing  with en ucleat ion to exc lude 

adva nced locoreg iona l  d isease or  metastat ic  d i sease. 

PANCREATIC DISSECTION 

• If the les ion l ies in the head of the pancreas, th i s  a rea 
is  mob i l ized by fi rst d i ssect ing  the omentum from the 

hepatic f lexure. A Kocher maneuver a l l ows you to fur

ther mob i l ize the head of the pancreas. D iv is ion of the 
r ight gastroep ip lo i c  vessels on the a nter ior surface of 
the pancreatic head wi l l  a l l ow for fu l l  exposure .  Wh i l e  
mob i l iz ing  med ia l ly, the super io r  mesenteric ve in (SMV) 

wi l l  be encountered and care must be taken to avoid a 

vascu l a r  i nj u ry. 
• The gastroep ip lo ic  ve i n  may need to be d iv ided to pro

vide adequate exposu re to the pancreatic neck. 

( 
l 1---

FIG 2 • I l l ustrat ion of port s ite p l acement for l aparoscopic  
en ucleat ion of PN ET. It i s  best to br ing the d ra i n (s) out 
through the left upper quadra nt and/or r ight upper quadra nt 
port sites. I l l ustration by Fra n k  Cor l .  

• 

• 

• 

• 

PN ETs most com m o n ly metastasize to the l i ver; th us, 
thorough exa m i nat ion of the l iver is  cr it ica l and i ntraop

erative u ltrasound ( IOUS) is  the most sensit ive imag ing  
moda l ity for  detect ing metastases. 

If the tumor is  located in the neck, the p lane  be low the 

neck and a nter ior to the porta l vei n/SMV m ight need to 

be deve loped.  
If the les ion is  i n  the ta i l  of the pancreas, mob i l i z ing the 

sp len ic  bed may expose th i s  a rea.  Th is  requ i res d iv is ion 
of the gastrosp len ic  l igament (conta i n i n g  gastroep ip lo ic  

vesse ls) and  a lso the short gastr ic vesse ls .  
Obta i n  access to the lesser sac by d iv id ing  the gastroco l i c  
l i ga ment from left to r ig ht. Retract the stomach more 

super ior ly, a long with the omentum to adequately v isu

a l ize the pancreas. 
At this poi nt, i nspect ion of the pancreas is  done. I f  the 
tumor i s  eas i ly  identif ied, further d i ssect ion may be 
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avoided u n l ess patient has a n  i n herited syndrome or  i f  

there are c l i n ica l  concerns of m u lticentric d isease. 
• Dissect ing  out the super ior  and  i nfer ior  borders of the 

pancreas us ing b l u nt and sharp techn ique  may further 

help de l i neate the locat ion of the les ion and a l l ows ac
cess to the poster ior pancreas if necessa ry for tumor 

identif icat ion .  
• Once the pancreas is v i s ib le, pa lpate the mass us ing you r  

f inger or  a lapa roscop ic  i nstrument. I n  open cases, a wide 
Kocher maneuver and sp len ic mob i l izat ion fac i l itates b i 

manua l  pa l pation of the pancreatic head and body/neck, 
respective ly. If the tumor is  sma l l ,  IOUS  is  a lso usefu l i n  

loca l iz ing  t h e  mass as we l l  as  t o  better eva luate t h e  prox
i m ity to the pancreatic duct and vascu la r  structures. 

• Once the mass is l ocated, care m ust be taken to avoid any 

major surround ing  vascu la r  structures. 
• Once the pancreas has been suff ic ient ly mob i l ized and 

exce l lent exposure has been obta ined, one shou ld  be  
ab le  to visua l ize the mass us ing the aforementioned 
tech n iq ues. P lease see FIG 3 to appreciate how exposu re 
of the pancreas provides v i sua l izat ion of the mass. 

DISSECTING THE MASS 

• PN ETs, espec i a l ly i n su l i nomas, a re typ ica l ly wel l  c i rcu m

scribed and we l l  encapsu l ated, and a d i ssect ion p lane  

shou ld  be evident. FIG 4 demonstrates a we l l -encapsu
l ated i n su l i noma and a d i ssect ion p lane, which ca n be 

fo l l owed with e lectrocautery. 
• Once the appropr iate tissue p lane  has been identif ied, 

it may be further d issected out using d i fferent type of 

energy devices.  Constant gent le e levat ion and tract ion 
a l lows for v i sua l izat ion of the p lane of d i ssect ion and 

feed ing  vessels .  
• The a uthors advocate the use of surg ica l  c l i ps on any 

br idg ing  structure g reater than 1 m m .  
• A f igure-of-e ight suture p laced in the mass can serve as 

a va luab le  retract ion po int and fac i l itate deve lopment of 
the tissue p lane  a long the pseudoca psu le  of a PN ET. 

• Once the mass is removed, ca re shou ld  be taken to en
sure exce l l ent hemostas is .  I n  add it ion,  IOUS can be used 

to demonstrate the i nteg rity of the pancreatic d uct. 
• In the case of gastr inoma,  some advocate for routi ne 

duodenotomy as there is  a h igher r isk of m u lt ip le  tumors, 

which can be sma l l  and  otherwise d iffi cu lt  to detect. 

CLOSURE AND DRAIN PLACEM ENT 

• When c los ing the 1 0-mm ports, the fasc ia  is idea l ly c losed 
to prevent inc i s iona l  hern ia  in the future. 

• A dra i n  should be p laced a long the area that has been 
enuc leated; this wi l l  aid in mon itoring for and contro l l i ng  

FIG 3 • I ntraoperative photog ra ph of  a n  i n su l i noma .  Th i s  
photo shows the wel l -encapsu l ated mass that  extends outs ide 
the parenchyma of the pancreas be ing d i ssected us ing a n  
u ltrason ic  energy device. T h i s  a natomic  re lat ionsh i p  o f  a 
PNET to the parenchyma of the pancreas, coup led with the 
pseudoca psule,  make th i s  les ion idea l for enucleat ion.  

FIG 4 • Schematic demonstrat ion of adequate exposure 
of the pancreas. This f igure emphasizes the i m portance of 
retract ing  the stomach on  prov id ing  adequate exposu re .  The 
inset demonstrates how the les ion shou ld  be eas i ly  d i ssect ib le  
f rom the pancreatic parenchyma. 

any postoperative leaks. The dra ins a re most easi ly brought 

out through the left upper quadra nt or r ight upper quad

rant i ncis ions, as demonstrated i n  FIG 5. 
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FIG S • A photogra ph of the c losed a bdomen; the dra ins  a re 
most eas i ly  brought out through the r ight upper  quadrant or  
left upper  quadra nt port sites. 

PEARLS AND PITFALLS 
EUS  with tattoo ing of the les ion • A tattoo that loca l i zes very sma l l  PN ETs is i nva l uab le  to g u ide the operation .  As most a re now 

approached l aparoscop ica l ly, th i s  fac i l itates identif icat ion of the neoplasm without the a b i l ity 
of pa l pation .  

Deep  d iffi cu lt PN ETs • If enuc leat ion is d ifficu lt  for body/ta i l  tumors or v io lat ion of the pancreatic duct is suspected, 
perform either lapa roscop ic  or  open d i sta l pancreatectomy, with preservation  of the sp leen 
when possib le .  

Tech n ique  • G rasp ing a P N ET wi l l  often l ead  to  l acerat ion .  The  neoplasm shou ld  not  be g rasped; rather, 
use an i nstrument to push the les ion to prov ide exposure.  

• A suture through the les ion serves as an  exce l lent retract ion tool when exposure is  cha l leng ing .  

IOUS  • A very usefu l  too l  i n  determ i n i n g  duct relationsh i p  w i th  tumor to  p l an  en ucleat ion versus 
resect ion early in the operat ion .  

D ra i n  • T h e  vast majority o f  pancreatic surgeons p lace a d ra i n  fo l lowing  en ucleation .  T h e  f istu la  rate 
i s  very h i g h .  

POSTOPERATIVE CARE 

• Postoperatively, the patient may have their diet advanced 
as tolerated. If an insulinoma is removed, plasma glucose 
should be monitored every 15 minutes until stabilized. The 
drains should be monitored for the quantity and quality of 
the output. Once patient is taking adequate oral intake, the 
drains should be sent for amylase levels to rule out a leak 
before the drains are removed. 

OUTCOMES 

• If the PNET is an insulinoma, enucleation should be cura
tive. If a nonfunctional PNET is elected for enucleation, the 
patient should be placed in a surveillance program and for 
PNETs that are large or potentially malignant, the operation 
should be a formal resection with lymphadenectomy. 

COMPLICATIONS 

• Early complications include the following: 
Pancreatic leak 
Acute pancreatitis 

Wound or intraabdominal infection 
Bleeding 

• Late complications 
Chronic pancreatic leak resulting in a cutaneous fistula, 
ascites, or pseudocyst 
Recurrent PNET 
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Chapter 46 Operative Treatment of 
Gastrinoma 
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Jason A. Castellanos Nipun B. Merchant 

DEFINITION 

• Zollinger-Ellison syndrome is a rare etiology of ulcer disease 
that is caused by gastrin secretion of neuroendocrine tumors 
(gastrinomas )  typically found in the duodenum and pancreas.  
These tumors may be sporadic or associated with multiple 
endocrine neoplasia type 1 (MEN- 1 ) .  Although the gastrin
mediated gastric acid hypersecretion can be controlled with 
modern antacid and proton pump inhibitor medications, the 
potentially malignant nature of the gastrinoma is the main 
determinant of patient survival. Therefore, surgical manage
ment remains critical in the care of patients with gastrinomas. 

DIFFERENTIAL DIAGNOSIS 

• Table 1 summarizes the potential etiologies of hypergas
trinemia. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with gastrinomas typically have nonspecific symp
toms, and this has historically led to delayed diagnosis from 
3 to 9 years after initial onset of symptoms. Although pre
sentation may occur anytime from childhood to old age, 
patients typically present with a male predominance (3 :2 )  in 
the fifth decade of life with sporadic gastrinomas and in the 
fourth decade of life with MEN-1-related gastrinomas . 1  

• The most common symptoms are abdominal pain, diarrhea, 
and gastroesophageal reflux disease (GERD ) (Table 2 ) .  Typi
cally, patients have a small, solitary ulcer ( < 1  em in diame
ter) in the first portion of the duodenum, although they may 
also have a history of recurrent ulcers in atypical locations 
such as the jejunum ( 1 1  % )  and distal duodenum ( 1 4 % ) .2•3 

• The most common complications are due to ulcer perfora
tion, although up to 20% of patients do not have an ulcer on 
presentation. 

• Gastrinomas arise sporadically in a majority of cases (75 %  to 
80% ), whereas the remainder are due to MEN-1 .  It is impor
tant to differentiate the etiology as this dictates the clinical 
and surgical management of these patients. In addition to 

Table 1 :  D ifferential Diagnosis of 
Hypergastrinemia 

Elevated Gastric Acid 
Secretion 
Helicobacter pylori i nfect ion 
Reta ined gastr ic antrum 
Gastr inoma 
Antra l  G-ce l l  hyperp las ia  
Rena l  fa i l u re 
Short bowel syndrome 

Normal/Decreased Gastric 
Acid Secretion 
Pern ic ious anemia  
Atroph ic  gastrit is 
Proton pump i n h i b itor or  H 2  b locker use 
Postvagotomy 

gastrinomas, patients with MEN-1 also develop parathyroid 
adenomas, pituitary adenomas, and other neuroendocrine 
tumors.4 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• If a gastrinoma is suspected, then a serum fasting gastrin 
level should be obtained. Prior to this test, the patient should 
be instructed to hold antacid medication (proton pump in
hibitors held for 7 days; histamine receptor blockers held for 
at least 30 hours ) .  

• A n  elevated gastrin level greater than 1 0  times the upper 
limit of normal ( > 1 ,000 pg/mL) should be followed by a 
gastric pH probe in order to rule out achlorhydria. A gastric 
pH of 4 .0 or greater confirms the diagnosis of gastrinoma if 
other etiologies (e .g. ,  retained antrum after Billroth II resec
tion) have been ruled out. 

• A gastrin level that is elevated but less than 10 times the 
upper limit of normal should be followed by a secretin 
stimulation test. Although normal G cell gastrin secretion 
is inhibited by secretin, gastrin release by gastrinoma cells 
is actually increased. Secretin is infused intravenously over 
1 minute after baseline gastrin measurements are obtained; 
gastrin is then measured at 2, 5,  10 ,  15 ,  and 20 minutes 
after infusion. A positive test, typically defined by a rise in 
serum gastrin of 200 pg/mL or greater, confirms diagnosis of 
gastrinoma. 

Table 2: Signs and Symptoms of Gastri noma 

Abdomina l  pain ( 75%)  
D ia rrhea (73%) 
Peptic u l cers (>90%) 
Refl ux esophagit is (44%) 
N ausea (33%) 
Emes i s  (25%) 
Weight loss  ( 1 7%)  
Compl icat ions o f  hyperacid ity 

B leed ing (25%) 
Perforation  
Obstruction 
Str ictu re (pylorus. duodenum,  esophagus) ( < 1 0%)  

Physica l f ind ings 
Hypertroph ic  gastric ruga l  fo lds (94%) 
M u lt ip le  u l cers 
Unusua l  u l cer  locations 

D ista l duodenum ( 1 4%) 
Jej u n u m  ( 1 1 %) 

Pa ncreatic mass 

From Maze// E, Stenzel P, Woltering EA, et a/. Functional endocrine tumors of 
the pancreas: clinical presentation, diagnosis, and treatment. C u rr Prob l  Surg.  
1 990;27:301-386; Roy PK, Venzon OJ, Shojamanesh H, et a/. Zollinger-EIIison 
syndrome. Clinical presentation in 261  patients. Medic ine .  2000;79:379-4 1 1; 
Meko 18, Norton JA. Management of patients with Zollinger-EIIison syndrome. 
A n n u  Rev Med. 1 995;46:395-4 1 1 . 
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Negative for gastrinoma 
Further workup/reassess 

as needed 

Suggestive symptoms/findings 
•Abdominal pai n ,  diarrhea, weight loss 
•Multiple peptic u lcers 
•U lcers in  atypical locations 
•Refractory diarrhea without diagnosis 
•Large gastric rugal folds 
•Personal or family history of MEN-1 
•RecurrenVrefractory P U D  
.Concurrent hypercalcemia/nephrol ithiasis 
•Pancreatic mass 

Additional testing:  
Calcium infusion study 
Serum chromogranin A 

• If these tests do not confirm the diagnosis but a high clinical 
suspicion remains, then additional tests may be used. The 
calcium infusion study consists of a continuous intravenous 
infusion of 5 mglkg 1 0 %  calcium gluconate over a 3-hour 
period. Serum gastrin and calcium are measured prior at 
baseline and at 30-minute intervals for 3 hours after the 
test begins .5 A positive result is typically defined as an eleva
tion in serum gastrin by 395 pglmL or greater, but multiple 
criteria exist.6 Serum chromogranin A levels have also been 
found to be elevated in patients with gastrinomas, and this 
test rna y be used to confirm diagnosis in carefully selected 
cases7 (FIG 1 ) .  

• After obtaining a biochemical diagnosis o f  gastrinoma, 
attention is turned to preoperative localization and stag
ing. Up to 90% of gastrinomas can be located in the area 
bounded by the junctions of the cystic and common bile 
ducts, second and third portions of the duodenum, and 
neck and body of the pancreas-the so-called gastrinoma 
triangle ( FIG 2 ) .  

F I G  1 • Diag nosis o f  suspected gastr i noma.  U LN,  
upper  l i m it of norma l .  PPI ,  proton pump i n h i b itor; 
M E N - 1 ,  m u lt ip le  endocri ne  neoplas ia ;  PUD,  peptic 
u lcer d isease. 

I 
I , 

, 
. 

Pancreas 

• Initial localization studies include contrast-enhanced triple
phase protocol computed tomography ( CT) or magnetic 
resonance imaging (MRI) ,  and endoscopic ultrasonography 
(EUS) .  The decision to use CT versus MRI should be deter
mined by the clinician based on institutional expertise and 
availability. Although the accuracy of these modalities con
tinues to improve, the sensitivity for detection of tumors less 

FIG 2 • The gastr inoma tr iang le .  Up to 90% of gastr inomas are 
located i n  th i s  reg ion .  
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Considerations 
Patient in good health overall 
Large tumor not amenable to excision 
Multiple involved lymph nodes 
Recurrence after simple excision 
Increase in cure rate vs. complications 

Options: 
Antacid medication (PPI) 
Biotherapy (Octreotide) 
Chemotherapy 
Chemoembolization 
Radiofrequency ablation 
Cytoreductive surgery 
Observation 

Follow-up 
Postoperative: 

Serum fasting gastrin 
Secretin stimulation test 

Annual follow-up: 
Serum fasting gastrin 
Secretin stimulation test 
Triple-phase CT or MRI  

•Duodenotomy 
•Intraoperative US 

L_ __ ---.1 
·;����

��=�����f
0
t��or 

•Periduodenal (PD) 
node dissection 

Distal pancreatectomy 
::!:: splenectomy 

FIG 3 • Loca l i zat ion and treatment of gastr i noma .  

than 2 em in diameter is decreased, although lesions as small 
as 4 mm have been detected.8  EUS can detect smaller lesions 
(up to 2 to 3 mm, depending on operator experience) and 
also has the advantage of being able to obtain a cytologic 
specimen. 

• Somatostatin receptor scintigraphy (SRS) ,  also known as 
OctreoScan, takes advantage of the high level of somatosta
tin receptor expression in gastrinomas by using radiolabeled 
1 1 1 -indium pentetreotide to detect both primary tumors and 
hepatic metastases. Although the accuracy of other imaging 
modalities is improving, SRS continues to have a place in 
tumor localization and staging as it remains highly sensitive 
for detection of metastatic disease.9 

• Patients determined to have MEN-1-related gastrinoma 
should be evaluated for hyperparathyroidism. If a primary 
hyperparathyroidism is present, it should be addressed prior 
to further surgical treatment as hypercalcemia may increase 
anesthetic risk and also elevates gastrin and acid production. 

• If the etiology is sporadic and no metastases are detected, 
then surgical exploration is indicated even if a tumor is not 
localized by preoperative imaging as these tumors can often 
be found with careful intraoperative exploration. 

• The risk of liver metastases is increased when tumors are 
larger than 2 cm. 10 

• Patients who present with metastatic disease should undergo 
resection, if possible, as chemotherapy has limited efficacy in 
the treatment of gastrinomas. Other modalities, such as radio
frequency ablation, hepatic artery embolization, liver trans
plantation, and radiolabeled somatostatin therapy, may be 
considered when anatomic resection is not possible ( FIG 3} .  

SURGICAL MANAGEMENT 

Positioning 

• Patients should be placed in the supine position for explor
atory laparotomy to identify gastrinomas .  
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PLACEMENT OF INCISION Exploration and Kocher Maneuver 

• E ither a b i l atera l subcosta l inc i s ion or a n  upper  m i d l i n e  • 
i nc is ion may be used to approach the duodenum and 

pancreas for  exp lorat ion (FIG 4) .  

A B 

Duodenum 

After inc i s ion and entry i nto the peritonea l  cavity and  

i n it i a l  exp lorat ion, the hepatic flexu re and ascend ing  
co lon are mob i l ized (FIG SA), the peritonea l  reflect ion 

FIG 4 • Potent ia l  i nc is ions for explorat ion .  
B i latera l su bcosta l i nc is ions (A) or  upper  
m i d l i n e  i nc is ion (B)  may be used . 

•::=--..:.....=:.::......::__ ____ Superior 

A 

mesenteric 
artery 

Manipu lated 
right colon 

FIG 5 • Kocher maneuver. An extended 
Kocher maneuver a l l ows l ifting  of the 
pancreatic head out of the retroperitoneum 
for pa l pation (C) after mob i l izat ion of the 
r ight colon (A) and inc i s ion ofthe peritoneal  
reflect ion a long the duodenum (B) .  Sep
a ration from the transverse mesoco lon 
a l l ows for comp lete mob i l ization of the 
pancreas and pa lpation of the pancreatic 
body and ta i l  (D).  (continued) 
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Gallb ladder� 

Peritoneal 
reflect1on .,.../ 

Duodenum / 

• 

• 

of the d uoden u m  is i nc ised a long the second and th i rd 
port ion of the duodenum,  and  an extended Kocher ma

neuver is  performed i n  order to expose and mob i l ize the 

duodenum and head of the pancreas (FIG 58) .  

After exposure i s  obta i ned, the surgeon may pa l pate the  

duodenum and pancreatic head .  (FIG 5C) .  

I t  is  i mportant to  a lso pa lpate the  pancreatic body and ta i l .  

To accompl ish th is, t h e  lesser sac is  opened and t h e  avascu
lar i nfer ior pancreatic  border i ncised; this can be a ided by 

c 

FIG 5 • (continued) .  

mobi l iz ing the sp len i c  flexure if necessa ry. Once exposed, 

the pancreatic body and ta i l  may be carefu l ly pa l pated to 
detect any addit iona l  tumors (FIG 50) .  

Intraoperative Ultrasound 

• After mob i l izat ion of the duodenum and pancreas and 
detect ion of v i s ib le  and  pa lpab le  tumors, a n  u ltrasound 

probe is  used to v i sua l i ze  sma l l  tumors i n  the duodenum 

843 
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Fingertip 
probe 

Duodenum 

and pancreas. The re lat ionsh i p  of any tumor  to the pan

creatic duct shou ld  be noted if a n  en ucleat ion wi l l  be 
performed (FIG 6) .  

• The type of probe used shou ld  be d i ctated by surgeon 

experience and preference. We prefer a f ingert ip  trans
d ucer in our  i nstitut ion .  

• Dur ing  u ltrasound exa m i nat ion,  the surgeon's left hand 

i s  genera l ly p laced poster ior  to the duodenum and pan
creas, wh i l e  the r ight  hand hand les the probe. 

• At th is  t ime, the l iver is a lso exa m ined for any pos
s ib le  metastatic les ions, and suspic ious les ions shou ld be 
b iops ied.  

Intraoperative Endoscopy 

• Next, a gastroscope is used to perform i ntraoperative 
endoscopy. The gastroscope is  advanced ora l ly i nto the 
stomach and then duodenum where tra ns i l l u m inat ion 
i s  used to identify any rem a i n i n g  gastr inomas .  These le
s ions, l ocated i n  the submucosa of the d uoden u m, w i l l  
a p p e a r  as shadows u p o n  tra ns i l l u m i nation (FIG 7) .  

Duodenotomy 

FIG 6 • U ltrasound exa m inat ion of the duodenum and pancreas. • A 2- to 3-cm long itud i na l  d uodenotomy is created on  
the ant imesenter ic aspect of the second portion of the 

A 

FIG 7 • I ntraoperative endoscopy. The endoscope i s  
advanced i nto the duodenum (A) where subm ucosa l 
tumors may be visua l ized d i rectly (B) or through 
transi l l u m inat ion (C) . (continued) 
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FIG 7 • (continued).  

duodenu m .  If duodenal  les ions were identif ied d u ring  

exp lorat ion pr ior  to  th is, then the d uodenotomy may be  
relocated to enab le  exc is ion of  the les ion .  
Once the duodenotomy is made, the duodena l  wa l l  i s  • 
pa l pated ca refu l ly with the i ndex f inger  and  thumb 
(FIG 8) .  

The  th i rd and  fou rth port ions of  the duodenum may be  • 
d ifficu lt  to exa m i ne, and  so the mucosa can be everted 

8 

i nto the duodenotomy us ing the i ndex f inger. Th is  

enab les d i rect visua l i zat ion of a l l  port ions of the duode
num (FIG 9) .  

A fu l l -th ickness excis ion is  performed for  a ny duodena l  
les ion  found,  and  a marg i n  of at least 2 m m  shou ld  be 

obta i ned.  

Les ions found  on  the media l  wa l l  of the duodenum 
shou ld  not  be excised unt i l  the pancreatic d uct and  

F IG 8 • The  duodenotomy i s  made on the ant imesenteric 
aspect of the second port ion of the duodenu m  (A) . This enab les 
pa l pat ion of the d uoden u m  with the thumb and  i ndex f inger  
(B) so that sma l l  tumors may be detected.  



846 

A 

P a rt 3 OPERATIVE TECHNIQUES IN HEPATO-PANCREATO-B ILIARY SURGERY 

a m p u l l a  of Vater a re ident if ied.  Th is  may be a ided with 

use of a sma l l  catheter passed through the a m p u l l a .  

Excision of  Pancreatic Tumors 

• Tumors found in the pancreas a re ma naged based on size 
and locat ion .  Tumors found  in the head of the pancreas 
may be enuc leated if they are exophyt ic, but if they a re 
i nvasive or near  the ma in  pancreatic duct, a pancreatico

d uodenectomy may be req u i red. 
• Tumors found  in the d i sta l pancreas req u i re d ista l pan

createctomy. Sp lenectomy i s  not mandated; need for 

sp lenectomy i s  based on the tumor locat ion and  suspi
c ion of lym ph node metastases. (See Part 3, Cha pters 33 
to 4 1  for deta i l s  of pancreaticoduodenectomy and Part 3, 

Cha pters 40 to 42 for deta i l s  of d i sta l  pancreatectomy.) 

Periduodenal Lymph Node Dissection 

• A lymph node d i ssect ion encompass ing  the periduodena l  
and peri pancreatic nodes  i s  i m portant as they may con
ta i n  m i croscopic  metastases or actua l ly represent pr imary 
tumors.  

• Lym phatic tissues are identif ied and excised from a round 
the pancreatic head ,  ce l iac axis, common hepatic a rtery, 
super ior  mesenteric a rtery, common b i l e  duct, and por

ta l  ve i n .  Lym phadenectomy shou ld  beg i n  in the hepato
duodena l  l igament and proceed from porta hepatis to 

ce l iac axis, fo l l owed by exc is ion of a l l  lym ph nodes from 

the anter ior and poster ior  aspects of the pancreatic head 
(FIG 1 0) .  

• If a pr imary tumor is identif ied, then that reg ion shou ld  
be pa id  specif ic attent ion as positive lym ph nodes  a re 
most l i ke ly to be found  c lose to the pr imary tumor. "  

F IG  9 • Evers ion o f  t h e  mucosa o f  the th i rd and  fourth 
port ions of the duodenu m  i nto the duodenotomy. 

Pyloric 
nodes 

Anterior 
pancreatico 

duodeal 

Cel iac nodes 
Superior 

pancreatic nodes 

Ht--- Splenic 

Superior 
mesenteric nodes 

nodes 

FIG 10 • Lym phadenectomy for gastr inoma 
shou ld  encom pass nodes i n  the hepatoduodena l  
l i gament, ce l i ac  ax is  and a nterior (A) as wel l  as 
poster ior  (B) pancreatic head. (continued) 
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B 

Closure of Duodenotomy 

• After comp let ion of exploration and excis ion of gastr ino-

FIG 10 • (continued) 

• The duodenum is c losed in two l ayers. E ither i nterru pted 
or  a runn ing  c losure may be performed based on  sur-

mas, the duodenotomy is c losed transverse ly if poss ib le  • 
geon's preference. 
We p lace a Jackson-Pratt (J P) d ra i n  adjacent to the c losed 
d uodenotomy in order to mon itor output i n  the postop
erative sett ing .  If pancreatic tumors have been en ucle
ated, then a n  add it iona l  d ra i n  may be p laced overly i ng 
the resected les ion .  

i n  order to prevent na rrowing of the l umen .  
• This  is not a lways poss ib le  when a long d uodenotomy 

was req u i red.  If th is  is  the case, then a ca refu l long itud i 

na l  c losure may be used (FIG 1 1 ) .  

A B 

Longitudinal 
closure 

FIG 1 1  • A transverse c losure of the d uodenotomy (A) is preferab le, but the i nc is ion length may make a ca refu l long itud i na l  
c losure (B) necessa ry. 
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PEARLS AND PITFALLS 
Operative i nd ications • B iochemica l  d iagnosis of sporad i c  gastr i noma 

• Gastr i noma >2 em i n  M EN- 1  patients 
• No evidence of u n resecta b le  or  extensive metastatic d isease 
• Reasonab le  surg ica l  ca nd idate 

Surg ica l  exploration • I ntraoperative u ltrasound and endoscopy with tra ns i l l u m i n at ion g reatly aid detect ion of tumors. 
• D uodenotomy shou ld  be performed i n  a l l  patients as duodena l  tumors are the most frequently m issed.  
• Tu mors req u i re fu l l -th ickness exc is ion with a 2-m m  marg i n .  
• Avo id enuc leation o f  pancreatic tumors if i nvasive or n e a r  m a i n  duct; resect ion i s  i nd icated. 

Lym phadenectomy • Exploration  and exc is ion of lym ph nodes is  cruc i a l .  

C losure • Close d uodenotomy transversely, if poss ib le .  

POSTOPERATIVE CARE 

• After exploration, the patient should be placed on a surgi
cal floor and be kept NPO until return of bowel function. 
Drain output should be monitored closely for character and 
volume until PO intake is resumed. If there is clinical con
cern of a leak, then a Gastrografin swallow study should be 
obtained for confirmation. We remove the JP drain when 
output is less than 50 mL per day and serosanguineous once 
patient is eating normally. 

• Three and 6 months after discharge, patients should return 
to clinic for history and physical, CT or MRI, and serum 
fasting gastrin and secretin stimulation tests. Subsequent 
follow-up should occur every 6 months until 3 years 
postoperation and should include these same studies .  
OctreoScan is not recommended for routine surveillance by 
current National Comprehensive Cancer Network (NCCN) 
guidelines. 12 

OUTCOMES 

• Mortality from this disease is due to metastasis, and it is 
thought that at least 60% of gastrinomas are malignant. 
Patients who present with liver metastases have a 1 0-year 
overall survival of 30%,  whereas patients without liver me
tastases have a 15 -year overall survival of 8 3 % Y  

• Sporadic disease i s  potentially curable b y  surgical explora
tion. A large series comparing surgical versus medical treat
ment demonstrated a 4 1 %  cure rate at 12 years as well as 
significantly fewer liver metastases ( 5 %  vs. 29 % ) .  Disease
related survival at 15 years was 9 8 %  with surgical interven
tion versus 74 % with medical treatment. 14  

• Patients with MEN-1 are not typically curable, as only 1 %  
to 6 %  are disease-free at 5 yearsY Long-term survival is 
still possible despite the lack of biochemical cure, and 5-year 
survival rates of 9 8 %  have been reported. 16 

COMPLICATIONS 

• Recurrence 
• Residual tumor left after exploration 
• Duodenal leak 
• Pancreatic leak 
• Infection ( intraabdominal abscess) 
• Duodenal stricture 
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Chapter 47 Lateral Pancreaticojejunostomy 
with (Frey) or without 
(Puestow) Resection of the 
Pancreatic Head 

. --------------------------------------- ·----------------------------------------------------- ... 

Kevin E. Behrns Jose G. Trevino 

DEFINITION 

• Chronic pancreatitis is an inflammatory disease that encom
passes a spectrum of morphologic, histologic, and clinical 
features, which range from subclinical inflammatory changes 
evident only in histologic specimens to marked morpho
logic gland destruction accompanied by acinar cell dropout, 
prominent deposition of fibrous extracellular matrix, and 
pancreatic duct strictures. 

DIFFERENTIAL DIAGNOSIS 

• Acute pancreatitis 
• Autoimmune pancreatitis 
• Pancreatic adenocarcinoma 
• Intraductal papillary mucinous neoplasm (IPMN) 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Advanced stages of chronic pancreatitis manifest clinically 
by disabling pain and pancreatic exocrine and endocrine 
insufficiency. 1 •2 The most prominent etiology of chronic pan
creatitis is excess consumption of alcohol. 

• Other forms of chronic pancreatitis including autoimmune 
pancreatitis, para duodenal pancreatitis, and familial pancre
atitis are attributed to genetic mutations. z-s 

• Differentiating alcoholic chronic pancreatitis from auto
immune pancreatitis, especially focal autoimmune pancre
atitis/ and adenocarcinoma of the pancreas may require 
extensive evaluation and prove challenging.7 

• Important risk factors that exacerbate the development 
of chronic pancreatitis include alcohol use and smoking 
cigarettes . 8•9 

• A detailed history of alcohol consumption should be 
obtained; heavy alcohol use ( > 5  drinks per day) is present in 
the majority of patients with chronic pancreatitis . 8 •9 

• The pain associated with chronic pancreatitis may be 
either episodic or persistent.2 Episodic abdominal pain has 
a duration of 1 to 2 weeks and is interrupted by pain-free 
periods of a few months. Persistent pain occurs daily but on 
occasion may spontaneously resolve for a period of a month 
or more. 10 

• The weight loss seen in chronic pancreatitis typically occurs 
over months to years, but it may be more rapid if morpho
logic changes such as pseudocyst formation induce gastro
duodenal obstruction. 

• Other complications of chronic pancreatitis include jaun
dice from biliary obstruction and upper gastrointestinal 
bleeding from gastric varices secondary to splenic vein 
obstruction. 

IMAGING AND OTHER DIAGNOSTIC STIJDIES 

• Computed tomography ( CT) is the imaging procedure of 
choice. Intravenous contrast-enhanced, multiplanar, thin
slice CT provides excellent imaging of pancreatic paren
chymal and ductal anatomy. 11 CT characteristics of chronic 
pancreatitis include an enlarged pancreatic head with 
multiple calcifications and a dilated pancreatic duct distally 
( FIG 1 ) .  

• Detection o f  early-stage disease may b e  enhanced b y  magnetic 
resonance (MR) with cholangiopancreatography (MRCP) 
with or without secretin administration. Morphologic changes 

A 

B 

FIG 1 • A. CT of the a bdomen demonstrat ing  an en l a rged head 
of the pancreas with m u lt ip le  calc if i cat ions i nd icative of a lcoho l i c  
ch ron i c  pancreatitis . A sma l l  pseudocyst is  a l so noted i n  the  
head  (arrow). B. The d ista l pancreas conta ins  ca lc if icat ions and  a 
d i l ated pancreatic d uct. 
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FIG 2 • Endoscopic  u ltrasound demonstrat ing a d i l ated pancreatic 
duct (short arrow) with a ca l cu lus  (long arrow) in a patient with 
chron i c  pancreatitis . 

in the pancreatic duct and hydrodynamic-significant strictures 
may be evident on these images. 12 

• Endoscopic ultrasound (EUS) with or without functional 
testing by administration of secretin may aid in the diagno
sis of early fibrosis in chronic pancreatitis ( FIG 2 ) .  EUS has 
a sensitivity of 84% and a specificity of 100%,  correlating 
with histology for chronic pancreatitis.U Furthermore, EUS 
is advantageous when mass lesions are present in chronic 
pancreatitis because EUS-guided biopsy is the most reliable 
method of confirming malignancy. 

• Imaging of the pancreatic duct prior to surgical intervention 
is essential because all strictures and intraductal calculi must 
be addressed by the operative approach. Ductal anatomy 
can be delineated by MRCP or endoscopic retrograde chol
angiopancreatography (ERCP) .  ERCP is often performed in 
the context of pancreatic duct stenting as endotherapy often 
precedes operative management. 

SURGICAL MANAGEMENT 

• Operative management of chronic pancreatitis by lateral 
pancreaticojejunostomy with or without pancreatic head 
resection is indicated in patients with disabling abdominal 
pain, weight loss, and evidence of pancreatic duct obstruc
tion.14 Morphologic characteristics are associated with out
comes. An excellent response to pancreatic head resection 
with pancreaticojejunostomy is most likely in the setting of 
an enlarged head of the pancreas and a distally dilated pan
creatic ductY 

EXPOSURE OF THE PANCREAS 

Table 1 :  Preoperative Checklist for Patients 
Undergoing a Frey Procedure 

Parameter 

Alcohol abst inence 

Fa i led medica l  o r  endoscopic 
management 

Laboratory eva l uat ion 

Assessment of pancreatic 
parenchyma for fl u id  co l lections 
or mass les ions 

Assessment of pancreatic duct 
Assessment of b i l i a ry obstruction 

Assessment 

E n ro l lment  i n  substance abuse program 
with aftercare 
Deta i l ed  review of previous medica l  

h i story 
Blood chemistries, hematologic assessment, 

l iver function tests inc lud ing coagu lation 
profi le, pancreatic function test (fecal fat) 

CT or M R I  

M R C P  or  ERCP  
Liver chemistr ies, cho lang iogram 

o; computed tomography; MRI, magnetic resonance imaging; MRCP, magnetic 
resonance with cholangiopancreatography; ERCP, endoscopic retrograde 
cholangiopancreatography. 

Preoperative Planning 

• These patients are often afflicted with a chronic disease and 
have lacked regular medical care, thus a thorough evalua
tion of the patient prior to pancreatic head resection and 
duct drainage is essential. 

• Patients should be alcohol-free for at least 6 months and 
enrolled in an alcohol cessation program with aftercare. 
Ideally, cigarette smoking would also be stopped prior to an 
operation, although this is difficult for most patients. 

• Specific attention should be paid to the nutritional status of pa
tients with chronic pancreatitis because they often meet criteria 
for severe protein and caloric malnutrition. Fat-soluble vitamin 
deficiency should also be considered. If malnutrition is evident, 
a nasojejunal feeding tube should be placed with the delivery of 
enteral feeds with pancreatic enzyme supplementation prior to 
operative intervention. Additional protein supplementation may 
also be necessary. Generally, 2 to 4 weeks of enteral nutrition 
prior to an operation will place the patient in an anabolic state. 

• Table 1 highlights the preoperative checklist of patients who 
are candidates for a Frey procedure with longitudinal drain
age of the pancreatic duct. 

Positioning 

• The patient is placed on the operating room table in a supine 
position. Because the risk for blood loss is moderately high, at 
least two large-bore intravenous cannulas should be established 
or a central line should be placed. Arterial monitoring is recom
mended for patients with comorbidities. 

• A m i d l i n e  ce l i otomy is created to a l low adequate exposure 
of the upper abdomen.  After a thorough exp loration of 

the a bdomen, the pa ncreas i s  exposed by e levat ing the 

omentum off the tra nsverse co lon and pancreatic head 

back to the ori g i n  on the stomach .  The hepatic f l exu re is  
mob i l ized as necessa ry and the duodenum is widely Ko

cher ized.  Frequently, the poster ior wa l l  of the stomach is  
adherent to the pancreas and  must be d i ssected free . At 

the i nfer ior border of the pancreatic neck, the r ight gas

troep ip lo i c  ve in  i s  c i rcumferent ia l l y  d issected and d iv ided 
at the i nsert ion i nto the super ior mesenter ic ve i n  (SMV). 
The d ista l stomach and proxi ma l  duodenum a re mob i 

l i zed from the head of the pancreas to a l l ow adequate 
exposure for resect ion of the pancreatic head.  The SMV 

shou ld  not be d issected free from the poster ior surface of 

the pancreas for fea r of venous i nj u ry. These maneuvers 
shou ld  provide wide exposure of the pancreas from the 
duodenum to the ta i l  of the pancreas (FIG 3) .  
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FIG 3 • The pancreas is exposed from the head of the g l and  to the ta i l .  
A .  T h e  omentum i s  d i ssected off t h e  tra nsverse colon and transverse 
mesoco lon back to its or ig i n  on the stomach .  The poster ior gastr ic wa l l  i s  
freed from the anter ior surface of the pancreas and the duodenum i s  widely 
mob i l ized.  B. The duodenum and  anter ior su rfaces of the head, body, and  ta i l  
o f  the pancreas are we l l  exposed . The genera l  l ocat ion o f  the S M V  i nferior ly 
and porta l ve in  su per ior ly a re noted as a natomic  l andmarks. 

PANCREATIC HEAD RESECTION 

• The gastrod uodena l a rtery is identif ied at the super ior  
border of the pancreas and l i gated with a f igure-of-e ight 

4-0 Pro lene suture. The resect ion of the pancreatic head 
should be mapped with ca re to avoid i nj u ry to the SMV. 
The pancreatic head is generous ly resected, l eaving on ly  

a th i n  r im (3 to 5 mm) of t issue a long the duodena l  wa l l  
a n d  poster ior ly (FIG 4) .  Usua l ly, t h e  pancreatic duct i s  

evident with excavation o f  t h e  head, a n d  t h e  duct may 
be fo l l owed d i sta l ly. Resect ion of the pancreatic head 

should not be deeper than the poster ior su rface of the 
pancreatic duct. If th i s  p lane is  not read i ly apparent, 
the duct shou ld  be identif ied in the body of the g l and  

(descr i bed i n  the  fo l lowing  text) and its cou rse fo l l owed 
proxi m a l ly to the head of the g l and .  B leed i ng  dur ing  
the pa ncreatic head  resect ion may be br i sk  and  requ i res 

meticu lous  l igat ion with 5-0 Pro lene sutures. The use 
of e lectrocautery to control a rter ia l  b leed ing  shou ld  be 
avoided because th i s  often leads to tem porary sea l i n g  of 

the vesse l .  
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A B 

FIG 4 • The en l a rged head of the pancreas is resected, tak ing ca re to identify safety l andmarks i nc l ud ing  the SMV, porta l 
ve in ,  and the poster ior surface of the pancreatic duct. A. The head of the pancreas is resected by out l i n i ng  the resect ion 
bed to the r ight of the SMV and porta l ve i n .  The head is  resected deeper i n  i ncrements such that the pancreatic duct i s  
identif ied.  The resect ion shou ld  not go deeper than the poster ior surface of the pancreatic d uct. B leed i ng  shou ld  be contro l led 
by suture l igat ion .  All stone mater i a l  shou ld  be removed.  The probe identif ies the pancreatic duct enter ing the duoden u m .  
B. T h e  d rawing demonstrated excavation  o f  the h e a d  o f  t h e  pa ncreas with i m portant l andmarks. 

LONGITUDINAL PANCREATIC DUCTOTOMY 

• If the pancreatic duct is identif ied d u r ing  the pancreatic 
head resect ion,  it can be fo l l owed d i sta l ly by i nsert ing  a 

probe i nto the duct and cutt ing  down on the probe with 
cautery. H owever, extens ive f ibrosis with ducta l stric
tu res may prevent identif icat ion of the duct i n  the head 
of the g l and  or prec lude proxi ma l  trac ing of the d uct. 

If the duct cannot be identif ied or traced, it can often 

be accessed wel l  to the left of the SMV. Care shou ld  be 
taken not to identify the d uct over the SMV-sp len ic  ve i n  

confl uence. Once t h e  duct is  identif ied d ista l ly, i t  shou ld  
be opened from the ta i l  of the pancreas to the j u nction 
of the pancreatic head and duodenum (FIG 5) .  Al l  pan

creatic stones should be removed un l ess extract ion of the 
stone would cause su bsta ntia l pa renchyma l  damage .  

FIG 5 • The pancreatic d uct is  
opened from the head of the 
pancreas to the ta i l .  A. Once 
the pancreatic head is resected, the 
pancreatic duct can be fo l l owed 
d i sta l ly and opened over a probe 
unti l  the duct i s  opened out to the 
ta i l  of the g l and .  B. lf the pancreatic 
duct ca n not be identif ied i n  the 
head of the g l a nd,  a d i l ated duct 
can be opened to the left of the 
SMV i n  the ta i l  of the gland and 
fo l l owed d i sta l ly to the pancreatic 
head resect ion .  (continued) 
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INTRAPANCREATIC BILIARY 

SPHINCTEROPLASTY 

• Patients with b i l i a ry stricture are cand idates for an i ntra
pancreatic b i l i a ry sph incterop lasty, which i s  accomp l ished 

by identify ing the bi le duct along the duodena l  wa l l  in 
the depths of the excavated pa ncreatic head . Th i s  por
t ion of the procedure is marked ly a ided by preoperative 

b i l i a ry stent p lacement. The i ntrapa ncreatic b i l e  duct can 

FIG 5 • (continued) C. The d rawing demonstrates the 
pancreatic duct opened from the duodenum to the head 
of the g l and .  

be pa l pated by  transduodena l  compress ion on the b i l i a ry 

stent. The b i l e  duct is opened over the stent with the lon
g itud i na l  b i l e  ductotomy extend ing  u p  to the entra nce 

of the b i l e  duct i nto the pancreas. The stent is removed 

and not replaced. Once opened, the b i l e  duct shou ld  
accept at l east a 6- to 8-mm probe .  The b i l e  duct is  then 
c i rcumferent ia l l y  sewn with  i nterru pted 6-0 polyd i oxa

none (PDS) sutu res to the surround ing  pancreatic paren
chyma such that the bi le duct is  widely opened (FIG 6) .  

F IG  6 • An i ntrapancreatic b i l i a ry sph incteroplasty may  be  
performed i n  patients with a b i le  duct stricture. A longitud ina l  
b i l e  ductotomy is performed. The  b i le  duct shou ld  be opened 
superiorly to its entrance i n  the pancreas. The bi le is secured 
c i rcumferentia l ly to the pancreas with i nterrupted 6-0 PDS 
sutu res. The b i le  duct should accept a probe of 6 to 8 mm in  
d iameter. 
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ROUX-EN-Y PANCREATICOJEJUNOSTOMY 

• A Roux-en-Y l i m b  of jejunum is prepared by d ivid ing the 
jejunum 1 5  to 30 em d ista l to the l igament of Treitz. The 

mesentery is transected back toward its or ig in  by d ivid
ing  br idg ing vesse ls .  The Roux-en-Y l i m b  is  del ivered to 
the pancreas in a retroco l i c  posit ion to the r ight of the 
midd le  col i c  vascu lature. The d ivided end of the jejunum is 

B 

oriented to the ta i l  of the pancreas, and a two-layer side
to-s ide pancreaticojejunostomy is created with runn ing 

4-0 Pro lene sutures (FIG 7) .  The ep ithe l i um of the pancre
atic duct need not be i ncorporated with the inner  layer of 

sutur ing .  The jejunum should be opened in i ncrements to 
avoid the creation of an overly long jejunotomy. A jejuno
jejunostomy is created 40 to 50 em d ista l to the pancreati
cojejunostomy to reestab l ish i ntest ina l  cont inu ity. 

FIG 7 • A. A Roux-en-Y l i m b  is de l ivered to the pancreas in retroco l i c  fash ion to the r ight of the m idd le  co l i c  ve i n .  The l i m b  
i s  sewn t o  t h e  pancreas i n  two l ayers with runn ing  4-0 Pro lene .  B. T h e  drawing demonstrates t h e  comp leted s ide-to-s ide 
pancreatojeju nostomy. 

P LACEM ENT OF A FEEDING 

JEJUNOSTOMY 

• A feed ing  jej u nostomy is a p propr iate in ma lnour

ished patients. A red rubber catheter or a lternative 
device is  p laced approximately 30 em d i sta l to the 

jejunojej u nostomy. The tube may be p laced by i m bricat

ing the tube to create a tunne l ,  and the tube shou ld  be 
tacked to the abdom i n a l  wa l l  i n  fou r-q uadrant fash ion .  

Two c losed suct ion d ra i ns a re p laced at the super ior  and 

i nfer ior  aspects of  the pancreaticojej u nostomy, and the  
abdomen is c losed . 

PEARLS AND PITFALLS 
Patient select ion 

Pancreatic head resect ion 

Pancreatic ductotomy 

l ntrapancreatic b i l i a ry 
sph i ncterop lasty 

Pancreaticojejunostomy 

• Alcohol  a bst i nence, chron ic  pain management 
• Opti m u m  outcomes a re observed in patients with an en l a rged head of the pancreas and 

d i lated pancreatic duct. 

• L igate the gastrod uodena l  a rtery fi rst. 
• Perform a generous resect ion leavi ng on ly  th i n  (3-5 mm) r im of pancreatic t issue. 
• Di ssect ion of the superior mesenteric vei n  should be avoided.  
• Suture l igat ion,  not cauterizat ion,  of b l eed ing  vessels 

• Ductotomy should extend from d uoden u m  to the fa r ta i l  of pancreas. 

• Assess b i l i a ry obstruct ion;  p lace a b i l i a ry stent preoperatively if i ntra pancreatic b i l i a ry 
sph incterop lasty is ant ic i pated . 

• Open the jej u n u m  i ncrementa l ly to avoid an overly l a rge  jejunotomy. 
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POSTOPERATIVE CARE 

• Because of the risk of postoperative bleeding, the patient 
should be admitted to a monitored setting. The initial 24 to 
48 hours require close observation for hemorrhage. If hem
orrhage occurs, a CT arteriogram should be obtained to 
look for blood in the gastrointestinal lumen versus intraab
dominal hemorrhage. Bleeding into the gastrointestinal tract 
will require an operative approach, whereas intraabdominal 
bleeding may be treated by angioembolization. 

• Oftentimes the exposure of the pancreas requires dissection 
of chronically inflamed adhesions and, therefore, the fluid 
requirements postoperatively may be high; close monitoring 
of the urine output is required. 

• Early initiation of postoperative enteral nutrition is neces
sary because most of these patients are malnourished with 
low protein stores. 

OUTCOMES 

• A randomized trial comparing endoscopic therapy with 
stents to surgical drainage confirmed superior results for 
surgical treatment. 1 6  Patients treated with pancreatic drain
age procedures had better pain control, and 4 7% of patients 
initially managed by endoscopic therapy ultimately required 
surgery. 

• Operative treatment of chronic pancreatitis may include 
resection with standard or pylorus-preserving pancreato
duodenectomy or a drainage procedure such as the Frey 
procedure. The merits of each of these operations have been 
debated, but a randomized, prospective trial demonstrated 
that the Frey operation was associated with better short
term outcomes, although the procedures were equivalent in 
terms of pain control and pancreatic function in long-term 
analysisP 

• Table 2 summarizes the results of patients undergoing the 
Frey procedure. 

COMPLICATIONS 

• Postoperative hemorrhage 
• Pancreatic fistula is distinctly uncommon. 
• Delayed gastric emptying 

Table 2: Outcomes fol lowing Local 

Pancreatic Head Resection with Longitud inal 
Pancreaticojejunostomy 

Parameter 

Reintervention req u i red 
Exocri ne  i nsuffic iency 
Endocr ine insuffic iency 
Return to work 
Continued alcohol consu mption 

Frequency (%) 

8 
86 
6 1  
4 2  
2 1  

Adapted from Strate 7; Bachmann K, Busch P, e t  at. Resection vs drainage in 
treatment of chronic pancreatitis: long-term results of a randomized trial. 
Gastroenterology. 2008; 134: 1406- 1 4 1  7 .  

Table 3:  Complications fol lowing Local 
Pancreatic Head Resection with Longitudinal 
Pancreaticojej unostomya 

Complication 

Major compl icat ions 
B i l i a ry stricture 
Pancreatic fistu la  

'Unpublished data from the authors' experience. 

Frequency (%) 

23 
1 1  
7 

• Table 3 includes the anticipated frequency of other compli
cations, which may occur following pancreatic head resec
tion and lateral pancreaticojejunostomy. 
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Chapter 48 Enteric Drainage of Pancreatic 
Pseudocysts: Pancreatic 
Cyst Gastrostomy and 
Cyst Jejunostomy 

·----------------------------------------------------- .... 

t Kenneth K. W Lee 

DEFINITIONS 

• Collections of fluid or solid material may arise from epi
sodes of acute pancreatitis .  Although frequently referred to 
collectively as pancreatic pseudocysts, the 2012 revision of 
the Atlanta classification of acute pancreatitis distinguishes 
among several types of local collections that arise in acute 
pancreatitis based on their pathogenesis and imaging char
acteristics. 1 An understanding of these different collections is 
important as their management differs. 

Acute peripancreatic fluid collections (APFCs) ( FIG 1 A,B) 

arise early in the course of interstitial edematous acute 
pancreatitis. APFCs lack a wall, are confined by fascial 
planes, and rarely require intervention as the risk of com
plications such as infection is very low and they usually 
resolve spontaneously (FIG 2A,B ) .  

A 

B 

FIG 1 • Acute peri pancreatic f l u id  co l l ect ion .  A. The pancreas 
appears edematous with sma l l  amounts of f lu id  surround ing  it. 
B. Per ipancreatic f l u id  tracks latera l l y  a nter ior to the k idney but 
rema ins  confi ned by fasc ia l  p lanes. 
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APFCs that fail to resolve may become pancreatic pseu
docysts with well-defined walls. Pancreatic pseudocysts 
(FIG 3A) are encapsulated, well-defined peripancreatic or 
intrapancreatic fluid collections that arise from focal dis
ruption of the pancreatic ductal system in the setting of 
acute or chronic pancreatitis or trauma. In contrast to cystic 
neoplasms of the pancreas, pseudocysts lack true epithelial 
walls and instead have walls composed of fibrous tissue 
containing histiocytes, giant cells, granulation tissue, and 
rarely eosinophils. The fluid within a pseudocyst is charac
teristically amylase rich as it arises from disruption of the 
pancreatic ductal system. The 2012 revision of the Atlanta 
classification of acute pancreatitis also emphasizes that 
pseudocysts are not associated with detectable amounts of 
pancreatic or peri pancreatic necrosis and do not contain a 
solid component. Magnetic resonance imaging ( FIG 38) or 
ultrasound may be useful for identification of solid mate
rial not distinguishable on computed tomography. 
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FIG 2 • A,B. Acute per i pancreatic f l u id  col lect ion .  The acute 
f lu id  co l l ect ions a re resolved 3 weeks later. 

I 
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A 

B 

In contrast to APFCs and pancreatic pseudocysts, acute 
necrotizing pancreatitis is defined by the presence of pan
creatic and/or peripancreatic tissue necrosis. In the early 
stages of acute necrotizing pancreatitis, the necrotic tissue 
is described as an acute necrotic collection (AN C)  (FIG 4} .  

Such collections may additionally contain fluid leaking 
from the pancreatic duct or resulting from liquefaction of 
necrotic tissue. The natural history of ANCs is variable. 
Such collections may persist or absorb, remain solid or 
liquefy, remain sterile or become infected. 
Fibrous walls form around necrotic collections that are not 
reabsorbed or do not require early surgical debridement. As 
with acute necrotic collections, areas of walled-off necrosis 
(WON) (FIG S} may contain fluid in addition to solid material. 

FIG 4 • Acute necrotic co l l ection .  Areas of pancreatic and 
per ipancreatic  necrosis surround port ions of v iab le  (enhanc i ng) 
pancreas. 

FIG 3 • Pancreatic pseudocyst. A. A homo
geneous f lu id  co l l ect ion is  su rrou nded by a 
d i screte wa l l  that is appa rent desp ite the a bsence 
of i ntravenous contrast. B. Magnetic resona nce 
imag ing  confi rms the a bsence of so l i d  materia l  
(necrotic debris) with i n  t h e  pseudocyst. 
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FIG 5 • A.B. Wa l led-off necrosis. 
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Although the pathogenesis and contents of WON differ 
from pancreatic pseudocysts, their management is simi
lar to pseudocysts, particularly if communication with the 
pancreatic ductal system is suspected. 

DIFFERENTIAL DIAGNOSIS 

• Pancreatic pseudocyst 
• Walled-off necrosis 
• Pancreatic cystic neoplasms possess a true epithelial lin

ing and thereby differ from pseudocysts that are lined by 
fibrous tissue (see earlier discussion) .  Cystic neoplasms pri
marily fall into two categories. Microcystic cystadenomas 
contain serous fluid and carry minimal if any risk of malig
nant transformation. Treatment by means of surgical resec
tion is reserved for those that are symptomatic. Macrocystic 
cystadenomas contain mucinous material, are characterized 
by the presence of ovarian stroma, and have the potential 
for malignant transformation. Surgical resection is therefore 
usually recommended for such lesions. 

• Neoplasms with cystic morphology. Adenocarcinomas of 
the pancreas may have cystic components. Areas of tumor 
necrosis, for example, may liquefy and appear cystic on im
aging studies. Pancreatic ductal adenocarcinomas may also 
cause proximal ductal obstruction that may resemble cysts 
in the pancreas. Pancreatic endocrine tumors may also oc
casionally be predominantly cystic. 

• Intraductal papillary mucinous neoplasms may arise in the 
main pancreatic duct or in side branch ducts and on imaging 
appear as solitary or multiple pancreatic cysts . 

• Other benign cystic abnormalities include lymphoepithelial 
cysts and inclusion cysts. If diagnosed, treatment is reserved 
for those that are symptomatic. Mucinous cysts that do not 
contain ovarian stroma and do not appear to have potential 
for malignant transformation may also occur in the pan
creas. Differentiation of such benign mucinous cysts from 
mucinous cystadenomas may be difficult. 

EVALUATION 

History and Physical Examination 

• A thorough medical history must be taken to confirm 
a history of acute pancreatitis, or less commonly, pancreatic 
trauma. In the absence of such a history, the diagnosis of a 
pancreatic pseudocyst should be questioned, and the diagno
sis of a neoplasm should be considered. As several weeks are 
required for a pseudocyst to form, the diagnosis of a pseudo
cyst should also be questioned if the clinical history of acute 
pancreatitis or pancreatic trauma is very recent and a cystic 
abnormality with an already well-formed wall is seen. 

• The history should also attempt to identify the etiology of the 
patient's pancreatitis, as treatment of the etiology (e.g. ,  cho
lecystectomy, lipid- and triglyceride-lowering medications, 
abstinence from alcohol consumption) should be considered. 

• Symptoms potentially attributable to a pseudocyst should be 
elicited. Most frequently, these will include abdominal or back 
pain, abdominal pressure or fullness, early satiety, nausea, 
vomiting, or obstructive symptoms. If a complication of the 
pseudocyst such as infection, bleeding, or rupture has occurred, 
symptoms relating to the complication such as fever, light-head
edness, or diffuse abdominal pain may also be present. 

• The general medical history and overall health of the pa
tient are important in determining the manner of treatment 
appropriate for the patient. Past surgical history should be 
reviewed with particular emphasis on prior operations on 
the stomach or small intestine and incisions that may impact 
on laparoscopic or open access to the abdomen. 

• An abdominal mass or fullness should be sought on physical 
exam, and if found, its location should be noted in planning 
subsequent surgical procedures. Abdominal surgical scars 
should also be noted. 

IMAGING AND OTIIER DIAGNOSTIC STUDIES 

• The presence and location of cystic changes of the pancreas 
are best determined by means of contrast-enhanced com
puter tomography (CT) or magnetic resonance imaging 
(MRI) .  The imaging characteristics on these studies may 
help to differentiate among the various types of cystic pan
creatic abnormalities listed earlier. Cross-sectional imaging 
also demonstrates the relationship of the cyst to the stomach 
and other structures as well as the thickness of the cyst wall 
and thereby aids in treatment planning. 

• Pancreatic ductal abnormalities that may influence treatment 
decisions can be identified by means of magnetic resonance 
cholangiopancreatography (MRCP) or endoscopic retrograde 
pancreatography (ERP) . MRCP is preferred as it is noninva
sive, usually does not require patient sedation, and avoids the 
risks of procedure-induced pancreatitis or infection of fluid 
collections in communication with the pancreatic duct. 

• If the clinical history and imaging findings are not sufficient 
to determine the specific type of cystic abnormality and in 
particular to exclude the diagnosis of a neoplastic cyst with 
potential for malignant transformation, further imaging by 
means of endoscopic ultrasound (EUS) can be performed. 
Under EUS guidance, fine needle aspiration of the cyst con
tents and cyst wall can be performed to obtain samples for 
biochemical and pathologic analysis. EUS can also identify 
solid material within the cyst and assess the thickness of the 
cyst wall. 

• ERP is not routinely performed for evaluation of pseudo
cysts, but in selected cases may be performed to evaluate 
ductal anatomy when MRCP cannot be performed or is in
conclusive. Because of the potential for introducing infection 
into a sterile pseudocyst, ERP should be limited to patients 
selected for treatment (see the following text) and should be 
performed shortly before treatment. 

• Although the pathogenesis and pathology of pancreatic 
pseudocysts and WON differ, their management is simi
lar and therefore differentiating between pseudocysts and 
WON is not always required. In the discussion that follows, 
the term pseudocyst is used to describe both pseudocysts and 
WON as defined in the 2012 revision of the Atlanta classifi
cation of acute pancreatitis .  

SURGICAL MANAGEMENT 

Indications for Treatment 

• Treatment should be considered for symptomatic pseudo
cysts or enlarging pseudocysts. 

• Emergency treatment of complications such as infection, 
rupture, or bleeding into the pseudocyst may be required. 
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• Small, asymptomatic, nonenlarging pseudocysts do not require 
treatment as the risk of developing acute complications is low. 
However, as the risk of complications arising in large asymp
tomatic, nonenlarging pseudocysts is uncertain and may be 
larger, treatment of such large pseudocysts can be considered. 

• Treatment should be considered if the diagnosis of a neo
plasm with malignant potential cannot be excluded. 

Treatment Options 

• Surgical resection can be performed for removal of a pseudocyst. 
• External drainage may be achieved by percutaneous or sur

gical means . 
• Internal drainage of a pseudocyst creates a communication 

between the pseudocyst and the gastrointestinal tract. 
Drainage into the stomach is achieved by creating a com
munication between the posterior wall of the stomach 
and a pseudocyst known as a cyst gastrostomy. This may 
be achieved by endoscopic means, surgical means, or a 
hybrid combination of these methods. The anastomosis 
can be fashioned within the stomach via an anterior gas
trotomy, outside the stomach via the lesser sac, or within 
the stomach via endolaparoscopic means. 
Drainage into the small intestine is achieved by surgical 
creation of an anastomosis between a defunctionalized 
segment of the small intestine (Roux limb) and a pseudo
cyst known as a cyst jejunostomy. 
Pseudocysts arising in the head of the pancreas are infre
quently drained by creation of an anastomosis between 
the descending duodenum and the pseudocyst known as a 
cyst duodenostomy. 

Choice of Procedure 

• Surgical resection should be considered when the diagnosis 
of a cystic-appearing neoplasm such as a mucinous cystad
enoma cannot be excluded or selectively by means of a distal 
(left) pancreatectomy for a pseudocyst or WON involving 
the tail of the pancreas . Distal ( left) pancreatectomy is dis
cussed elsewhere in this text. Because of the greater morbid
ity and mortality of a pancreaticoduodenectomy (Whipple 
procedure) ,  resection should not be considered for pseudo
cysts in the head of the pancreas . 

• As pseudocysts arise as a result of disruption of the pancre
atic ductal system and WON is also commonly associated 
with pancreatic duct disruption, external (percutaneous) 
drainage of pseudocysts or WON may give rise to a pan
creatic fistula. Therefore, when treatment is necessary, in
ternal drainage into the gastrointestinal tract is preferred. 

DESCRIPTION OF P ROCEDURES 

• Gastric dra inage proced u res 
• Transgastric cyst gastrostomy 
• Extragastr ic cyst gastrostomy 
• l ntragastric cyst gastrostomy 

• Jej u n a l  dra inage procedure 
• Roux-en-Y cyst jej u nostomy 

However, external drainage may be preferred if treatment 
of the pseudocyst is required before a wall suitable for con
struction of an anastomosis has formed. Temporary relief 
of symptoms may be achieved by large volume fine needle 
aspiration. Infection of an evolving pseudocyst is treated by 
placement of a drainage catheter. External drainage may also 
be considered if internal drainage does not appear safe for 
treatment of acute complications such as pseudocyst rupture 
or infection that arise in mature pseudocysts . 

• Surgical drainage is most commonly performed into either 
the stomach or the small intestine. Cystojejunostomies have 
a lower incidence of pseudocyst recurrence and periopera
tive bleeding compared to cystogastrostomies but require 
creation of a Roux limb and an intestinal anastomosis (see 
below) .  Additionally, pseudocyst recurrence after creation of 
a cyst gastrostomy may be amenable to endoscopic treat
ment. Therefore, if the stomach suitably abuts the pseu
docyst, a cyst gastrostomy is usually created. Otherwise, a 
Roux-en-Y cyst jejunostomy is created. 

• Endoscopic cyst gastrostomy (discussed in detail elsewhere 
in this text) is especially well suited for treatment of true 
pseudocysts containing only fluid and no necrotic tissue. 

• Open and minimally invasive (laparoscopic or robot-assisted) 
techniques of creating cystogastrostomies and Roux-en-Y 
cystojejunostomies are fundamentally identical. 

Preoperative Preparation 

• Patients should be prepared m routine fashion for major 
abdominal surgery. 

• Comorbidities such as hypertension and cardiopulmonary 
disease should be optimized. 

• Patients should be evaluated and treated for pancreatic 
endocrine and exocrine insufficiency. 

• Coagulation disorders if present should be corrected. 
• Routine antibiotic and thromboembolic prophylaxis should 

be administered. 
• In malnourished patients, surgery should be delayed and 

preoperative nutritional support should be given when pos
sible. Enteral nutrition is preferred but may not be possible 
due to the mass effects of the pseudocyst. 

Positioning 

• For either open or minimally invasive procedures, the patient 
is placed in a supine position. Arms may either be tucked or 
extended outward. 

• Table-mounted retractors are used as needed for open 
procedures . 
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TRANSGASTRIC CYST GASTROSTOMY 

• A m i d l i n e  i nc is ion provides exce l lent exposure for open 
usua l l y  be made short. The long itud i na l  or ientat ion of 
the gastrotomy a l l ows it to be lengthened proxi ma l l y  or 

d i sta l ly, if needed. transgastric cyst gastrostomies. Pa l pat ion of the a bdo- • Through the poster ior wa l l  of the stomach, the pseudo
cyst is  pa l pated.  The locat ion of the pseudocyst ca n be 
confi rmed by means of i ntraoperative u ltrasound (FIG 9) 

or passage of a needle through the poster ior wa l l  of 
the stomach i nto the pseudocyst and asp i rat ion of f lu id  

f rom the pseudocyst (FIG 1 0) .  Both  measu res a lso pro
v ide an est imate of the d i stance between the stomach 
and the pseudocyst cavity. F lu id obta ined by asp i rat ion 

can be sent for b iochemica l ,  m icrob io log ic, cyto log ic, and 
patho log ic  stud ies as i nd icated .  

men after i nd uct ion of anesthesia and review of the 
patient's preoperative imag ing  stud ies wi l l  gu ide p lace

ment of the inc i s ion .  
• A wou nd protector is p laced, thorough exp lorat ion of 

the abdomen is performed, and  the fu l l ness poster ior  to 

the stomach caused by the pseudocyst is pa l pated and 
loca l ized . If necessa ry, the pseudocyst can be further lo 

ca l ized us ing u ltrasound (FIG 6) .  
• Port p lacement for minimal ly invasive transgastric cyst 

gastrostomy w i l l  vary accord ing  to the s ize and posit ion • The pseudocyst is entered through the poster ior wa l l  of 

the stomach us ing e lectroca utery at the site determ ined of the pseudocyst. I n  genera l ,  however, one m i dabdomi -

na l  5-mm port, two r ight upper  abdom ina l  5-mm ports, 
and  two left upper  abdom i n a l  5-mm ports w i l l  suffice. 

These ports a re u psized as necessa ry for i nsert ion of sta
p le rs and u ltrasound probes. 

• Stay sutu res are p laced over the ep icenter of th i s  fu l l 

ness (FIG 7), and  a long itud i na l  anter ior gastrotomy i s  
made us ing e lectrocautery (FIG 8) .  This  i nc is ion shou ld  
be centered between the lesser and  g reater cu rvatures 

of the stomach to fac i l itate su bseq uent c losure of the 
a nter ior gastrotomy. The anter ior gastr ic wa l l  i s  usua l ly  
mob i le  and,  conseq uently, the a nter ior gastrotomy can 

FIG 6 • U ltrasound can be used to loca l i ze the pseudocyst and 
assist i n  posit ion ing  of the a nter ior gastrostomy ( lapa roscopic  
cyst gastrostomy). 

FIG 7 • Stay sutu res p laced i nto the anterior wa l l  of the 
stomach may fac i l itate creat ion of the a nter ior gastrostomy 
(open cyst gastrostomy). 

FIG 8 • A long itud i na l  a nter ior gastrotomy is made.  A. Open 
cyst gastrostomy. B. Laparoscopic  cyst gastrostomy. 

FIG 9 • U ltrasound exa m i nat ion through the poster ior 
wa l l  of the stomach assists i n  loca l i zat ion of pseudocyst and 
posit ion ing  of the cyst gastrostomy i nc is ion ( laparoscop ic  cyst 
gastrostomy). 
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FIG 10 • Tra nsgastric asp i rat ion of the pseudocyst confi rms 
the locat ion of the pseudocyst and d ista nce from the gastr ic 
wa l l  and  assists i n  posit ion ing  of the cyst gastrostomy i nc is ion 
(open cyst gastrostomy). 

by u ltrasound or  asp i rat ion and the contents of the pseu
docyst a re evacuated (FIG 1 1 ) .  Any necrotic debris with i n  

F I G  1 2  • A port ion o f  t h e  cyst wa l l  i s  exci sed and sent for 
frozen sect ion exa m inat ion to confi rm the presence of a 
f ibrous wa l l  cons istent with a pseudocyst and a bsence of a n  
epithe l i a l  l i n i n g  suggestive o f  a cyst ic neoplasm ( laparoscop ic  
cyst gastrostomy). 

the pseudocyst to the stomach and promote hemostas is  

a long the cyst gastrostomy. 
the cavity is removed.  A port ion of the pseudocyst wa l l  i s  • After the i n it i a l  entry i nto the pseudocyst, the cyst gas

trostomy can a lso be en l a rged us ing a l i near  surg ica l  sta

p le r. However, it rema ins  mandatory to excise a port ion 
of the pseudocyst wa l l  for h i sto log ic  eva luat ion .  

excised and sent  for frozen sect ion eva l uat ion to confi rm 

the presence of a f ibrous wa l l  and  to exc lude the pres
ence of an epithe l i a l  l i n i n g  (FIG 1 2) .  

• The open ing i nto the pseudocyst is en l a rged us ing e lec- • 
trocautery or another type of energ ized device. A f inger 
or  u ltrasound probe p l aced i nto the pseudocyst he lps  

to defi ne the extent to which the poster ior wa l l  of the 
stomach i s  adherent to the a nter ior wa l l  of the pseu
docyst. A cyst gastrostomy of 5 em or more i s  desi ra b le  

when possi b le .  The pseudocyst cavity is  exp lored and any • 
locu lat ions with i n  it are opened.  

• Absorbab le  2-0 sutu res a re p laced c i rcu mferent ia l ly that 

approximate the poster ior  gastr ic wa l l  to the pseudocyst 
wa l l  (FIG 1 3) .  These sutu res re inforce the adherence of 

A 

After ensur ing that hemostas is  is satisfactory, a nasogas
tr ic tube is  posit ioned i n  the stomach and the anter ior 
gastrotomy i s  c losed us ing sutu res or sta p lers. Depend ing  

on  the length and posit ion of  the gastrotomy and the  
s i ze  of  the stomach, the c losure i s  or iented long itu d i n a l ly 
or transverse ly. 

A f ina l  exp lorat ion of the abdomen is performed, and  
the m i d l i n e  i nc is ion i s  c losed . D ra i n s  a re not rout ine ly  
p laced . 

A 

B 

FIG 1 1  • The pseudocyst is entered (A) and its contents 
i nc lud ing  any necrotic materi a l  a re removed (B) . 

FIG 1 3  • A,B. Sutu res are p laced c i rcu mferent i a l ly a long 
cyst gastrostomy to rei nforce the adherence of the stomach 
to the pseudocyst wa l l  and  to ensure satisfactory hemostas is  
a long the cyst gastrostomy. A. Open cyst gastrostomy. 
B. Laparoscop ic  cyst gastrostomy. 
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EXTRAGASTRIC CYST GASTROSTOMY create an adequate a nastomosis .  The common open ing  is 
then c losed us ing sta p lers or sutures. 

• Lesser sac pseudocysts i n  proxim ity to the poster ior  • 
wa l l  of the stomach can be anastomosed in s ide-to-s ide 
fash ion to the stomach without enter ing the stomach 
through a n  anter ior gastrostomy. • 

Alternatively, para l le l  i nc is ions are made in the poster ior 
wa l l  of the stomach and the a nter ior wa l l  of the pseudo
cyst and a hand-sewn a nastomosis i s  fash ioned.  
Th is  techn ique  of a nastomosis  between the stomach and 
pseudocyst can be performed as e ither a n  open or  m i n i

m a l ly i nvasive procedure.  

• 

• 

• 

The lesser sac is wide ly entered through the gastroco l i c  

omentum .  
T h e  poster ior wa l l  o f  t h e  stomach and  t h e  anter ior wa l l  

o f  t h e  pseudocyst a r e  identif ied where they l i e  i n  c lose 
proxi m ity but are not adherent to one another. 

S m a l l  open ings  a re made in the poster ior wa l l  of the 

stomach and the anter ior wa l l  of the pseudocyst where 
they l i e  in c lose proxi m ity to one another, and  a l i near  
sta p ler  i s  i nserted i nto these open ings  and f i red .  Add i 

t iona l  app l ications of the sta p ler  a re used as necessa ry to 

ENDOLAPAROSCOPIC INTRAGASTRIC 

CYST GASTROSTOMY 

• La paroscop ic  access i nto the peritonea l  cavity is ach ieved 

in the usua l  manner. Th ree r ight-s ided 5-mm ports are 

i n it ia l ly p laced . The m o b i l ity of the anter ior wa l l  of the 
body of the stomach i s  assessed to determ ine  if it wi l l  

reach t o  t h e  abdom i n a l  wa l l .  To do so, t h e  pneumoper i 
toneum may need to be decreased. Once confi rmed, 
tract ion sutu res a re p laced i nto the stomach at th i s  l oca
tion, and passed out through the abdom ina l  wa l l  at the 
previous ly determi ned s ite.  

• The jej u n u m  is fo l l owed from the d uodenojej u n a l  j unc

tion to a site where the jej u n u m  is mob i l e .  A noncrush ing  
bowel c l amp is app l ied across the jej u n u m  to  prevent d is-

A 

B 

FIG 14 • A.B. Ass isted by tract ion sutu res, a cuffed 1 2-mm 
port is inserted i nto the stomach (A), and  the stomach is  
pu l led u pward aga inst the abdomina l  wa l l .  

• 

• 

• 

• 

• 

• 

With th i s  tech n ique, the a nastomosis between the stom
ach and the pseudocyst is  not l i m ited by the extent of 

the i r  adherence to one another. Com p l ications ar i s ing 
from the a nter ior  gastrotomy a re a lso e l i m i n ated . 

However, a leak at the cyst gastrostomy wi l l  resu lt  i n  
extra l u m i n a l  extravasat ion o f  gastroi ntest i na l  contents 
and a gastr ic fistu l a .  P lacement of a d ra i n  adjacent to the 

cyst gastrostomy shou ld  be cons idered. 

tention of the i ntest ine  dur ing su bseq uent i nsuffl at ion 
of the stomach .  

A 1 2-mm port i s  i nserted at the previous ly determined 

s i te .  A sma l l  gastrotomy is made at the center of the 
tract ion sutu res, and the 1 2-mm port i s  advanced through 

th i s  open ing  i nto the stomach .  The tract ion sutu res a re 
used to ho ld  the stomach u pward aga i nst the abdom ina l  
wa l l .  Th i s  i s  fac i l itated by  a lso u s i ng  a cuffed 1 2-mm port 

(FIG 14) .  

The  stomach is  insuffl ated through the i ntragastric port, 
and l aparoscopic  exa m inat ion of the ins ide of the stom

ach is  performed.  The bulge i n  the poster ior wa l l  of the 
stomach caused by the retrogastric pseudocyst is  v is i b le  
(FIG 1 5) .  

An endoscope is  the passed v ia the mouth  i nto the stom
ach, provid i ng  i ntragastr ic v isua l ization and a l lowi ng for 

lapa roscop ic  i n strumentat ion to be passed i nto the stom
ach through the s ing le  i ntragastr ic port (FIG 1 6) .  

After loca l izat ion of  the pseudocyst by  means  of  as
p i rat ion or  u ltrasound eva l uat ion, a n  i nc is ion is  made 
through the poster ior wa l l  of the stomach i nto the pseu
docyst us ing e l ectroca utery or other types of energy de
v ices (FIG 1 7) .  

• A s m a l l  port ion of the pseudocyst wa l l  is excised for 
frozen sect ion eva l uat ion,  and the cyst gastrostomy i s  

FIG 15 • After passage of a lapa roscope i nto the stomach 
through the i ntragastr ic port, a bu lge  i n  the poster ior  wa l l  of 
the stomach caused by the retrogastric pseudocyst is  v is ib le .  
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FIG 16 • An endoscope passed through the mouth i nto 
the stomach provides i ntragastric v isua l izat ion and perm its 
passage of lapa roscopic  i n stru ments through the s i ng le  
i ntragastr ic port .  

FIG 17 • Under endoscop ic  visua l i zat ion and after loca l ization 
of the retrogastric pseudocyst, a sma l l  i nc is ion is  made i n  the 
poster ior wa l l  of the stomach and the pseudocyst i s  entered. 

ROUX-EN-Y CYST JEJUNOSTOMY 

• A m i d l i n e  i nc is ion provides exce l l ent exposu re for open 
Roux-en-Y cyst jejunostomies. Pa l pation of the a bdomen 

after i nd uct ion of anesthes ia and  review of the patient's 
preoperative imag ing  stud ies w i l l  g u ide p l acement of the 

inc i s ion .  As the operation is  performed predominantly 
be low the tra nsverse mesoco lon,  the i nc is ion is  usua l ly 
s l i ghtly more i nfer ior  than the i nc is ion used for creat ion 

of a cyst gastrostomy. 
• A wound protector is p laced and thorough exploration 

of the abdomen is performed. The pseudocyst typ ica l ly 

presents as fu l l ness bu lg i ng  i nto the transverse meso
colon, and the fu l l ness caused by the pseudocyst is  pa l 

pated and  loca l i zed . 
• Port p l acement for minimal ly invasive Roux-en-Y cyst 

jejunostomy w i l l  va ry accord ing  to the s ize and posi

t ion of the pseudocyst. In general ,  however, ports a re 
posit ioned lower in the abdomen than for creat ion of 

a m i n i m a l ly i nvasive cyst gastrostomy. Port p lacement 
is  se lected not on ly for creat ion of the cyst jej u nostomy 
but a lso for creat ion of the Roux l i m b  and subsequent 

enteroenterostomy. 

en l a rged us ing e ither sta p l i n g  or energy devices. 
Particu l a r  attent ion i s  g iven to ensur ing satisfactory 

hemostas is .  Through  the cyst gastrostomy dra inage 

and debr idement of the cyst cavity are comp leted 
(FIG 1 8) .  S m a l l  amounts of res idua l  debr is  w i l l  sub

seq uently pass through the cyst gastrostomy. A 
nasogastr ic tube is posit ioned in the stomach,  the 
port is  removed from the stomach,  and  the gastrot
omy is c losed us ing e ither sutu res or sta p lers .  The 
bowel c lamp is removed from the i ntest ine  and the 
rema i n ing  l a pa roscop ic  ports a re removed.  A d ra i n  is  

not routi ne ly p laced .  

FIG 1 8  • The cyst gastrostomy is en l a rged us ing sta p lers 
or energy devices, and dra inage and  debr idement of the 
pseudocyst a re comp leted. 

• The transverse colon is e levated u pward, a l lowi ng visu
a l izat ion of the transverse mesoco lon and  the bu lg i ng  
resu lt ing f rom the pseudocyst. The  locat ion of the pseu
docyst can be confi rmed by asp i rat ion .  I f  the locat ion of 
the pseudocyst is  not read i l y  apparent, i ntraoperative 

u ltrasound can be used with reference to the patient's 
preoperative imag ing  stud ies (FIG 1 9) .  U ltrasound eva l u
at ion may a l so assist in identify ing mesenteric vessels 

over ly ing the pseudocyst that should be avoided i n  fash-

FIG 19 • I ntraoperative u ltrasound loca l i zat ion of pancreatic 
pseudocyst bu lg ing  through the tra nsverse mesentery. 
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FIG 20 • Dissect ion and exposu re of pseudocyst bu lg i ng  
through the transverse mesentery. 

FIG 21 • Creat ion of Roux l i m b  us ing a l i near  stap ler  to 
d iv ide the jej u n u m  and its mesentery. 

FIG 22 • Creat ion of s ide-to-s ide enteroenterostomy us ing a l i near  stap ler. 

• 

• 

i on ing  the cyst jej u nostomy. Ad hes ions overly i ng the 
pseudocyst are then taken down us ing sharp and  b l unt 
d i ssect ion (FIG 20) .  

With the pseudocyst identif ied and exposed, a defunc
t iona l ized Roux l i m b  is then prepared . The consequences 
of a leak su bseq uently occurr ing at the cyst jejunostomy 

are m it igated by use of a Roux l i m b  rather  than a func

t iona l  loop of jej u n u m .  The jej u n u m  is fo l l owed from the 
d uodenojej u n a l  j unct ion to a site where the mob i l ity of 

the jej u n u m  and the config u ration of its vascu l a r  a rcades 

a re su itab le .  As the cyst jejunostomy is posit ioned below 
the mesoco lon,  mob i l ity of the Roux l i m b  is  rarely an 

issue. However, occas iona l ly, the jej u n a l  mesentery may 
be very foreshortened or  th ickened as a resu lt of the 
pr ior  episode(s) of pancreatit is .  The i ntesti ne i s  d iv ided 

us ing a l i near  sta p ler, and the mesentery i s  d iv ided, tak
i ng  care to ensure that hemostas is  is  meticu lous  and that 
the b lood supp ly  to both ends of the jej u n u m  is satisfac
tory (FIG 21 ) .  

Gastro intest ina l  conti nu ity can  be reestab l ished before 

or  after creat ing the cyst jej u nostomy and can be per
formed us ing sta p lers, sutu res, or a comb inat ion of both 
(FIG 22) .  The a nastomosis  can be performed in e ither a 

s ide-to-s ide or end-to-s ide fash ion .  A Roux l i m b  measur
i ng  40 to 50 em shou ld  be created . I n  some instances, 
a longer  Roux l i m b  may be created if the patient's h is

tory or imag ing  resu lts suggest the poss ib le  need for 

an add it iona l  cyst jej u n ostomy or b i l i a ry reconstruc
tion in the future. I n  this case, the manner  in which the 

• 

• 

enteroenterostomy is made and the posit ion ing  of the 
Roux l imb should be ca refu l ly cons idered.  After comp let
i ng  the enteroenterostomy, the resu lt ing mesenteric de
fect is  c losed with sutu res to prevent hern ias .  

The Roux l i m b  i s  pos it ioned next to the pseudocyst and 
a s ide-to-s ide a nastomosis measu r ing 3 to 5 em i n  length 
is  then created between the pseudocyst and the Roux 

l i m b .  As with the extragastr ic cyst gastrostomy, this a nas
tomosis can be performed us ing stap lers (FIG 23) and/or 
sutu res (FIG 24) .  Stap ler  and suture choice i s  determi ned 

by the th ickness of the pseudocyst wa l l .  
A d ra i n  is  p laced adjacent t o  t h e  a nastomosis, and  after 

confi rm ing  that hemostas is  is  satisfactory, the i nc is ion or 
ports are c losed . 

FIG 23 • Creat ion of s ide-to-s ide Roux-en-Y cyst jej unostomy 
us ing a l i near  stap ler. The jaws of the sta p ler  are posit ioned in 
the Roux l i m b  (right) and pseudocyst (left). 
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FIG 24 • Creation of s ide-to-s ide Roux-en-Y cyst 
jej u nostomy us ing sutu res. Suture has been passed through 
the Roux l imb (top) and is  now being passed through the 
pseudocyst (bottom). 

• Cystic  neoplasm m ust a lways be cons idered. 
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• Ma nagement is  d riven by h igh-qua l ity imag ing .  The a natomic  re lat ionsh i ps, presence 
of necrotic debris, and i nvolvement of pancreatic d uct m ust be we l l -determined to 
i m p lement appropr iate therapy. 

• Be m i ndful  of a potent ia l  d isconnected pancreatic duct. 

• Tim i n g  of i ntervention is  key. The goa l  is  to a l low the process to adequately mature 
wh i l e  m i n i m iz ing  the d u ration of d i sa b i l ity. 

• Anatomic  relationsh i ps d rive management. 
• Cyst gastrostomy is techn i ca l ly least demand ing  but associated with h igher  

recurrence rates. 
• Approach the pseudocyst from the tra nsverse mesoco lon for cyst jej u nostomy. 
• Cons ider l aparoscop ic  approach or endoscopic  assista nce. 

• Look for venous throm bosis and va r ices. 

• Debr ide a l l  necrotic materia l .  
• Respect varices. Be l i bera l with l igation .  
• Runn ing  or lock ing  sutu res to fash ion the a nastomosis  are advised to m i n i m ize the 

r isk of postoperative b leed i n g .  

• A nasogastric tube i s  routinely placed in  patients who un
dergo creation of a cyst gastrostomy and left in place until 
gastric emptying appears satisfactory. 

follow-up imaging is obtained after 3 months to confirm 
resolution of the pseudocyst. Thereafter, further evaluations 
are dictated by the development of new symptoms. 

• If symptoms persist after a cyst gastrostomy and imaging 
confirms the presence of a residual pseudocyst, endoscopy 
should be performed to evaluate the patency of the cyst gas
trostomy. If narrowed, the cyst gastrostomy can be endo
scopically dilated. The residual pseudocyst can be accessed, 
debrided, and drained endoscopically. Additionally, a nasa
cystic catheter can be placed for irrigation of the cavity. 

• Drain output is evaluated for the presence of amylase and lipase. 
If present, the drain is left in place until output has ceased. 

• Routine antibiotic and thromboembolic prophylaxis are ad
ministered. Other aspects of routine postoperative care are 
followed. 

• Patients are evaluated for resolution of symptoms previously 
attributed to the pseudocyst. If symptoms persist, follow
up imaging ( CT or MRI) is performed. Otherwise, routine 

• If symptoms persist after a Roux-en-Y cyst j ejunostomy 
and imaging confirms the presence of a residual pseudocyst, 
the cyst jejunostomy can occasionally be evaluated and if 
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necessary be dilated endoscopically. However, the Roux 
construction often prevents this from being accomplished. 
Although revision of the cyst jejunostomy may need to 
be considered, if imaging studies demonstrate evidence of 
patency of the cyst jejunostomy (e.g. ,  air in the pseudocyst) ,  
consideration should be  given to  allowing additional time 
for resolution of the pseudocyst before proceeding with sur
gery. Additionally, careful evaluation of the patient's symp
toms should be performed to ensure that they are caused by 
the residual pseudocyst before embarking on further surgery. 

COMPLICATIONS 

• In addition to intraperitoneal bleeding, bleeding may occur 
from gastrotomies used to access the stomach and from any 
of the anastomotic sites. The cyst gastrostomy is particularly 
prone to bleeding because of the inherently rich blood sup
ply of the stomach and the inflammation associated with the 
episode of pancreatitis and pseudocyst formation. Endos
copy is useful for not only evaluating the cyst gastrostomy 
but also for evaluating for bleeding within the pseudocyst 
cavity. However, accumulation of blood, fluid, and debris 
within the cavity may hinder thorough evaluation and 

consideration should be given to early angiography. Angiog
raphy should also be strongly considered for evaluation of 
bleeding from a Roux-en-Y cyst jejunostomy, as this anasto
mosis cannot be readily evaluated endoscopically. 

• Leakage can occur at anastomotic and gastric closure sites. 
Leakage from an anterior gastrotomy closure or entero
enterostomy is managed as with any gastrointestinal leak. 
Leakage from a Roux-en-Y cyst jejunostomy can be man
aged nonoperatively if controlled satisfactorily by the drains 
placed at the time of surgery. Additional drains can be in
serted percutaneously if needed. As the Roux limb is defunc
tionalized, surgical exploration is not required if adequate 
drainage is established. If leakage occurs from an extragas
tric cyst gastrostomy, the patient should initially be made nil 
per os (NPO) .  With adequate drainage from the surgically 
placed drains, leaks from either type of anastomosis will 
usually heal spontaneously. 
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DEFINITION 

• Two hundred and seventy thousand patients are admitted 
to U.S.  hospitals yearly with the primary diagnosis of acute 
pancreatitis. Among these patients, 1 0 %  to 1 5 %  will de
velop severe acute pancreatitis with variable necrosis of the 
peripancreatic soft tissue and pancreatic parenchyma. 

• Necrotizing pancreatitis (NP) is a serious problem with at
tendant mortality of approximately 20%.  

• Once pancreatic and peripancreatic necrosis have been es
tablished, one of the three outcomes will present itself. FIG 1 

illustrates these potential outcomes. A small percentage of 
patients will resolve their necrosis with no intervention. An
other portion of patients will develop infection in the ne
crosis; this typically demands treatment. A third group of 
patients will have persistent necrosis. If the necrosis causes 
no symptoms, no intervention is necessary. However, symp
tomatic necrosis remains an indication for intervention. 
Symptoms may include fullness/early satiety, general mal
aise, and back pain. These symptoms are related to mass 
effect of the necrosis as well as to the inflammatory response. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The etiology of pancreatitis should be investigated. Patients 
with biliary pancreatitis should be considered for chole
cystectomy with cholangiography at the time of pancreatic 
debridement. A significant number of patients will have 
idiopathic cause; current data implicates microlithiasis and/ 
or sludge in many of these cases. Therefore, strong consider
ation should be given to cholecystectomy if technically pos
sible and safe at the time of debridement. 

• NP patients have widely variable physiologic condition prior 
to necrosectomy. On two ends of the spectrum, a patient may 
be acutely ill with systemic sepsis and require debridement 

4 weeks 

Intervention 

FIG 1 • Necrosis outcomes. Sx, sym ptoms. 

urgently for infectious control. On the other hand, many pa
tients may be "walking wounded"-that is to say, they are 
home from the hospital managing some oral alimentation 
and are in reasonable physical health; however, they remain 
moderately to profoundly symptomatic. 

• All efforts should be made to optimize nutritional and physi
cal condition prior to pancreatic debridement. The clinician 
should understand that objective nutritional values will 
never normalize with a volume of necrotic tissue in the retro
peritoneum generating a persistent inflammatory response. 
Enteral alimentation is ideal; parenteral nutrition may be 
necessary to supplement caloric and protein intake. 

• It must be emphasized that multiple approaches are avail
able to treat NP patients. The disease is extremely hetero
geneous and no one intervention fits all patients. Ideally, a 
multidisciplinary team consisting of surgeons, interventional 
endoscopists, and interventional radiologists are invested in 
evaluating these patients. One doctor must be responsible 
for the long-term care of these patients as the recuperation 
typically encompasses 6 to 12 months or longer. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A current cross-sectional image-that is, computed tomog
raphy (CT) or magnetic resonance imaging (MRI) scan-of 
the abdomen and pelvis is critically important to use as a 
road map guiding debridement. 

• An important diagnostic consideration involves estimating 
the volume of solid material (as opposed to fluid) in the 
peripancreatic collection. MRI is more accurate than CT in 
making this estimation. Ultrasound may be most accurate; 
however, transabdominal ultrasound is plagued by artifact 
from hollow viscus . Endoscopic ultrasound (EUS) is an ex
cellent modality; however, it requires sedation and is moder
ately invasive. FIG 2 illustrates MRI and ultrasound images. 

• Endoscopic retrograde pancreatography (ERP) is most accu
rate in defining pancreatic ductal anatomy and, specifically, 
the presence of disrupted main pancreatic duct. If ERP is 
undertaken in the setting of NP, it should be done a short 
time before planned debridement, as ERP has a high chance 
of contaminating what otherwise may be sterile necrosis. 
Fine needle aspiration of the pancreatic and peripancreatic 
necrosis is relatively sensitive in diagnosing infection. This 
modality is not commonly necessary or used in contempo
rary practice. 

• Transabdominal ultrasound of the gallbladder should be 
performed to diagnose stones or sludge and inform the need 
for cholecystectomy. 

• Broad-spectrum empiric antibiotic treatment is not recom
mended currently. Antibiotic therapy should be reserved for 
documented infections with a discrete endpoint in treatment. 

• NP patients have an extremely high ( 5 6 % )  incidence of ve
nous thromboembolic events. Screening duplex ultrasonog
raphy should be considered in all NP patients. 
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A B 

FIG 2 • A. MRI  showing so l i d  and f l u id  components (arrow) of per i pancreatic co l l ect ions .  B. IOUS  image of the same co l l ection .  So l id  
necrosis i s  h i g h l i g hted with arrow. 

SURGICAL MANAGEMENT 

• Perhaps the most important concept regarding NP is that this 
disease is extremely heterogeneous. The intervention/opera
tive approach is dictated primarily by anatomic distribution 
of necrosis, involvement of the pancreatic parenchyma by 
necrosis, and specific individual clinical situation. 

• Treatment approaches include percutaneous drainage, endo
scopic drainage, a combination of percutaneous and endoscopic 
approaches, retroperitoneal debridement (videoscopic-assisted 
retroperitoneal debridement [VARD] or sinus tract necro
sectomy),  surgical transgastric approach, or traditional open 
operative debridement with external drainage. 

• FIG 3 illustrates typical patterns of necrosis. The image on 
the left with necrosis confined to the lesser sac may be ap
proached through the posterior stomach either endoscopi
cally or surgically. The middle image with necrosis extending 
down the left paracolic gutter may be best approached from 
the retroperitoneum (YARD ) .  The image on the right with 
necrosis extending down both paracolic gutters and/or the 
small bowel mesentery root poses a challenging problem. 
This group also includes patients with pancreatic head in
volvement. These patients may be best approached by open 
operative debridement. 

• Definitive intervention should not be undertaken earlier 
than 4 weeks from the incident episode of pancreatitis. 

FIG 3 • Necrosis patterns. 



Goa ls  of pancreatic debr idement a re shown in Ta b le  1 .  

Table 1 :  Goa ls of Debridement 

3 
4 
5 

Debr ide as much so l id  necrotic t issue as poss ib le  safely. 
Provide wide dra inage of the pancreas (externa l l y  or  into 

the a l i mentary tract if poss ib le) .  
Estab l i sh  entera l  access. 
Perform cholecystectomy and cho lang iog raphy if i nd icated. 
Perform al l  the above with as l ittle phys io log ic  derangement 

as possib le .  

OPEN NECROSECTOMY 

Exposure 

• The patient may be approached through the m i d l i n e  or  

a low tra nsverse i nc is ion,  which provides superb  access to  

the upper  abdomen .  
• I ntra o perative u ltraso u n d  ( I O U S) s h o u l d  be performed 

pr io r  to d i s rupt i ng  any  of the co l l ect ions .  I O U S  pro

v ides  i m portant  i nformat ion  a bout vo l u m e  of so l i d  
necros is .  

• The surgeon shou ld  review recent cross-sect iona l  image 

i m mediately before operat ing; th is  is a good " road map"  
d i rect ing debr idement as wel l  as to refresh memory of 

danger  spots. Specif ic attent ion shou ld  be pa id to the 
re lat ionsh i p  of necros is to the super ior mesenteric and 
porta l ve ins .  

• A moderate amount of oozing from the d i ffuse inf lam

matory process is  common .  lnfraco l i c  adhes ions, part icu
l a r ly to the undersurface of the transverse mesoco lon,  
are q u ite common; these shou ld  be d iv ided with ca refu l 
b l unt d i ssect ion as wel l  as sharp d i ssect ion .  

• The gastroco l i c  l i gament shou ld  be d iv ided.  The in 

f lammatory response common ly foreshortens the gas
troco l i c  l i gament and attention shou ld  be paid not to 

i nj u re e ither the gastroep ip lo i c  vessels or  the tra nsverse 
colon wa l l .  

• Lesser sac necrosis is a lways more cran i a l  than it may seem.  
• If necrosis extends down the paraco l i c  gutters, these pro

vide a reasonab le  and safe point of entry i nto the retro

peritoneum.  Debr idement shou ld  prog ress from l atera l 
to med ia l ,  paying specia l  care to the known posit ion of 
the super ior mesenteric ve i n  and porta l ve i n  a round the 
pancreatic head (FIG 4) .  

• Catastro p h i c  hemorrhage may occ u r  from i n a dvertent 
v igorous  debr idement  in the a rea of the super io r  mes

enter ic  vei n/porta l  ve i n  (SMV/PV) . The wa l l  of the ve i n  
i s  weak from t h e  i n fl a m m atory process. Proxi m a l  a n d  
d i sta l vascu l a r  control  i s  cha l l e n g i n g  beca use o f  t h e  i n 

fl a m m atory p rocess a n d  i n  a desperate c i rcumstance, 
a p p ly ing  a long stra i g ht vascu l a r  c l a m p  across the porta 

hepat is  a n d  root of the sma l l  bowe l mesentery may be 

a l ife-sav ing  maneuver, a l l ow ing  t ime to l igate the 
SMV/PV. 

• 

• 

It is i m portant to release the co l ic  f lexu res to provide fu l l  

exposure o f  t h e  upper retroperitoneum.  
Samples of  the  peri pancreatic col lection a re  commonly sent 
for Gram sta in ,  aerobic, anaerobic, and fungal  cultu res. 
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Debridement 

• 

• 

• 

The best tool for debrid ing  pancreatic necrosis is the 

experienced surgeon's "ed ucated f inger. "  A r ing  forcep 
a lso is  a n  exce l lent i nstrument.  

It i s  cr it ica l to on ly take the necros is that is  free ly mob i l e  . 

Vigorous debr idement of i m mature necrosis, particu l a r ly 
a long the a rea of major vei ns, i s  fra ught with hazard.  

A reasonab le  approach is  to debr ide one f ie ld  at a t ime 

and to pack that a rea before movi ng onto the next a rea 
of debr idement. For  examp le, debr ide the left paraco l i c  

g utter, then pack  th i s  a rea w i th  l aparotomy sponges, and  
then  move i nto the lesser sac  or  other a reas i n  a stepwise 
fash ion .  Oozing from the retroperitoneum i s  very com

mon; however, the vast majority of th i s  b leed ing  w i l l  stop 
with a short per iod of tamponade.  

....::... _ _..:::_ __ Transverse 
colon 

FIG 4 • If necrosis extends down the r ight paraco l i c  g utter, 
(1) th i s  route provides safe access to the retroperitoneum.  
When d iv id ing  the gastroco l i c  l i gament (2), attention shou ld  
be focused to  preserv ing the gastroep ip lo i c  vessels and  
avo id ing  tra nsverse co lon  i nj u ry. The  asterisk h i g h l i g hts the  
danger  zone  with under ly ing SMV/PV. 
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FIG 6 • I ntraoperative photog raph  showing densely 
i nf lamed g a l l b ladder/r ight upper  quadra nt (arrows) i n  the 
sett ing of b i l i a ry acute N P. 

FIG 5 • I ntraoperative photog raph of r ight transverse 
mesoco lon vesse ls  skeleton ized by adjacent necrosis (arrow).  

The transverse co lon is  reflected cra n i a l ly i n  the surgeon's hand .  Enteral Access 

• Vigorous i rr igat ion of the retroperitoneum he lps  d is

lodge sma l l  vo l u m e  necrosis . 
• It is com mon to see skeleton ized vessels both in the 

mesoco lon as we l l  as  the retroperitoneum.  These are 

q u ite fr iab le; it i s  preferab le to l igate these vessels if any 
quest ion a bout the i r  i ntegrity exists. Many of these are 

• M a ny patients with retroperitonea l  necrosis have gastr ic 

i leus and/or sma l l  bowe l i l eus .  Our preference i s  to p lace 
gastrojej unostomy feed ing tu bes l i bera l ly (FIG 7) .  This 
tube i s  easy to p lace and perm its decompress ion of the 

stomach and feed ing  d i sta l  to the l i ga ment of Treitz to 
provide entera l  n utr it ion in the i m mediate postoperative 
per iod.  The tube is  then eas i ly  removed i n  the office once 

a l ready throm bosed (FIG 5) .  • 
the patient has recuperated comp letely. 
The gastrostomy tube is p l aced in the a nter ior body i n  
t h e  fash ion o f  Sta m m .  

Cholecystectomy 

• Cholecystectomy may be performed at th i s  po int in the 

procedu re if i nd icated and  if the patient is  physio log ica l ly 
sta b le .  Obvious ly, the decis ion to perform cholecystec
tomy is a judg ment ca l l .  A patient who i s  septic, req u i r i ng  

vasopressor support d u ring  debr idement, is  not  the idea l 
cand idate for a cho lecystectomy, which is typ ica l ly not a 

stra ig htforward proced ure and may i nvolve su bstantia l 
hemorrhage.  

• Cholecystectomy is typ ica l ly performed in the retrograde 

fash ion .  If the infl ammatory process is  too dense, cho
lecystectomy may be deferred, a lthough it shou ld  not 
be a bandoned and comp letely forgotten as a s ign if icant 

n u m ber of patients (3 5%)  w i l l  have recurrent b i l i a ry 
sym ptoms (either cho lecystit is or pancreatit is) if cholecys
tectomy i s  not performed with in  the next severa l months. 

• I n  the sett ing  of a densely i nf lamed r ight upper  quad

ra nt, subtota l cho lecystectomy (Thorek's procedu re) is  
accepta b le  (FIG 6) .  

• Cho lang iography shou ld  be performed for a l l  patients 
with b i l i a ry pancreatitis. Common b i l e  duct exp lorat ion 

is  potent i a l ly q u ite hazardous i n  th i s  s ituation and  expe

r ienced judgment shou ld  be sought before underta k ing 
common duct exploration i n  the sett ing of  N P. However, 

document ing the presence of common b i l e  duct stones i s  
i mporta nt to d i rect further management. 

• The stomach shou ld  be tacked securely to the a nter ior 
abdom ina l  wa l l  with heavy suture to permit rep lacement 
of the gastrojej u nostomy tube should d i s lodgement 
occur. 

FIG 7 • Gastrojej u n ostomy feed ing  tube perm its feed ing  
downstrea m of  l i gament of  Tre itz wh i l e  s imu ltaneous ly 
decom press ing  the stomach .  



Drains 

• Debr idement beds are d ra i ned wide ly. 
• O u r  preference is to use c losed suction la rge-ca l i ber 

( 19  mm) dra ins  (FIG 8) .  Th ree-way dra i ns, a lthough 
attractive i n  theory, are extremely cha l l eng ing  to man
age i n  the i ntensive care  u n it and on the hosp ita l ward . 

• If d isconnected pancreatic duct is suspected and  externa l  
d ra i nage  emp loyed, it i s  cr it ica l to ma inta i n  th i s  dra in ,  
which contro ls  the f istu la  externa l ly. 

Abdominal Closure 

• The fasc ia  is most often ab le  to be c losed pr imar i ly, a l 

though  the operator shou ld  pay  c lose attention to the  
peak  a i rway pressu res at  the t ime of  c losure.  

• 

• 

• 

The need for true retention sutu res is u n usua l; how
ever, a com b inat ion of ru n n i n g  and i nterrupted s lowly 

reabsorbab le  monofi lament sutu res seems prudent.  
The i nc idence of ventra l hernia after open pancreatic 
debr idement i s  su bsta ntia l (42%) .  
The sk in  is typica l ly left open to close by secondary i ntention . 

TRANSGASTRIC NECROSECTOMY 

• Transgastric necrosectomy may be approached l apa
roscop ica l ly or  through a short upper m i d l i n e  i nc is ion 
(FIG 9) .  This  tech n ique  i s  selectively app l i ed to patients 
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F IG  8 • Large-ca l i ber  c losed suct ion d ra i n s  typica l ly provide 
adequate dra inage of necrosis bed if thorough debr idement 
is ach ieved . D ra i n s  are p laced a bove the transverse colon; 
stomach is retracted cra n i a l ly. 

• IOUS  is a crit ica l adjunct, espec ia l ly if the major ity of the 
necros is is  so l i d  as opposed to l i qu i d .  U ltrasound shou ld  

be app l ied through the front wa l l  of the stomach and  

part icu lar ly  th rough  the back  wa l l  of  the stomach to he lp  
loca l i ze poster ior gastrotomy (FIG 1 0) .  

with necrosis iso l ated i n  t h e  lesser sac; it m a y  be part icu- • The surgeon shou ld  be aware of the potent ia l  for hem

orrhage from va r ices i n  the gastric wa l l  i n  the sett ing  of 
left-s ided (s i n istra l) porta l hypertens ion .  

lar ly  effect ive for patients with a d isconnected pancreat ic 
ta i l .  C l i n ic ians  shou ld  be aware that necrosis extend ing  
down the sma l l  bowel mesenteric root or paraco l i c  gut- • 
ter may not be appropr iate for th is  tech n ique .  

• 

• 

• 

A B 

Stay sutu res in the poster ior gastr ic wa l l  a re extremely 

he lpfu l  i n  the l aparoscop ic  a pproach, de l iver ing th i s  

FIG 9 • A. D iagra m  showing port p lacement for  l aparoscop ic  transgastr ic debr idement. B. Postoperative photog ra ph :  even 
with heavy body hab itus, open transgastr ic debr idement may be ach ieved through a short (6 em) upper m i d l i n e  inc i s ion .  
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FIG 1 0  • IOUS  is cr it ica l ,  part icu lar ly  in the l aparoscopic  
approach.  

open ing  i nto the operative f ie ld  (FIG 1 1 ) .  Wide poste
r ior  gastrotomy is created e ither with ca utery or a l i near  
sta p l i ng device. The poster ior gastrotomy is sutu red to 

the cyst with permanent suture .  Th is  a ids  i n  hemostas is  
as  we l l  as i n  du rab ly  m a i nta i n i n g  th i s  ostomy. Gent le  

debr idement and copious i rr igat ion are app l ied .  The 
cond uct of debr idement is  s i m i l a r  to that i n  the open 
s ituation (FIG 1 2) .  

• Anter ior  gastrotomy is c losed with suture or stap ler  
(FIG 1 3) .  Often, the stomach i s  th ick and sutu r ing pro

vides a more secure c losure.  

FIG 11 • I ntraoperative photogra ph showing anter ior 
gastrotomy and l a rge poster ior  cystogastrostomy. Note stay 
sutu res on poster ior gastr ic wa l l .  

A 

B 

FIG 1 2  • I ntraoperative photog raphs of l aparoscop ic  
transgastr ic debr idement. A. Camera i s  i n  necrosis cavity. 
B. After debr idement. Long arrow shows d isconnected 
pancreatitis ta i l ;  short arrows show sp len ic  a rtery. 

FIG 1 3  • Anter ior  gastrotomy may be c losed with suture or  
sta p ler  (shown). 



• 

• 
• 

If gastrostomy or gastrojej u n ostomy feed ing  tube i s  

i nd i cated, p lac ing  th i s  pr ior  to c los ing the a nter ior 
gastrotomy affords v isu a l izat ion of the tube pass ing  

through  the duoden u m .  Ca re shou ld  be taken  to p lace 
the gastrostomy at a d ista nce away from the gastrotomy 
c losure s ite. 
No  drains a re necessa ry with tra nsgastr ic necrosectomy . 

Cho lecystectomy and cho lang iography may be performed 

if i nd icated. 
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Distal Pancreatectomy +I- Splenectomy 

• I n  the sett ing  of major body necrosis with a very sma l l  
amount o f  v iab le  pancreatic ta i l ,  t h e  surgeon m a y  con

s ider d i sta l pancreatectomy at the time of operative 

debr idement. This shou ld  be reserved for h i g h ly select 
cases. It is  a l most a lways necessa ry to perform sp lenec

tomy in th i s  sett ing  due to the s ign if icant infl ammatory 

• 
response and  frequent i nc idence of gastr ic var ices. 
Preoperative embo l ization of the sp len ic  a rtery shou ld  

be cons idered i n  th i s  c l i n ica l scenar io .  
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PEARLS AND PITFALLS 
Surg ica l  dec is ion mak ing  • N P  i s  a n  extremely heterogeneous d isease. Appropr iate treatment m ust be based on  the u nder ly ing 

necrosis anatomy as we l l  as  the patient's genera l  cond ition .  Idea l ly, treatment decis ions a re made i n  
t h e  context o f  m u lt id isci p l i n a ry review. 

• Defi n itive i ntervent ion shou ld  not be app l i ed before 4 weeks' t ime .  
• Shou ld  i nfection occur before 4 weeks' t ime, percutaneous dra inage is the most appropriate intervention .  
• Keep i n  m ind  the potent ia l  for co lon ischemia  at a ny po int i n  the course of th i s  d i sease. 

Operative techn ique  • If forced to  operate (to prove or  exc lude co lon  ischem ia) p r io r  to 4 weeks, wide d ra i nage  of  imma-
ture necrosis is  p referred to attempts at debrid i ng  i m mature necrosis .  

• I n  the sett ing of d i sconnected pancreatic ta i l ,  the transgastr ic approach may be most appropr iate. 
Alternative ly, d i sta l  pancreatectomy plus sp lenectomy may be cons idered i n  h ig h ly select patients. 

• Be aware of the potent ia l  for v iscera l a rter ia l  pseudoaneurysm .  
• When m a n u a l ly debr id ing  pancreatic necrosis, on ly ta ke t h e  necrosis that comes easi ly. 
• In b i l i a ry pancreatitis, cho lecystectomy and  cho lang iography shou ld  be performed if tech n ica l l y  

poss ib le  at t ime of  debr idement. Cho lecystectomy may be hazardous and c l i n ica l  judg ment regard i ng 
extent of operation is i m portant here. 

Postoperative care • Do not be afra id  to reoperate if the patient is  not fo l lowi ng the expected cou rse. It i s  i m portant to 
rega in  control of a poorly contro l led or u ncontro l led pancreatic fistu l a .  It i s  a lso i m portant to exc lude 
ischemic  co l it is i n  the ear ly postoperative per iod fo l lowing  the fi rst debr idement. 

POSTOPERATIVE CARE 

• Optimal nutrition support is critical for expedient recupera
tion. Oftentimes, this requires some combination or paren
teral and enteral nutrition. While recognizing the crucial 
importance of enteral alimentation, the surgeon should be 
cognizant of small bowel and gastric ileus that are very com
mon in the setting of NP and postdebridement. Increasing 
tube feeding volume too rapidly may be detrimental .  

• Aggressive physical rehabilitation is also critical. Early plan
ning for discharge to an extended-care treatment facility is 
prudent; direct communication with health care providers 
at these facilities is important to maintain the continuity 
of care. 

• Venous thromboembolism is common occurrence in the 
setting of NP. Patients should be observed carefully and pos
sibly screened with ultrasound on a regular basis. Bright red 
blood in the surgical drain should be considered visceral arte
rial pseudoaneurysm until proven otherwise. Often, a small 
amount of blood is from retroperitoneal venous hemorrhage; 
however, visceral arterial pseudoaneurysm is a potentially 
lethal problem that should not be missed. Cross-sectional 

imaging with computed tomography angiography (CTA) is 
rapid and widely available; CTA is an excellent first-line test 
with which to diagnose or exclude pseudoaneurysm. 

• Appropriate duration of antibiotic treatment after satisfac
tory source control is important. However, no clear data 
exist to inform this treatment decision. Antibiotic treat
ment of no shorter than 7 days should be employed. We 
have tried to cut down antibiotic treatment and had recur
rent retroperitoneal infected collections. It is noteworthy 
that retroperitoneal collections infected with resistant bac
teria and yeast are extremely hard to clear. Consideration 
should be given to extended-duration antibiotic treatment 
in these cases. 

• The patient should be observed for the presence of external 
pancreatic fistula . Measurement of amylase and surgically 
placed drains will diagnose this condition. 

• Enterocutaneous fistulas may occur. These should be managed 
in a similar fashion to enterocutaneous fistulas developing 
from other conditions. Duodenal fistula is extremely chal
lenging. Percutaneous transhepatic drainage with diversion 
of the biliopancreatic secretion will occasionally allow these 
fistulas to close with nonoperative management. 
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FIG 14 • M R I  2 years after transgastr ic debr idement showing 
d i l ated main and  s ide branch pancreatitis ducts (short arrows) in  
the d isconnected ta i l .  The etio logy of th i s  patient's pancreatitis 
was the s ide-branch I P M N  (long arrow). 

• Patients dismissed from the hospital with controlled external 
pancreatic fistula and/or supplemental enteral and parenteral 
nutrition should have early and frequent postoperative fol
low-up. 

• Patients who fail to progress as expected should have early 
cross-sectional imaging. Additional percutaneous drainage 
or reoperation may be necessary to regain control of an un
controlled pancreatic fistula. 

• Long-term follow-up is crucial for patients undergoing 
transgastric debridement, as long-term outcomes from this 
relatively new approach are unknown. A small number of 
patients will manifest recurrent pancreatitis ( FIG 14) or re
current retroperitoneal fluid collections (pseudocyst) after 
transgastric debridement. 

OUTCOMES 

• Mortality after pancreatic debridement in contemporary se
ries ranges from 5% to 1 0 %  at specialized centers .  Although 
this mortality is relatively high, this represents substantial 
improvement from historical mortality figures and is likely 

most related to improved operative selection. Patients and 
family members should be educated from the start of this 
disease process that NP is a long-term problem and that even 
in the best of circumstances, patients should expect a recu
peration period measured in months. 

• In general, reports of long-term outcomes for patients with 
NP and operative debridement are scarce. 

• Ideally, patients will have long-term follow-up with primary 
physician and/or gastroenterologist attentive to exocrine 
and endocrine functions as well as digestive function. 

• A small number of patients with NP will have intraductal 
papillary mucinous neoplasm (IPMN) or pancreatic adeno
carcinoma as the cause. Unfortunately, prognosis in this sub
group of patients is uniformly poor. 

• A small subgroup of patients with NP is too well to die but 
too sick to recuperate with reasonable quality of life. This is 
an extremely challenging group of patients to care for. How
ever, in a highly select number of these patients, hospice care 
may be appropriate. These patients, for example, have pro
tracted immobilization, protracted organ failure, and unre
constructable enteric fistulas. 

• A highly select number of patients may be candidates for 
intestinal or multi visceral transplant. Obviously, this is deci
sion making that must be undertaken in conjunction with 
the organ transplant group. 

COMPLICATIONS 

• Complications after pancreatic necrosectomy may be related 
to disease progression or operation. Table 2 highlights these 
complications. 

Table 2:  Complications of Necrotizing 
Pancreatitis 

Short-Term 

Pancreatic fistu l a  (particu lar ly  
with d isrupt ion of the main 
pancreatitis duct) 

Co lon ic  ischemia  

Venous thromboembol i sm 
E nteric fistu l a  
Viscera l arter ia l  pseudoaneurysm 

Long-Term 

Recurrent retroperitonea l  co l l ect ions/ 
i nfect ion 

B i l e  duct or duodena l  obstruction  
f rom stricture 

Exocr ine and endocr ine insuffi c iency 
C h ron ic  pa in  
Recurrent acute  pancreatitis 

prog ress ing to chronic pancreatitis 
i n  the remnant pancreas 

Ventra l hern ia  
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DEFINITION 

• Laparoscopic pancreatic debridement is a minimally inva
sive technique for pancreatic resection and is indicated in 
the case of infected pancreatic necrosis as a result of acute 
pancreatitis .  Additional options for pancreatic necrosec
tomy include laparotomy as well as other minimally invasive 
methods such as percutaneous catheter drainage and endo
scopic drainage. Methods of laparoscopic debridement will 
be the focus of this chapter. 

Differential Diagnosis 

• The differential diagnosis of acute pancreatitis includes bili
ary colic, peptic ulcer disease, cholecystitis, acute mesenteric 
ischemia, small bowel obstruction, visceral perforation, vas
cular catastrophes such as ruptured aortic aneurysm, as well 
as intraabdominal infection. 

• In the setting of recent, severe acute pancreatitis, character
istic CT findings and patient history and physical findings 
are strongly supportive of infected versus sterile pancreatic 
necrosis, pancreatic abscess, or pancreatic pseudocyst. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Acute pancreatitis has a broad range of clinical symptoms. 
The majority of cases can be mild and self-limiting; however, 
about 20% of these patients will develop severe acute pan
creatitis and among these patients, approximately 3 0 %  to 
70% will develop infected necrosis. 1 

• Severe acute pancreatitis is associated with high mortal
ity and morbidity; these patients are at risk for infection, 
multisystem organ failure, and death. 

• Secondary infection of pancreatic necrosis occurs by bacte
rial or fungal translocation through the GI tract or by seed
ing through transient bacteremia from invasive monitoring 
in the intensive care setting. 

• Infection of pancreatic necrosis can occur as early as 10 days 
after the onset of acute pancreatitis .  More typically, infec
tion ensues 3 to 6 weeks after the initial onset of symptoms. 

• Patient history and physical examination for pancreatitis 
and pancreatic necrosis include a recent history of acute pan
creatitis and continued abdominal pain, chronic low-grade 
fever, nausea, lethargy, and inability to eat. Those patients 
with infected pancreatic necrosis will show signs of intraab
dominal infection including tachycardia, hypotension, fever, 
and deteriorating organ function. 

• Conservative management is recommended in the case of 
sterile necrosis. Surgical management can be considered in 
symptomatic sterile necrosis; not infrequently, occult infec
tion proves to be present. In the setting of clearly infected 
pancreatic necrosis, debridement or drainage is the preferred 
method of treatment. 

• Methods for debridement include open necrosectomy and 
multiple minimally invasive modalities, including laparo
scopic debridement. Minimally invasive necrosectomy is 
technically achievable and although there is evidence that a 
step up minimally invasive technique (percutaneous drain
age with or without following retroperitoneal necrosectomy) 
may reduce morbidity and mortality amongst patients with 
infected necrotizing pancreatitis, it is unclear if minimally 
invasive techniques are cost effective. 2•3 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Plain radiographs are nonspecific. Ultrasound (US) may 
show a diffusely enlarged, hypoechoic pancreas and can be 
important in identification of the etiology of pancreatitis 
(e .g. ,  gallstones ) .  

• Appropriate imaging for acute pancreatitis includes contrast
enhanced computed tomography ( CT) scan when complica
tions are clinically suspected. Complications of pancreatitis 
evolve with time and impending necrosis may not be ap
preciated on CT imaging obtained within the first 24 to 
48 hours of symptoms. CT imaging in the case of mild acute 
pancreatitis will show pancreatic enlargement, edema, peri
pancreatic fat stranding as well as effacement of the normal 
contours of the organ. 

• In the setting of pancreatic necrosis, IV contrast can help 
delineate areas of poor perfusion as well as the extent of 
necrosis and can be used to predict the severity of disease. 
Visualization of air bubbles within necrotic tissue is diagnos
tic of infection (FIG 1 ) .  

F I G  1 • I n fected pancreatic necrosis. C T  sca n showing a 
hypoenhanc ing  pancreas, i nd icat ing  necrosis, with gas bubb les 
i nd icat ing bacter ia l  i nfect ion of the necrotic materi a l .  This is  
l i ke ly necros is m ixed with per i  pancreatic ph legmon .  
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Table 1 :  Computed Tomography Grading System 
of Acute Pancreatitis 

Grade 

A 
8 

c 

D 

Findings 

Normal pancreas 
Foca l o r  d iffuse en l a rgement of the pancreas, 

i rreg u l a r  organ conto u r  
Peri pancreatic infl ammation w i t h  intr ins ic  

pancreatic abnorma l it ies 
Fluid co l l ect ions e ither i ntra pancreatic or  

extra pancreatic 
Two or more large co l l ections of gas i n  the 

pa ncreas or  retroperitoneum 

Score 

0 
1 

4 

• The grading of severity of pancreatitis can be classified into 
five categories (Table 1 )  and a CT severity index can be cal
culated based on the grading of unenhanced CT findings 
and the percentage of necrosis demonstrated on contrast
enhanced CT (Table 2 ) .  The CT severity index is the sum 
of the unenhanced CT score and the necrosis score where 
the maximum is 10 and greater than or equal to 6 indicates 
severe disease.4 

• If infected pancreatic necrosis is suspected, the diagnosis 
is confirmed with culture results from CT-guided fine nee
dle aspiration (FNA) or from specimens collected during 
necrosectomy. 

• FNA and culture should be obtained in patients who show 
clinical features of sepsis or those with a deteriorating clini
cal course 1 to 2 weeks after the onset of disease. 

Table 2:  Necrosis Score 

% Necrosis 

0 
<33  

33-50 
;;e: SO 

Score 

0 
2 
4 
6 

RETROGASTRIC-RETROCOLIC 

DEBRIDEMENT (TRANSPERITONEAL) 

First Step 

• Commonly, the Atlanta classification is used to divide acute 
pancreatitis into mild and severe categories. The criteria for 
severe acute pancreatitis include the following: a Ranson's 
score of 3 or greater, an APACHE II score of 8 or greater 
within the first 48 hours, organ failure, or local complications 
(necrosis, abscess, or pseudocyst involving the pancreas ) .  
Other predictors o f  disease severity within the first 2 4  hours 
of hospitalization include a C-reactive protein of greater than 
120 mgldL, procalcitonin greater than 1 . 8  ng/mL, and a he
matocrit greater than 44.5 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Cross-sectional imaging as described earlier is necessary to 
determine the extent of necrosis, for signs of infection as 
well as planning of approach. 

• The use of prophylactic antibiotics remains controversial. 
Antibiotics should be restricted to clear cases of CT-proven 
pancreatic necrosis and tailored to culture results when 
available. Current recommendations include imipenem or 
meropenem for 2 weeks for patients with proven necrosis. 6•7 
Preoperative antibiotics are recommended prior to incision. 

• Access: large-bore IV or central access for fluid resuscita
tion, rapid blood transfusion, vasopressor infusion; Foley 
catheter and nasogastric tube placement. Consider central 
line and arterial line monitoring in the case of hemodynamic 
instability. 

• Timing of the procedure : Better outcomes are achieved if 
necrosectomy is delayed for at least 21 days. S-lO This delay 
allows for clinical stabilization of the patient, resolution 
of any signs of organ failure, and decreased inflammatory 
reaction. 

Positioning 

• Positioning for laparoscopic pancreatic necrosectomy should 
be supine for a transperitoneal approach and lateral for a 
retroperitoneal approach. If the patient is supine, prep the 
entire abdomen from nipple to midthigh. 

• A transperitonea l  approach is beg u n  by p lac ing the i n i 
t i a l  trocar i n  the per i u m b i l i ca l  posit ion (FIG 2) .  

If a percutaneous d ra i nage  catheter is  i n  p lace, th i s  can  

be left i n  posit ion and used as a g u ide to  identify the  
necrosis .  D i ssect ion is  acco m p l ished with a ha rmon i c  sca l 
pe l  or  b ipo la r  e lectroca utery device. The left s ide of the 

pancreas may be dra ined by mob i l izat ion of the sp len ic  
f lexure. I n  add it ion,  if  necrosis extends above the pan
creas, the lesser sac may a lso be entered through the gas
trohepatic l i gament, tak ing  care to safeguard the r ight 
and left gastric a rteries.  

• A 30-degree a n g led l a pa rosco pe is used to g u i d e  the 
i nsert ion  of two r ight  pa ra m ed i a n  trocars  a n d  a n  ad

d i t iona l  ass i stant's troca r i n  the  l eft l atera l a b d o m e n .  

Sta rt w i t h  exp l o ratory l apa roscopy afte r esta b l i s h i n g  
p n e u m o per iton e u m .  

Second Step 

• The a rea of necrosis can be approached through the gas

troco l i c  l iga ment or the tra nsverse mesoco lon (FIG 3) .  

Third Step 

• Debr idement is accomp l ished under  d i rect v is ion with 
the use of a g rasp ing i nstrument (FIGS 4 and S) .  A 

1 0-mm stone extractor i nstru ment is often most effi

c ient.  Necrot ic  materia l  should be sent for h isto logy and  

m icrob io logy. 
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Additional 
port sites __.----o 

(paramedian) -=------_
) 

� Additional 
o----\ port site 

.1---------- U m b i l ical 
port site 

Lesser 
omentum 

H epatoduodenal 
l igament 

Transverse 

Hepatogastric 
l igament 

Grasper ----'-;-�.c....:._"""" ___ -1 
pul l ing up 

on stomach 

FIG 2 • Port p l a cement for transperito n e a l  debr ideme nt. 
Tra n su m b i l ica l port p l acement and two o r  more p a ra m e d i a n  
ports a re p l a ced w i t h  respect t o  the l ocat ion of g reatest 
pa ncreatic necrosis.  

Gastrophrenic 
l igament 

Gastrosplenic 
l igament 

Spleen 

Stomach 

Grasper 
d issecting 
through 
omentum 

--------- Greater 
omentum 

FIG 3 • Access to the body and d ista l p a ncreas can be obta i n ed transperito n ea l ly through the g astroco l i c  l i g a ment and the 
l eft m esoco l o n .  
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FIG 4 • Debr idement of necrotic pancreas. The pan creas 
has  been accessed l a p a roscopica l ly through the g astroco l i c  
o m e n t u m  u s i n g  a h a r m o n i c  sca l pe l .  I n  t h i s  case, two d r a i n s  
had b e e n  p l aced preoperatively i nto f l u i d  co l l ect ions  i n  t h e  
h e a d  a n d  ta i l  o f  the pancreas, respectively. Access w a s  g a i ned 
to the poorly d ra i n i n g  ta i l  co l l ect i o n  by fo l l ow i n g  the d r a i n  
i nto the lesser s a c .  After d ra i n i n g  puru lent f l u i d ,  debr idement 
was a c h i eved with the use of b l u nt force ps. 

• Cons ider  i ntraoperative US for loca l i zat ion of retro per i
to n e a l  necros is  a n d  the i d e ntif icat i o n  of m ajo r  vascu l a r  
a n atomy. 

• 

• 

The suct ion- i rr ig ator can be used to asp i rate a n d  brea k 
d own pan creatic  debr is .  An endobag is a usef u l  tool for 
further remov i n g  debr is .  
The cavity can be i nspected by i ntrod u c i n g  the l a pa
rosco pe i nto the d e b r i d e m e nt bed.  Referr ing  to the 
preoperative CT sca n h e l ps to ensure a l l  a reas of necrosis 
have been re m ove d .  S u m p  d r a i n s  a re p l aced through the 
troca r s ites fo r conti n u o u s  lavage of the debr idement bed 
i n  the postoperative per iod (FIG 6) .  

VIDEO-ASSISTED RETROPERITONEAL 

DEBRIDEMENT 

First Step 

• Retroperito n e a l  debr idement may be used in ear ly necro
t i z i n g  pa ncreatitis, especia l ly if there is  m i n i m a l  f i b rotic  
t issue, i n f l a m m ation,  o r  e d e m a .  Th is  a p p roach a l l ows for  
exa m i nat ion of the poste r ior  pancreas (FIG 7) .  

• The patient is p laced in the latera l decubitus position and 
the retroperitoneum is entered from the r ight or left side, 
depending on the site of most inf lam mation and damage to 
the pa ncreas. This a pproach can be a ided by preoperative ac
cess to the retroperitoneal space with catheter p lacement by 
i nterventional  rad io logy into the domi nant f lu id  collection.  

Second Step 

• A 0-deg ree l a p a rosco pe is i n serted i n  t h e  f l a n k  betwee n  
t h e  i l i a c  crest a n d  t h e  1 2t h  r i b  poste r i o r l y. Alternat ive ly, 

FIG 5 • Remova l of necrotic  pancreas. A 6-cm p i ece of necrot ic  
pancreas was rem oved through the anter ior  a b d o m i n a l  wa l l  
with t h e  use o f  a n  E n d oCatch bag . 

FIG 6 • D r a i n  p l acement.  After a d e q u ate debr idement 
a n d  i rr igat ion,  an Axi o m  d r a i n  was p l aced in the cavity 
surro u n d i n g  the body and ta i l  and brought out t h ro u g h  the 
a b d o m i n a l  wa l l  throug h the m i dabd o m i n a l  troca r site a n d  
secured i n  p l ace. 

a v i d eoscope m a y  be i n serted d i rect ly  over t h e  d ra i n  
s ite.  

• An a n g l ed,  r i g i d ,  therapeutic  tho racoscope faci l itates 
debr idement u n d e r  visu a l izat ion t h ro u g h  a s i n g l e  a ccess 
p o i nt .  

• Aft e r  i n s u ffl a t i o n ,  t h e  r i g ht a n d  l eft k i d n eys c a n  be 
used a s  l a n d m a rks towa rd t h e  h e a d  o r  ta i l  of the 
p a n c reas .  

• Mech a n i ca l  debr idement may be l i m ited by access a n d  
visu a l izat ion a n d  m a y  req u i re m u lt i p l e  i nte rve ntions; 
howeve r, perito n e a l  conta m i nat ion is l i m ited with t h i s  
a p p roach.  

Third Step 

• The re m a i n d e r  of the proce d u re proceeds as previous ly  
descr ibed with sa m p l es b e i n g  sent for path ology a n d  mi
crob i o l ogy. D ra i n s  can be p l a ced t h ro u g h  the port s ites 
for cont i n u o u s  lavage.  
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FIG 7 • Port p lacement and anatomy of retro peritonea l  
pancreatic debridement. Patient p l acement is i n  the l atera l 
decu b itus posit ion and the retroperitoneum can be entered 
through either the right or  l eft s ide, depen d i n g  on the site of 
g reatest damage to the pancreas. A videosco pe is  p l aced in the 
f la n k  between the i l iac crest a n d  the 1 2th r ib  or  over a previously 
p laced percuta neous d ra i n .  Other port p l acement depends on 
the l ocation of pancreatic debris .  

• I n d ications for l a p a rosco pic  pancreatic debr ide ment i n c l u d e  infected pancreatic necrosis 
and sym pto matic ste r i l e  necrosis.  

• Contrast-e n h a nced CT i m a g i n g  i s  req u i red for determ i n i n g  preoperative p l a n n i n g .  
• Retro perito n e a l  a p p roach m a y  l i m it the a b i l ity t o  adeq uately debr ide tissues b u t  i s  

su ita b l e  fo r m u lt i p l e  i nte rventions.  
• Tra nsperito n e a l  a p p roach may be l i m ited by potent i a l  perito n e a l  conta m i nat ion and 

l i m ited reinterve nti o n .  
• The opti m a l  t i m i n g  o f  operative i nterve ntion is  3-4 weeks fo l l ow i n g  the onset o f  acute 

p a ncreatitis .  
• Preoperative d ra i n  p l a cement can aid i n  i n it i a l  m a nagement as we l l  as g u i d e  

i ntraoperative d i ssect ion  a n d  i d e ntif icat ion  o f  necrotic m ate r ia l .  
• P l ace l a rg e  d r a i n s  a t  the t i m e  o f  s u rg e ry; cons ider  conti n u o u s  lavage with i soto n i c  

s a l i n e .  
• Rei m a g i n g  a n d/o r reo perat i o n  a re i n d i cated i n  cases o f  c l i n ica l  d ete r iorat ion o r  

i n c o m p l ete debr idem ent. 

• Immediate postoperative care will depend on the status of 
the patient perioperatively. However, all patients with nec
rotizing pancreatitis benefit from close surveillance in an in
tensive care unit. 

• Early aggressive enteral feeding can be started after the first 
48 hours of resuscitation postoperatively. 

OUTCOMES 

• In a meta-analysis of retroperitoneal pancreatic debridement a 
success rate of 64% was reported with 4 7% morbidity and 14% 
mortality.U Recent multicenter feasibility studies of the safety and 
efficacy of video-assisted retroperitoneal debridement (VARD) 
show a reasonable safety and efficacy profile for retroperitoneal 
debridement, although the authors were unable to establish that 
VARD techniques are superior to open necrosectomy.U 

• Close attention must be paid to volume status, blood glu
cose control, maintenance of normothermia, and adequate 
pain controlY 

• Because of massive third space fluid losses and fluid shifts 
postoperatively, some patients will require continued intuba
tion postoperatively in the initial 24 to 36  hours . 
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• There are no controlled trials comparing open necrosectomy 
to laparoscopic methods. 

COMPLICATIONS 

• Acute complications include bleeding, sepsis, acute pancre
atitis, pancreatic duct leak, need for repeat debridement, 
exocrine insufficiency, endocrine deficiency, and enteric leak. 

• Long-term complications include pancreatic pseudocyst for
mation, chronic pancreatitis, enterocutaneous fistula, pan
creatic fistula, and chronic abdominal/back pain. 

REFERENCES 

1. Werner ], Feuerbach S, Uhl W, et al. Management of acute pancreatitis: 

from surgery to interventional intensive care. Gut. 2005;54(3) :426-436. 
2 .  Freeman ML, Werner J, Van Santvoort HC, et al. Interventions for 

necrotizing pancreatitis: summary of a multidisciplinary consensus 

conference. Pancreas. 2012;4 1 ( 8 ) : 1 1 76-1 1 94.  

3 .  Beenen E, Brown L, Connor S .  A comparison of the hospital costs of 
open vs. minimally invasive surgical management of necrotizing pan
creatitis. HPB (Oxford). 201 1 ; 1 3 ( 3 ) : 1 78-1 84. 

4. Balthazar EJ, Robinson DL, Megibow AJ, et al. Acute pancreatitis: value 

of CT in establishing prognosis. Radiology. 1990;174(2) :33 1-336. 

5 .  Beger HG, Rau BM. Severe acute pancreatitis: clinical course and 

management. World J Gastroenterol. 2007; 1 3 ( 3 8 ) :5043-505 1 .  
6 .  Bassi C ,  Falconi M ,  Talamini G ,  et al. Controlled clinical trial o f  peflox

acin versus imipenem in severe acute pancreatitis. Gastroenterology. 

1998 ;1 15 (6 ) : 15 1 3-1 5 1 7. 

7. Heinrich S, Schafer M, Rousson V, et al. Evidence-based treatment 
of acute pancreatitis: a look at established paradigms. Ann Surg. 
2006;243 (2 ) : 154-168 .  

8 .  Donald G, Donahue T, Reber HA, e t  a l .  The evolving management of 

infected pancreatic necrosis. Am Surg. 2012;78 ( 1 0 ) : 1 1 5 1-1 155 .  
9.  Mier ], Leon EL,  Castillo A, et  a l .  Early versus late necrosectomy in 

severe necrotizing pancreatitis. Am ] Surg. 1 997;173(2 ) :71-75. 

10. Gloor B, Muller CA, Worni M, et al. Late mortality in patients with 

severe acute pancreatitis. Br ] Surg. 200 1 ;8 8 (7) :975-979. 
1 1 .  Hasibeder WR, Torgersen C, Rieger M, et al.  Critical care of the 

patient with acute pancreatitis .  Anaesth Intensive Care. 2009;37(2) :  

1 9 0-206.  

12 .  Bradley EL, Howard TJ,  Van Sonnenberg E, et al .  Intervention 
in necrotizing pancreatitis :  an evidence-based review of surgical 
and percutaneous alternatives. J Gastrointest Surg. 2008 ; 12 (4 ) :  

634-639 .  

1 3 .  Horvath K, Freeny P, Escallon ], e t  a l .  Safety and efficacy of video
assisted retroperitoneal debridement for infected pancreatic collec
tions: a multicenter, prospective, single-arm phase 2 study. Arch Surg. 

2010;145 ( 9 ) : 8 1 7-825. 



-

Chapter 5 1  
I 

Endoscopic Pancreatic 
Debridement and Drainage 
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Udayakumar Na vaneethan Andres Gelrud 

DEFINITION 

• Endoscopic pancreatic debridement is performed in patients 
with pancreatic necrosis, in particular, walled-off necrosis 
(WON).  

• Pancreatic necrosis is defined by the lack of enhancement of  
the pancreatic parenchyma on cross-sectional imaging after 
intravenous contrast administration. 

• Pancreatic necrosis is classified as acute necrotic collection 
and WON depending on the time course (4 weeks) of the 
diagnosis of pancreatitis and presence or lack of encapsu
lated wall, by the revised Atlanta classification. 1  

• Acute necrotic collection is  defined as a collection containing 
variable amounts of fluid and necrotic tissue involving the pan
creatic parenchyma and/or the peri pancreatic tissues occurring 
within the first 4 weeks of acute pancreatitis ( FIG 1 ) . 1 

• WON is a mature, encapsulated collection of pancreatic and/ 
or peripancreatic necrosis that has developed a well-defined 
wall. WON usually occurs more than 4 weeks after onset of 
necrotizing pancreatitis ( FIG 2) . 1  

DIFFERENTIAL DIAGNOSIS 

• It is important to distinguish WON from pseudocyst. Pseu
docyst is a fluid collection in the pancreatic or peripancreatic 
tissue surrounded by a well-defined wall and contains no 
solid material. Diagnosis can be made usually on these mor
phologic criteria .  Amylase activity is high if the pseudocyst 
fluid is aspirated. Disruption of the main pancreatic duct or 
its intrapancreatic branches without necrosis usually leads 
to pseudocyst formation.1 

• Cystic neoplasm of the pancreas such as an intraductal pap
illary mucinous neoplasm or mucinous cystic neoplasm can 
mimic WON. A previous history of acute pancreatitis helps 
differentiate both conditions, and in occasion, fine needle 
aspiration (FNA) needs to be performed to better character
ize the collection before endoscopic drainage. 

FIG 1 • Acute necrot i z i n g  p a ncreatitis in a patient a d m itted 
1 week ago n ow with persistent fevers and l e u kocytos is .  CT 
reve a l s  lack of contrast e n h a ncement in m ost of the body a n d  ta i l  
o f  the pa ncreas without encaps u l a t i o n .  

B 

FIG 2 • A,B. M R I  revea l i n g  WON in a patient p rese nt ing with 
a b d o m i n a l  and back p a i n  2 months afte r a n  e p isode of necrot i z i n g  
pancreatitis.  I n  both i m a g es, the arrows represent necrosis i n s i d e  
the pancreatic a n d  per i  pancreatic col lect i o n .  C. C T  sca n i m a g e  o f  
same p a t i e n t  w i t h  WO N .  

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Two-thirds of patients with pancreatic necrosis in the setting 
of necrotizing pancreatitis have sterile necrosis and can be 
managed conservatively without any intervention.2 

• Interventions performed in patients with sterile pancreatic 
necrosis can increase the risk of introduction of infection into 
the necrotic tissue, resulting in requirements for additional 
interventions and its associated morbidity and mortality.3 

881 
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• Sterile pancreatic necrosis requires drainage only in patients 
with symptoms. External mechanical obstruction of the bili
ary system (elevated liver enzymes with a dilated bile duct) 
or gastric outlet with symptoms of nausea, vomiting, early 
satiety, and inability to resume oral intake. Persistent, nar
cotic-requiring pain or recurrent acute pancreatitis are indi
cations for drainage. 4 

• However, the main role for endoscopic intervention is the 
presence, or suspicion, of infected necrosis with concomitant 
clinical deterioration. 

• Debridement should be delayed, if at all possible, until the 
necrosis is walled off and a well-defined capsule is present, 
which usually takes around 4 weeks. WON is a prerequisite 
for successful endoscopic therapy.4 

• The goal of therapy needs to be well defined and a mul
timodality approach (clinical pancreatologist, surgery, and 
interventional radiology) has a higher chance of success and 
should be considered. Surgical backup during endoscopic 
drainage is strongly recommended in case of complications 
at the time of endoscopic debridement. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The morphologic features of acute pancreatitis and resultant 
complications are diagnosed by high-resolution multidetec
tor contrast-enhanced computed tomography ( CT) and can 
detect most local complications as reported in the revised 
Atlanta classification. 1 

• The diagnosis of necrosis is based on imaging features of a 
heterogeneous collection with liquid and nonliquid density 
with varying degrees of loculations. 

• WON is defined based on the presence of necrosis with a 
well-formed wall and complete encapsulation. 

• CT may not readily distinguish with high sensitivity solid 
from liquid content to distinguish pseudocyst from necrosis. 1 

• WON may be better diagnosed based on magnetic resonance 
imaging (MRI) or endoscopic ultrasound (EUS) to detect ne
crosis within the collection. 1 

INITIAL ENDOSCOPY 

FIG 3 • CT sca n i m a g e  of i n fected WON with presence of gas  
with i n  the co l l ecti o n .  

• The diagnosis of  infection ( infected necrosis) of an acute 
necrotic collection (AN C) or of WON is based on the pres
ence of gas within the collection on CT ( FIG 3) .  This extralu
minal gas is present in areas of necrosis. The diagnosis must 
be suspected in a patient with persistent organ failure, fevers, 
and elevated white blood count after the first week of admis
sion. In situations where the diagnosis of infected necrosis is 
unclear, FNA for Gram stain and culture may be performed. 

SURGICAL MANAGEMENT 

Positioning 

• The positioning of the patient needs to be selected based on 
the patient and the nature of the WON. In patients who are 
unstable, supine position is generally safer. 

• In patients with posteriorly located collections, the prone 
position may allow for better gravitational drainage of 
WON for better success. 

• 

• I n it i a l  endoscopy is pe rfo rmed by u s i n g  a therapeut ic, 
s i d e-viewi ng v ideo d u odenoscope, gastroscope, or echo
e n d osco pe.  

• 

Alth o u g h  we use a i r  routi ne ly, carbon d ioxi d e  (C02) i n 
suffl at ion i s  a lways u s e d  d u ri n g  these procedu res to m i n 
i m ize the theoretica l r i s k  o f  a i r  e m b o l i s m .  
Ant i b i otics w i t h  good pancreatic penetrat i o n  s h o u l d  be 
ro ut ine ly  g iven prior and after the proce d u re to patie nts 
who a re not a l ready on broad-spectrum a n t i b i otics.  • We favor the use of genera l  a n esthes ia  to p revent 

a s p i rat i o n .  

ENDOSCOPIC ULTRASOUND 

• E n d osco pic  u ltraso u n d  ( E U S)-g u ided a ccess is stro n g l y  
reco m m ended when gastr ic  var ices a re present or  w h e n  
no gastric or  d u od e n a l  c o m p ress ion  w i t h  b u l g e  forma
t io n  is  present. E U S-g u i d e d  d r a i n a g e  can avo i d  loca l  com
p l icat ions  rel ated to b l i n d  endosco pic  d r a i n a g e . 5 

• U n der  E U S  g u i d a nce, the a p p ropr iate s ite of a ccess to 
d r a i n  the WO N can be esta b l i shed.  Th is  is part icu l a r l y  

• 

usefu l in patie nts without a n y  b u l g i n g  v is i b l e  on e n d os
co py. The site in the gastr ic  o r  d u o d e n a l  l u m e n  needs 
to be chosen and use of EUS is  associated with fewe r 
co m p l i cations a n d  h i g h e r  success rates, parti c u l a r ly with 
those WON i n  the ta i l  and those patie nts with va r ices to 
permit a safe passa g e  of the need le . 5 

The m ost a p propr iate site of tra n s m u r a l  p u n cture s h o u l d  
be t h ro u g h  a wa l l  l ess t h a n  10  m m  i n  th ickness. I n  those 
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THERAPEUTIC GASTROSCOPE OR 

DUODENOSCOPE 

• A need l e  kn ife through a s ide-view i n g  d u od e noscope can 
be used to i n it ia l ly enter the necrot ic  cavity when a b u l g e  
is  c l e a r l y  a p p a rent a n d  there are no var ices (FIG SA-C) .  

• Asp i rat ion of the cavity f l u i d  is pe rfo rmed a n d  sent for 
f l u i d  a n a lysis (a mylase, Gram sta i n ,  and cu lture).  Contrast 
i njecti o n  i nto the cavity, u n d e r  f l u o rosco pic  g u i d a nce, is  
a lso performed to confi rm l ocat ion i ns ide of the cavity. 

B 

who do n ot use E U S  a n d  in those patients in which no 
b u l g i n g  o n  the g astric or  d u od e n a l  wa l l  i s  v i s ib l e, the 
most recent cross-sect i o n a l  i m a g i n g  may help decide the 
s ite of p u nctu re • 

• When the a p p ropr iate site is i d e ntif ied,  the poste r ior  gas
tr ic  o r  m e d i a l  d u o d e n a l  wa l l s  are targ eted and pu nctu red . 

• I n  patients u n d e r g o i n g  E U S, the use of co lor-flow Dop
pler can avoid h itt i n g  b l ood vessels  at the t i m e  of wa l l  
p u n ct u re .  5 

• Use a 1 9-gauge FNA need l e  fo r p u nctu re a n d  su bse
q uently the need le  sheath for i n it i a l  d i lat ion of the tract 
(FIG 4) .  

FIG 4 • E U S-g u i ded access o f  pa ncreatic pse ud ocyst a n d  
necrosis .  Loops o f  g u i dewire i n s i d e  t h e  pa ncreatic f l u i d  
co l l ecti o n  a n d  i nfl ated b a l l o o n  d i l at i n g  the pseudocyst
gastrosto my track for ste nt p l acement.  

• 

• 

• 

B a l loon d i lat ion of the tract can be d o n e  in d i a m eters 
ra n g i n g  from 1 5  m m  or 20 mm i n  s ize to a l l ow for 
fo rwa rd-view i n g  gastroscope to enter the cavity for d i 
rect e n d oscop i c  necrosectomy (FIG SC,D) .  

A sta n d a rd l o n g  460-cm g u i dewire (0.0 1 8  i n  u p  to 
0 .035  i n )  is adva nced i nto the co l l ect i o n  u n d e r  f l u o roscop ic  
g u i d a nce, form i n g  at least two loops i n  order  to reduce 
the r isk of i n a dvertent l oss of g u i dewi re a ccess. 
The f istu I a  tract i s  then created (FIG SD,E) . 

FIG 5 • D i rect e n d oscop i c-g u i ded access of pseudocysts a n d  necrosis.  A. B u l g e  p resent in the poste r ior  wa l l  of the g astric body 
and needle kn ife i n  p l ace.  B. P u n cture s ite with g u i dewire i n  p l ace and f l u i d  d r a i n a g e .  (continued) 
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• 

• 

• 

E F 

FIG S • (continued) C. F l u o rosco p i c  v iew of g u i dewire i n s i d e  the cavity with i nfl ated b a l l o o n .  D. E n d osco pic  v iew of 
the i nfl ated b a l loon for f ist u l a  tract d i lat ion .  E. The cyst gastrosto my tract after b a l loon deflati o n .  F. Appeara n ce of the 
cavity u p o n  entry. Large a m o u nt of necrotic  debr is .  (continued) 

It is i m p o rtant to e m phas ize that the tract needs to be d i 
l ated e n o u g h  t o  fac i l itate the passa g e  o f  the endoscope 
i nto the cavity. 
Debr idement of the i ntracavitary so l i d  debr is  is done by 
u s i n g  a fo rwa rd-v iew i n g  g astroscope across the gastric o r  
d u o d e n a l  wa l l  i nto the necrotic cavity. 
The f l u i d  conte nts a re fi rst asp i rated through the e n d o
sco pe u n t i l  d ry, a n d  d evita l i zed necrotic t issue is then 
rem oved (FIG SF,G) .  

• The deg ree of necrosectomy performed at each sess ion  
i s  at the d iscret ion  of the therapeut ic  endosco p i st; we 
favo r remov i n g  as m uch as  possi b l e  dur ing  the i n it i a l  
i ntervent ion to m i n i m i ze the n e e d  f o r  su bseq uent en
d osco p i c  i nterventions .  The g o a l  i s  to u ncover the p i n k  
g r a n u lat ion t issue l i n i n g  t h e  wa l l .  

Stent Placement 

• Seve ra l  accessories ca n be used to rem ove the d evita l - • 
ized pancreatic t issue i n c l u d i n g  sna res, g ra s p i n g  forceps, 
s n a re with nets, and ston e  rem ova l baskets. 

After necrosectomy is  performed,  stent p l acement is 
performed.  The ste nts keep the cyst g astrostomy or  cyst 
d u o d e n ostomy site open a n d  h e l p  d r a i n  the WON d u r i n g  
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G 

FIG 5 • (continued) G. Large fra g m e nts of necrotic debr is  a re rem oved endosco p i ca l ly. M ost of the 
necrotic debr is  a re l eft i n  the gastr ic  l u m en o r  suct ioned with the endosco pe.  H. M u lt i p l e  soft d o u b le
p i gta i l  stents a re p l a ced to keep the patency of the cyst gastrostomy site and fac i l itate further d r a i n a g e .  
I .  F l u o rosco pic  v i e w  of ste nt p l acement after cavitary debr idem ent. A nasoj ej u n a l  feed i n g  t u be w a s  a lso 
p l aced to ensure a d e q u ate n utr it i o n .  J .  Suctioned f l u i d  d u r i n g  and soon after wa l l  pu nctu re. 

l i q u efact ion of the poss i b l e  reta i n e d  d evita l i zed tissue • 
i n s i d e  the cavity. 

• Pl ace m u lt i p l e  1 0-Fr p a ra l l e l  soft d o u b le-pigta i l  stents 
(FIG SH, I) .  Rece ntly, others have used a fu l ly covered 
m eta l ste nt 1 0  mm in d i a m eter to fac i l itate su bseq uent 
i ntracavitary i nterventi o n .  

• Placement of a d o u b le-p igta i l  stent ( i n s i d e  of the m eta l • 
ste nt) is freq u e ntly performed to prevent m eta l ste nt 
m i g ration a n d  occ l u s i o n  (FIG 6) .  

• Placement of a s i n g l e  stent is associated with i ncreased r isk • 
of occ lus ion a n d  increases the risk of treatment fa i l u re .  

• The f ist u l a  tract needs to be kept open for any f l u i d  col
l ecti o n  and necrotic  debr is  to d ra i n .  There is  a theoret ica l 
benefit of hav ing gastr ic  ac id  i n s i d e  the cavity. 

For WON of 20 em or l a rg e r  i n  s ize, we favor hybr id 
therapy with p l acement of percuta neous catheter to be 
used as  a f l u s h i n g  and tra n s m u r a l  d r a i n a g e  (FIG 7A,B) .  

Oth er hybr id thera p i es have b e e n  descr i bed . M o re t h a n  
one endosco pic  i nte rvent ion is  freq uently req u i red i n  
l a rg e  W O N  co l l ect ions .  
The p l ast ic  stents e ither fa l l  off spo nta neous ly once the 
WON is  reso lved or  may req u i re remova l .  Some centers 
never remove the cyst gastrosto my ste nts. 
In patients who have a l a rg e  WON co l l ect i o n  or  l a rg e  
a m o u nt of necrotic content, repeat e n d osco pic  proce
d u re may be req u i red which i nvolves e n d osco p i c  rem ova l 
of stents a n d  repeat necrosecto my. 
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FIG 6 • A. F u l ly cove red m eta l ste nt a n d  d o u b le-pigta i l  ste nt ( ins ide) at cyst g astrostomy site. 
B. F l u o rosco p i c  v iew of p lastic i n s i d e  m eta l stent p l acement at cyst gastrosto my site. 

c 

Cystogastrostomy stents 

Percutaneous drain 

FIG 7 • A. CT sca n with g i a nt WON exte n d i n g  to the pelv is .  
B. Abd o m i n a l  x-ray after cyst gastrostomy stents (red ellipse), 

nasojej u n a l  feed i n g  tube p l acement (yellow arrow), a n d  l eft 
l ower q u a d rant 1 2-Fr  percuta neous d r a i n  p l a cement (white 

arrow). C. I l l ustrati o n  d e p icti n g  F i g u re 7 B .  
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PEARLS AND PITFALLS 
I n d icati ons  

E n d oscopy preparat ion  

S ite of access 

F i stu l a  tract s ize 

Stent p l acement 

Fa i l u re of e n d osco p i c  
p roced u re 

• A thoro u g h  h i story a n d  physica l is req u i red to make a dec is ion whether the WON req u i res i nte rve n
t ion o r  not. 

• M u lt id i sc i p l i n a ry tea m a p p roach 
• Two-th i rds  of patients with pancreatic necrosis i n  the sett i n g  of necrot i z i n g  p a n creatitis have ster i l e  

necrosis a n d  ca n be m a n a g e d  conservatively without a n y  i nte rvent ion.  
• I nterventions  perfo rmed i n  patients with ste r i l e  pancreatic necrosis can i ncrease the r isk of i ntro

d ucti o n  of i nfect ion  i nto the necrotic tissue. O n l y  patie nts with sym ptoms are treate d .  
• Cysti c  neoplasm of the pancreas such as  a n  i ntrad ucta l p a p i l l a ry m u c i n o u s  neoplasm a n d  s e r o u s  o r  

m u c i n ou s  cyst ic  n e o p l a s m  can m i m ic W O N .  A prev ious  h i story of d ocu mented pa ncreatitis m u st be 
present. I n  some patie nts, EUS with FNA needs to be pe rfo rmed before en d osco pic  d r a i n a g e .  

• Anti b iotics s h o u l d  be ro uti ne ly  g iven p r i o r  a n d  afte r the proce d u re i n  patie nts who a re n o t  a l ready 
o n  broad-spectrum a n t i b i ot ics .  

• Ant i b i ot ic  therapy is  cont i n ued for 1 0  to 14 d ays postproced u re.  
• Use g e n e ra l  a n esthes ia  to prevent asp i rati o n .  
• U s e  C 0 2  i n stead o f  a i r  f o r  endoscope i nsuffl at ion .  
• The a p propr iate s ite  of access needs to be esta b l ished u n d e r  E U S  g u i d a nce when vari ces a re present 

o r  patie nts without v is i b l e  b u l g e  on end osco py. 
• E n d osco p i c  therapy is o n l y  i n d i cated when wel l -demarcated WON is p resent a n d ,  p referab ly, the 

co l l ect i o n  s h o u l d  be with i n  1 em of the gastro i ntest i n a l  l u m e n .  
• T h e  f istu l a  tract needs to be d i l ated to at least 10  m m  i n  s i z e  f o r  t h e  forward-viewi n g  gastroscope 

to enter the cavity; fo r d i rect necrosecto my, we favor d i l at i n g  1 5  mm o r  up to 20 m m .  
• After necrosectomy is  performed,  m u lt i p l e  (4-6) soft d o u b le-pigta i l  stents a r e  p laced.  
• Placement of a s ing le  10 m m  i n  d i a m eter cover  m eta l  ste nt with a n  inner  p l astic d o u b l e- p i gta i l  

stent i s  b e i n g  used i n  some centers; no c l i n ica l  stu d i es ava i l a b l e .  
• If  the WON fa i l s  to reso lve o r  reacc u m u l ates, d isco n n ected pan creatic d u ct syn d ro m e  s h o u l d  b e  

co ns idered, which wi l l  req u i re a d d i t i o n a l  procedu res. 
• Large o r  co m p l ex co l l ect ions  may benefit from hybr id,  endosco pic, and percuta neous d r a i n a g e .  

POSTPROCEDURE CARE • Cross-sectional imaging is performed (either MRI or CT 
scan) 1 month after initial necrosectomy to document reso
lution ( FIG 8) .  

• The symptoms that lead t o  the procedure rapidly resolve 
after successful therapy. If related to extrinsic compression, 
the patient wakes up with immediate relief; when related to 
infection symptom, resolution depends on the severity. 

• Most patients are able to start a clear liquid diet and rapidly 
advance to low fat soon after successful debridement. 
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• Additionally, if the collection fails to resolve or reaccumulates, 
disconnected pancreatic duct syndrome should be considered. 

• The treatment of disconnected pancreatic duct syndrome 
includes endoscopic retrograde cholangiopancreatography 
(ERCP) with transpapillary stenting across or into the cavity 

FIG 8 • A m b u l ato ry patient that p resented 6 weeks after an e p i sode of necrot i z i n g  pa ncreatitis with 
sym ptoms of g astric out let obstruct i o n .  A. CT sca n with we l l -demarcated WON compress i n g  the g astric 
l u m e n .  B. Five weeks after successf u l  tra nsgastric endosco pic  necrosectomy. 
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and, in occasions, combined with percutaneous drainage. Re
section of the distal remnant must also be entertained. 

OUTCOMES 

• Endoscopic drainage has been shown to be very successful. 
A large study in the United States, including more than 100 
patients from six academic medical centers, reported that the 
median number of endoscopic procedures required to treat the 
WON (of median size of 15 em) was three and the largest size 
of cyst enterotomy tract dilation performed was 1 8  mm. WON 
resolved in 90% of the patients over a period of 4 months? 

• Similarly, in a European study of more than 90 patients 
who underwent necrosectomy, 54% of the WON was in
fected. Sixty percent of patients had undergone previous 
percutaneous or transgastric drainage procedures with fail
ure of necrotic pancreatic fluid collection resolution. Patients 
require a median number of six endoscopic procedures and 
the tract was dilated to between 15 and 20 mm.8  Symptom 
resolution occurred in 80%,  whereas greater than 50% of 
patients demonstrated radiographic resolution. 8 

• In addition to these studies, smaller cohort studies have reported 
similar rates of resolution of WON from 75 % to 95%.9•10 

• Thus, the overall efficacy of endoscopic necrosectomy is 
more than 75 % in experienced centers. 

COMPLICATIONS 

• Endoscopic treatment of WON is associated with potential 
complications. Multidisciplinary approach to determine 
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endoscopic debridement candidacy and surgical backup 
during the endoscopic procedure are strongly recommended. 

• The overall complication rate of transmural drainage or 
debridement in WON is reported between 1 5 %  and 25%.7•8 

• Pneumoperitoneum perforation is reported in about 5 %  
o f  patients; only symptomatic patients require further 
intervention. 7•8 

• It is the author's opinion that death and bleeding leading to 
blood transfusion, arterial embolization, or surgery may be 
underreported. 

• Only symptomatic patients with mature collections are eli
gible for endoscopic drainage. WON collection should be 
within 1 em of the gastrointestinal lumen. 

• Stepwise, balloon dilation of the fistula tract; avoiding over
insufflation of the cavity with C02; and performing gentle 
debridement using baskets, soft snares, and retrieval baskets 
or nets may decrease the risk of bleeding and perforation. 

• Bleeding can occur in up to 1 8 %  of patients undergoing 
debridement of WON. 

• Most patients with bleeding can be managed endoscopically, 
although some may require interventional radiology or sur
gical intervention. 

• Air embolism resulting in death has been reported. 
• Other complications include infection particularly if the 

WON is not appropriately debrided ( FIG 9) ,  pancreatitis, 
aspiration, stent migration/occlusion, and complications of 
sedation. 

• Adequate advanced therapeutic training with availability of 
appropriate surgical backup is necessary to avoid and man
age complications. 

FIG 9 • R e p resentative i m a g e s  of a p a t i e n t  that  u n d e rwent su ccessf u l  e n d osco p i c  nec rosecto my. 
Two d ays after co m p l et i n g  a fu l l  cou rse of a n t i b i ot i cs presented with feve r a n d  c h i l l s .  A. P u s  
d r a i n a g e  at t h e  cyst g a st rostomy s ite .  B.  Re i n se rt i o n  of t h e  s c o p e  i n s i d e  of t h e  cavity for f u rt h e r  
d e b r i d e m e n t .  (con tinued) 
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Chapter 52 Splenectomy (Open and 
Laparoscopic Techniques) 

·----------------------------------------------------- .... 
I 

t Vanessa Cran ford Janeen R. Jordan Frederick A. Moore 

DEFINITION 

• Splenectomy is defined as the surgical removal of the spleen. 

DIFFERENTIAL DIAGNOSIS/INDICATIONS 

• Traumatic rupture 
• Autoimmune disorders 
• Red blood cell disorders 
• Genetic disorders 
• Lymphomas/leukemias/myeloproliferative disorders 
• Vascular disorders 
• Idiopathic/iatrogenic 
• Miscellaneous (abscesses, tumors, cysts ) 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A thorough history should be performed prior to surgery, 
including a detailed past medical history, all signs and symp
toms of disordered bleeding and liver failure, as well as a 
history of abdominal pain or constitutional symptoms. A list 
of medications, allergies, and personal and family histories 
of bleeding, clotting disorders, and cancers should be noted. 

• A complete physical exam of the patient should be done and 
all patients should be examined for signs of portal hyperten
sion or liver failure as well as the presence or absence of 
splenomegaly. 

• Patients presenting with splenic trauma have variable clini
cal presentations determined by the severity of injury, rang
ing from mild abdominal pain with hemodynamic stability 
to peritonitis and hemorrhagic shock with complete car
diovascular collapse. This hemodynamic instability can be 
immediate upon presentation or days later in the case of a 
delayed rupture. 

• Hematologic conditions such as leukemia present with a 
patient history of purpura, epistaxis, petechiae, gingival 
bleeding, hematuria, gastrointestinal bleeding, myalgia, or 
fatigue. Although now a rare indication for splenectomy, 
patients with lymphomas and myeloproliferative disorders 
present with diffuse lymphadenopathy, constitutional symp
toms, pancytopenia, abdominal pain, splenomegaly, or early 
satiety. 

• Patients with hemoglobinopathies and hereditary disorders 
present with jaundice, abdominal pain, or splenomegaly. 
Alternatively, they may be asymptomatic and incidentally 
identified due to an abnormal laboratory value obtained for 
a different indication. 

• Patients with hereditary spherocytosis (HS) benefit from 
splenectomy. Sequestration of the defective red blood cells 
(RBCs) results in splenomegaly in 75 % of affected patients. 1  
Splenectomy eliminates or  improves anemia in  patients with 
moderate HS and eliminates the need for regular transfusions 
in patients with the severe form of the disease.2•3 These 
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patients often receive splenectomies in childhood to allevi
ate symptoms and long-term sequela of the disease including 
skeletal abnormalities and repeated need for blood transfu
sion. In mild HS, the purpose of splenectomy is to prevent 
the production of bilirubin gallstones (a common compli
cation that has an increased prevalence with age ) .  In these 
cases, splenectomy is combined with a cholecystectomy. 

• Splenectomy for hematologic disorders such as idiopathic 
thrombocytopenia ( ITP) is a result of failed medical manage
ment to control thrombocytopenia or abdominal pain as
sociated with splenomegaly. Most of these patients will be 
referred to a treating hematologist. Medical management is 
the first-line treatment for ITP and most patients initially re
spond to glucocorticoids. However, in one series, only 3 9 %  
o f  prednisone-treated patients achieve complete remission, 
and only one-half of these patients have sustained remission 
beyond 6 months of cessation of maintenance therapy.4 In
travenous immunoglobulin (MG) can also be used as first
line treatment and can increase the platelet count in over 
75 % of patients within 5 days of treatment.5  However, it is 
not a long-term cure. It is reserved for those patients with 
life-threatening bleeding and intracranial hemorrhage and 
those preparing for splenectomy or other surgical proce
dures. Otherwise, splenectomy is reserved for patients with 
symptomatic thrombocytopenia following glucocorticoid 
administration for at least 8 weeks and having a platelet 
count persistently less than 30,000/J.LL. Splenectomy is also 
indicated in patients who recur after cessation of therapy. 

• Splenectomies may be performed via open or laparoscopic 
technique. The approach is determined by the disease pro
cess and clinical stability of the patient. Absolute and relative 
contraindications for laparoscopic splenectomy are listed in 
Table 1 .  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients with a known or suspected hematologic, auto
immune, or myeloproliferative disorder should have a blood 
smear or bone marrow analysis as needed and a hematologist 
fully involved in the patient's evaluation and treatment plan. 

• Computed tomography (CT) scan is the ideal imaging mo
dality for splenic disorders and is a crucial part of planning 

Table 1 :  Absolute and Relative Contra indication 
of Laparoscopic Splenectomy 

Absolute 

Severe card iopu lmonary d isease 
C i rrhosis with portal hypertens ion 

Preg nancy 

Relative 

Sp lenomega ly 
Short gastr ic  varices with 

coag u lopathy 
Previous  abdom ina l  su rgery 

-
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FIG 1 • CT i m a g e  d e m onstrat i n g  sp lenomega ly. The vo l u m e  of 
the sp leen a p p roaches that of the l iver. SA, s p l e n i c  a rte ry; SV, 

s p l e n i c  ve i n .  

for the operating room (OR) .  CT has the capability for de
termining the size of the spleen, the anatomy and size of 
the splenic vascular supply, the relationship of the spleen 
to surrounding organs, and potential locations of accessory 
spleens in the abdomen ( FIG 1 ). For stable trauma patients, 
it can accurately identify the extent of splenic injury (FIG 2 ) .  

• Ultrasound i s  a noninvasive modality for the examination 
of splenomegaly and portal hypertension. In the setting 
of a trauma, focused abdominal sonography for trauma 
(FAST) has become an accepted screening tool to diagnose 
intraperitoneal blood ( FIG 3 ) .  

• Magnetic resonance imaging (MRI) o f  the spleen i s  a n  excel
lent method for evaluating focal lesions as well as aid in the 
detection and differential diagnosis of peri- and intrasplenic 
tumors.6 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Certain patients with autoimmune disorders will be treated 
with prolonged courses of glucocorticoids. It is important 
to consider administering appropriate stress-dose steroids 
intraoperatively, with rapid tapering postoperatively. 
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FIG 2 • CT of s p l e n i c  i n j u ry. White arrow poi nts to one of the 
l acerat ions  . 

FIG 3 • Positive FAST show i n g  i ntraperito n e a l  f l u i d .  White arrow 

i n d icates i ntra a bd o m i n a l  f l u i d .  Th is  wo u l d  be the a p pea rance of 
b l ood in a tra u m atic i nj u ry. 

• Blood products should be ordered and available intraopera
tively. If the need for transfusion arises, it should be given 
after ligation of the splenic artery, provided the splenectomy 
is performed for hematologic disorders. 

• For all elective cases, vaccinations against the encapsulated 
organisms (Hemophilus influenza B,  Streptococcus pneu
moniae, and Neisseria meningitidis) should be administered 
prior to surgery. For emergent cases, vaccinations should 
also be administered. Timing of vaccination is debated, but 
2 to 4 weeks postoperatively is recommended, although for 
trauma patients, just prior to discharge is acceptable due to a 
high incidence of patients not returning for postinjury clinic 
appointments . This is to prevent the incidence of overwhelm
ing postsplenectomy infection ( OPSI ) .  It is the most feared 
complication of splenectomy. OPSI is the development of 
a fulminant, rapidly fatal bacterial infection following the 
removal of the spleen. The current incidence of OPSI in the 
first 2 years postsplenectomy is estimated to be 0 .9% for 
adults and 5 %  for children.7  Current guidelines for vaccina
tion to prevent OPSI are listed in Table 2 .  

• All patients should be given a prophylactic dose of antibiot
ics to cover skin flora within 60 minutes of making the skin 
incision in the OR. Nasal or oral gastric tubes should be in
serted once the patient is under anesthesia to decompress the 
stomach and aid in visualization. This will often be left in 
postoperatively for 24 to 48 hours to prevent gastric disten
tion and subsequent disruption of the ligated short gastric 
vessels. 

Table 2: Guidelines for Overwhelming 
Postsplenectomy Infection Prophylaxis 

Haemophilus influenzae B, pneumococcus, and  men ingococcus 2 weeks 
preoperatively (elective cases) or  at d ischarge or  2 weeks postoperatively 
(none lective cases) 

If  patient received i m m u n osu ppression therapy, vaccinate 3 months after 
treatment .  

Booster vacci nat ions for pneumococcus +I- men ingococcus every 5 years H. influenza AB titers can be fo l l owed to assess the need for booster dose. 
Cons ider mon itor ing a ntibody titers of al l three pathogens in 

immunocompromised patients. 
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• Laparoscopic splenectomy is the operation of choice for 
most elective splenectomies.  However, other options in
clude hand-assisted or open approaches. Indications for 
conversion from laparoscopy to an open procedure include 
intolerability or inability to insufflate the peritoneum, un
controllable coagulopathy or hemorrhage, massive spleno
megaly that is unable to be placed in the extraction bag, or 
need for another procedure. 

• For open splenectomies, most patients are placed in a supine 
position, with both arms extended, and a midline laparot
omy incision is made. Indeed, in the case of an exploratory 
laparotomy in the setting of a trauma, this is the recom
mended approach as the surgeon will need to evaluate the 
entire abdomen for other injuries. An additional option in 
isolated nontraumatic open cases is to make a left subcostal 
incision. 

• In cases of massive splenomegaly or portal hypertension, pre
operative embolization of the splenic artery by interventional 
radiology will decrease the amount of blood loss and may 
aid in the technical aspects of the procedure. Embolization 
of the splenic artery causes decreased perfusion and thereby 
results in involution of the spleen, making mobilization of 
the spleen technically easier. 

POSITIONING 

Pi l low 

• Patients undergoing laparoscopic splenectomy can be posi
tioned supine or in the right lateral decubitus position. In the 
latter position, the beanbag or kidney rest is placed to max
imize exposure between the costal margin and iliac crest. 
The table may also be flexed to assist in widening this space. 
Ensure that all pressure points are properly padded and the 
shoulders, extremities, and spine are in comfortable, neutral 
positions ( FIG 4) .  F I G  4 • Patient posit i o n i n g  i n  t h e  r ight  latera l decubitus posit i o n .  

OPEN SPLENECTOMY 

Incision 

• Pr ior  to i n c is ion,  e n s u re a d e q u ate m o n ito r i n g  a n d  i ntra
ve nous  access is  obta i n e d  i n  preparation for potenti a l  
b leed i n g .  An a rte r i a l  l i n e  i s  not m a n d ato ry b u t  is  reco m
mended.  A nasogastr ic  (NG) t u be should be p l aced for 
o pt i m a l  g astric decom p ress ion,  which wi l l  be i m perative 
for v isua l i zat ion of the s p l e e n .  

• After e n d otrachea l i ntu bat ion a n d  sta n d a rd pre p p i n g  
a n d  d r a p i n g  of the patient, a m i d l i n e  l a p a roto my i nc i 
s io n  is  used to enter the perito n e a l  cavity (FIG 5) .  If  th is  

Su prau mbi l ical mid l ine 

lnfraumbi l ial extension 
Trauma laparotomy 
extension 
Elective left 
su bcostal 

i s  an i so lated sp le nectomy with no concern for oth e r  Xiphoid 
i n j u ries, a s u p ra u m b i l i ca l  i n c is ion can be made i n it ia l ly process -----:------lr------::1 \. 
with exte ns ion i nfer ior ly as needed for exposure.  If the 
o perat ion i s  done i n  the sett i n g  of a n  exp l o ratory l a pa-
roto my with concern for other i ntra a bd o m i n a l  i n j u r i es, a 
g e n erous i nc is ion from x i p h o i d  to p u b i s  s h o u l d  be m a d e .  U m bi l icus ' 
Q u ick ly  evacuate a l l  fl u i d  a n d  p a rt i c u l ate m atte r  ( if  p res- 1 

e nt) a n d  p l ace a retracto r to a i d  in v isua l i zati o n .  T h i s  ste p 
is i m perative. Without good exposure from retract ion  
a n d  a d e q u ate v isua l i zation,  the propensity for b l eed i n g  
wi l l  i n crease, m a k i n g  the o perat ion much m o r e  tech n i 
ca l ly d ifficu lt .  

Mobilization 

• The sp leen resides h i g h  a n d  poste r ior  in the u p p e r  l eft 
a b d o m e n .  I n  order to rem ove the sp leen,  a l l  perito n e a l  
a n d  viscera l attac h m ents m u st be removed.  These i n c l u d e  
the s p l e n o rena l attac h m ents to the k i d n ey; the s p l e n o
phr en ic  attac h m ents to the d i a p h ra g m ;  the sp lenoco l i c  

Pubic 

FIG 5 • Va r ious  i nc is ions  for a n  open sp lenectomy. 
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Stomach � 
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artery 
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��- Splenophrenic 
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FIG 6 • Attac h m e nts of the sp leen in the l eft u p pe r  q u a d rant.  

attachments to the sp lenic  f lexure of the colon;  a n d  the 
gastros p l e n i c  l i g a m e nt, which conta i n s  the short gastr ic  

Laparotomy pad vessels  (FIG 6) .  

- - - - - - Line o f  d ivision 
of l igaments 

- Direction of force 
by nondomi nant 
hand on spleen 

FIG 7 • D i rect io n  of force a p p l i ed to the s p l ee n  a n d  l i ne of 
d iv is ion of the s p l e n i c  attac h m ents. 

• S p l e n i c  m o b i l izat ion is acco m p l i shed u s i n g  tract i o n  
a n d  cou ntertract i o n .  The o p e rat i n g  s u rgeon p l aces a 
s p l ayed, n o n d o m i n a nt h a n d  (usu a l ly with t h e  a i d  of 
a l a p  s p o n g e  for better g r i p) a n d  a p p l ies  dorsa l  a n d  
m e d i a l  tract i o n  o n  t h e  s p l e e n .  T h i s  wi l l  h e l p  c l e a r l y  de
f i n e  the s p l e n oren a l  a n d  s p l e n o p h re n i c  l i g a m e nts. B e  
s u re to fi rst m o b i l ize a l l  atta c h m e nts of the s p l e e n  to 
the a nter ior  a b d o m i n a l  wa l l  o r  you w i l l  f i n d  t h i s  m a n e u 
v e r  can not be d o n e .  

• 

• 

Downward d o rsa l a n d  m e d i a l  tract ion is i m po rtant as  
a te ndency for a l ift i n g  out of the l eft u p p e r  q u a d ra nt 
often occurs. Th is  can resu lt in capsu l a r  tea r i n g ,  with u n 
necessa ry b l eed i n g  o r  hemorrhage.  
D iv i s ion of the l i g a m e nts i s  i n it iated with the s p l e n oco l i c  
l i g a ment.  M o b i l i zat ion of the s p l e n i c  f lexure d i s p l aces 
the colon away from the sp leen (FIG 7) .  This i s  best d o n e  
sharp ly  or  b y  u s i n g  e l ectroca ute ry. Once t h i s  i s  d o n e, con
t i n u e  l atera l ly toward the sp lenorena l  l i g a m ents, which 
when d iv ided,  sepa rate the sp leen from G erota's fasc ia  
of the k i d ney. F i n a l ly, conti n u e  su per ior ly to the sp le
n o p h re n i c  l i g a m ents. Ag a i n ,  the i m portance of tract ion  
a n d  cou ntertract ion ca n not be overe m p h as ized.  The fi rst 
assista nt provides cou ntertract ion with t issue forceps 
to d iv ide the l i g a m e nts, whereas the s u rgeon conti n u es 
to m a i nta i n  m i d l i n e  tract ion o n  the s p l e e n .  
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Rolled up --
laparotomy pads 

-

Blood from 
splenic trauma Packs in 

place post 
maneuver 

FIG 8 • Q u ick b l u nt m o b i l izati o n  a n d  poste r ior  pack i n g  with l a p a roto my pads in a tra u m at ic  i n j u ry. 

• Even in the sett i n g  of tra u m a  a n d  h e m o rrhage, m o b i l i 
zat ion o f  the s p l e e n  m ed i a l ly i s  the k e y  to g a i n i n g  vas
c u l a r  contro l .  The ste ps a re the sa m e, s i m p l y  done in a 
q u icker fash i o n .  In m a n y  tra u matic  s p l e n i c  i n j u r i es, the 
d issect io n  may be d o n e  for you by the tra u m a  a n d  re
s u ltant h e m atoma,  and m u ch of the re m a i n i n g  d i ssec
tion can be d o n e  b l u ntly. I f  fa c i n g  an exsa n g u i n a t i n g  
sp leen i n  a sea of b l ood,  it may be d iffi c u l t  to s e e  the 
atta c h m e nts; h owever, you wi l l  be ab le  to p a l pate them.  
D i g ita l tract ion  a n d  b l u nt m o b i l izat ion is  e m p l oyed, 
then l a p a roto my pads a re seq u e nt i a l ly p l aced poste r i 
or ly  (FIG 8) .  T h i s  b l u nt ly  d i ssects the atta c h m e nts of the 
sp leen for you and a ids  m ed i a l  a n d  a nter ior  m o b i l iza
t ion.  G e n e r a l ly, 5 to 10 l a p a roto my pads a re used for th is  
m a n e uver. 

• D iv i s i o n  of t h e  l i g a m e nts s h o u l d  be m a d e  1 to 2 e m  
from t h e  s p l e e n  to avo i d  i n j u ry to b o t h  t h e  s p l e e n  
a n d  ot h e r  o r g a n s .  As t h e  s p l e e n  i s  m o b i l i zed a nter i 
o r l y, d e e p e r  layers of co n n ective t i s s u e  a re b ro u g ht 
i nto v iew a n d  c a n  be e a s i l y  d iv i d e d  e i t h e r  b l u nt ly  o r  
s h a r p ly. 

• Once free from the retroperito n e a l  atta c h m e nts, d i g ita l 
control of the h i l a r  vessels  can be acco m p l i shed a n d  wi l l  
sto p a n y  o n g o i n g  hemorrhage a n d  i m p rove v isua l i zati o n .  

• As d i ssect ion conti n u es l atera l to m e d i a l ,  the l eft a d re
nal g l a n d  w i l l  come i nto v iew and s h o u l d  re m a i n  u n 
to uched.  The ta i l  o f  the pancreas a n d  the s p l e n i c  ve i n  
wi l l  a lso come i nto v iew. T h i s  v isua l i zat ion is  cruc i a l  a n d  
para m o u nt t o  prese rvati o n  o f  t h e  pancreas without 
d isru pt ion (FIG 9) .  

F IG  9 • Appropr iate p l a n e  o f  d i ssect ion to m o b i l ize t h e  
s p l e e n  a n d  pa ncreas m ed i a l ly. 
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Ligation of Vessels and Excision 

• 

• 

With the sp leen fu l l y  mob i l ized m i d l i ne, one ca n turn 
attention to the vascu la r  supp ly. Gent le tract ion can be 

p l aced on the gastrosp len i c  l i ga ment which wi l l  a l l ow ex

posure of the short gastr ic vessels (FIG 1 0) .  Tract ion w i l l  
a l so a l l ow visua l i zat ion o f  the stomach wa l l ,  of w h i c h  i n 

j u ry shou ld  be avo ided .  The  short gastr ic vessels are then 
d iv ided us ing e ither b ipolar e lectrocautery, u ltrason ic  
shears, or  sutu res as des i red (FIG 1 1 ) .  

The sp len ic  a rtery is  seen on the super ior border  of the 
pancreas and i s  v i sua l ized enter ing the h i l u m  of the 

spleen. The artery and  ve i n  a re ind iv id u a l ly iso lated or  

l i gated en b loc, us ing suture l i gature (such as 0-s i l k), 
L igaSure (Va l ley lab, Bou lder, Colorado, CA), or vascu l a r  

l oad  stap ler. The  sp leen is  now free and can be passed off 
fo r patho log ic  exa m i nat ion .  

• The ta i l  of the pancreas w i l l  often extend i nto the sp len ic  

h i l u m .  I n  7 5 %  of patients, it l i es with i n  1 em of the h i l um,  

and of these, 30% actua l ly touch i t . 8  Ca re m ust be taken 
to ensure a pancreatic i nj u ry i s  avoided when d iv id ing  

and  l igat ing the sp len ic  vesse ls  (FIG 1 2) .  
• Once the sp leen is removed and  hemostas is  is obta i ned, 

if  e lectroca utery was used for d iv is ion,  the short gastric 

vessels a re oversewn a long the g reater cu rvature of the 
stomach .  Careful attention shou ld  be made to the a p ica l  

vessels; th i s  i s  the most freq uent s ite of m issed, surg ica l  
b leed ing  requ i r i ng  reoperat ion .  

• If the sp lenectomy was undertaken for hemato log ic  d i s

orders, c lose i nspect ion for accessory sp leens must be un
dertaken or the operation has a h i gh  cha nce for  fa i l u re 
to cure. Accessory sp leens a re identif ied in up to 30% 

of patients. Common locat ions for  accessory sp leens a re 
the sp len ic  h i l um ,  the sp lenorena l  l i gament, the g reater 
omentum, the retroperitonea l  a rea surround ing  the ta i l  
o f  t h e  pancreas, t h e  sp lenoco l i c  l i gament, and t h e  sma l l  
bowel mesentery. These a reas m ust be exa m i ned after 

sp lenectomy, and if sp len ic  t issue i s  found,  it must be 
exc ised as wel l .  

F I G  1 0  • Mob i l izat ion o f  t h e  sp leen med i a l ly and  exposu re 
of the gastrosp len ic  l igament, conta i n i n g  the short gastr ic 
vessels (arrow). 

Splenogastric l igament 

Esophageal hiatus � 

Stomach 

Splenic artery 

Splenic vein 

Pancreas 

FIG 1 1  • D iv is ion of the short gastr ic vesse ls .  

FIG 12 • The ta i l  of the pancreas abuts the sp lenic h i l u m .  
White arrow i nd icates t h e  sp len ic  ve i n .  

Closure 

• Once the sp leen is removed, attent ion m ust be made 
to ensur ing hemostas i s  is  ach ieved. A l l  l apa rotomy pads 

a re removed and carefu l  exa m i nat ion of the sp len ic  bed 

m ust be undertaken. Ooz ing  from the sp len ic  bed can 
usua l ly be contro l led with selected cauter izat ion,  a rgon 
beam, or hemostatic agents. 

• Once hemostas is  is ach ieved and  assessment for accessory 

sp leens is comp leted, i rr igat ion of the abdom i n a l  cavity 
may be necessa ry and the a bdomen is c losed in the usua l  
fash ion .  There i s  no reason to p lace a c losed suct ion d ra i n  
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in the sp len ic  bed, u n l ess in jury of the ta i l  of the pancreas 

i s  known or  suspected.  
• If the sp lenectomy occurred in the sett ing of a damage 

control lapa rotomy and m u lt ip le  in ju ries a re treated, the 

abdomen i s  often left open.  Th is  a l l ows for  a second- look 

LAPAROSCOPIC SPLENECTOMY 

Incision 

• The posit ion of the operat ing surgeon and p l acement 
of the port s ites can be seen i n  FIG 1 3 . Once pneumo

peritoneum is estab l ished, the operation  is beg u n  with 
a thorough exploration of the abdom ina l  cavity, look ing 
for accessory sp leens, i n  locations stated ear l ie r. If found,  
a l l  accessory sp leens  need to be excised . 

Mobilization 

• 

• 

• 

There a re two ma in  approaches for mob i l izat ion of the 
sp leen,  the supine (anter ior) approach and the latera l de

cu bitus approach.  As the l atera l approach is  the one most 
common ly used when performing laparoscop ic  sp lenec

tom ies, it w i l l  be the operat ion described in the fo l l ow

ing  text. 
Fo l lowing p lacements of proper mon itors, vascu l a r  ac

cess, ant ib iot ic  a d m i n istrat ion,  and endotrachea l  i ntuba
t ion,  the pat ient is  p l aced i n  the r ight latera l decub itus 
posit ion,  with bea nbag support and proper padd ing  and 

posit ion ing  of the head ,  shou lders, neck, and extrem ities. 
D i ssect ion beg ins  s im i l a r  to a n  open procedure, with 
mob i l izat ion of the sp len ic  f lexure of the colon from the 

10 mm camera 

surgeon 
Surgical 
assistant 

FIG 1 3  • Arra ngement and port s ite p lacement for a 
l aparoscop ic  sp lenectomy. Note that patient is d rawn sup ine  
to c lear ly  show port s ite p lacement. 

• 

• 

• 

l apa rotomy and treatment of i m pend ing  abdom i n a l  

compartment syndrome.  I n  t h i s  s ituation, it i s  appropr i 
ate to obta i n  hemostas is  as  ab le, then leave l aparotomy 
pads in the left upper quadrant and reeva luate after cor

rect ion of coag u lopathy and suffic ient resuscitat ion .  

sp leen .  Th is  is done us ing sharp d i ssect ion under  d i rect 
v isua l izat ion and ca n be done us ing hook e lectroca utery 

or an u ltrason ic  d issector. It is i m portant to note that 

this d iv is ion of the sp lenoco l i c  l i gament shou ld  be done 
without d i stu rb ing the sp leen itself, decreas ing the r i sk  
of a capsu l a r  tea r (FIG 14) .  As with a n  open proced u re, 

the tech n ique  of tract ion and countertract ion i s  a lso 
emp loyed with the lapa roscop ic  tech n ique .  
D i ssect ion is  approached i n  a n  i nfer ior  to super ior  

cou nterclockwise d i rection .  The super ior sp lenophren ic  

attachments are l eft i ntact, however, to he lp fac i l itate 
exposure for d i ssect ion of the sp len ic  h i l u m .  

S m a l l  accessory vessels c a n  be seen with attachments to 
the g reater omentu m .  These vessels ca n be i n d iv idua l ly  
d iv ided us ing e lectroca utery. 

With the comp lete release of the sp lenoco l i c  l igament 
and poster ior d i ssect ion u p  to the sp lenophren ic  l iga

ment, d i ssect ion of the h i l u m  itse lf  can now beg i n .  

Ligation of  Vessels and Excision 

• S i m i l a r  to the open proced u re, the lesser sac is entered 
and prog ress ion moves i n  a cepha lad d i rect ion,  expos ing  
the a nter ior surface of the h i lum.  The poster ior aspect of  

the h i l um shou ld  a l ready be c leared .  This a l l ows the sur
geon to have q u ick access for any unexpected b leed ing  

shou ld  it a rise before iso lat ing the vesse ls  themse lves. 

Tissue forceps 

Laparoscopic 
scissors 

FIG 14 • Laparoscopic  d iv is ion of the sp lenoco l i c  l i gament. 
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The short gastr ic vessels and main vascu l a r  ped ic le  a re 

v isua l ized. The short gastr ic vessels a re d iv ided us ing a n  
u ltrason ic  or b i p o l a r  e lectroca utery d i ssector a long the 

g reater cu rvature of the stomach .  With th i s  released, the 

h i l u m  of the sp leen is  eas i ly  access ib le .  
Once the  sp len i c  a rte ry a n d  ve i n  a re d i ssected free 
u s i ng  a com b i nat ion  of b l u nt d i ssect ion  and hook 
e l ectroca utery, the vesse l s  a re l i g ated i n  a s i m i l a r  
fash ion  to t h e  o p e n  a pproach,  u s i n g  suture l i g atu re • 
or (more com m o n ly) a n  endoscop i c  vascu l a r  sta p l e r  
(FIG 1 5) .  L i g a t i n g  a n d  d iv i d i n g  the  a rtery a n d  ve i n  

i n d iv id u a l l y  t o  p revent a futu re a rter iovenous  fistu l a  
was  once sta n d a rd p ract i ce; h owever, resect ion  of the  
vesse l s  en  masse with a n  endoscop i c  vascu l a r  sta p l e r  i s  

accepta b l e .  • 
As with the open procedu re, c lose attention must be 
g iven to the ta i l  of the pancreas when d iv id ing  the h i l a r  
vessels t o  avoid i nj u ry. 

With the sp leen comp letely devascu lar ized, it is now sus-
pended by the sma l l  cuff of sp lenophren i c  attachments. • 
These attach ments can be transected at th i s  t ime, or, if 
necessa ry, used to assist p lac ing the sp leen in the extrac
tion bag. I ntroduct ion of an extract ion bag is  done us ing 
one of the port s ites (usu a l ly the left l atera l port) . Once 

Spleen 

Tissue 
grasper 

Attached 
splenophrenic l igament 

I 

FIG 1 5  • Laparoscopic  l igat ion of the sp len ic  a rtery and  ve i n .  

t h e  b a g  is  dep loyed i n  t h e  peritonea l  cavity, t h e  sp leen 
i s  p laced ins ide .  The rema in i ng  attachments a re then 
d iv ided ( if not done previous ly), the d rawstr ing of the 

bag c losed, and  the open end of the bag brought out 
through a l a rge trocar s ite (usu a l ly the hand port or the 
u m b i l i ca l  or  ep igastr ic  s ites). The extract ion s ite occas ion
a l ly wi l l  need to be lengthened to fac i l itate remova l of 
the sp leen .  
The sp leen often req u i res f inger  fract ion  or  morce l lat ion 

with r i ng  forceps a n d  removed p iecemea l  (FIG 1 6) .  As 
the sp leen i s  rare ly excised i n  the sett i ng  of m a l i g n a ncy, 
th i s  is an accepted practice. Although  a ra re occu rrence, 

there have been case reports of sp len i c  i m p l a nts in the 
surg ica l  wound  and conta m i nat ion shou ld  be avo ided .  
The  a bdomen i s  then  exa m i ned for  hemostas is, pneu

moperitoneum i s  stopped, and the port sites a re c losed 
by usua l  means .  We recommend fascia l  c losu re fo r a l l  
i nc is ions measu r ing g reater t h a n  1 e m  t o  avo id futu re 

hern ias  . 
Dra inage of the sp len ic  bed is performed selectively, as  
stated ear l ie r. 

Subcutaneous 

Muscle 

Parietal 

FIG 16 • Extract ion and  morce l lat ion of the sp leen .  
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PEARLS AND PITFALLS 
Imag ing  and  other d iagnostic 
mod a l it ies 

• I nvolvement of a hematolog ist i s  essent ia l  for proper d iag nosis and preoperative medica l  
management. 

• For e l ective sp lenectom ies, CT of the a bdomen is p ivota l  in the preoperative p l ann ing .  

Preoperative p l a n n i ng • Al l  e lective sp lenectomy patients need vacc inat ions 2 weeks preoperative ly. 
• Cons ider prophylact ic embol izat ion for sp lenomega ly or porta l hypertens ion .  
• Have b lood products with a cu rrent type and screen, type and crossmatch rea d i ly ava i lab le  

i ntraoperative ly. 

Techn ique-open sp lenectomy • Qu ick mob i l izat ion to the m id l i ne  is  a key maneuver i n  a hemorrhag ing  sp leen .  
• Keep dorsa l and  med i a l  tract ion when mob i l i z ing  to avo id capsu l a r  tea rs. 
• Work l atera l to med i a l .  
• Leave a 1 - to 2-cm cuff o f  per itoneum t o  prevent d a m a g e  t o  surround ing  organs or further i n 

j u ry to  the  sp leen .  
• L igate the sp len ic  a rtery and ve in ,  with c lose attent ion not to in jure the pancreatic ta i l .  

Techn ique-lapa roscop ic  
sp lenectomy 

• Position ing  the patient with maxi ma l  exposu re between the i l i ac  crest and  costa l marg i n  i s  key. 
• Exa m i n e  the enti re abdomen for accessory sp leens .  
• Let g ravity he lp you i n  the d i ssect ion .  

Techn ique-closure • No need for a d ra i n  u n l ess there i s  a known or  suspected pa ncreatic i nj u ry, i nfect ion,  or 
b leed i n g .  

POSTOPERATIVE CARE 

• Most patients who undergo laparoscopic splenectomy have 
a swift recovery and short hospital stay. In one review, hospi
tal stay ranged from 1 .5 to 6.4 days.9 Most patients are able 
to return to work in a week. 

• Patients who undergo open splenectomy have a longer hos
pital stay, longer return to a full diet, and increased need 
for narcotics.10•1 1 This is not a surprising finding, however, 
given that most patients undergoing open splenectomies ei
ther have a contraindication for laparoscopic procedures or 
have surgery under emergent conditions ( i .e . ,  in the setting 
of a trauma) .  

OUTCOMES 

• The hematologic and long-term cure rates are the most im
portant factors when patients undergo elective laparoscopic 
splenectomies. For some disorders ( i .e . ,  the hemoglobinopa
thies ) ,  cure is not possible, and the goal of splenectomy is 
to alleviate the symptoms of the disease. For other diseases, 
splenectomy offers the relief of pain and early satiety that 
can accompany splenomegaly. 

• Patients undergoing splenectomy for ITP generally have ex
cellent outcomes.  It has the highest rate of complete and du
rable remission; in fact, two-thirds of patients treated with 
splenectomy for ITP achieve a complete remission (defined 
as a normal platelet count with no further glucocorticoid 
requirements ) .  An additional 20% will have a partial re
sponse, with a platelet count greater than 50,000 f.LL, with 
or without continuation of steroids. Younger patients have 
a more favorable responseY Also, favorable response to 
splenectomy is also found in patients with a postoperative 
platelet count greater than 1 50,000 by postoperative day 3 .  

• Patients undergoing splenectomy for H S  have reasonable 
outcomes.  Coupling the splenectomy with a cholecystec
tomy obviates the need for a cholecystectomy later in life if 
pigmented stones are present. For severe HS, splenectomy 

eliminates the need for regular blood transfusions; how
ever, an anemia will still persist. Growth failure or skeletal 
changes from the high degree of erythropoiesis needed to 
compensate for the hemolytic anemia is reversed for children 
after the spleen is removed.13 

COMPLICATIONS 

• Bleeding 4% to 1 6 %  (most common) 
• Thromboembolic events/thrombosis 2% to 4 %  
• Pancreatic injury 
• Seroma 
• Hematoma 
• Incisional hernia 
• Wound dehiscence 
• OPSI 
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Chapter 53 Splenorrhaphy 
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Sha wn D. Larson Saleem Islam 

DEFINITION 

• Splenorrhaphy literally translates to "suturing of the spleen . "  
Broadly applied, splenorrhaphy encompasses numerous 
operative strategies aimed at preserving splenic tissue and 
maintaining normal physiologic function in the setting of 
injury. Other terms for splenorrhaphy include splenic sal
vage, splenic preservation, and partial splenectomy. Partial 
splenectomy may be preferred to control disease or repair 
injury in selected cases. Understanding various operative 
techniques for splenorrhaphy is a required component of the 
armamentarium of all general surgeons. 

DIFFERENTIAL DIAGNOSIS 

• Splenic trauma: grades I to IV (Table 1 ) . 1  
Grade V splenic injuries are not amenable to splenorrhaphy 
(see Part 3, Chapter 52 ) .  

• Iatrogenic injuries-commonly during retraction of the 
transverse colon/stomach or during left upper quadrant 
laparoscopic operations 

• Hemoglobinopathies 
Hereditary spherocytosis (HS) 
Thalassemia/sickle cell disease 

• Splenic cysts (e .g. ,  epithelial or epidermoid cysts ) 
• Splenic hamartomas 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Prior to elective surgery, a thorough history should be ob
tained, including an account of abdominal pain or constitu
tional symptoms, detailed past medical/surgical history, and 

Table 1 :  American Association for the Surgery of 
Trauma Organ Injury Scaling:  Spleen 

Grade 

I l l  

I V  

v 

Injury 

Hematoma 
Lacerat ion 
Hematoma 

Lacerat ion 

Hematoma 

Lacerat ion 

Lacerat ion 

Laceration 
Vascu la r  

Description 

Su bcapsu la r, < 1 0% surface a rea 
Capsu la r  tear, < 1 em parenchym a l  depth 
Su bcapsu la r, 1 0%-50% surface a rea; 

i ntra parenchyma l ,  < 5 em i n  d i ameter 
Capsu la r  tear, 1 -3 em parenchym a l  depth 

not involving trabecu l a r  vessel 
Su bcapsu la r, > 50% surface a rea or  

expa nd ing ;  ruptured subcapsu l a r  or  
pa renchyma l  hematoma; i ntra parenchyma l  
hematoma > 5  em or expa nd ing  

> 3 em parenchyma l  depth  or  i nvolving  
trabecu l a r  vesse ls 

Lacerat ion i nvolving seg mental  o r  h i l a r  
vesse l s  prod uc ing major devascu la r ization 
(>25% of spleen) 

Comp letely shattered spleen 
H i l a r  i n ju ry with devascu l a rized spleen 

Adapted from Moore EE, Cogbill TH, Jurkovich GJ, et a/. Organ injury scaling: 
spleen and fiver (1 994 revision). J Tra u m a .  1 995;38(3)323-324 
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all current medications and allergies. Particular attention 
should be directed to eliciting any symptoms of liver disease, 
clotting or bleeding disorders, and a blood product transfu
sion history. 

• Patients presenting with splenic trauma require rapid assess
ment making use of the principles outlined in the American 
College of Surgeons Advanced Trauma Life Support (ATLS®) 
protocol. Hemodynamic instability is a general contrain
dication to splenorrhaphy. A thorough history should be 
obtained as outlined earlier. Particular attention must be 
paid to associated injuries as these will influence decisions 
regarding nonoperative management (NOM),  splenorrha
phy, or splenectomy ( FIG 1 ) .  In pediatric patients, NOM is 
the preferred treatment choice and early consultation with a 
pediatric surgeon is highly recommended. Adult trauma pa
tients with low-grade splenic injuries may be managed with 
NOM (Table 2 ) .  

• Patients presenting with hemoglobinopathies have abnor
mal laboratory profiles and often present with abdominal 
pain/discomfort, a history of jaundice, or splenomegaly. 
Rarely, patients will be completely asymptomatic. Patients 
with HS often present with sequestration of abnormal red 
blood cells (RBCs) and may have splenomegaly.2•3 Histori
cally, these patients benefited from splenectomy. Recently, 
clinical evidence demonstrates that patients with HS are 
amenable to partial splenectomy (PS),  eliminating the need 
for repeat transfusions and significantly reducing the risk of 
overwhelming postsplenectomy infection ( OPSI ) .  Addition
ally, patients with sickle cell anemia have shown improve
ment following PS.2-4 

• A complete and thorough physical examination should be 
performed on all patients . The presence or absence of sple
nomegaly should be noted. All signs of portal hypertension 
or liver failure should be elicited.  Presence or location of 
surgical scars must be considered prior to determining op
erative approach. 

• Splenorrhaphy is best performed via an open technique, 
which allows full visualization of the injury. An open ap
proach allows easy conversion to a splenectomy should the 
clinical situation warrant this. Elective PS may be performed 
via an open or laparoscopic technique. Laparoscopic PS re
quires substantial experience in minimally invasive surgery 
and therefore, we prefer an open or a laparoscopic-assisted 
technique. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients with a suspected or known hemoglobinopathy 
require input from a hematologist. Patients should have a 
blood smear and/or bone marrow analysis, a complete blood 
count (CBC), and specialized blood studies as indicated by 
the disease process .  

• Computed tomography (CT) scanning should be performed 
for all hemodynamically stable patients with suspected 
splenic trauma. CT is an excellent modality for preoperative 

-



• Nonoperative management 
(NOM) (see Table 2) 

• Capsule sutures 
• Omental patch 
• Electrocautery/argon beam 

coagulator 
• T apical hemostatic agents 

o Absorbable gelatin sponge 
o Fibrin sealants 

• Embolization with interventional 
radiology ( IR) 

Consider partial 
splenectomy (PS) 
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• Concurrent abdominal injury 
• Significant neurologic/orthopedic or life

threatening injuries 
• Hemodynamic instability 
• AAST grade V 

Failure to control bleeding 
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FIG 1 • Treatment a lgor ithm for sp len ic  i nj u ry out l i n i ng  var ious options based on g rade of i nj u ry. AAST, American Associat ion for the 
Surgery of Trauma .  

planning to  evaluate injury extent and to  delineate vascular 
anatomy. CT is recommended for elective PS to determine 
the relationship of the spleen to adjacent organs, splenic size, 
and potential locations of accessory spleens ( FIG 2 ) .  

• Ultrasound (US) i s  a noninvasive imaging modality to  as
sess for splenomegaly, presence of splenic cysts/masses, and 
determination of portal hypertension in selected patients. US 

Table 2: Criteria and Contra indications to 
Nonoperative Management for Splenic Injury 

Criteria for Nonoperative management (NOM) 
o Hemodynamic stab i l ity 
o No add it iona l  comorbid in ju ries (e. g . ,  head in jury, s ign if icant orthopedic 

trauma)  
o L im itation of sp len ic-re lated b lood  transfus ion (52 u n its) 
o CT scan documenti ng  sp len ic  i n ju ry and g rade 
o Absence of active i ntrasp len ic  bleed ing  on  CT 
o Absence of other i ntraabdomina l  in ju ries on  CT requ i r i ng  operative 

intervent ion 

Contra indications for NOM 
o Hemodynamic  instab i l ity :±: periton it is  
o Associated intraabdomina l/retroper itoneal organ in jury 
o I n ab i l ity to perform re l i ab le  ser ia l  abdom ina l  exa ms 
o N eed for  anticoag u lat ion 
o I n ab i l ity to correct coagu lopathy 
o Ongo ing b lood transfus ion req u i rement 
o AAST grade V sp len ic  in jury 

o; computed tomography; AAST, American Association for the Surgery of 
Trauma. 

is particularly useful in assessing the spleen in children with 
the added advantage of minimizing ionizing radiation expo
sure. In the evaluation of trauma patients, focused abdomi
nal sonography for trauma (FAST) is an accepted screening 
tool to diagnose intraperitoneal fluid or blood. Preoperative 
US should be performed for all patients with symptomatic 
biliary colic and patients with hemoglobinopathies to evalu
ate for cholelithiasis. Patients with cholelithiasis should be 
considered for concurrent cholecystectomy. 

• Magnetic resonance imaging (MRI) is a recognized method 
for evaluating splenic lesions without the use of ionizing radia
tion. MRI is not recommended in the setting of splenic injury. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patients undergoing PS for elective indications should receive 
vaccinations for encapsulated organisms (Haemophilus in
fluenzae B, Streptococcus pneumoniae, and Neisseria men
ingitidis) 2 to 4 weeks prior to surgery. Although PS should 
theoretically eliminate the risk of 0 PSI, vaccinations should 
be administered in the event that a total splenectomy is 
performed. Patients undergoing PS in the setting of splenic 
injury should receive vaccinations 2 to 4 weeks postopera
tively. Current guidelines for OPSI prevention are outlined in 
Part 3, Chapter 52, Table 2 .  

• Blood products should be ordered and available intraopera
tively including packed red blood cells (PRBCs) ,  platelets, 
and fresh frozen plasma (FFP ) .  
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A B 

c D 

FIG 2 • CT sca n of sp len ic  lacerat ion (A,B) and sp len ic  cyst (C,D) . A. CT demonstrat ing  isolated in jury to the sp leen (white arrow) from 
b l u nt abdom ina l  tra u m a  with hemoperitoneum.  Note the proxim ity to the sp len ic  a rtery (SA) . B. CT from same patient demonstrat ing  
extent of  sp len ic  i n ju ry (white arrow) extend ing  to  i nfer ior  po le .  N ote the proxim ity of  the sp leen  to the ta i l  of  the pancreas (P). C. CT 
demonstrat ing  a l a rge sp len ic  cyst (SC) compress ing  norma l  sp len ic  parenchyma (white arrow). The cyst is compress ing the stomach (St) . D. 
CT image from same patient demonstrati ng the re l at ionsh i p  of the SC to the SA. Th is  patient underwent successfu l lapa roscopic  PS with 
preservation of norma l  sp len ic  parenchyma. Large white arrow, sp len ic  lacerat ion;  narrow white arrow, norma l  sp leen .  

• All patients should receive prophylactic antibiotics to cover 
skin flora within 60 minutes prior to the skin incision. 

• Appropriate antithrombotic precautions should be insti
tuted, including sequential compression devices (SCDs) for 
all patients age 12 years and older. Appropriate anticoag
ulation medications (e.g. ,  low-molecular-weight heparin) 
should be administered preoperatively per hospital protocol. 

• A nasogastric tube (NGT) should be inserted following in
duction of anesthesia to decompress the stomach and aid in 
visualization. Consideration should be given to leaving the 
NGT in situ for 24 to 48 hours postoperatively to prevent 
gastric distension. 

• An open approach is recommended for patients undergo
ing splenorrhaphy for splenic injury. The human hand as a 
retractor to provide compressive hemostasis is invaluable in 
the successful performance of PS. This approach also pro
vides good exposure and allows for possible splenectomy 
should attempts at splenorrhaphy prove unsuccessful. 

• PS may be performed by a laparoscopic approach in the elec
tive setting. Laparoscopic PS requires advanced laparoscopic 
skills and should only be undertaken by a surgeon familiar 
with the procedure. 

• In adult splenic trauma patients, consideration should be 
given to preoperative splenic artery embolization (SAE) 
by interventional radiology. SAE has been demonstrated 

to improve the use of NOM, with improvement in splenic 
salvage, length of hospital stay, and mortality.5 Pediatric 
patients with splenic trauma rarely require embolization 
and consultation with a pediatric surgeon is highly recom
mended before treatment with SAE is commenced.6 

Positioning 

• For open splenorrhaphy, patients are placed in a supine po
sition with both arms extended. For patients with isolated 
splenic trauma, an upper midline incision from the xiphoid 
process to the umbilicus allows adequate exposure. This in
cision can be extended inferiorly if additional exposure is 
required or other intraabdominal injuries are identified. For 
pediatric patients, a left subcostal incision or a transverse in
cision starting at the left 12th rib tip can be used (see Part 3 ,  
Chapter 52 ,  FIG 5 ) .  

• Patients undergoing laparoscopic PS can be  positioned supine 
with both arms tucked at the side. A beanbag or kidney rest 
is placed under the left flank to increase exposure between 
the 1 2th rib and iliac crest. The table may be rotated to allow 
near-supine positioning for port placement and then rotated 
during the operation to achieve a right lateral decubitus po
sition. As with all operations, all pressure points should be 
appropriately padded (see Part 3,  Chapter 52, FIG 4 ) .  
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Incision 

• A va r iety of i nc is ions can be used to perform sp lenorrha
phy depend ing  on the c l i n ica l  s ituat ion .  
• Tra u m a  pat ients. A m i d l i n e  i nc i s i on  exte n d i n g  

from the  x i pho id  p rocess to the p u b i s  i s  used t o  
enter the  per itonea l  cavity. Th i s  i n c i s i o n  a l l ows 
max i m a l  exposu re .  A q u ick  thorough i nspect ion  

of each q u a d ra nt a n d  the  pe lv i s  s h o u l d  be per
fo rmed .  Act ive b leed i n g  shou ld  be i m med iate ly 
a d d ressed .  Retractors s h o u l d  be p l aced to maxi 

m ize v i su a l i zat ion and dete r m i n e  i f  add i t i ona l  
sou rces of b leed i n g  are present.  A l l  fl u i d  a n d  

pa rt i cu l ate m atter s h o u l d  be q u ick ly  eva l u ated .  
Add it i o n a l  a b d o m i n a l/retroper ito n e a l  l n J u nes 
d i scovered at the  t ime of l a pa rotomy shou ld be 

p r io r it ized and dealt with as  out l i ned i n  corre
spond i n g  cha pters. 

• I so lated sp len ic  in jury. A m i d l i n e  i nc is ion extend ing  

f rom the x ipho id  process to the level of  the umb i 
l icus can be used . Shou ld  add i t iona l  exposure be  
req u i red, the i nc is ion can be extended i nferiorly. 

Retractors are p l aced to a l low maxi ma l  exposu re 
of the left upper  quadra nt. If a sp len ic  i nj u ry occurs 

wh i l e  performing an upper abdom ina l l aparoscopic  
procedu re, consideration shou ld  be made to con
vert to a n  open proced ure depend ing  on  the extent 
of the in jury. For h igher  g rade in ju ries (American 
Assoc iat ion for the Surgery of Trauma  [AAST] g rades 
I l l  and  IV), a l eft subcosta l i nc is ion can be made a p

proxi mately 3 em i nfer ior  to the costa l  marg i n  (see 
Part 3, Chapter 52, F IG  5) .  

• Ped iatr ic patients. A m i d l i ne i nc is ion ca n be used 

s im i l a r  to adu lt patients i n  the sett ing  of trauma .  
Fo r  isol ated sp l en i c  in jur ies, e ither a left subcosta l 
i nc i s ion or a tra nsverse i nc is ion can be used. For a 

transverse i nc is ion,  the t ip  of the 1 2th r ib  is ident i
f ied and  the i nc is ion is  extended med i a l ly to a l low 

for exposure of the sp leen .  

Mobilization 

• Anatom ica l ly, the sp leen resides su per ior ly and  poste

r ior ly in the left upper  abdomen .  For adequate assess
ment of a sp len ic  i nj u ry and successfu l  sp lenorrhaphy, 
the sp leen m ust be comp letely mob i l ized by removi ng 

a l l  peritonea l  and viscera l attachments. Th is  inc l udes the 
sp lenophren ic  attachments to the d i aph ragm,  the sp le
noco l i c  l i gament to the sp len ic  fl exu re of the colon,  the 

sp lenorena l l i gaments, and  the gastrosp len i c  l i gament 
(see Part 3,  Chapter 52, F IG 6). The sp lenophren ic  and 
sp lenorena l l i gaments a re avascu l a r  and can be d iv ided 
sharp ly. Conversely, the gastrosp len ic  l i gament (conta in 
i ng  short gastr ic vesse ls) and the sp lenoco l i c  l i gament 
req u i re carefu l  attent ion to ensure exce l lent hemostas is .  

Vessels i n  these l i gaments should be l i gated with ties or  
a n  energy-based sea l ant device. 

• D iv is ion of the l i gaments beg ins  fi rst with the sp leno
co l i c  l i gament, a l lowi ng the sp len ic  f l exu re of the colon 

• 

• 

• 

• 
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to be mob i l ized away from the sp leen .  Sp len ic  mob i l iza

t ion is  further ach ieved by the operat ing  surgeon p lac ing 
the i r  l eft hand poster ior ly on  the sp leen (a  l a pa rotomy 
pad may i m p rove the g ri p) and rotat ing  it a nteromedi 

a l ly. Th is  maneuver wi l l  better expose the sp lenophren ic  
and sp lenorena l l i gaments. Once the sp leen i s  free of  

these attachments, it ca n be ca refu l l y  mob i l ized i nto the 
wound .  The gastrosp len ic  l i ga ment is  then ca refu l ly d i 
v ided.  Laparotomy pads can be ca refu l l y  p laced poster i

or ly to further a id  i n  mob i l izat ion .  
D iv is ion of the l i gaments shou ld  be made 2 to 3 em from 
the spleen to avo id  i nj u ry to both the spleen and adja
cent organs ( i .e. ,  pancreas). 
The ta i l  of the pancreas extends to the sp l en i c  h i l u m  i n  
m ost pat ients .  Ca re m ust be taken d u r i n g  m o b i l i zat ion 

of the sp leen to avo i d  iatrogen i c  i n j u ry. The ta i l  of the 
pancreas shou ld  be fu l ly  v i su a l i zed,  part i c u l a r ly  as the 
sp leen i s  rotated i nto the operative fi e l d .  The sp l en i c  

a rtery a n d  ve i n  a re l ocated o n  the super io r  border  of  
the pancreas a n d  m u st be ca refu l ly i so lated to avo id  

i n j u ry. 

Once the sp leen is mob i l ized from the retroperitonea l  
attachments, control of the h i l a r  vesse ls  can be q u ick ly 

ach ieved if necessa ry to control  b leed ing .  Active b leed
ing  can be contro l led by d i rect com press ion of the h i l a r  
vessels between t h e  surgeon's thumb and  forefi nger. Th is  

maneuver a l l ows for thorough assessment of the extent 
of sp len ic  i nj u ry. 
Note: F u l l  sp len ic  mob i l izat ion may be unnecessa ry for 

sma l l  i so lated in ju ries (e .g . ,  capsu la r  tear) that occur  i n 
traoperatively and can be comp letely visua l ized.  I n  a l l  

other  s ituations, comp lete sp len ic  mob i l izat ion shou ld  
be performed. 

Repair of Low-Grade Splenic Injuries 
(AAST Grades I and II) 

• 

• 

• 

After mob i l i z ing  the sp leen,  a thorough i nspect ion can 
occur to a l l ow comp lete assessment of the i nj u ry (see 
Tab le  1 and FIG 1 ) .  If necessa ry, vascu la r  control ca n be 
obta ined by compress ion of the h i l a r  vessels as d i scussed 
ear l ie r. 

G rades I and  I I  in ju r ies can genera l ly be contro l led by 
s imp le  tech n iq ues i nc l ud ing  the fo l l owing :  
• D i rect compress ion (for m inor  capsu la r  tears < 1  em) 
• App l i cat ion of top ica l  hemostatic agents 

Absorbab le  ge lat in  sponge 
Absorbab le  oxid i zed regenerated ce l l u l ose 

F ib r in  sea la nts 
• E lectroca utery or argon beam coagu lator (ABC) 

(FIGS 3 and 7) 

• Absorbab le  sutu res p laced in the capsu le  ( i nter
ru pted or  runn ing) (FIGS 3 and 8) .  For most low
g rade in ju ries, suture p ledgets a re not req u i red .  

Fo l lowing repa i r, the i nj u ry shou ld  be observed for 5 to 

10  m i n utes to ensure that b leed ing  i s  contro l led .  Ongo

ing  b leed ing  may req u i re a com b inat ion of tech n iq ues 

l i sted ear l ie r  to repa i r  the i nj u ry. Once the i nj u ry is  con

tro l led, the sp leen is  ca refu l ly retu rned to the left upper  

abdomen .  
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Splenic 
vein 

Splenic 
artery 

Omentum 

Diaphragm 

Splenophrenic 
l igament 

�---::----- Capsular tear 
with sutures 

1""1--t-:---� Sutures holding 
omentum in 
place 

Omentum swung 
up from transverse 
colon 

Splenic flexure 

FIG 3 • Sp lenorrhaphy techn ique  demonstrat ing ( 1 )  use of i nterrupted sutu res for l i near  capsu l a r  tea r and (2) patch with 
omentu m mob i l ized and rotated u pward.  Sutu res a re p laced i nto sp len ic  capsu le  and around omentum to buttress i nj u ry. 

Repair of Moderate to High-Grade Splenic Injuries 
(AAST Grades ill and IV ) 

• 

• 

After complete mobi l ization of the spleen, a thorough in
spection is performed. The vascu lar  supply of the sp leen is 

ca refu l ly i nspected and if an  i nju ry is present, PS may be pos
s ib le if 20% or more of the spleen can be sa lvaged (FIG 1 ) .  If 
s ign ificant injury to the splenic artery or vei n  is  present, then 

consideration for a splenectomy should be strongly consid
ered (see Part 3, Chapter 52). Vascu lar  control is achieved by 
compression of h i l a r  vessels as d iscussed earl ier. 

Devita l i zed t issue shou ld  be debr ided e ither sharp ly or  
w ith  e lectroca utery to hea lthy sp len ic  t issue (FIG 4) .  
• 

• 

• 

• 

Penetrat ing vesse ls  to a devita l i zed seg ment shou ld  

be l igated. I f  a l i ne of demarcation is  p resent, the 
sp len ic  capsu le  can be i ncised with  e lectroca utery. 

A l i near  stap l i ng  device ca n be used to tra nsect a 

devita l i zed pole .  
C l i ps can be app l ied to trabecu la r  vesse ls .  Gent le 
compress ion of the cut of the edge of the sp leen 

wi l l  he lp contro l  b leed i n g .  
An ABC c a n  be used t o  ach ieve hemostas is .  Alterna

tively, mattress sutu res can be p laced a long the cut 
edge.  P ledgets are recom mended to prevent further 

capsu l a r  damage (see FIGS 7 and 8) .  

Topica l  hemostatic agents ca n be app l i ed and  pres
sure he ld  with a lapa rotomy pad for 1 0  m i n utes. 

Cont in ued b leed ing  wi l l  requ i re add it iona l  hemo
static agent and  compress ion .  

• Alternatively, omentum from the transverse co lon 
can be swung u p  and p laced i n  the sp len ic  l acerat ion .  

Mattress sutu res ca n then be p laced to compress the 
edges and secure the omentum in  p lace (FIG 3) .  He
mostatic mesh can be used i n  p lace of omentum .  

• PS can be cons idered for segmenta l i nj u ry and w i l l  be 
d i scussed i n  the fo l l owing text. 

AAST Grade V Splenic Injuries 

• Sp lenorrhaphy is not i nd icated for AAST grade V in ju r ies.  
Patients with these in ju ries req u i re exped it ious sp lenec
tomy (see Part 3, Chapter 52). 

Closure 

• Once sp lenorrhaphy has been successfu l ,  the sp leen i s  
ca refu l ly i nspected to ensure hemostas is .  The sp leen i s  
then ca refu l ly returned to the upper  left abdomen .  

• Carefu l  i nspect ion of the abdomen shou ld  be undertaken 
by the surgeon and ass istant surgeon i ndependently to 
ensure a l l  l apa rotomy pads have been removed.  A pre
l i m i nary count should be s imu ltaneous ly performed.  The 
abdomen is then i rr igated to remove al l  b lood c lots. 

• The a bdomen is then c losed in the usua l  fash ion .  Dra ins  
i n  the left upper  a bdomen a re unnecessa ry un l ess there 

i s  a suspected or  known i nj u ry to the ta i l  of the pa ncreas. 
I n  the sett ing  of abdom i n a l  trauma, a decision may be 
made to leave the a bdomen open, a l lowi ng for a " sec
ond look" operation in 24 to 48 hours .  
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• For open PS, the i nc is ion w i l l  be dependent on the age of 

the patient and  i nd icat ions for surgery. 
• Ad u lt patients. An upper  m i d l i n e  i nc is ion extend ing  

f rom the x ipho id  process to the u m b i l i cus shou ld  
a l low adequate exposure .  Th is  i nc is ion can be ex

tended i nfer ior ly shou ld  add it iona l  exposure be 

req u i red.  Alternatively, a left subcosta l inc i s ion can 
be used for isolated sp len ic  les ions .  Caut ion shou ld  

be exercised i n  us ing th i s  i nc i s ion if sp lenomega ly  is  

present. 
• Ped iatr ic patients. A left upper  abdom i n a l  tra ns

verse i nc is ion can safe ly be used, sta rt ing from the 
1 2th r ib  t ip  and extend ing  med i a l ly. Alternatively, a 
l eft subcosta l i nc i s ion can be used. 

• For lapa roscopic-assisted PS, ports are p laced in a s im i l a r  

fash ion to  a l aparoscopic  sp lenectomy (see Part 3,  Chap
ter 52). After mob i l ization  of the sp leen,  a left transverse 

or left su bcosta l i nc i s ion can be used to perform the PS. 

Mobilization 

• The sp leen shou ld  be comp letely mob i l ized by d iv id ing  

the sp lenophren ic, sp lenorena l ,  sp lenocol ic, and  gastro

sp len ic  l igaments (see ear l ie r  d iscuss ion) .  
• For open PS, mob i l izat ion beg ins  in a s i m i l a r  fash ion 

to open sp lenectomy (see Part 3,  Chapter 52)  and 
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FIG 4 • Div is ion of sp leen us ing e lectroca utery. A sp len ic  
fracture of the lower po le i s  present. B ra nches of the 
sp len ic  a rtery and ve i n  have been l i gated and  d iv ided 
with subseq uent demarcation of the avascu la r  lower 
pole .  The splenic capsu le  is  now d iv ided a long the l ine of 
demarcat ion .  The sp len ic  a rtery and  ve i n  can be compressed 
between the thumb and f inger  of the operative surgeon to 
control b lood loss wh i l e  the parenchyma is d iv ided.  

as d i scussed under  the "Sp lenorrhaphy" sect ion .  The 
sp leen needs to be comp letely m o b i l ized.  

• For lapa roscop ic-assisted PS, mob i l izat ion beg ins  i n  

a s i m i l a r  fash ion as d i scussed i n  preced ing  chapters 
(see Part 3, Chapter 52) .  Once the sp leen is com

p letely mob i l ized laparoscop ica l ly, a n  open i nc is ion 
ca n be made as described i n  the preced ing  sect ion .  
The sp leen needs  to be mob i l i zed to a l l ow it to be 

brought comp letely i nto the inc i s ion .  

Division of Spleen 

• 

• 

• 

Once the sp leen is comp letely mob i l ized i nto the i nc is ion,  

the sp len ic  vessels can be ident if ied.  Depend ing  on the 
location of the les ion,  branches of the splenic a rtery and 
splenic ve i n  ca n be l i gated (FIG 3) .  The main splenic a r

tery and ve in  branches at the h i l u m  shou ld  be preserved . 
Once the penetrat ing  vessels a re l i gated, the sp leen w i l l  
demarcate (FIGS 3-5) .  

For  PS  to  be effective, approx imately 1 0 %  to  20% of  the 
spleen should rema in  vascu la rized after l igation of pen

etrating vesse ls  to preserve phys io logic function of the 
splenic remnant.• Ca re must be taken to ensure that the 
rema in ing  b lood supp ly is  from a splenic a rtery branch .  Re

lyi ng solely on short gastric a rteries wi l l  not be adequate 

to ma inta i n  adequate b lood f low to the sp len ic  remnant. 
Once the spleen dema rcates, the sp len ic  capsu le  can be 

i ncised us ing e lectrocautery (FIG 4) .  Potent ia l  b lood loss 
ca n occur; anesthes ia team should be notif ied and b lood 
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FIG S • D iv is ion of the sp leen with a l i near  stap l i ng  device. 
Fo l lowing l igat ion and d iv is ion of branches of the sp len ic  
a rtery and ve i n  to the lower po le ,  the dema rcated sp leen i s  
then d iv ided us ing m u lt ip le  fi res of a l i nea r  sta p l i ng device. 
Stap le  s ize is  d i ctated by the s ize of the spleen. Vascu la r  
control can be ach ieved by compress ion of  the m a i n  b ranch  of 
the sp len ic  a rtery and  ve in  between the surgeon's th u m b  and  
i ndex f i nger  unt i l  the sp leen  is  d iv ided.  

compress ion can be app l i ed to vascu la rized sp len ic  edge 
to assist i n  contro l l i n g  b leed ing .  

• Once the sp lenic parenchyma is completely d ivided and the 
specimen passed off the table, an  ABC is used to control 

b leed ing from the cut edge. The ABC is used until b leed
ing is  m i n i m ized and the cut edge is thorough ly cauterized 
(FIG 7) .  Note that the source of argon gas is  not pressure 
regu lated . Dur ing lapa roscopy, i ntraabdomina l  pressure 
must be closely mon itored and the abdomen vented as in
d icated to prevent i ntraabdomina l  hypertens ion.  

• An a bsorbab le  top ica l hemostatic  agent is then app l ied 
to the cut edge and pressure i s  he ld  with a l a pa rotomy 

pad (FIG 6) .  Pressure is  held for 5 m i n utes and the lap
a rotomy pad is  then ca refu l ly removed and ongo ing 
b leed ing  is  assessed .  Add itiona l  use  of ABC may be nec
essa ry to contro l po ints of b leed ing .  

• 

• 

B leed ing  from the cut edge of the sp leen can be further 

contro l led by p lacement of a bsorbab le  mattress sutu res 
as d i scussed in the "Sp lenorrhaphy" sect ion (FIG 8) .  

Once hemostas is  is  meticu lously ach ieved, t h e  rema in 
der  of  the sp leen  is  observed for  adequate b lood flow. 

Aga in ,  1 0 %  to 20% of the tota l sp len ic  t issue shou ld  
rema i n  v iab le  to preserve sp len ic  phys io log ic  funct ion .  
The sp len ic  remnant i s  then ca refu l l y  returned to the left 

upper  abdomen .  
• To prevent tors ion of the sp len ic  remnant, consider

ation can be g iven to performing sp lenopexy. Sutures 

a re ca refu l ly p laced in the sp len ic  capsu le and then 
attached to the lateral abdomina l  wa l l  or  retroperi

toneum for fixat ion .  At least two points of fixat ion 

shou ld be used.  Once p laced, these sutu res shou ld 
have m in ima l  tens ion to avoid tear ing the capsu le .  

• Depend ing  on the site of PS, omentum can be p laced 
aga i nst the cut su rface of the sp leen .  Sutures can be 

p laced to ho ld  the omentu m i n  p lace as d i scussed in 
the preced ing  sect ion .  

shou ld  be ava i lab le  i n  the operat ing room (OR) preoper- • In the case of PS for hemog lob inopathies (e .g . ,  HS), a 

thorough search for accessory sp len ic  t issue shou ld  be 
performed.  The inc idence of accessory sp leens is 1 0% to 

3 0 % .  The most common locat ion for a n  accessory sp leen 
i s  at the sp len ic  h i l u m  (a pproximately 7 5 %), fo l l owed 
by the ta i l  of the pancreas (approxi mately 20%) .  The 

ative ly. Vascu la r  control can be ach ieved by compress ion 
of the main sp len ic  a rtery and  ve i n  (between the thumb 

and forefi nger  as d i scussed ear l ier). 
• The sp len ic  parenchyma can be d iv ided us ing e lectroca u

tery or a l i near  sta p l i ng device (FIGS 4 and 5) .  Gent le 

A 

B 

FIG 6 • A. Large ep idermoid cyst (SC) ofthe lower po le ofthe 
sp leen.  B. Fo l lowing d iv is ion of the sp len ic  parenchyma, the 
super ior po le (SP) rema ins  perfused. Absorbab le  hemostatic 
agent is  app l ied to the cut edge fo l lowing  coagu lat ion with 
an ABC (arrows) . SC, sp len ic  cyst; SP, superior pole of sp leen; 
a rrows, a bsorbab le  hemostatic agent. 



Spleen 

Splenic 

Divided splenic 

artery and vein 

Splenic 

I 
Splenophrenic l igament 1 o;,phmgm 

C h a p t e r  53 SPLENORRHAPHY 

Argon beam spray 

Coagulated surface 

Cut edge of spleen 

Divided splenic vein 

Splenocolic l igament 

Splenic flexure FIG 7 • Use of ABC to coag u l ate cut surface 
of sp leen .  B ra nches of the sp len ic  a rtery and  
ve i n  to  the lower po le have been  l igated . The 
sp lenoco l i c  l i gament has been d iv ided for 
sp len ic  mob i l izat ion .  
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FIG 8 • Use of i nterru pted hor izontal  mattress sutu res 
with p ledgets for hemostas is  fo l lowing  PS. The sp len ic  
a rtery and ve i n  branches have been d iv ided to the lower 
pole and the lower pole removed. Sutures a re p l aced i n  
close proxim ity t o  reapproxi mate t h e  capsu le .  T h e  u s e  of 
p ledgets is  recommended to prevent sutu res from tea r ing 
the sp len ic  capsu le .  

907 



908 P a rt 3 OPERATIVE TECHNIQUES IN HEPATO-PANCREATO-BILIARY SURGERY 

rema inder  is l ocated a long the sp len ic  a rtery, in the 

mesentery, or  i n  the omentum.7 If accessory splenic t issue 

i s  l ocated, it should be comp letely removed with ca refu l • 
attention to hemostasis .  

• Consideration shou ld  be g iven to a concu rrent cho lecys
tectomy for patients with symptomatic b i l i a ry co l i c  or  

preoperative US  evidence of cho le l ith ias is .  • 

Closure 

• After retu rn ing  the sp leen to the left u pper a bdomen, a 
thorough inspect ion of the peritonea l  cavity is performed 

to ensure there are no reta i ned laparotomy pads.  A pre

l im i na ry count shou ld  be performed pr ior  to c los ing .  
The a bdomen is thorough ly i rr igated with  warmed nor

m a l  sa l i ne .  A l l  b lood shou ld  be removed from the a bdo

men. The spleen shou ld  be inspected to ensure exq u isite 
hemostas is .  

The  a bd o m i n a l  i n c i s i on  i s  then c losed in the  sta n d a rd 
fash i o n .  D r a i n s  a re  n ot n ecessa ry. If the  p roced u re 
was performed with  l a p a rosco p i c  ass i sta nce, ports 
a re rem oved a n d  port sites are c l osed in the sta n d a rd 
fash i o n .  

PEARLS AND PITFALLS 
I nd ications 

Imag ing  and other 
d iag nostics 

Preoperative p l ann i ng  

Techn ique-splenorrhaphy 

Techn iq ue-PS 

Techn ique-closure 

• Sp lenorrhaphy is used to repa i r  an in jured sp leen (AAST grades I-IV) .  
• Sp lenorrhaphy is  contraindicated i n  AAST g rade V in ju ries .  
• PS can be used as a sp lenorrhaphy tech n ique  or to treat va r ious hemog lob i nopath ies (e .g . ,  HS), 

sp len ic  cysts, or sp lenomega ly. 

• CT scann i ng  is  recom mended for hemodynam ica l ly sta b le  patients with suspected i ntraabdo m i n a l  
tra u m a .  

• Patients with hemoglob i nopathies s h o u l d  have preoperative imag ing  t o  p lan  operative approach 
( i .e . ,  vessel l ocat ion,  sp len ic  s ize) 

• Patients u ndergo ing  PS for hemog lob i nopathies a re recommended to have preoperative US eva lu 
ati ng for  cho le l ith ias is .  

• I nvolvement of a hemato log i st is  essent ia l  for patients with hemog lob i nopath ies for proper d iag
nos i s  and  preoperative medica l  management. 

• Vacc inat ions need to be a d m i n istered 2 weeks prior to e lective PS. 
• Crossmatched b lood and b lood prod ucts shou ld  be rea d i ly ava i lab le  i ntraoperative ly. 
• Cons iderat ion of stress-dose stero ids  for patients with hemog lob i nopath ies (review past 

med ication h i story) 
• CT imag ing  (see ear l ie r  d i scuss ion) ava i l ab le  in the OR for i ntraoperative gu idance 
• Placement of a n  NGT for gastr ic decompress ion 

• H emodynam ica l ly unstable patients are not cand idates for sp lenorrhaphy. 
• Comp lete mob i l ization of the sp leen is key to assess ing in ju ry and performing sp lenorrhaphy. 
• Work l atera l to med ia l  for mob i l izat ion .  
• Leave a 1 - to 2-cm cuff of peritoneum to prevent damage to surround ing  organs .  
• Lower g rade in ju ries can often be repa i red with sutu res. 
• M oderate to h i gh-grade in ju r ies may requ i re a comb inat ion of tech n iques i nc l ud ing  PS. 
• Be prepared to proceed to tota l sp lenectomy shou ld  sp lenorrhaphy tech n iq ues fa i l .  

• M a y  be performed v i a  open or  l aparoscop ic  approach 
• Laparoscopic  PS requ i res advanced m i n i m a l ly i nvasive sk i l l s  and  a n  e lective sett ing .  
• Identify the sp len i c  a rtery and  ve i n .  A v iab le  sp len i c  remnant  req u i res b lood supp ly  f rom the  

a rtery. 
• Do not rely on short gastr ic b lood supp ly  fo r remnant. 
• After d iv is ion of b lood supp ly, a l l ow spleen to demarcate prior to d iv id ing sp leen.  
• Approxi mately 30% of the sp leen shou ld  rem a i n  v iab le  for sp len ic  function  postoperative ly. 
• A thorough search for accessory sp leens shou ld  be undertaken (and removed if found) .  
• Cons ider performing sp lenopexy to prevent tors ion of remna nt. 
• Cons ideration for concurrent cholecystectomy for patients with sym ptomatic b i l i a ry co l i c  or  preop

erative US  evidence of cho le l ith ias is .  

• Dra ins  should not be used un l ess there i s  a known or  suspected pancreatic i nj u ry. 



POSTOPERATIVE CARE 

• Patients undergoing splenorrhaphy will require ongoing 
hemodynamic monitoring in the immediate postoperative 
period. Hemodynamic instability should prompt further in
vestigation for bleeding from the splenic repair. 

• The NGT can be removed when evidence of bowel func
tion is present. A diet can be initiated and advanced as 
tolerated. 

• Careful attention to pulmonary toilet should be made, in
cluding the use of incentive spirometer, early mobilization, 
and pain control. 

• Most patients undergoing splenorrhaphy will have concur
rent injuries that will require continued attention. 

OUTCOMES 

Splenorrhaphy 

• NOM should be considered the standard of care for low
to moderate-grade splenic injuries. NOM has demonstrated 
splenic preservation rates ranging from 8 1 %  to 9 1 %  for 
AAST grades I to III injuries. 8 

• Splenectomy has been demonstrated to be an independent 
risk factor for infectious complication following blunt 
splenic trauma. The authors recommend broader consid
eration for the use of splenic-preserving techniques. 9 

• Splenorrhaphy has been shown to be successful in 8 6 %  
of patients with intraoperative splenic injury. 10 However, 
some caution is warranted in interpreting these findings 
as most reports of this nature are based on small sample 
SIZeS.  

• The use of ABC dramatically improved rates of successful 
splenorrhaphy. ABC can be used for many splenic injury 
types/grades. The ABC can also be used successful with lapa
roscopic procedures . 

Partial Splenectomy 

• PS for HS leads to clinically significant improvements in 
hematologic profiles and symptoms in the pediatric popu
lation. Hemoglobin levels significantly increased, whereas 
reticulocyte count and bilirubin levels decreased. 2 

• PS for other congenital hemolytic anemias ( i .e . ,  sickle cell 
disease) has been demonstrated to control symptoms of hy
persplenism and splenic sequestration. Splenic immune func
tion also appears to be preserved in patients following PS 
who were followed for 4 years from surgery.3•4 

• PS can be safely performed with few conversions to total 
splenectomy. Consideration should be given at the time of 
operation for cholecystectomy for children with symptoms 
of biliary colic and/or preoperative US demonstrating chole
lithiasis. 
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COMPLICATIONS 

Splenorrhaphy 

• Bleeding (most common) 
• Pancreatic injury/fistula 
• Atelectasis/pneumonia/left pleural effusion 
• Intraabdominal abscess ( 3 %  to 1 3 % ;  higher rates with use 

of drains ) 
• Wound complications (higher rates with open procedures ) 

Seroma 
Infection 
Wound dehiscence 

Note: Complication rates will be higher in multisystem 
trauma patients. 

Partial Splenectomy 

• Bleeding 
• Splenic regrowth 
• Disease recurrence (may occur when too large of a splenic 

remnant remains) 
• Need for total splenectomy 
• Splenic remnant torsion 
• Pancreatic injury/fistula 
• Wound complications (higher rates with open procedures ) 
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Chapter 1 Laparoscopic Small Bowel 
Resection 

---------------------------------------- · ----------------------------------------------------- � 

Oliver Varban 

DEFINITION 
• Laparoscopic small bowel resection involves laparoscopic 

segmental resection of a portion of the duodenum, j ejunum, 
or ileum as well as its associated mesentery. A small bowel 
resection may be performed in the setting of obstruction, 
bleeding, or malignancy. 

DIFFERENTIAL DIAGNOSIS 
• The following conditions represent pathology that may re-

quire a small bowel resection: 
Inflammatory bowel disease (Crohn's disease) 
Polyp 
Tumor. Tumors of the small intestine are rare and rep
resent only 1 %  to 3% of all gastrointestinal neoplasms. 
(Table 1 )  
Ulcer 
Diverticula 
Stricture 
Intussusception 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Obstruction results in nausea, vomiting, obstipation, ab

dominal pain, and distension with absent bowel sounds. 
Peritoneal signs and fever may indicate ischemia, necrosis, 
or perforation. 

• Bleeding may result in hematemesis, hematochezia, or heme
positive stools. Additionally, a brisk bleed may result in he
modynamic instability with hypotension and tachycardia. 
Abdominal pain is typically absent, unless bleeding is associ
ated with ulcer disease or obstruction. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Computed tomography ( CT)  with oral and intravenous 

( IV) contrast can assist with the location and etiology of 

Table 1: Tumors of the Small Bowel 

Ben ign  

M a l ignant  

GIST (ben ign or  le iomyoma) 
Adenoma 
L ipoma 
Hemang ioma 
Adenocarci noma 
Carc ino id  
Lym phoma 
GIST (ma l i gnant) 

GIST, gastrointestinal stromal tumo' 

obstruction. A transition point is noted when the proxi
mal small bowel is dilated and the distal small bowel is 
decompressed. 

• Magnetic resonance imaging (MRI) and magnetic resonance 
enteroclysis (MRE) along with CT may assist with the diag
nosis of small bowel tumors. 1 

• Tagged red blood cell (RBC) scan and CT angiogram may 
localize intraluminal bleeding in cases where bleeding rates 
are at least 0 . 1  to 1 . 0  mL per minute. 

• A technetium-99m pertechnetate, or Meckel scan, can detect 
gastric mucosa associated with a Meckel's diverticulum. 

• Small bowel enteroscopy and capsule endoscopy may also 
be used to identify the location of a tumor or site of bleeding 
in a stable patient. If small bowel enteroscopy is performed, 
the location of the tumor can be tattooed for easy intraop
erative identification. 

• Diagnostic laparoscopy can assist with localization of dis
ease and can help avoid unnecessary laparotomy. 

• An elevated white blood cell (WBC) count and lactate level 
is concerning for ongoing ischemia or necrosis. 

• A decrease in hemoglobin or hematocrit is indicative of 
bleeding. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• The patient requires adequate IV access for resuscitation 
and, if necessary, blood transfusion if bleeding. 

• A nasogastric tube assists in gastric and proximal small 
bowel decompression. This decreases the risk of aspiration 
during intubation as well as injury to the stomach or small 
bowel during port placement. 

• A Foley catheter is placed for accurate intraoperative assess
ment of urine output and also to decompress the bladder for 
safe port placement. 

• Preoperative antibiotics should cover enteric organisms in 
the event of spillage. 

Positioning 

• The patient is placed in the supine position. Arms may be 
out at 90 degrees or tucked at the side of the patient. Tuck
ing the arms may assist with the ergonomics of the operation 
as both surgeon and assistant may stand on the side of the 
patient comfortably. 

• For operations that take place on the proximal small bowel, 
it is optimal for the surgeon to stand on the patient's right 
( FIG 1 ) .  Meanwhile, for operations that take place in the 
distal small bowel, it is optimal for the surgeon to stand on 
the patient's left. 

• Operations that take place solely on the duodenum may be 
performed in split-leg position. 

917 

I 



91 8 P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

Video monitor 

Surgeon 

Video monitor 

Sterile 
table 

Assistant 

Nurse 

FIG 1 • Room setup for l aparoscop ic  s m a l l  bowe l resect ion .  

ACCESS TO THE ABDOMI NAL CAVITY 

• Access i n g  the abdom i n a l  cavity can be performed in a 
va r iety of ways based on su rgeon's comfort ( i .e . ,  open 
cut-down tech n ique  vs .  Veress need le  i nsuff lat ion) .  An 
open cut-down techn i q u e  may be advantageous in the 
sett i ng  of obstruct ion because the chance of b l i n d ly in
j u r i ng  d i l ated bowel i s  l ower. 

• Typica l  i n suffl at ion sett ings  for lapa roscopy inc lude  an  
i ntraabdom i n a l  pressure of  1 5  m m H g  and  a f low of  20 L 
per m i n ute. 
• Veress need le  entry 

With a nasogastric tube in p lace and  the stom
ach decompressed, a sta b inc i s ion with a no .  1 1  
b lade i s  made through the dermis  i n  the left 
upper  quadrant  of the a bdomen,  below the 
costa l m a rg i n  i n  the m idc lavicu l a r  l ine (FIG 2) .  

A Veress need le i s  p laced through th i s  i ncis ion 
and  advanced unt i l  two d i st inct c l i cks a re heard, 
s igna l i ng  that the b l unt-t ip port ion of the Veress 
need le has sprung forward . The second c l i ck is 
heard as the need le enters the peritoneal  cavity. 
A " d rop test" can be performed by p lac
i ng  1 0  ml of sa l i n e  through the need le  us ing  FIG 2 • Veress need le  entry i n  the left upper  quadra nt.  
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FIG 3 • Drop test performed with  sa l i n e  us ing  a syri nge 
without a p l u nger. Sa l ine  i s  expected to enter  the abdom i n a l  
cavity freely b y  g ravity a lone .  

a syri nge without a p l u nger  (FIG 3) .  If the 
sa l i n e  d rops i nto the abdom i n a l  cavity with 
g ravity a lone, then the need le  may be con
nected to the i nsuff lator (FIG 4) .  

Once the abdomen is  fu l ly i n sufflated to a n  i n 
traabdom i n a l  pressu re of  15  m m Hg,  the Veress 
need le  i s  removed and a 5-mm port is  p laced 
through the same inc i s ion .  The port i s  then 
connected to the insufflator. 

• Open cut-down tech n ique  
A 2 -cm curvi l i near  i n c i s ion  i s  made w i th  a no .  1 1  
b lade j ust below the u m b i l icus a n d  t issue i s  d is
sected down to the level of the fasc i a .  

PORT PLACEMENT 

• After the  fi rst port is p l aced, a l apa roscope is i ntro
d u ced i nto the  abdom i n a l  cavity. A 5-mm or  1 0-m m, 
30-deg ree a n g l ed l apa roscope i s  used to perform the  
operat i o n .  

• After p lacement of the fi rst port, the lapa roscope is used 
to exa m i ne the bowe l and organs j ust be low the site of 
port entry to ensure no i n advertent i n ju ry occu rred d u r
i n g  insuffl at ion/entry of the abdom i n a l  cavity. 

• The rem a i n i n g  ports a re p laced u nder  l aparoscop ic  v isua l 
izat ion,  w h i c h  ass ists i n  avo id i ng  i n ju ry to i ntraa bdom i n a l  
organs and  the i nfer ior ep igastric vesse l s .  

• The 5-mm ports accommodate most lapa roscopic g rasp
ing and d i ssect ing  i n struments (FIG S). 

• The 12 -mm ports accommodate lapa roscop ic  sta p l i n g  
devices a n d  autosutu r ing  devices. 

• Port p lacement for optim a l  exposure and  m a n i p u lat ion 
of the proxi m a l  smal l  bowel i s  demonstrated i n  FIG 6. 

• Port p lacement for optim a l  exposure and  m a n i p u lat ion 
of the d ista l smal l  bowe l i s  demonstrated i n  FIG 7 . 

FIG 4 • Veress need le  con nected to insuff lator tub ing  for 
creat ion of pneu moper itoneum .  

5 -shaped or  L-sha ped retractors a re p laced to 
ass ist with exposu re .  
The u m b i l ica l  sta l k  i s  then g rasped with a 
Kocher and  e levated, thus  p u l l i n g  the fascia 
away from the under ly ing bowe l .  
A 2 -cm long itu d i n a l  inc i s ion is  m a d e  i n  t h e  
fascia with a no .  1 5  b lade, a n d  the edges a re 
g rasped and  retracted us ing  Kocher c l amps .  
The peritoneum is  identif ied be low, g rasped 
with DeBa key forceps i n  two sepa rate loca
t ions,  and then i ncised under  d i rect v i s ion .  
A Hasson port is  p l aced i nto the a bdom i n a l  
cavity a n d  t h e n  con nected t o  t h e  i n sufflator. 

FIG 5 • Lapa roscop ic  atra u matic g raspers and  d i ssectors that 
can be used through a 5-mm port. 
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5 mm 
0 

1 2 mm 

5 mm ... 
• ..... 

5 mm ... 
• .... • 

FIG 6 • Opti ma l  port p lacement for exposu re of the p roxim a l  
sma l l  bowe l .  

IDENTIFICATION OF D ISEASE 

• The sma l l  bowel is run  from the l iga ment of Tre itz to the 
term i n a l  i leum us ing  atra u m at ic  non  lock ing g raspers .  

• To ident ify the  l i g a m ent of Tre itz, the  ass i sta nt g rasps  
the  e p i p l o icae of the  tra nsverse co lon  a n d  retracts i t  
cep h a l ad ,  g a i n i n g  exposu re to the  base of the  co lon  
mesentery. The  s u rgeon  then  g rasps  the  sma l l  bowel 
and fo l l ows it back h a n d  over h a n d  towa rd the  base 
of the  m esentery unt i l  they fee l res istance and see the 
p rox i m a l  jej u n u m  e m a n ate from the  retroper i to n e u m  
(F IG 8) .  

• With the proxi m a l  sma l l  bowel identif ied, the s m a l l  
bowel can be r u n ,  hand  over hand  t o  the term i n a l  i l eum 
unt i l  the d i seased port ion ca n be ident if ied.  

SMALL BOWEL RESECTION 

5 mm 
0 

5 mm 

1 2 mm 

() 
5 mm 

FIG 7 • Opti ma l  port p lacement for exposure of the d ista l 
sma l l  bowel .  

F I G  8 • I dentif ication o f  t h e  l i ga ment o f  Tre itz req u i res 
e levat ion of the transverse co lon and exposure of the 
transverse mesoco lon .  The sma l l  bowel  i s  g rasped and 
fo l l owed hand over hand proxi m a l ly unt i l  it can be seen 
emanat ing from the retroperitoneum.  

• The su rgeon g rasps the p roxim a l  s m a l l  bowe l, and  the • 

assista nt g rasps the d i sta l s m a l l  bowe l .  
A lapa roscop ic  d iv id ing  sta p ler  (gastro i ntest i na l  anasto· 
mosis  [G IA] type) is then p laced through th i s  window and  
the bowe l i s  d iv ided at p roxi m a l  and  d ista l poi nts of  re
sect ion .  A stap le r  loaded with 2 . 5-mm stap les  i s  typ ica l ly 
used (FIG 1 0) .  

• Creat ion of a mesenter ic  window is performed us ing  a 
M a ry land  d issector (FIG 9) at a locat ion both p roxim a l  
a n d  d ista l t o  the d iseased port ion o f  s m a l l  bowe l .  
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FIG 9 • Creat ion of mesente r ic  window, a l l owing  for 
p l acement of the l aparoscop ic  d iv id ing  sta p ler. 

FIG 1 0  • Placement of the laparoscopic divid ing stapler through 
the mesenteric window. Arrow represents: Laparoscopic stapler. 

• 

• 

The mesentery is d iv ided us ing  an energy device, such 
as a n  u ltrason i c  sca lpe l  o r  l aparoscop ic  b ipo lar  device 
(FIG 1 1 ) .  

The  segment of  resected bowel i s  then  p laced i nto a l apa
roscopic  speci men retr ieva l bag (FIG 12A ) and  removed 
through the 12 -mm port site (FIG 12B) .  This  can be per
formed e ither before or after the a nastomosis .  

SMALL BOWEL ANASTOMOSIS 

• The two d ivided ends of smal l  bowel are placed s ide-to-side 
and a seromuscu lar  traction suture is p laced using 2 -0 absorb
able sutu re, approximately 8 to 10 em from the ends a long 
the anti mesenteric surface of the bowel .  A freehand suture 
may be performed or may be placed using an autosuture 
device. The tai ls  of the sutu re are cut approximately 5 em 
long so that they may be g rasped and used for retraction. 

• With the assistant hold ing the traction suture, the surgeon 
creates an enterotomy in  each segment of bowel, approxi
mately 1 em from the stapled ends. Enterotomies may be cre
ated with an L-hook cautery or with an u ltrasonic sca lpel .  The 
enteric contents are suctioned in order to conta in  sp i l lage. 

• Each l i m b  of a l aparoscop ic  l i near  sta p le r  (2 .5 -mm sta
p les, 60 mm in length) i s  p l aced sepa rate ly i nto each 
enterotomy and a l igned along the ant imesenteric bor
der  (FIG 1 3) .  The sta p ler  is c losed and  fi red to create the 
a nastomosis .  Once the stap ler  i s  removed, the ins ide  of 
the stap le  l ine is  exa m i ned for hemostas is .  

FIG 11 • Mesenteric d iv i s ion us ing  a n  energy device ( i .e . ,  
u ltrason i c  sca lpe l ) .  

A 

B 

FIG 1 2  • Placement of spec imen i n  a lapa roscop ic  retr ieva l 
bag (A) and remova l from 12 -mm port site (B) . 

• 

• 

• 

• 

The common enterotomy can be c losed us ing  a r u n n i n g  
sutu re or  i n  a stap led fash ion .  
When  c lo s i ng  the common enterotomy with  a sta p le r, 
th ree tract ion sutu res a re p l aced (one at each end a n d  
one i n  the m idd le) t o  approxi mate the enterotomy a n d  
e levate the edges.  T h e  ta i l s  o f  e a c h  suture a re left l o n g  
(a pproxi mately 5 e m )  t o  a l low f o r  easy man ipu lat ion .  
A l aparoscop ic  stap le r  (2 .5 -mm stap les, 60  m m  i n  length) 
i s  posit ioned beneath the cut edges and  fi red . Ca re i s  
used to avo id  i n c l ud i ng  excessive amount of t i s sue i n  the 
sta p ler  as  it can na rrow the anastomosis (FIG 14A). 

When closing the common enterotomy with sutu re, a run
ning 2 -0 absorbable suture may be p laced for the inner  
layer and interrupted 2 -0 permanent sutures may be placed 
in  the seromuscu lar  layer for the outer layer. Sutu res may be 
p laced freehand or with an autosutu re device (FIG 14B) .  

The mesenter ic defect (FIG 1 5A) i s  c losed with e i ther  a 
runn ing  or an i nterrupted series of 2 -0 permanent sutu res 
to prevent an i nterna l  hern ia .  Sutu res a re p laced superfi
cia l ly i n  order to avoid i nj u ring  the b lood supply (FIG 1 5B) .  
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Laparoscopic stapler 

Stapler placed 
for closure of 

A common enterotomy 

Proximal 
bowel 

Traction sutures 

Anastomosis 

Anastomosis 

B Autosuture device 

2-0 absorbable 
suture 

FIG 1 3  • P lacement of a lapa roscopic  l i near  sta p le r  i n  
sepa rate enterotom ies m a d e  on each l i m b  o f  bowel for 
creation  of a nastomosis .  A tract ion suture p laced 8 to 
10 em from the ends i s  he ld  by the assista nt. 

FIG 14  • A. Stapled closu re of the common enterotomy is 
performed by placing tract ion sutu res at either end of the 
enterotomy and one in  the midd le .  The ta i l s  of the sutu res a re 
left long so they may be g rasped and assist with p lacement 
of the stap ler. The enterotomy is c losed transversely so as 
to avoid na rrowing the anastomosis .  B. Sutu re c losure of 
the common enterotomy is performed using an  a utosutu re 
device. It may be performed with freehand sutu r ing as wel l .  
T h e  fi rst row is performed with a 2 -0 absorbable suture 
in a runn ing  fash ion, c los ing the enterotomy transverse ly. 
The second layer consists of i nterrupted seromuscu la r  
i m bricati ng sutu res us ing  a 2 -0 nonabsorbable suture. 
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B 

REMOVAL OF SPECIMEN 

• Once the speci men is p laced i n  a l aparoscop ic  retr ieva l 
bag, it may be removed by expa n d i n g  the s ize of one  

CLOSURE 

• It is recommended to c lose the fascia for a l l  port s ites 
g reater than 10 m m .  This may be performed us ing  a 
s i ng le  a bsorbab le  or permanent 0-sutu re and  a Carter-
Thomason sutu re-passer device (FIG 1 6A-C) . • 

• The site of spec imen extract ion may be c losed in a s im i -
l a r  fash ion ;  however, l a rger  defects do not  m a i nta i n  • 

B 

FIG 1 5  • The mesenteric defect (A) i s  
approximated with a run n i ng permanent 
suture (B). 

of the port sites. Alternatively, the speci men may be re
moved from a sepa rate inc i s ion and  with the use of a 
wou n d  protect ion device. 

pneumoperitoneum and a re more d ifficu lt  to c lose l apa
roscop ica l ly. As such,  these may be c losed by p lac ing  in
terru pted sutu res i n  a n  open fash ion  us ing a suture on  a 
U R-6 need le .  
The sk in  is  c losed with i nterru pted a bsorbab le  su bcuticu
lar sutu res. 
Dra ins  a re not requ i red .  

c 
FIG 1 6  • A. A Ca rter-Thomason sutu re-passer device is used to pass a free suture through the port site defect us ing a cone to 
d i rect the passage of the suture through one s ide of fasc ia l  defect. B. The Ca rter-Thomason is then passed without the suture on 
the opposite s i te  of  the defect i n  order to g rasp the suture .  C. The end of  the suture i s  then pu l led u p  through the fasc ia  and  t ied .  

PEARLS AND PITFALLS 
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Port p l acement • Opti m a l  port p lacement enha nces operative exposu re and use of l aparoscopic 
i n struments i n  a n  ergonomic fash ion .  

Identif icat ion of  d i sease 

• Ports shou ld  be p laced at least 10 em apart and a l low for tr ia n g u l at ion of 
camera and  i n struments. 

• An open cut-down tech n ique  may reduce the r i sk of i n advertent i n ju ry in the 
case of obstructive d isease and d i lated bowe l .  

• Loca l ization  o f  i ntra l u m i n a l  tumors ca n be fac i l itated w i t h  M R E  or  
p reoperative dou ble-ba l l oon enteroscopy a n d  tattoo ing .  

• If unsu re, a reas of  suspected d isease can be marked with  a sutu re 
l aparoscop ica l ly and  then a hand-port or m i n i l a pa rotomy inc i s ion can be used 
for a tact i l e  eva l uat ion .  
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S m a l l  bowe l resect ion • Creat ion of a mesenteric w indow a l lows for easy p l acement of a lapa roscop ic  
G IA stap le r. 

• Edematous or th i cker bowel may req u i re 3 . 5-mm stap le r  cartr idge .  

Smal l  bowe l a nastomosis  • Tract ion sutu res p laced a long the com mon enterotomy ass ist i n  accu rate 
p l acement of a lapa roscopic  G I A  stap le r  d u ri n g  c losure of the common 
enterotomy. If the a nastomosis appears na rrowed with p l acement of the 
sta p ler, a sutu red c losu re i s  p referred . 

• E nsu re that the bowe l u ndergo ing  anastomosis  is we l l  vascu l a r ized a n d  
n o t  under  tens ion .  Edematous bowel i s  best approximated b y  a hand-sewn 
a nastomosis .  Th i s  may a l so be performed as  an extracorporea l  a nastomosis  
through a sma l l  i nc i s ion .  

Remova l of speci men • Use of a lapa roscop ic  catch bag o r  wou n d  p rotector can reduce the r i sk of  
wou n d  i nfect ion .  

C losure • Remove ports under  lapa roscop ic  visu a l i zat ion a n d  i n spect for b l eed i n g  pr ior  
to c losure .  

POSTOPERATIVE CARE 
• After a laparoscopic small bowel resection, patients are ad

mitted to the hospital for observation. If an extensive adhe
siolysis is performed, a nasogastric tube may be placed at the 
end of the operation. Return of bowel function is signaled by 
production of flatus or formed bowel movements. 

• A clear liquid diet may be started on postoperative day 1 
after an uncomplicated laparoscopic small bowel resection. 
A solid diet may be started after return of bowel function. 

• The patient may ambulate immediately after laparoscopic sur
gery and does not require prolonged bladder catheterization. 

• Patients are usually seen in follow-up within 2 weeks of 
surgery. 

OUTCOMES 
• La paroscopic small bowel resection is safe and effective re

sulting in lower lengths of hospital stay, less wound com
plications, and better cosmesis when compared to an open 
approach.2•3 Laparoscopy also minimizes pain and severity 
of ileus as well as adhesive disease.4 

• Small bowel obstruction makes laparoscopic surgery chal
lenging and increases the likelihood for conversion to an 
open procedure.5•6 

• Surgeons must acquire suturing skills to assure safe perfor
mance of advanced laparoscopic surgery? 

• Complete recovery is expected after small bowel resec
tion. However, results depend on the condition prior to the 

procedure, the patient's overall health, and the length of 
bowel removed. 

COMPLICATIONS 
• Postoperative ileus 
• Wound infection 
• Anastomotic leak 
• Anastomotic stricture 
• Small bowel obstruction 
• Port site incisional hernia 
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Chapter 2 Strictureplasty and 
Small Bowel Bypass in 
Inflammatory Bowel Disease 

. --------------------------------------- ,_ ---------------------------------------------------- � 

Douglas W Jones Kelly A Garrett 

DEFINITION 
• Strictureplasty and small bowel bypass are methods used to 

avoid bowel resection in patients with Crohn's disease. 
• The technique of strictureplasty was initially described in the 

treatment of tuberculous strictures as an alternative to resec
tion. This procedure is mainly used in patients with jejunoileal 
Crohn's disease but may also be used in select patients with du
odenal disease. There are different techniques, but all involve 
division of the strictured area either transversely or longitudi
nally with a distinctive closure that serves to widen the lumen. 

• Small bowel bypass involves bypass of an affected segment 
of small intestine that is deemed unsuitable for resection or 
strictureplasty. Resection of the diseased segment is usually 
preferred. Bypass may be used in gastroduodenal Crohn's 
disease, complex small bowel disease, or ileocolic disease 
when a patient's comorbidities preclude resection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history and physical examination should be per

formed. History should include duration and distribution of 
disease as well as current or prior medical therapy. 

• Crohn's disease may manifest in one of three disease patterns: 
fibrostenotic, inflammatory, or perforating. Fibrostenosing 
disease is the most common and typically presents with a 
progressive course in which stricturing of the small bowel 
leads to obstructive symptoms. 1 

• Pattern of disease distribution should be determined prior 
to operative intervention. Anatomic location of disease can 
be classified as terminal ileal, colonic, ileocolonic, and upper 
gastrointestinal (GI ) .  Over time, 1 5 %  of patients experience 
a change in anatomic location and 46% of patients demon
strate an alteration in disease behavior. 2 

• Past surgical history is of particular importance because 
many Crohn's disease patients have had prior abdominal 
surgery and this may affect operative planning. A detailed 
surgical history also allows for an estimation of the length of 
remaining small boweL 

• A detailed description of the patient's medical manage
ment should be obtained. The disease can be managed 
with antiinflammatory medications such as derivatives of 
5-aminosalicylic acid; with immunosuppressors such as cor
ticosteroids, azathioprine, 6-mercaptopurine, and metho
trexate; and/or with immunomodulators such as antibodies 
targeting tumor necrosis factor-a. These medications can 
influence perioperative morbidity. 

• A detailed history should also be obtained in order to dis
tinguish Crohn's disease from ulcerative colitis. The two 
inflammatory bowel diseases can have similar patterns of pre
sentation, although they have different principles of surgical 
management. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• The distribution of active disease needs to be mapped out pre

operatively. Thought should be given to the risk of exposure 
to ionizing radiation as many patients with Crohn's disease 
can have flares over the course of many decades and hence 
require repeat imaging studies. 

• Conventional radiologic techniques for imaging the small 
bowel include small bowel enteroclysis ( SBE) and small 
bowel follow-through (SBFT) .  Strictures may appear as 
narrowed areas with delayed passage of contrast. Dynamic 
images may reveal impaired peristalsis in strictured areas. 
Computed tomography (CT) and magnetic resonance (MR) 
enterography have almost completely replaced the use of 
these studies at most academic centers. 

• CT performed with intravenous and oral contrast is helpful 
in identifying abscesses and other inflammatory processes 
outside the bowel lumen. Recent developments have also 
improved the ability of CT to identify strictures, fistulas, and 
areas of active inflammation. CT enterography uses low
density oral contrast in place of barium or iodine-based oral 
contrast used in standard scans. This in combination with 
intravenous iodinated contrast allows for better definition of 
the mucosa and thickness of the bowel walL 

• MR enterography is being increasingly used to evaluate 
extent of active disease.3 MR enterography can also be 
performed using low-density oral contrast and offers the 
additional benefit of sparing patients' exposure to radiation. 

• Ultrasound, although not as widely used, may be able to iden
tify areas of bowel wall thickening, strictures, and decreased 
peristalsis. It is also useful for identifying abscesses and fis
tulas. Although ultrasound spares patients' exposure to ion
izing radiation, it is operator dependent and may not be able 
to distinguish inflammatory versus fibrotic strictures. 

• All of the previously described imaging studies may help de
termine whether an area of stricture has an active inflamma
tory component that may respond to medical therapy, aid in 
determining the extent of disease prior to surgery, and facili
tate operative planning. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Indications for surgery in patients with Crohn's disease 
include the following: failure of medical therapy, perforation, 
obstruction, worsening inflammation, hemorrhage, neoplasia, 
growth retardation, and/or extraintestinal manifestations. 3 

• When preoperative imaging reveals stricturing small bowel 
disease with minimal area of inflammation in patients with 
obstructive symptoms, additional medical therapy is unlikely to 
resolve the symptoms and the patient should be considered for 
surgery. Patients with suspected active inflammation who have 
failed medical therapy should also be considered for surgery. 

925 
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• Strictureplasty should not be performed in every patient 
with stricturing Crohn's disease . In most patients, simple 
resection and reanastomosis is sufficient. Indications for 
strictureplasty are the following:4 

Diffuse j ejunoileitis causing obstructive symptoms unre
sponsive to medical therapy 
Recurrent stricturing disease in patients with multiple prior 
intestinal resections (high risk for short bowel syndrome) 
Recurrence of strictures within 12 months of prior resection 
Isolated ileocolonic anastomotic strictures 
Selected duodenal strictures such as proximal lesions near 
the pylorus5 

• Contraindications to strictureplasty are the following:4 
Diffuse peritonitis 
Free intraabdominal perforation of the affected bowel 
segment 
Phlegmon or abscess of affected bowel segment 
Fistulous disease with significant inflammation of affected 
bowel segment 
Multiple areas of stricture, within a short distance of each 
other, more amenable to single resection 
Suspicion for neoplasia 
Hypoalbuminemia 

• In some cases, bypass of affected segments of the GI tract are 
indicated. These include the following: 

Gastroduodenal Crohn's disease-The duodenum is in
volved in 0 .5% to 4% of patients with Crohn's disease and 
can cause obstruction or hemorrhage.6 In this scenario, 
resection is excessively morbid, so strictureplasty and by
pass play a larger role. 

With obstruction of the first or second portions of the 
duodenum, a gastrojejunostomy should be performed. 
Although traditionally performed to prevent marginal 
ulceration, current use of effective acid-suppressing medi
cations have rendered vagotomy unnecessary.6•7 Further
more, vagotomy may increase morbidity in patients 
already predisposed to diarrhea from extensive or poorly 
controlled Crohn's disease or short-gut syndrome. 
In patients with obstruction of the third or fourth por
tions of the duodenum, a duodenojejunal bypass should 
be performed. 

APPROACH 

Placement of Incision 

Active inflammation of the duodenum and small 
bowel can lead to duodenoenteric fistula formation, 
commonly involving recurrence at a previous ileoco
lic anastomosis .  Resection of diseased areas may re
quire partial resection of involved duodenum as well. 
In these cases, bypass with a gastrojej unostomy may be 
required. 
In complex small bowel or ileocolonic Crohn's disease. 8 
Bypass should be considered when resection would be un
safe as in the presence of an ileocecal phlegmon that is 
adherent to the retroperitoneum or iliac vessels. 

• Bypass of small bowel disease should be avoided if resec
tion is possible. An excluded segment should eventually be 
resected in order to avoid development of perforation, recur
rent disease, carcinoma, or blind loop syndrome. 8 

Preparation 

• A mechanical bowel preparation is not necessary for 
patients who are undergoing small bowel or ileocolic 
resection and should be avoided in patients with stricturing 
disease. 

• If there is a chance that a stoma will be created, the patient 
should be evaluated by an enterostomal nurse to help avoid 
the development of pouching problems postoperatively. 

• Appropriate antibiotic and venous thromboembolism pro
phylaxis are administered prior to incision. 

Positioning 

• Supine position is useful for patients who have uncompli
cated ileocolic disease or gastroduodenal disease. 

• Modified lithotomy position is preferred if patients have 
distal disease that may require intervention. This allows for 
intraoperative colonoscopy to be performed for diagnos
tic purposes or to interrogate an anastomosis or repair if 
necessary. This position is also advantageous if the proce
dure will be done laparoscopically as it allows the surgeon 
to stand between the patient's legs, which can assist with 
running the small bowel or with mobilization of the flexures 
if needed. 

Evaluation of the Bowel 

• 

• The proced u re can be performed v ia  a lapa roscop ic  or  
open a pproach .  

Adhes io lysis may be necessary to a l low for  com plete 
eva luat ion of the sma l l  bowe l .  Str ictu red a reas a re often 
identif ied by f ibrotic, na rrowed bowe l with proxi m a l  
d i lat ion .  Other externa l  i nd icat ions  o f  str ictu re a re fat 
wrapp i ng,  th ickened mesentery and  serosa l corkscrew 
vesse ls .• Areas of suspected str ictu re a re marked with a 
stitch on the ant i  mesenter ic  bowe l su rface. 

• Laparoscopy for i l eoco l i c  Croh n 's d isease has been shown 
to resu lt  i n  ear l ier  return of bowel funct ion,  shorter 
length of stay, and decreased postoperative pa in .9 Th is  
approach may not be feas ib le  for a l l  patients, however, as 
many wi l l  have had extensive previous abdom i n a l  su rgery. 

• For open su rgery, a sta ndard m i d l i n e  lapa rotomy inc i s ion  
i s  usua l l y  performed.  Th is  can be l i m ited to the u pper 
m i d l i n e  if m i n i m a l ly act ive d i sease i s  suspected .  

• In patients with m u lt ip le abdom ina l  operations, enter
ing  the abdomen in an a rea that has not previously been 
opened is recommended to avoid inadvertent bowel in jury. 

• 

• 

In patients with m u lt ip l e  p revious  abdom i n a l  operat ions  
and  ob l iterative sca r t i s sue ,  the use of i njectab le  sa l i n e  
c a n  be usefu l to he lp  de l i neate bowel loops.  
After the most obvious a rea of str ictu re i s  identif ied, the 
lumen i s  opened long itud i n a l ly a long the a nt i  mesenteric 
border i n  preparation for str ictu rep lasty or  resect ion .  
A Fo ley catheter i s  p laced i nto the bowel l umen  and  



C h a p t e r  2 STRI CTUREPLASTY AND SMALL BOWEL BYPASS I N  I N FLAM MATORY BOWEL D I SEASE 

f i l led with va ry ing  amou nts of water. The catheter i s  • 

then adva nced or withdrawn through bowel in both 
d i rect ions  to identify a rea of strictu re that may not be 
externa l ly  evident.  

• Pat ients may have m u lt ip le  a reas of d isease that req u i re 
a com b i nat ion of resect ion and  str icturep lasty. Resect ions 
shou ld be performed fi rst. 

Once  the dec i s ion  is made  to perform a str ict u re p l a sty, 
the  l e n gth  of affected sma l l  bowel m u st be d ete r m i n e d  
as  t h i s  d i ctates the  t y p e  of str i ct u re p l a sty performed . 
• Less than 8 to 1 0  em:  He ineke-M iku l icz str ictureplasty 
• 1 0  to 2 5  em :  F i n ney str icturep lasty 
• Extensive, long-segment d i sease: s ide-to-s ide  isope

r ista lt ic str icturep lasty 

H E I N EKE-M IKULICZ STRICTUREPLASTY 

• The str ictu re is i so lated p roxi ma l l y  and  d ista l ly us ing  
u m b i l i ca l  tape or  bowe l c l amps.  The strictu re i s  opened 
long itud i n a l ly on  the ant imesenteric border, beg i n n i n g  

• Two 3-0 polyg lact i n  sutu res a re p l aced on opposite s ides 
of the inc i s ion i n  the center of the str icture .  These a re 
used to create tens ion perpend i cu l a r  to the i nc i s ion,  
thereby open i n g  the i ncised a rea of bowel and  a l l owing  

i n  norma l  bowel approxi mately 2 to 3 em f rom the stric- • 
ture .  A c l amp is p l aced i nto the bowe l l umen  and  the 
inc is ion is  carr ied across the str icture us ing  e lectroca utery 
and  end ing  2 to 3 em i nto norma l  bowe l .  

A 

B 

c 

the bowe l to be c losed tra nsverse ly. 
I nterru pted serom uscu l a r  3-0 polyg lact i n  sutu res a re 
then p l aced to c lose the inc i s ion transverse ly. 10 (FIG 1 ) 

FIG 1 • He i neke-M i k u l icz strictu rep lasty. The bowel is opened long itud i n a l ly across the stricture (A) a n d  then 
c losed transverse ly (B) to i ncrease the bowel  lumen (C). 

FINNEY STRICTUREPLASTY 

• For strictures 1 0  to 2 5  em in length, a Heineke-M iku l icz stric
tureplasty creates excessive tension, so the F inney strictu re
plasty is preferred. A F inney strictu replasty should not be 
performed in a strictu red segment that is longer than 2 5  em, • 
however, because this may risk a b l ind  loop syndrome. 

• The str ictu red a rea of bowe l is iso lated as p revious ly de
scr ibed and the bowel i s  p laced i n  a U shape with the 
m i d po i nt of the str ictu re as  the a pex i n  order to s i m u late 
the f in ished str icturep lasty and gu ide  the bowel inc i s ion .  

• The bowel is i ncised on the ant imesenteric border 
beg i n n i n g  i n  normal bowe l 2 to 3 em from the str ictu re .  
Th is  inc i s ion i s  then carr ied through the str ictu re us ing 

e lectrocautery. As the inc i s ion reaches the apex of  the U 
sha pe, it shou ld  take a g rad ua l  cou rse towa rd the mes
enter ic border as  th i s  a l l ows for better t issue apposit io n .  
T h e  inc i s ion f in ishes i n  2 t o  3 em o f  n o r m a l  bowel after 
hav ing been brought back to the a nt i  mesenteric border. 
I nterrupted, fu l l -th ickness 3-0 polyg lact in  sutu res a re used 
as mark ing sutu res to approximate norma l  bowel edges at 
the base of the strictureplasty and a re a lso used to fix the 
d i seased bowel at the apex. Cont in uous 3-0 po lyg lacti n 
suture is then used to close the poster ior  wa l l  fo l l owed by 
the anter ior wa l l  of the strictureplasty. I nterrupted sutu res 
may a lso be used to rei nforce the cont inuous  suture at 
va r ious points and ma inta in  tissue apposit ion• (FIG 2). 
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FIG 2 • F i nney stricturep lasty. The bowel open ing  is made 
long itu d i n a l ly across the strictu re a long  " a n  omega loop" 
and  i s  then c losed s ide-to-s ide (poste r ior  and  anter ior  rows) . 

SIDE-TO-SIDE ISOPERISTALTIC 

STRICTUREPLASTY 

• For extensive str ictur ing  Crohn 's d isease not amenab le  
to str ictu rep lasty of iso lated seg ments, the s ide-to-s ide 
isoper ista lt ic  str icturep lasty can be performed.  

• The affected bowel is fi rst transected at the m idpo i nt .  The 
proxi ma l  bowel is  then brought to over l ie  the d i sta l  seg
ment i n  an  isoper ista lt ic fash ion (FIG 3) .  An enterotomy 

• 

• 

is performed on the a nti  mesenter ic  border and  extended 
2 to 3 em i nto norma l  m ucosa (FIG 4) .  

The transected ends  of bowel a re spatu lated i n  order to 
avo id  creat ion  of b l ind stu m ps .  
S i m i l a r  to the F i n ney str ictu rep lasty, t i s sues  a re brought 
together  at both ends  of the treated seg ment with 
i nterru pted 3-0 polyglactin sutu res. The poster ior  l ayer i s  
c losed with a ru n n i n g  3-0 polyglact in suture fo l l owed by 
c losu re of the anter ior layer (FIG S). 

FIG 3 • S ide-to-s ide  isoper ista lt ic  str icturep lasty. The affected 
bowel i s  fi rst tra nsected at the m i d po int .  The p roxi ma l  bowel is 
then brought to over l i e  the d i sta l  seg ment in an isoper ista lt ic  
fash ion .  
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FIG 4 • Side-to-s ide isoperista ltic str ictureplasty. An enterotomy 
is performed on the antimesenteric border and extended 2 to 
3 em i nto normal  m ucosa . 

FIG S • S ide-to-s ide isoper ista lt ic stricturep lasty. S i m i l a r  to the F i nney str ictu rep lasty, t issues a re 
brought together  at both ends  of the treated seg ment with 3-0 polyglact in sutu res. 

SMALL BOWEL BYPASS co lon mesentery and  a l so keeps the anastomosis away 
from the retroperitoneum .  

Gastrojejunal Bypass 

• Gastrojeju n ostomy is performed by b r i n g i n g  the most 
prox ima l  loop of jej u n u m  that eas i ly  reaches the g reater 
cu rvatu re of the stomach .  The anastomosis can be done 
us ing  e i ther  a hand-sewn (FIG 6) or  sta p led tech n i q u e  
(FIG 7) .  I t  can a l so b e  done a nteco l i c  o r  retroco l i c .  T h e  an 
teco l i c  a pproach avo ids  d i ssect ion th rough  the transverse 

Duodenojejunal Bypass 

• A long itud i n a l  enterotomy i n  the proxim a l  jej u n u m  i s  
made i n  a n  a rea that  i s  free of d isease. A Fo ley catheter 
i s  i nserted and passed proxi m a l ly through the d u odena l  
sweep and  f i l led with  va ryi ng a m o u nts of  water to assess 
for d uodena l  str icture .  If there i s  a strictu re iso lated to 
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FIG 6 • Gastrojej u n a l  bypass: h a nd-sewn techn ique .  

the th i rd and  fou rth port ions of  the duodenum and  it i s  • A poster ior  layer of i nterru pted 3-0 s i l k  sutu res is p l aced 
to approxi mate the duodena l  and jej u n a l  seg ments 
(FIG 8) .  This  i s  fo l l owed by a conti n uous  i n ne r  suture 
l ayer of 3-0 polyg lact i n  sutu re. A layer of i nterru pted 
3-0 s i l k  is  then p laced on the a nter ior su rface to com
p lete the anastomosis (FIG 9) .  The use of a sta p le r  i s  not 
recommended ." 

determ ined that there is hea lthy, patent bowe l in the fi rst 
and  second  port ion,  then a bypass may be performed.  
A long itud i n a l  duodenotomy is  performed i n  the hea lthy 
port ion of the duode n u m .  3-0 polyglact in sutures a re 
p laced to approxi mate the jej u n a l  enterotomy to the 
duodenotomy. 

FIG 7 • Gastrojej u n a l  bypass: stap led tech n ique .  

FIG 8 • Duodenojej u n a l  bypass: A poster ior  l ayer  of 
i nterru pted 3-0 s i l k  sutu res is  p laced to approxi mate the 
duodenal  and  jej u n a l  seg ments. 
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I LEOTRANSVERSE BYPASS 

• When i l eoco l i c  d i sease is severe and  resect ion is deemed 
unsafe, a n  i l eotransverse bypass may be performed.  

• The s m a l l  bowe l is transected p rox ima l  to the i nvolved 
i l e u m .  

• A h a nd-sewn a nastomos is  is performed i n  an end
to-s ide  fash ion  with the end of the tra nsected i l e u m  

F IG  1 0  • l l eotra nsverse bypass: hand-sewn tech n iq ue .  

FIG 9 • Duodenojej u n a l  bypass: A cont inuous  i nne r  sutu re 
layer of 3-0 polyg lact i n  suture and  a layer of i nterru pted 3-0 
s i l k  a re then p laced on the a nter ior su rface to comp lete the 
a nastomosis .  

anastomosed to the s ide of a seg ment of transverse 
co lon  (FIG 1 0) .  This i s  done  in a s i m i l a r  fash ion  as 
descr ibed for the d uodenojej u n a l  bypass. Alternat ively, 
the a nastomos is  can  be performed i n  a s ide-to-s ide  fash
ion  u s i ng  a gastroi ntest i n a l  anastomosis  (G IA) sta p l e r8 
(FIG 1 1 ) .  

F IG 11  • l l eotransverse bypass: sta p led tech n ique .  
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OTHER CONSI DERATIONS 

• Duodena l  str ictu res 
• 

• 

Patients with non perforated, nonph legmonous stric
tu res ofthe duodenum can undergo He ineke-M iku l icz 
strictureplasty. 
Patients with refractory obstruct ion,  pa in ,  or exten
sive d uodena l  str ictur ing  may req u i re bypass with 
gastrojej u n ostomy or  duodenojej u nostomy. The 
ro le of vagotomy in this sett ing  has  been debated; 

PEARLS AND PITFALLS 

• 

• 

however, as stated previous ly can most often be 
om itted .  
Duodena l  resect ion is  not i n d icated for  Crohn 's d i s-
ease due  to its excess ive morb id ity. 

Co lon ic  strictu res that ca nnot be eva l uated by co lonos
copy b iopsy o r  cyto logy shou ld  be resected as approxi
mately 7% of these may conta i n  occu lt  m a l i g n ancy." 
B iopsy of the strictu red bowe l wa l l  shou ld  be cons idered 
to eva l u ate for poss ib le  occu l t  ma l i gna ncy.'2 

Imaging • Preoperative imag ing  stud ies  shou ld  be used to determ ine  the extent of d isease a n d  to fac i l itate surg ica l  
p l a n n i n g .  

• Extent o f  active inf lam mation s h o u l d  be est imated p reoperatively as th i s  i s  potentia l ly respons ive to 
medica l  therapy. 

Choice of procedure • Resect ion with s imp le  reanastomosis  shou ld  be performed for most patients with s m a l l  bowe l and  
i leoco l i c  d i sease. 

• Stricturep lasty shou ld  be performed i n  patients with p revious  resect ions  who a re at r i sk for short bowe l 
synd rome or patients with d i ffuse or recu rrent strictu r i ng  d i sease. 

• Bypass of affected seg ments i s  most usefu l for gastrod uodena l  Crohn 's d i sease and shou ld  o n ly be 
emp loyed i n  s m a l l  bowel o r  i leoco lon i c  Crohn 's d isease if resect ion i s  deemed too u nsafe. 

• When a strictu red a rea i s  identif ied, a long itud i n a l  inc i s ion i s  made and the prox ima l  and d i sta l  bowe l is 
eva l uated with a Fo ley catheter to determ ine  extent of d i sease. 

• Meta l l i c  c l i ps shou ld  be p laced on the mesentery at the str ictu rep lasty sites for future identif icat ion 
dur ing imag ing o r  su rgery. 

• The l ength of rem a i n i n g  s m a l l  bowe l shou ld  be measu red and  recorded, especia l ly i n  pat ients who a re 
having  reoperat ions .  Th is  wi l l  he l p  in p l a n n i n g  d u ri ng  possi b le  future operat ions .  

POSTOPERATIVE CARE 
• Patients undergoing resection, strictureplasty, or bypass 

for Crohn's disease often have proximally dilated small 
bowel. Chronically dilated intestine should be expected to 
have dysfunctional peristalsis, and as such, recovery of full 
bowel function may take up to 1 week or more. For severe 
obstruction, nasogastric tube decompression may be indi
cated. Total parenteral nutrition may also be useful in the 
postoperative period to allow adequate healing at anasto
mosis or strictureplasty sites. 

OUTCOMES 
• Resection: Recurrence of stricturing disease requiring sur

gery occurs in 25% and 50% of patients at 5 and 10 years, 
respectively. 1 Recurrence is unaffected by the presence of 
active microscopic inflammation at the resection margin and 
as such, only macroscopically involved segments of bowel 
should be resected. 10 

• Strictureplasty: Recurrence following strictureplasty occurs 
in 2 8 %  and 34% of patients at 3 .5  and 7.5 years, respec
tively. Younger patients are at higher risk for recurrence 
following stricturoplasty. 1 Overall recurrence rates are com
parable to those following resection. 

• Duodenal Crohn's disease: Bypass or strictureplasty of the 
duodenum are relatively uncommon procedures but have 

been performed with good results. Major morbidity of these 
procedures may be as high as 27%. It is thought that use of 
laparoscopy to perform gastrojejunostomy may decrease com
plication rates. 6 Recurrence and reoperation rates are variable. 

COMPLICATIONS 
• Surgical site infection 
• lntraabdominal infection 
• Anastomotic leak 
• Anastomotic hemorrhage 
• Ileus 
• Small bowel obstruction 
• Short bowel syndrome 
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Chapter 3 Surgical Management of 
Enterocutaneous Fistula 
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t William Sanchez 

DEFINITION 
• A fistula is an abnormal communication between two epi

thelialized surfaces. An enterocutaneous fistula (ECF) is an 
abnormal communication between the bowel lumen and the 
skin. An enteroatmospheric fistula (EAF) is the communica
tion between the bowel and the environment, with absence 
of skin continuity (open abdomen fistula) .  

• Anastomotic leaks occurring during the first postoperative 
week are considered anastomotic line failures and not fistulas 
(no epithelialized tract has formed during that short period 
of time) .  They are usually detected because of drainage of 
intestinal material in the peritoneal cavity leading to the for
mation of an abscess or diffuse peritonitis. These patients are 
taken to surgery urgently either to repair the leak or to per
form proximal diversion ostomies to ensure patient recovery. 

CLASSIFICATION AND PROGNOSTIC 
FACTORS 
Classification 

• Anatomic: on the basis of the affected segment 
Gastrocutaneous, duodenocutaneous, enterocutaneous, 
and colocutaneous 

• Etiology: Multiple causes are described, including the 
following1•2 : 

Infectious and inflammatory (Crohn's disease, ulcerative 
colitis, tuberculosis, mycosis, diverticulitis, salmonellosis, 
amoebic abscess) 
Iatrogenic (postoperative, open abdomen, postradiation) 
Traumatic 
Cancer 
Foreign bodies 

• Fistula output: 
High output: more than 500 mL per day. These fistulas 
are associated with a severe electrolyte and nutritional 
abnormalities. 

FIG 1 • Patient with open abdomen and m u lt ip le  EAFs. 
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Intermediate output: 200 to 500 mL per day 
Low output: less than 200 mL per day 

Prognostic Factors 

• Deep EAFs drain the intestinal content into the abdominal 
cavity, giving rise to peritonitis. Mortality associated with this 
condition is higher than that of the superficial fistula that drains 
its content to the outside, creating an abdominal granulation 
wound with no diffuse contamination of the abdominal cavity.3 

• In surgical patients with secondary fistula, we characterize 
the most important adverse prognostic factors associated 
with the course of treatment, which are analyzed follow
ing the initial resuscitation and stabilization stage (48 to 
72 hours) .  These factors include the following: 

Open abdomen 
Diameter larger than 5 mm; output greater than 500 mL 
per day 
Presence of abscess and/or diffuse peritonitis, generalized 
sepsis 
Need for mechanical ventilation 
Inability to provide enteral feeding 
Presence of multiple fistulas (FIG 1 ) 

Severe comorbidities (cancer, immunosuppression, radia
tion therapy, etc . )  

• The probability of  a spontaneous fistula closure i s  related to 
different factors summarized in Table 1 .  Three risk groups 
are then established in order to arrive at an objective deter
mination of the degree of complexity of the fistula, the goals 
of the proposed treatment, and the predicted clinical course 
(Table 2 ) .  

Risk group I:  good prognosis. This group includes patients 
with no debilitating disease who are in good general con
dition and no systemic inflammatory response syndrome 
(SIRS) ,  with fistulas that have a good probability of clos
ing spontaneously (diameter <5 mm, output <200 mL 
per day, single) .  Treatment is limited to support, and surgi
cal closure is not considered initially. 

Table 1: Probability of Fistula Closure 

Spontaneous Closure 

Esophagea l ,  duodena l  stump, jej u n a l  
E nteric wa l l  defects < 1 e m  
F istu la tracts > 2 e m  
No  a b d o m i n a l  wa l l  defect 
A lbum in  level > 25 gil 
No  FRIE N D  factors' 
Output <200 m lid 
Conservative treatment 

No Spontaneous Closure 

Gastric, L igament of Tre itz, I l ea l  
E nteric wa l l  defects > 1 em 
F i s tu l a  tracts <2 em 
Open abdomen 
Albumin level <25 gil 
FRIE N D  factors 
Output > 500 m lid 
Surg ica l  treatment 

'Nonhealing ECFs are associated with FRIEND factors: Foreign body, Radiation, 
Inflammation, Infection, Inflammatory bowel disease, Epithelization of the 
fistula tract, Neoplasms, and Distal obstructions. 

-
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Table 2: Fistula Treatment Outcomes, Prognostic 
Risk Groups 

Prognostic 
Group II I l l  

Degree of Low I ntermed iate H i gh  
complexity of 
the fistula 

Goals of the Sponta neous Ea rly su rg ica l  Late su rg ica l  
proposed closure c losure c losure 
treatment 

Predicted Exceptiona l  Morta l ity Morta l ity 
cl in ica l  course mortal ity 1 0%-2 5% >25% 
(mortal ity) 

Risk group II: intermediate prognosis. This group includes 
patients in acceptable general condition with no SIRS but 
with fistulas that have small probability of closing spon
taneously (diameter >5 mm, output >500 mL per day, 
multiple fistulas ) .  The treatment strategy is to initially sta
bilize the patient and subsequently perform early surgical 
closure. 
Risk group III: poor prognosis. This group includes pa
tients in poor condition who are malnourished, with 
debilitating diseases, who exhibit SIRS, and who have 
fistulas with small probability of closing spontaneously. 
The initial goal of treatment is to reduce fistula output, 
to achieve granulation and ostomization of the fistula, as 
well as to care for the open abdomen. The surgical closure 
is performed at a later stage (6 to 12 months ) ,  once the 
patient has recovered and both objective and subjective 
signs of recovery are satisfactory. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The role of imaging is to define the anatomy, evaluate as

sociated processes, and provide therapeutic alternatives for 
treatment. 

• Fistulograms are the most direct method of linking a cuta
neous opening with the gastrointestinal ( GI )  tract. In the 
absence of sepsis, fistulograms may be the only imaging 
study needed. Two classes of contrast media are commonly 
used to evaluate the fistula tract, each with particular risks 
and benefits . Barium is a non-water-soluble media with 
high radiographic density, isotonic osmolarity, and an 
inert nature. Barium provides high-quality mucosal im
ages, demonstrating areas of inflammation and the pres
ence of fistula tracts with good accuracy. Unfortunately, if 
extravasated, barium causes significant peritoneal inflam
mation, including foreign body granulomas and peritoneal 
adhesions. Aqueous contrast agents, such as Gastrogra
fin, are hyperosmolar and water-soluble. Water-soluble 
agents provide less mucosal detail; areas of inflammation, 
mucosal proj ections, and fistula tracts themselves may be 
missed. Gastrografin is rapidly absorbed within the perito
neal cavity if extravasated with minimal inflammation. To 
minimize risk and maximize benefits, water-soluble con
trast material is often injected initially, followed by barium 

FIG 2 • CT scan showi ng  aortoenteric f istu l a  with gas a round 
the aorta .  

if no extravasation is seen and additional information is 
required. 1 •3•4 

• Small bowel follow-through (SBFT) studies provide a more 
global view of the intestinal tract. Multiple views are typi
cally taken to optimize visualization. Ideally, barium is used 
for contrast as Gastrografin can be diluted as it moves dis
tally through the GI tract. Fistulas with narrow lumen and 
distal fistulas may not be detected in SBFT studies. Previ
ously opacified loops of bowel may complicate visualization 
of the fistula. 

• Ultrasound. Limitations of ultrasound include operator de
pendency, obesity, and difficulty of evaluating certain portions 
of the small bowel including duodenum and jejunum. Injec
tion of hydrogen peroxide through the fistula orifice has been 
reported to increase the diagnostic accuracy of ultrasound 
from 29% to 8 8 %  in ECF complicating Crohn's disease.5 

• Computed tomography ( CT) allows for the identification of 
extraluminal pathology, downstream disease, and inflamma
tion ( FIG 2) .  

• Computed tomography enterography (CTE) uses "negative" 
contrast, which appears dark, allowing for distention of the 
bowel. With the concomitant administration of intravenous 
( IV) contrast that will delineate mucosa, negative contrast 
provides additional information concerning the mucosa sur
rounding a fistula tract. 4 

• Magnetic resonance imaging (MRI) is a promising adjunct 
to primary imaging modalities. Its use in ECF evaluation is 
beginning to be understood. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• The fundamental pillars for fistula management, initially 
described by Chapman, 6 can be summarized by the SOWATS 
acronym: management of the Septic condition, Optimiza
tion of the nutritional status, surgical Wound care, fistula 
Anatomy, right Timing for surgery, and Surgical strategy. 1 
By adopting this strategy, they reduced ECF mortality from 
40% down to 1 5 % .  

Sepsis: Associated infection i s  the primary cause of death 
in fistula patients. The initial management of a patient 
with an ECF, with or without associated infection, is fluid 
resuscitation to address dehydration and prevent renal 
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failure. Blood transfusion has to be considered if required.  
There are two stages associated with the management of 
infection: 

Early stage. When a fistula is suspected or diagnosed, the 
goal is to prevent or control generalized contamination 
of the abdominal cavity and subsequent peritonitis.  
Treatment at this stage is surgical or percutaneous inva
sive therapy together with the use of antibiotics . 
Late stage. After the fistula tract has been established, 
the goal is to prevent or treat any secondary focus of 
infection, usually nosocomial (catheter-related sepsis, 
pneumonia, residual abscesses, etc . ) .  Treatment at this 
stage is systemic or preventive. 

Optimization of the nutritional status: Effective nutri
tional support is a priority. Although parenteral nutrition 
may be needed in some cases, recent publications favor 
enteral nutrition as a protective factor against associated 
infections. The enteral route must be considered when it 
is suspected that the fistula will not close spontaneously, 
when it is a low-output fistula, or when it is localized in 
the terminal ileum or the colon. The use of somatostatin 
and octreotide, which lower endocrine and exocrine se
cretion, reduces fistula output. The use of antiperistaltic 
agents such as loperamide and codeine is also helpful. The 
basic nutritional requirements consist of carbohydrates 
and fats 20 kcaVkg/day and proteins 0 . 8  g/kg/day. Caloric 
and protein requirements may increase to 30 kcal/kg/day 
and 1 . 5  to 2 .5  g/kg/day, respectively, in patients with high
output fistulas. 1 •3 
Surgical wound care: The goal of treatment is to avoid 
maceration and excoriation of the skin surrounding the 
ECF, one of the main causes of chronic pain in these pa
tients. Multidisciplinary treatment is recommended pref
erably in a specialized wound clinic. 
Fistula anatomy: It is crucial to identify the origin and 
tract of the fistula in order to plan treatment. Diagnos
tic imaging studies with water-soluble contrast through 
the fistula tract or through the GI route provide accurate 
information about the problem. CT scans are useful to 
assess the entire abdominal cavity and to identify other 
associated problems requiring treatment (abscesses, free 
fluid collections, obstructions, etc . ) .  In some cases, endo
scopic evaluation is useful, given the possibility of per
forming therapeutic maneuvers to obliterate the fistulous 
tract (stent, clips, glue sealant) .7  
Right timing for surgery: The decision on the right tim
ing for the surgical closure of an ECF must be made after 
analyzing all prognostic variables for each individual pa
tient. A period of 6 weeks is considered the minimum time 
between the development of the fistula and the surgical 
repair procedure because it is the time required for the 
patient to recover from the inflammatory response and to 
achieve a good nutritional status that will help avoid a 
new, possibly fatal, complication. Preoperative albumin 
level of less than 2.5 giL is a strong adverse prognostic 
factor associated with mortality (p <.001  ) ; this result has 
been replicated in other series.2 In open abdomens, the 
time required for regression of the inflammatory state, the 
nutritional recovery, and the best course of potential ab
dominal adhesions is between 6 and 12  months. Patients 
are eligible for surgery when septic foci have been treated 

adequately and the subjective criteria for a good clinical 
and nutritional condition are satisfactory. These criteria 
include a patient who can walk, feels well, interacts ac
tively, and is impatiently waiting for the restorative sur
gery. The absence of signs of sepsis is determined by the 
increase in albumin and hemoglobin levels, together with 
lower leukocyte, reactive protein C, and thrombocytosis 
values. 1 •3 
Surgical strategy: There are multiple surgical techniques and 
strategies for the treatment of ECFs. There is no single tech
nique, and the combination of several different strategies is 
usually required. Generally, the surgical goals include the 
following: 

Fistula resection 
Restore continuity of bowel transit. 
Address the factors that promote fistula formation 
(obstruction, foreign body, tumors, diverticular disease, 
inflammations ) .  
Abdominal wall closure 
Perform as few anastomoses as possible, all of which 
need to be covered by healthy tissue and separated from 
other anastomosis lines. 
Avoid the use of nonabsorbable mesh for closure of the 
abdominal wall. 
Avoid leaving skin defects that might promote the for
mation of a new fistula. 
Ensure adequate nutrition. 

Surgical Tips 

• In established fistulas with a defect larger than 5 mm in di
ameter and an output greater than 500 mL per day, attempt
ing a primary closure with sutures is often ineffective and 
may increase the size of the damage to the intestinal wall. In 
order to attempt the primary closure of the fistula, all granu
lation tissue at the edges must be removed, the closure must 
be done under no tension, and the defect must be covered. 

• No balloon catheters (Foley) must be introduced or inflated 
inside the fistula tract or the gut lumen because this will in
crease the size of the fistula. When the fistula is close to the 
ligament of Treitz, a feeding tube may be introduced distally 
for enteral nutrition. 

• In fistulas with an open abdomen, the use of the Bogota bag 
is not very effective because it does not allow for control of 
ongoing contamination of the abdominal cavity and there 
is persistence of skin erosion. These problems are solved 
with the use of the wound vacuum-assisted closure (VAC®) 
system (the right foam must be selected in accordance with 
the clinical situation) .  In some cases, VAC® therapy together 
with other strategies results in primary closure of the fistula. 
If primary closure is not achieved, VAC® therapy promotes 
granulation and wound healing, maturation of the fistula 
into a controlled stoma, and patient recovery so that surgi
cal closure and abdominal wall reconstruction may follow 
( FIGS 3-S) . 8•9 

• Patients with ECF difficult to reach and/or control ( i .e . ,  ECF 
in frozen open abdomen, duodenal fistulas, aortoenteric 
fistula, etc . )  can develop ongoing peritonitis leading to 
persistent sepsis. Attempting extensive surgery (pancreato
duodenectomy, diverticulization, etc . )  or multiple diver
sions in this setting usually results in a poor outcome and 
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FIG 3 • So ld ier  wou nded i n  combat with m u lt ip le  i ntraabdom i n a l  
i n ju r ies and  com p lex ECF. 

FIG 4 • Wou n d  VAC® thera py is very effect ive to a l low control of 
f istu la  f lu ids  or of conta m i n at ion of the abdom i n a l  cavity. 

FIG 5 • Wou n d  VAC® therapy promotes granu lat ion,  wound 
hea l i ng,  and  contro l  of the fistu l a .  Th i s  a l lows the pat ient to 
recover i n  preparat ion for su rg ica l  c losure and  abdom i n a l  wa l l  
reconstruct ion .  

SURGICAL CLOSURE OF COMPLEX 

ENTEROATMOSPHERIC FISTULA 

Step 1 .  Peritoneal Contamination Control 

• Remove the Bogota bag (FIG 7), wash and  c lean the ab
domina l  cavity, and  then p lace a tube for entera l feed
ing, cover ing the open abdomen part ia l ly with a wou n d  
VAC® system (FIG 8) .  

extremely high mortality rates. In  these critical situations, 
we pass a self-expandable coated stent or an impermeable 
corrugated prosthetic tube through the fistula defect and 
into the intestinal lumen in an attempt to seal off the fistula, 
to restore intestinal transit, and to prevent ongoing soilage 
of the peritoneal cavity. The use of the wound VAC® therapy 
in this setting collects any spillage of bowel fluid leaks that 
may occur and promotes granulation and healing of the ab
dominal cavity. Surgery must be performed at an early stage, 
before the patient goes into multiple organ failure and is be
yond rescue. After the patient recovers (weeks or months 
later) ,  and if the fistula has closed, an attempt is made to 
recover the prosthesis through enteroscopy or surgery. If the 
fistula has not closed, the relevant repair surgery is planned. 
The introduction of this concept is controversial, but its use 
may be acceptable in extreme situations, based on the wide 
clinical experience with the use of stents or shunts in other 
GI, vascular, and colonic diseases (FIG 6) . 10 

FIG 6 • Use of a stent or  corrugated prosthetic tube with 
i ntest i na l  bypass i n  a patient with a comp lex f istu l a  i n  the fou rth 
port ion of duodenu m .  

F I G  7 • Tempora ry abdom i n a l  c losure with a Bogota bag .  
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Step 2. Granulation of the Abdominal Wound and 
Conversion of the Fistula into a Stoma 

• Continue  with wou n d  VAC® therapy u nt i l the per itonea l  
conta m i nat ion i s  under  control ,  p romoti ng  g ra n u l at ion 
of the abdom i n a l  wou n d  (FIG 9) .  The end point of th i s  
step i s  to ach ieve convers ion of the f istu l a  i nto a func
t iona l  stoma (FIG 1 0) .  

Step 3 .  En Bloc Resection of  the Fistula and 
Abdominal Wound 

• E n  b loc d i ssect ion is performed of the ent i re abdom i n a l  
sca r com ponent and  the fistu la ,  work ing i nwa rd from 
the su rface (FIG 1 1 A,B) .  

F IG  8 • Placement of  feed ing  tube  and a wound VAC® system .  

F I G  9 • T h i s  strategy a l l owed f o r  exce l l ent g ra n u l at ion t issue 
to form around the ECF i n  the open abdom i n a l  wou n d .  

F IG  1 0  • T h e  end po int o f  thera py p r i o r  t o  su rg ica l  exc i s ion 
of the ECF is  when the f istu l a  has  been tra nsformed i nto a 
sta b le  stoma .  

A 

B 

FIG 1 1  • A,B. En b loc d i ssect ion of ECF and  granu lat ion 
t issue bed.  

FIG 1 2  • Resect ion of the ECF. 

Step 4. Reconstruction of the Intestinal Transit and 
the Abdominal Wall 

• The ECF is then resected (FIG 1 2), and  the i ntest i na l  t ract 
i s  reconstructed with a h a nd-sewn (FIG 1 3) or stap led 
tech n ique  (FIG 14) .  The abdom i n a l  wa l l  i s  reconstructed 
us ing  part ia l ly absorba b le  mesh with carboxymethyl 
cel l u lose coat ing  or, preferab ly, with a b io log ic  coat ing  
(FIG 1 5) .  
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FIG 1 3  • Reesta b l i shment of 
i ntest i na l  conti n u ity. End-to-end  
h a nd-sewn anastomosis techn ique .  

FIG 14  • Reestab l i shment of  i ntest i na l  
cont i nu ity. S ide-to-s ide sta p led a nastomosis  
techn ique .  

939 
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FIG 1 S  • The abdom i n a l  wa l l  is reconstructed us ing  pa rtia l ly 
a bsorbab le  mesh with ca rboxymethyl ce l l u l ose coat ing .  

NONSURG I CAL CLOSURE OF A COMPLEX 

ENTEROATMOSPH ERIC FISTULA 

• A newborn, 3 1  weeks of gestat ion with necrot iz ing 
enteroco l it i s, develops EAF after r ight hemico lectomy 
(FIG 1 6) .  I n  patients such as this one, with otherwise no 
s ign if icant comorbid ities, a nonsurg i ca l  approach to ECF 
c losu re may be attem pted . 

Step 1 :  Peritoneal Contamination Control 

• Sta rt with genera l  resuscitation  measu res and  use of the 
SOWATS protoco l .  Contro l  conta m i n at ion and  i ntest i na l  
f l u i d  leaks us ing  wound  VAC® therapy (FIG 1 7) .  

Step 2:  Granulation of  the Abdominal Wound and 
Fistula Control 

• Cont inue  the wound VAC® thera py unt i l  the per itonea l  
conta m i nat ion is under  control ,  p romoti ng  g ra n u l at ion 
of the abdomina l  wound,  and  channe l  the f istu l a  to 
reduce output gradua l ly  (FIG 1 8) .  

Step 3 .  Closure of  the Fistulous Tract Using Fibrin 
Glue 

• Once the f istu l a  output is down to a m i n i m um,  f ib r in  
g l u e  i s  app l ied through the f istu l a  tract (FIG 1 9) .  Con
t i nue  with  genera l  measures and  wound VAC® thera py 
unt i l  hea l i n g  of the f istu l a  and  c losu re of the abdom i n a l  
wa l l  a re ach ieved (FIG 20) .  

F IG  1 7  • A wound VA� has been p laced to  control the  fistu la, 
protect the sk in,  and promote g ranu lation tissue format ion .  

FIG 18 • Exce l lent g ranu lat ion t issue has  been ach ieved . 

FIG 1 9  • F ib r i n  g l u e  app l icat ion  i nto the f istu l a  tract to 
acce lerate ECF c losure .  

FIG 1 6  • Newborn with ECF secondary to necrot iz ing FIG 20 • Fu l l  hea l i n g  of ECF after nonoperative management 
enteroco l it is .  of ECF fistu l a .  
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PEARLS AND PITFALLS 
Burn injury 

Suture line protection 

Use of nona bsorba b le  mesh in d i rect contact with the 
bowels  should be avo ided .  

Fistu las secondary to adhesions 

Open abdomen-related fistulas (25 %  incidence) 

COMPLICATIONS 

• An ECF may occur  from a bowel les ion created i n advertently by 
d iathermia  du r i ng  open or lapa roscop ic  su rgery (FIG 21 ) .  

• Anastomotic l i nes shou ld  not  be i n  contact w i th  other suture l i nes o r  
prostheses. An omenta l  ped ic le  f lap  i s  a good  option to protect the  
a nastomosis .  Although  the u se  of  f ib r in  g l u e  sea l ants has a lso been 
advocated for this pu rpose, there i s  no  conc l us ive evidence i n  the 
l iterature a bout the i r  benefit .  

• A good option i s  to use b io log ic  mesh or  synthetic mesh coated with 
ca rboxymethyl cel l u l ose (nonadherent) .  

• The prophylact ic  use of ant iadhesive su bstances, such as carboxymethyl 
cel l u lose and hya l u ron i c  acid, has  been shown to red uce the presence 
and degree of comp lexity of the ad hes ions and, conseq uently, l ower 
the poss i b i l ity of f istu l a  formation secondary to su rg ica l  i n ju r ies ." 

• The fistu la  forms as a resu l t  of d i rect i n ju ry, des iccat ion,  o r  eros ion d u e  
t o  fore ign  bod ies t h a t  become i ncorporated i nto the gut  wa l l  (Pack ing,  
Wittmann  Patch) .  Part i a l  coverage of the abdom i n a l  cavity us ing  the 
VAC® system is  a good option for lower ing  the probab i l ity of fistu l a  
format ion 8•9 

FIG 21 • A fistu la  may or ig i nate from a bowe l les ion created 
i n advertently by d iatherm ia .  

a sequential and ordered therapeutic strategy with an 
increased chance of better clinical outcomes. 

• Local: abscess, diffuse peritomns, other fistulas, bleeding 
from erosion of adjacent structures, skin damage 

• Patients with intestinal fistulas should be categorized into 
risk groups in order to predict its prognosis and to define the 
management strategy necessary. There is no one single stan
dard treatment; the selection of the treatment depends on the 
individual condition of each patient and the characteristics 
of the fistula itself. 

• Systemic: fluid and electrolyte imbalances, malnutrition, 
abscess of distant solid viscera (liver, lung, brain) ,  sepsis, 
SIRS 

CONCLUSION 
• Currently, the main causes of ECFs are those associated to 

the complications of surgery. Review and practice of pro
phylactic surgical tips can reduce its incidence. 

• The treatment of fistulas must be multidisciplinary. Ad
herence to a driving guide, such as SOWATS, allows for 
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Chapter 4 End and Diverting 
Loop Ileostomies: 
Creation and Reversal 

. --------------------------------------- ,_ ---------------------------------------------------- � 

t Kathrin Mayer Troppmann 

END AND DIVERTING LOOP ILEOSTOMIES: 
CREATION 
DEFINITION 
• An ileostomy is an artificially created opening of the distal 

ileum that is externalized on the abdominal walL It can be 
temporary or permanent. 

PATIENT lllSTORY AND PHYSICAL FINDINGS 
• A thorough review of the patient's history and a physical ex

amination, including a review of all past operative notes and 
diagnostic studies, are necessary to carefully select patients 
who are appropriate candidates for an ileostomy and to de
termine the most appropriate type of ileostomy to be created. 

• The history and the physical examination should be ob
tained with the functional and anatomic implications, treat
ment plan, and prognosis of the underlying disease in mind. 

• Additionally, the patient's comorbidities, ability to perform 
activities of daily living and self-care, mobility limitations, 
and body contour must be thoroughly assessed. 

PREOPERATIVE IMAGING AND OTHER 
DIAGNOSTIC STUDIES 
• Appropriate imaging studies must be obtained according to 

the patient's underlying disease and diagnosis. Any abnor
mal findings should be thoroughly worked up to ensure that 
the correct operation and diversion techniques are chosen. 
These tests may include the following: 

Colonoscopy with biopsy if malignancy or inflammatory 
bowel disease is suspected 
Computed tomography (CT) scan, upper gastrointestinal 
contrast study, and fistulogram to rule out intestinal ob
struction or leak and to assess underlying disease severity 
Anal manometry and endorectal ultrasound to evaluate 
the anal sphincter 
Colonic motility study (e .g. ,  SITZMARKS® test) to iden
tify the region of intestinal dysmotility and to tailor the 
procedure and type of stoma to the patient's needs 
Prior to ileostomy formation, the nutritional status must 
be assessed ( including albumin and prealbumin levels) and 
the patient's comorbidities must be addressed (e .g. ,  coro
nary artery disease, diabetes [HbA1c) ) in order to minimize 
perioperative risk. 

SURGICAL MANAGEMENT 
General Considerations 

• If possible, a stoma should be avoided, as the morbidity of 
creation and reversal can be significant. 

• An ileostomy can be constructed as an end ileostomy (Brooke 
ileostomy) or as a diverting loop ileostomy. Alternatives to 

the more commonly used end and loop ileostomy techniques 
include the divided (or separated) loop ileostomy for maxi
mizing fecal diversion and the end-loop (or loop-end) ileos
tomy for patients with a short, contracted mesentery and 
vascular pedicle. 

• An end ileostomy is the preferred configuration for a perma
nent ileostomy because it allows for a symmetric and pro
truding spout that is more easily constructed and managed. 

• Permanent end ileostomies are usually created when the dis
tal intestine is not suitable for restoration of intestinal con
tinuity due to underlying disease or poor intestinal function. 
Typical scenarios include: 

Following total proctocolectomy for inflammatory bowel 
disease or familial adenomatous polyposis 
Following subtotal colectomy for slow-transit constipation 
with concomitant severe pelvic floor dyssynergia 
Fecal incontinence 
Congenital anomalies 

• Temporary end ileostomies are typically created under the 
following circumstances: 

Following subtotal colectomy for acute diverticular bleed
ing or ulcerative colitis-related toxic megacolon 

• Temporary or permanent diverting loop ileostomies are cre
ated when diversion of the fecal stream and decompression 
of the distal bowel are necessary: 

Following distal ileal or colonic anastomoses at high risk 
for disruption due to: 

Malnutrition or immunocompromised status 
Anastomotic location within an irradiated, inflamed, or 
contaminated field 
Low pelvic anastomotic location following sphincter
preserving procedures (e .g. ,  ileal pouch-anal anastomo
ses, coloanal or low colorectal anastomoses) 

Disruption of a previously created distal anastomosis 
Distal bowel perforation 
Pelvic sepsis 
Rectal trauma 
Complicated diverticulitis 
Following anal sphincter reconstruction 
Following rectovaginal fistula repair 
Fecal incontinence 
Severe radiation proctitis 
Obstructing or nearly obstructing colorectal cancer, carci
nomatosis, and Crohn's disease 
Sacral decubitus ulcer 
Necrotizing perineal and gluteal soft tissue infections. 

Preoperative Planning 

• The ideal stoma has no necrosis, prolapse, or retraction. 
Daily output ranges from 500 to 1000 mL, the appliance 
does not leak, and the skin is healthy. The importance of ap
propriate planning to ensure an optimal ileostomy location 
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and to maximize the opportunity for creation of a viable, 
tension-free, and well-functioning ileostomy cannot be over
emphasized. Attention to these principles will decrease the 
time required for stoma management and minimize patient 
frustration. 

• A comprehensive discussion with the patient about the pro
posed ileostomy procedure, alternatives, and postoperative 
lifestyle is imperative. 

• Most stoma patients are elderly and many have their stoma 
care performed by a spouse, offspring, or caretaker; it is thus 
critical to involve these providers in the stoma education 
process. 

• Ideally, patients must be mentally and physically ready for 
a stoma and must therefore be informed as early as possible 
in their course of the disease regarding the potential need 
for a stoma. For many patients, though, an ileostomy is cre
ated in an acute setting at the end of a long, often life-saving 
procedure. 

Stoma Education 

• A comprehensive perioperative educational program de
creases readmissions and complications related to dehydra
tion and appliance problems and optimizes postoperative 
patient satisfaction and participation in activities of daily life. 

Wound ostomy continence nurse (WOCN) or enterosto
mal therapy (ET) nurse 

Optimal stoma management begins with preoperative 
patient education in regard to diet, activities, clothing, 
and sexuality. The nurse can provide emotional and 
physical support. The patient must be informed that 
self-care may be awkward initially but that it can be 
learned and mastered. 

Patient support groups, United Ostomy Association visitor 
Patients should be introduced to other individuals with 
ileostomies who have similar socioeconomic and disease 
backgrounds. These encounters and relationships can 
help to improve morale and can reassure patients that 
they can have a satisfactory quality of life. Meetings 

should occur pre- and postoperatively (particularly dur
ing the first 3 to 6 months) .  

Stoma preparedness literature 
The American College of Surgeons has created a com
prehensive stoma preparedness kit including an edu
cational DVD and manual, a stoma model, and stoma 
appliance samples. 

Stoma Site Marking 

• The stoma location must be carefully planned to minimize 
complications and to prevent leakage. 

• The patient may wear the stoma appliance faceplate prior 
to the operation. The optimal location of the stoma should 
be assessed with the patient standing, sitting, and bending. 
Where does the patient wear the waist of the pants ? Range 
of motion and physical limitations must be evaluated to de
termine if the patient can visualize the stoma and can ma
nipulate the appliance (e .g. ,  the site may be placed higher 
on the abdomen for a wheelchair-bound patient ) .  Care must 
be taken to avoid stoma placement beneath an abdominal 
pannus to ensure that the stoma remains visible and easy to 
access for the patient or caretaker. 

• In general, the ileostomy should be placed through the rectus 
muscle (to minimize parasternal herniation) ,  at the summit 
of the right paramedian infraumbilical fat pad. The umbili
cus, bone, scars, skin folds, and abdominal panni should be 
avoided ( FIG 1 ) .  The skin site can be identified with a perma
nent marker and a scratch can be made with a small needle. 

Intraoperative Positioning 

• Supine or lithotomy position may be used based on the need for 
an adjunctive procedure for assessment of the colon, rectum, or 
perineum prior to ileostomy creation (e.g., colonoscopy) .  

Antibiotic Prophylaxis 

• Intravenous antibiotics must be given prior to the incision. 

FIG 1 • Preoperative mark ing  of the i l eostomy 
site. The i leostomy is  p laced in the r ight  lower 
quadra nt of the abdomen in a r ight paramed ian ,  
i nfra u m b i l ica l  posit ion .  
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CREATION OF AN END I LEOSTOMY 

• Meticu lous  construct ion of an end i leostomy is paramount 
because the i lea l  contents are l i q u id,  b i l ious, and  vo l u m i
nous .  An everted, spout-sha ped end i leostomy (B rooke 
i leostomy) i s  best su ited to add ress these cha l l enges.  

Abdominal Wall Skin Incision for Exploratory 
Laparotomy and/or Bowel Resection 

• If an a bdom ina l  i nc is ion for bowel resect ion is necessa ry, 
a l eft paramed ian sk in  inc is ion can be made and ang led 
toward the m i d l i ne.  The a bdomen can then be entered 
throug h  the l i nea a l ba .  This approach maxim izes the d is
tance and a mount of sk in  between the i leostomy and the 
sk in  inc i s ion .  

• 

• 

• 

• 

Mayo c l amps are used to sp l i t  the rectus m usc le b l u nt ly 
i n  order to expose the poster ior  rectus sheath and  per ito
neum .  The rectus m uscle f ibers a re not d iv ided (FIG 28) .  

The su rgeon p laces one hand  i nto the abdomina l  cavity 
beh ind  the ma rked stoma site to p rotect the a bdom i n a l  
contents. 
The a bdom ina l  cavity i s  entered through the stoma i nci
s ion with a th i n-point c l amp (e .g . ,  Schn idt or  tonsi l  c l amp) .  
The  defect i n  the poste r ior  rectus sheath and  per itoneum 
is  w idened to a l l ow for  passage of the i l eum without 
compromi s i ng  its mesenter ic  b lood supp ly. The appropr i 
ate defect s ize i s  obta ined by d i g ita l l y  d i lat i ng  the stoma 
s i te  with the t ips  of two d i g its to create a n  approximately 
2-cm a pertu re (FIG 2C) . 

Ileal Mobilization Ileal Limb Preparation and Placement 

• The i l eum is prepared by re leas i ng  the l atera l attach
ments a long  the pelv ic br im and by fu l ly mob i l i z i ng  the 
embryon i c  root of the term i n a l  i lea l  mesentery to the 
l evel of the duoden u m .  

Stoma Site Skin Incision 

• Fo l lowi ng the i ntest i na l  resect ion,  the sk in  open ing  i s  
created i n  the r ight lower quadrant  at the premarked 
s ite. The skin i s  g rasped with a Kocher  c l amp and a c i rcu
lar  sk in  inc is ion of 2 em i n  d i a meter (FIG 2A) i s  made tan
genti a l ly beneath the Kocher c lamp with a no .  1 0  b lade .  
The excised sk in  d isc i s  removed .  

Abdominal Wall Aperture Creation for the Stoma 

• Bovie e lectrocautery is used to perpend icu la rly d iv ide the 
subcutaneous fat i n  the r ight paramed ian  plane at the i l 
eostomy site. Handhe ld  retractors can be gently used. The 
subcutaneous fat shou ld  be preserved as m uch as poss ib le .  

• 

• 

• 

• The a nter ior rectus sheath is identif ied and  i n c ised • 

i n  a cruc iate fash ion  for approxi mately 1 em in both 
d i rect ions .  (The hor izonta l  l i m b  shou ld  not be p laced too 
c lose to the m i d l i ne . )  

At least 6 em of v iab le d ista l or term ina l  i l eum with the 
adjacent marg ina l  a rtery shou ld  be preserved to ma inta i n  
an  optima l  b lood supp ly. The mesentery shou ld  not be 
stri pped (FIG 2D) .  The i l ea l  l i m b  preparation shou ld  be 
performed as ear ly as possi b le d u ring  the course of the op
erat ion to a l low for suffic ient t ime to observe and assess 
the i l eum's vascu la rity. The mesentery m ust be hand led 
gently to avoid hematomas and  mesenter ic vascu la r  in jury. 
The i l e u m  is gently adva nced (pushed rather than  p u l led) 
through  the spl it  m uscle and  the abdom i n a l  wa l l  to 
a bout 4 em beyond  the sk in  level (us i ng a Babcock c l amp 
to g rasp the i l eum o n ly if  necessa ry) . If the i l e u m  a n d  
adjacent t issues a re t o o  b u l ky t o  pass eas i ly  through the 
apertu re, the ep ip lo ic  fat can be excised . 
To faci l itate a future i leostomy reversa l procedure, an ad
hesion barrier (e.g . ,  Seprafi lm®) can be used at the t ime of 
i l eostomy creat ion.  The adhesion barrier i s  wrapped around 
the i lea l  l imb used for the i leostomy, extending along the 
i ntraabdomina l  i leal segment for approximately 5 em. 
The i lea l  mesentery may be secured to the per itoneum 
over a length  of 3 to 4 em if a permanent  stoma i s  
p l an ned .  (Th is  step may p revent tors ion ,  retract ion,  and 
pro lapse of the i le u m .) 

Stoma p laced through 
the center of the 

rectus muscle belly 
Anterior rectus 

sheath 

A R L 

FIG 2 • Creation of an end i leostomy. A. A ci rcu lar  
skin incis ion for  the i leostomy is made over the center 
of the rectus muscle belly and carried through the 
subcutaneous fat. B. A cruciate incision is made in  the 
anterior rectus sheath to expose the underlying rectus 
muscle. The rectus muscle is sp l it b luntly a long the 
d i rection of its fi bers to expose the posterior sheath and 
peritoneum. (continued) 

B 

Rectus 
abdominis 
muscle 

Peritoneum 
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Middle 
col ic artery 

4 cm 

F 

Superior 
mesenteric artery 

FIG 2 • (continued) C. The peritoneum is i ncised long itud i n a l ly and  the inc i s ion  is widened by stretch ing  it with two d i g its to 
obta i n  the des i red a perture. D. The vascu l a r  end a rcade and the mesentery a re p reserved on  the i l e a l  segment that i s  to be used 
for the end i leostomy (dotted arrow). E. The i l eum i s  advanced through the abdom i n a l  wa l l  stoma a pertu re so that it protrudes 
for a bout 4 em beyond  the skin l eve l .  Fo l lowing  remova l of the stap le  l i ne, th ree-po int  sutu res a re p laced through the end 
of the i l eum (fu l l  th ickness), the serom uscu l a r  l ayer at the base of the stoma 4 em from the end of the i leum,  and the derm is, 
respectively. No  ep idermis  shou ld  be inc l uded in stitch .  F. The sutu res a re p l aced c i rcumferent ia l ly. They are o n ly tied after a l l  of 
them have been p l aced, evert ing  the i l eum to create a 2-cm-h i g h  i leostomy. 

• Both edges of the recta l stu m p  (or other potent i a l ly 
rem a i n i n g  d i sta l  bowel seg ment) a re tagged with 
polypropy lene suture to fac i l itate identif ication of the 

• Dermis  ( l a rge bites of the subcuticu l a r  layer shou ld  
be avoided to p revent " b utto n h o l i n g "  and  m ucosa l  
i s l ands) .  

d i sta l  i ntest i na l  seg ment for potent ia l  i l eostomy reversa l .  • One stitch is p l aced in each quadrant fo l l owed by one 
• To prevent wound conta m i nat ion,  the su rg ica l abdomi - stitch between each  quadrant  stitch for a tota l of seven 

na l  inc i s ion is c l osed next and  then covered with a p ro- to e ight stitches.  Ensure that one stitch is  on each s ide 
tective wound d ress ing  pr ior  to matu r ing  the stoma .  of, and  adjacent to ,  the mesentery (but  not  through the  

Stoma Maturation 

• The stap le  l i n e  is removed from the i le u m .  
• 3-0 a bsorbab le  (e .g . ,  Vicry l®) i nterrupted stitches a re 

p l aced (but not i m med iately t ied), with the stitches run
n ing through the fo l l owing  th ree poi nts (FIG 2E) : 
• end of the i l eum (fu l l -th ickness) 
• sk in- level base of the stoma (4 em from the end of 

the i l e u m) (serom uscu l a r  l ayer) 

• 

• 

mesentery) . 
To a l l ow for more p recise p lacement, each stitch shou ld  
be i n d iv idua l l y  tagged and  t ied  o n ly when a l l  stitches 
have been p l aced . The su bcuta neous and mesenteric fat 
can be tucked in as  each sutu re i s  tied. The goal i s  to 
create a stoma with a spout that p rotrudes a bout 2 em 
beyond the sk in  level when comp leted (FIG 2F) .  
The i l eostomy a p p l i a nce i s  p l aced over  the stoma .  Water
proof, nona l lergen ic  tape ca n be used to further secu re 
the edge of the a p p l i a nce to the sk i n .  
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CREATION OF A LOOP I LEOSTOMY 

Stoma Site Skin Incision and Abdominal Wall 
Aperture Creation 

• The sk in  inc i s ion  for a loop i l eostomy is s i m i l a r  to the i n 
c i s ion  for  a n  end i leostomy, except that  it can be made  
s l i g ht ly longer  and  s l i g ht ly ob long .  I n  obese patients, 
some of the subcutaneous t issues may have to be excised 
down to the fascia i n  the shape of a cone (a pex at sk in  
l evel) so as  to not  constr ict the affe rent and  efferent 
l i m bs of the loop i l eostomy. 

Ileal Limb Preparation and Placement 

• An i lea l  seg ment 20 to 30 em proxim a l  to the i l eoceca l 
va lve is ident if ied .  The seg ment is se lected so as to maxi
m ize mesenteric ped ic le  length and  to avoid comprom is
ing the i l eoceca l  valve. The seg ment's mesentery a n d  
vascu l ature a re preserved (FIG 3A) .  

• 

• 

• 

• 

The afferent (prod uctive) l i m b  of the loop i leostomy is  
p l aced i nfe r ior ly so that its spout wi l l  be located on the 
ca uda l  aspect of the stoma .  Th i s  requ i res a part ia l  (about 
90 deg rees) twist for correct or i entat ion .  Alternative ly, 
the afferent l i m b  can be p l aced on the med ia l  or super ior  
s ide of the stoma site, depen d i n g  on su rgeon preference 
and amount of tension on the i leostomy. 
Optiona l ly, sutu res may be p laced between the i lea l  
mesentery and  per itoneum to m a i nta i n  the appropriate 
rotat ion specia l ly i n  obese patients. 
The u m b i l i ca l  tape i s  removed and may optiona l ly be 
rep laced with a support ing  rod or  a 6-cm seg ment of red 
rubber catheter (wh ich  may be looped and sutu red to 
itse lf  a bove the loop i leostomy or  secured to the sk in ) .  
To prevent conta m i n at ion of the l aparotomy i nc i s ion,  
the su rg ica l  abdom i n a l  inc i s ion (m i d l i n e  o r  l eft parame
d i a n) is c losed next and  a protect ive wound d ress ing  is  
p l aced pr ior to stoma maturat ion .  

• Two d ifferent or ient i ng  sutu res a re p l aced on the a nt i 
mesenter ic  s ide of the i leum to mark the afferent a n d  

Stoma Maturation 

efferent s ide of the i lea l  seg ment (e .g . ,  by us ing  sutures • 

of d ifferent co lors, or sutures with one knot for the af-
ferent seg ment a n d  two knots for the efferent segment) • 

(FIG 38) .  
• An u m b i l i ca l  tape is passed beh ind  the i l eum at the i lea l 

mesenter ic  i nterface. The i lea l  loop i s  advanced through 
the abdom i n a l  wa l l  u s ing  the u m b i l i ca l tape as  a g u ide, 
ta k ing  ca re to m a i nta i n  proper or ientation and to avo id  
tors ion .  

A B 

It is i m portant to create an adeq uate spout on the affer
ent bowe l l i m b .  
F i rst, t h e  efferent (d i sta l) l i m b  o f  t h e  i l eum is  transversely 
i n c ised 1 em a bove the skin su rface for approximately 
75 % of the c i rcu mference of the i l eum to a l low for ap
propr iate stoma evers ion (FIG 3C) . Th is  a l l ows for a l a rge 
" hood " and  for the os on  the afferent p rod uctive l imb to 
be l a rger  (encom pass ing  80% to 90% of the i l eostomy) 
than  the os of the efferent l i m b .  

F IG  3 • Creation  o f  a l o o p  i leostomy. A.  An i lea l  seg ment t h a t  i s  20 t o  30 em proxi ma l  t o  t h e  i l eoceca l j u nct ion (arrow) i s  
identif ied.  T h e  seg ment's mesentery and  vascu l atu re a re preserved .  B. M a r k i n g  sutu res (e .g . ,  sutu res o f  d ifferent co lors or  with 
d iffer ing  n u m bers of knots) a re p laced on the afferent and efferent l i m bs .  The i l e u m  i s  advanced through the abdom i n a l  wa l l  
stoma  a pertu re s o  that i t  p rotrudes for a bout 3 t o  4 e m  beyond t h e  s k i n  leve l .  (continued) 
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FIG 3 • (continued) C. The i l eum is i n cised 1 em a bove the sk in  level on the efferent l i m b  s ide for 75 % of the c i rcumference to 
create a l a rge afferent spout. D. The loop i leostomy is  matu red by p lac ing  two-point sutu res (fu l l  th ickness through the end of 
the i l e u m  and  the derm is) on the efferent l i m b  and  th ree-po int  sutu res (fu l l  th ickness through the end of i l eum,  the seromuscu l a r  
layer at the base o f  stoma,  and  the dermis) on the afferent l i m b  t o  evert the i l e u m .  

• The stom a  is created a n d  matu red with 3-0 a bsorb
ab le sutu re (e . g . , V icry l ®) .  F i rst, the  effe rent stoma i s  
sewn f l u sh  with the  de rm i s  by us ing  a two-po int  sutu r
i n g  tech n i q ue,  with each st itch ta k i n g  a f u l l -th i ckness 
b ite t h r o u g h  the cut edge of i l e u m  and then  t h r o u g h  

affe rent stom a  a re c l o s e r  to the  sto m a 's os (a bout  3 
to 4 em) a n d  the  stom a  spout  may t h u s  n ot p rotrude 
q u ite a s  m uch  a s  with a n  e n d  i l eostomy. Also,  sutu res 
ca n n ot be p l aced on  the poste r io r  b r i dge  of i l e u m  that  
jo ins  the  affe rent a n d  effe rent l i m bs .  

the  d e r m i s .  Next, the  afferent sto m a  i s  matu red w i th  • Optiona l ly, as the sutu res a re t ied,  the spout ca n be 
formed over a support i ng  rod (or catheter), which is left 
in p l ace for 3 to 5 days postoperative ly. 

a th ree-po int  sutu r i n g  tech n i q u e  as a l ready descr ibed 
i n  p r i n c i p l e  for  the  e n d  i l eostomy (F IG 3D) . The m a i n  
d i fference with a n  e n d  i l eostomy i s  t h a t  f o r  a l o o p  i l - • The edge of the a pertu re in the i l eostomy facep late i s  

p l aced beneath the rod or  catheter. eostomy, the  sero m u sc u l a r  st itches at the  base of the  

CREATION OF A DIVIDED LOOP 

I LEOSTOMY 

• A d iv ided (or sepa rated) loop i leostomy is a n  a lternative 
tech n ique  for creat ing  a protect ing  loop i l eostomy; it 
may resu lt  i n  a more comp lete feca l d ivers ion .  

Stoma Site Skin Incision and Abdominal Wall 
Aperture Creation 

• The sk in  i n c i s ion and  abdom i n a l  wa l l  a pertu re a re cre
ated as for a loop i leostomy. 

Ileal Limb Preparation and Placement 

• The i leum is d iv ided with a l i near  cutt ing  stap ler  20 to 30 
em proxim a l  to the i l eoceca l valve. The mesentery and 
vascu l ature a re on ly  m i n i m a l ly d iv ided (FIG 4A) .  

• The stapled afferent l i m b  is advanced through the ab
domina l  wa l l  aperture so that it protrudes 4 em beyond 
the skin and  the sta p le l i ne is removed.  Only the an
t imesenteric corner of the efferent l i m b  is  externa l ized, 
thus m i n i m iz ing the need for d iv is ion of the mesentery 
(FIG 4B) .  

Stoma Maturation 

• Afferent l i m b-The stoma is constructed in the same 
m a n ner  as descr ibed for a n  end i leostomy, us ing  a th ree
stitch tech n ique  (FIG 4C) . 

• Efferent l i m b-The a nt i  mesenter ic  corner is excised to 
decompress the d ista l bowe l if des i red.  A two-stitch tech
n ique  i s  then used, p lac ing  sutu res that encom pass the 
fu l l -th ickness edge of the i l eum and the dermis .  Alter
native ly, the efferent l i m b  can rem a i n  sta p led c losed if 
comp lete feca l d ivers ion  is  des ired.  



A 
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2-point sutures 

3-point sutures 

Afferent l imb 

B Efferent l imb 

FIG 4 • Creat ion  of a d iv ided loop i leostomy. A. The 
i l eum is  d iv ided us ing a l i near  cutt i ng  stap ler, 20 to 30 em 
proxim a l  to the i l eoceca l va lve (solid arrow). The mesentery 
a n d  vascu latu re a re on ly  m i n i m a l ly d iv ided (dotted arrow). 
B. The stap led afferent l i m b  is adva nced through the 
abdom i n a l  wa l l  a pertu re so that it p rotrudes for a bout 4 
em beyond the sk in  level, and  the ent i re sta p le  l i n e  is then 
cut off. Optiona l ly, if d i sta l decompress ion i s  des i red for the 
efferent l i m b, on ly  the ant imesenteric corner i s  externa l ized, 
excised, and matured. The stap le  l i ne may a l so be l eft i ntact 
on the efferent l i m b  for tota l d ivers ion .  C. The afferent l i m b  
o f  t h e  i leostomy is  matu red with th ree-point sutu res. The 
efferent l i m b  can be matured with two-point  sutu res. 

CREATION OF AN END-LOOP I LEOSTOMY Stoma Site Skin Incision and Abdominal Wall 
Aperture Creation 

• An end- loop (or loop-end)  i l e ostomy is funct i o n a l l y  n ot 
d i fferent from a n  end  i l eostomy, but  the  stoma matu
rat ion  i s  ak in  to the  tec h n i q u e  for a loop  i l eostomy. An 
end- loop i l eostomy a l l ows for p reservat i o n  of a n  ad
equate mesente r i c  b lood s u p p ly when the  mesentery 
wou l d  othe rwise be too short fo r adequate adva n ce
ment th rough  the a b d o m i n a l  wa l l  (e . g . ,  in case of a 
shortened mesentery or a t h i ckened abdom i n a l  wa l l ) .  

• The sk in  and  stoma site a re prepared as descr ibed for a 
loop i leostomy. 

Ileal Limb Preparation and Placement 

• The mesentery a n d  vascu latu re a re d iv ided to obta i n  as 
much length as possib l e  (FIG SA) .  

Th i s  tech n i q u e  i s  often used i n  o bese pat ients and  • Fo l lowi ng the d ista l i ntest i na l  resect ion or d iv is ion,  the 

those with pr ior  operat ions .  sta p le  l i n e  at the end of  the i l eum is  oversewn.  

949 
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• 

A 

The segment of i l eum to be used for the stoma creat ion 
i s  typica l ly  located about 10 em proxi ma l  to the oversewn 
i l ea l  stap le l i ne .  The segment m ust have adequate mo
b i l ity to reach the proposed stoma site without tension .  
With i n  the abdom ina l  cavity, the afferent l i m b  is  or iented 
i nferior ly and the efferent l i m b  super iorly. The segment of 
i l eum to be used for the stoma is  then advanced through 
the abdomina l  wa l l  as for a loop i leostomy (FIG SB). 

B 

• Opt iona l ly, a su pport ing  rod or catheter can be passed 
beh i n d  the i l eum at the i lea l -mesenteric i nterface. 

• Opt iona l ly, the i ntraabd o m i n a l  i l ea l  mesentery may be 
sutu red to the per itoneum.  

Stoma Maturation 

• The end- loop i l eostomy is matu red as descr ibed for a 
loop i leostomy (FIG 3C,D) .  

.... 
..._ 

Afferent l imb 
mesentery is  
sutured to 
peritoneal 
l in ing 

� Efferent l imb 
staple l ine 
is oversewn 

FIG 5 • Creat ion  of an end- loop i l eostomy. A. The mesentery a n d  vasc u l at u re a re d iv ided p roxi m a l ly to obta i n  as much  
l ength  as  poss i b l e .  B. M a rk ing  sutu res a re p l aced on  the afferent a n d  effe rent l i m bs .  The sta p le  l i n e  c los ing  off the i l e u m  is  
oversewn with Lembert sutu res a n d  rem a i n s  i n  the abdomen .  A more prox i m a l  seg ment of i l e u m  to be used for the i l eostomy, 
approximately 1 0  em p roxi m a l  to the oversewn i l e a l  sta p l e  l i ne,  is exte rna l ized so that the afferent l i m b  is i n  the i nfer io r  
posit ion  on the abdom i n a l  wa l l .  The mesentery may be affixed to the abdom i n a l  wa l l  to p revent stoma pro la pse, tors ion ,  o r  
a n  i ntern a l  he rn i a .  

LAPAROSCOPIC CREATION OF AN 

I LEOSTOMY 

• 

• 

The l aparoscop ic  approach can be used for tempora ry 
and  permanent end i l eostom i es, loop i l eostom i es, d i 
v ided l o o p  i l eostom i es, and  end- loop i l eostom ies.  
The ent i re abdom i n a l  cavity ca n be v i sua l ized and in
spected, which can be benefi c ia l  as it a l l ows for as
sessment of the u n der ly i ng d i sease and the extent of 
adhes ions .  Addit iona l ly, l aparoscopy a l lows for precise 
identif icat ion of the i lea l  seg ment to be used for the 

pa in ,  fewer wound com p l i cat ions, more ra p id  return  of 
bowel funct ion,  and shorter hosp ita l stay. 

Stoma Site Skin Incision and Port Placement 

• The 2-cm sk in  inc i s ion  fo r the stoma site can be made 
pr ior  to i nsuff lat ion at the t ime of port s i te  creat ion or  
after d i agnost ic  lapa roscopy and  select ion of the i lea l  
seg ment to be externa l ized (see "Abdomina l  Wa l l  Aper
tu re Creat ion  for the Stoma") .  

• A 5-mm or 1 0-mm port is p laced through the u pper m id -
l i n e  for  the camera .  

stoma and  can he lp to ensure its  proper or ientat ion .  • A 1 0-mm port is p laced through the i ntended i l eostomy 
site. • The laparoscopic approach may not be feasib le if the patient 

has extensive adhesions from prior operations or an insuf- • 

ficient i ntraabdom ina l  doma in  due to intest ina l  d i l atation .  
• Lapa roscop ic  i leostomy creation  may resu lt  i n  shorter • 

tota l inc i s ion  length, shorter operative t ime, decreased 

A 5-mm port i s  p laced in the left l ower quadrant  for 
bowel m a n i p u lat ion and adhes io lysis as necessa ry. 
An add it iona l  5-mm port may be p laced in the left supra
pubic reg ion if needed.  
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Ileal Limb Preparation and Placement • The i leum,  bowe l c l a m p, and  1 0-mm port a re p u l led out 
of the abdomen .  

• The most d i sta l  seg ment of i l eum that can reach the 
i ntended stoma site without tens ion i s  identif ied 
l aparoscop ica l ly. 

Laparoscopic Confirmation of Proper Stoma 
Orientation 

• 

• 

For loop i leostom ies, sutu res or c l i ps a re p l aced to mark  
the afferent and  efferent i l eum pr ior  to externa l izat ion .  
A l aparoscop ic  bowe l c l amp is  p l aced through the 1 0-mm 
port at the stoma s i te  to g rasp the i l e u m .  

• Adeq uate stoma loop or ientat ion and  hemostas i s  a re 
confirmed after reesta b l i sh i ng  pneumoperitoneum.  

• The pneu moper itoneum is released . 

• Al l  ports a re removed and  the sk in  inc i s ions  a re c losed 
with reabsorba b le  sutu re. 

• To fac i l itate the passage of the loop of i leum,  the a nte
rior rectus sheath can be further  stretched or  i nc ised with 

Stoma Maturation 

a cruc iate inc i s ion .  • The stoma is matu red as described for the open tech n ique .  

PLACEMENT OF THE I LEOSTOMY 

APPLIANCE 

• Most appliances are disposable and available as one-piece 
or two-piece products . A basic appliance consists of an 
adhesive faceplate with a central opening and a collection 
bag. When cutting out the definitive stoma aperture in the 
appliance faceplate, the stoma aperture is cut offset ( i .e . ,  
medially in relation to the precut stoma aperture) so as 
to shift the entire appliance laterally on the patient. As a 
result, the portion of the appliance directly over any mid
line incision can be minimized. The edges of the cut-out 
area of the appliance should be 1 to 2 mm away from the 
edges of the ileostomy to avoid appliance trauma to, and 
leakage from, the ileostomy (FIG 6) .  

F IG  6 • I l eostomy app l i ance.  T h e  facep late stoma a perture i s  
cut off-center i n  a media l  d i rect ion to m i n i m ize the port ion of 
the facep late that lays d i rect ly over a m i d l i n e  inc is ion (a l l ows 
for a sh ift latera l l y  off of the m i d l i n e  if an inc i s ion if p resent). 

END AND DIVERTING LOOP ILEOSTOMIES: 
REVERSAL 
DEFINITION 
• Ileostomy reversal ( synonyms: ileostomy takedown or clo

sure) is a procedure that reestablishes intestinal continuity in 
a patient with an ileostomy. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• Reversal of a temporary ileostomy is usually performed at the 

earliest 2 to 3 months after ileostomy creation in order to allow 
for optimal healing of the area from which the enteric contents 
were diverted (e.g., distal anastomosis, bowel repair) or to 
allow for the distal inflammation to subside. An end ileostomy 
following subtotal colectomy may be reversed if the rectal and 
anal complex are healthy and without disease or malfunction. 

• Modifiable risk factors (e .g. ,  malnutrition) must be optimized 
and any chemotherapy and radiation should be completed. 

• Reversal may be necessary at an earlier date for selected pa
tients in the presence of an ileostomy complication such as pro
lapse or recurrent serious fluid and electrolyte abnormalities. 

• Ileostomy reversal can be associated with considerable mor
bidity. 

• Up to 30% of patients with potentially reversible ileosto
mies never have their ileostomies reversed due to underly
ing health issues, underlying disease prognosis, or patient 
preference. 

PREOPERATIVE IMAGING AND OTHER 
DIAGNOSTIC STUDIES 
• The indications for preoperative imaging and diagnostic (e.g., 

functional) studies must be individualized for each patient. 
• The routine use of contrast studies prior to ileostomy takedown 

to assess the distal bowel or anastomosis for stricture, obstruc
tion, leak, recurrence of disease, or to assess pouch anatomy 
is controversial. If a study is performed, the contrast can be 
instilled through the efferent limb of a loop ileostomy or per 
anum, depending on the location of the area to be studied. 

• An examination under anesthesia and an endoscopic assess
ment may be performed to ascertain that a J-pouch is intact, 
to ensure that a distal anastomosis or repair has healed, and 
to ensure that a malignancy has not recurred. 
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• If the anal sphincter was involved in the disease or repair, 
an anal manometry or endoscopic ultrasonography may be 
helpful to evaluate the sphincter. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Ileostomy reversal is not a minor operation and sometimes 
requires a full laparotomy. 

• A loop ileostomy often facilitates subsequent ileostomy re
versal by potentially obviating the need for a full laparotomy. 

emergency operation) .  Bowel preparation can be achieved 
under those circumstances as follows: 

Patients with an end ileostomy and a rectal stump: trans
anal enema 
Patients with a loop ileostomy: irrigation through the ef
ferent limb or transanal retrograde enema, depending on 
the location of disease, repair, or anastomosis. 
The radiologist can be asked to irrigate the diverted seg
ment (efferent limb or colon) with saline solution at the 
completion of a contrast study. 
Ureteral stents should be strongly considered if the patient 
has had significant pelvic inflammation. 

• The groundwork for successful ileostomy reversal is laid at 
the time of the construction of the ileostomy. To facilitate the 
ileostomy takedown procedure, an adhesion barrier should 
be placed at the time of ileostomy creation. 

Positioning 

• Bowel preparation for the proximal intestine consists of 
24 hours of clear liquids. 

• Bowel preparation distal to the ileostomy is optional but is 
strongly recommended if no formal bowel preparation was 
performed prior to creation of ileostomy (e .g . ,  in case of an 

• The patient is placed in lithotomy position if an endoscopic as
sessment or exam under anesthesia is required, if the rectal vault 
requires irrigation and evacuation of inspissated mucus secre
tions, or if an ileorectal or ileoanal anastomosis is to be created. 

• Supine position is adequate if no access to the anus or rectum 
is required. 

END I LEOSTOMY REVERSAL 

Stoma Closure 

• The stoma is c losed with a r u n n i n g  0-s i l k  suture .  

Mobilization and Resection of Ileostomy 

• A ci rcumferent ia l  sk in  inc i s ion is made sharp ly around the 

wa l l  o r  mesentery. Eastman o r  Army-Navy retractors can 
fac i l itate exposure and  visua l i zation .  

• Any ad hes ions to the abdomina l  wa l l  adjacent to the i n 
te rna l  aspect of  the i l eostomy site a re lysed c i rcu mferen
t i a l l y  to c lear  the peritonea l  su rface for safe subseq uent 
rea pprox imat ion and c losure of the abdom i n a l  wa l l  de
fect. A wound protector i s  p laced to m i n i m ize wound 
conta m i nat ion .  

c losed i leostomy just per i phera l  to the m ucocutaneous • The i leostomy is excised with its f ibrofatty t issue a n d  a 
v iab le  seg ment of i l eum with i ntact serosa and  adequate 
b lood supp ly  is p repared for the a nastomosis .  If a stap led 
a nastomosis i s  p l a n ned, the anv i l  f rom the c i rcu l a r  sta p ler  
i s  p laced and  secured i n  the i l e u m .  

j unct ion .  
• Sharp d i ssect ion is used next to the bowe l wa l l ,  with ju 

d i c ious  use  of  e lectroca utery, to release the stoma from 
the subcutaneous fat, rectus muscle,  and rectus sheath 
(FIG 7) .  Caut ion i s  used to avo id  an i n ju ry to the bowel 

FIG 7 • Sk in  inc i s ion and stoma mob i l izat ion for reversa l of 
an end or  loop i leostomy. A c i rcumferent ia l  sk in  inc i s ion is 
made d i rect ly adjacent to the c losed i leostomy. The inc i s ion 
i s  deepened across a l l  abdom i n a l  wa l l  l ayers down to the 
l evel of the abdom i n a l  cavity. The i leostomy a n d  adherent 
f ib rofatty t issues a re resected .  

Preparation o f  the Distal Bowel Segment 

• Typ ica l ly through a l a pa rotomy, the d i sta l bowe l seg
ment to which the i l e u m  is to be anastomosed (usua l ly 
the rectum) is ca refu l ly mob i l ized and  prepared for 
a nastomosis .  The i ntest i na l  segment must be v iab le  and  
of  adequate length .  

Anastomosis after Takedown of the End Ileostomy 

• A sta ndard i l eorecta l (or i leoan a l  or i leoco l i c) a nastomo
s i s  can be created with a sta p ler  (e .g . ,  by us ing a c i rcu l a r  
end-to-end a nastomosis  [E EA] sta p le r) or  a h a nd-sewn 
tech n ique  (FIG 8) .  

• A leak test is performed . Water is pou red i nto the pelv is  
unt i l  the a nastomosis  i s  submerged .  The bowel is  oc
c luded proxi m a l  to the a nastomosis .  A i r  i s  i n sufflated per 
a n u m  with a proctoscope. 
• S m a l l  leaks can be oversewn and  the leak test i s  

repeated .  If the leak  test rema in s  posit ive, the a nas
tomosis can be redone with a low th resho ld  for the 
p l acement of a p roxi ma l  d ivert ing  loop i l eostomy 
and a pelvic d ra i n .  

• S m a l l  leaks low i n  the pelv is  or l a rge leaks shou ld  
be repa i red or  the anastomosis shou ld  be redone .  
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FIG 8 • Reversa l of a n  end i l eostomy. I ntesti n a l  cont i nu ity 
is restored with a c i rcu l a r  cutt i ng  sta p ler  (e . g ., by creat ing  a n  
i l eorecta l a nastomosis) .  

• 

Creat ion  of a p roxi ma l  d ivert ing  loop i l eostomy and  
i nsertion  of  a pelv ic d ra in  shou ld  be strong ly  con
s idered under those c i rcumstances.  The omentu m 
shou ld  be wrapped around the anastomosis .  

Alternatively, the anastomosis can be v isu a l i zed endo-

Fascial Closure 

• The abdomina l  wa l l  stoma defect is c losed without tens ion 
i n  two layers with ru n n i n g  o r  i nterru pted 1 -polyd i oxa
none (PDS) sutu re. Omentum is p laced between  the 
a nastomosis and the fasc ia l  c losu re, if ava i l ab le .  

• If the fascia is of poor q u a l ity, a b io log ic  mesh can be 
used for rei nforcement.  

Stoma Site Skin Closure 

• The sk in can be c losed with n umerous d ifferent techn iq ues, 
but in pr inc ip le, the c losure shou ld not be watert ight. 
Options inc lude the fo l l owing :  
• Pr imary sk in  c losure 

Loose sk in  c losure with i nterrupted 2-0 nylon su
tu res or  staples .  Wound  f lu id d ra i nage shou ld  be 
fac i l itated, for instance, by app l icat ion of wicks 
made of Kenda l l  Te lfa® d ressi ng pads (the wicks 
shou ld  be removed on postoperative day 2 or  3) .  
De layed pr imary c losure (performed on  post
operative day 2 or  3) .  
Purse-str ing closu re.  Loose c i rcu la r  (pu rse-str ing) 
sk in  c losure with 2-0 runn ing, subcuticu la r  po ly
propylene.  The approximately 1 to 1 . 5 em re
ma in ing  centra l opening is  packed with moist 
gauze that is fi rst removed on postoperative 
day 2 and  then exchanged da i ly. The suture is re
moved on postoperative day 2 1 . The pu rse-str ing 
c losure may be associated with a lower surg ica l  
s ite i nfect ion rate than a pr imary closu re.  

scop ica l ly (with or  without i nject ion of i ntravenous  f luo- • Wou n d  hea l i n g  by secondary i ntentio n .  The wou n d  is l eft 
open and  wet-to-d ry d ress i ng  changes a re i n it iated . resce in  to assess the i ntest i na l  b lood supp ly) . 

REVERSAL LOOP I LEOSTOMY 

• The i leostomy c losure can usua l ly be performed through 
the i l eostomy s ite, without  req u i ri n g  a comp lete lapa
rotomy. 

• The steps l ead i n g  u p  to the  a n a stomos i s  a re the  sa me 
as  for the  reversa l of the  e n d  i l eostomy d i scussed 
e a r l i e r. 

• A wound p rotector is p l aced to m i n i m ize wound conta m-
inat ion .  

Anastomosis after Takedown of Loop Ileostomy 

• The anastomos is  between the p roxim a l  (afferent) a n d  
d ista l (efferent) i lea l  l i m bs c a n  be e ither hand-sewn or  
sta p led .  

• The stoma and  f ibrofatty tissues a re resected with a 
l i near  cutt i ng  sta p ler  to a level where there a re two 
d isti nct i l ea l  l i m bs (FIG 9A) .  

• For  a sta p led  s i de-to-s i d e  a nastom os i s, the  a n 
t i m esenter ic  co rner  o f  e a c h  i l e a l  e n d  i s  c u t  a n d  
rem oved . 

• 

• A s ide-to-s ide, funct iona l  end-to-end a nastomosis  is  
created with a l i near  cutt i ng  sta p ler  (FIG 98) . The 
enter ic defect i s  c losed with a l i near  sta p le r  or  a 
hand-sewn techn ique .  

• The a nastomosis  can a l so be constructed with a c i r-
cu l a r  sta p ler  or hand-sewn.  

Alternatively, a d i rect transverse c losu re of the enter ic 
defect at the stoma site can be performed . With this 
techn iq ue, the stoma and  f ibrofatty t issues a re resected 
spar i n g ly so that the connect i n g  br idge of i ntesti n a l  wa l l  
on t h e  poster ior  (mesenter ic) aspect o f  t h e  loop stoma 
rema in s  i ntact (FIG 1 0A) .  

• The a nt i  mesenter ic  defect ca n then be c losed e ither 
by a hand-sewn techn ique  (doub le  layer tech 
n ique  cons ist ing  of  3 -0  a bsorba b le  fu l l -th ickness 
sutu res [e .g . ,  Vicry l®] .  fo l l owed by 3-0 nona bsorb
able Lembert seromuscu l a r  sutu res [e.g. ,  s i l k])  
(FIG 1 08) or stap led tech n i q u e  (with a l i near  
sta p ler) with  optiona l  oversewing of the stap le  l i n e  
(FIG 1 0C) .  
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A B 

FIG 9 • Reversa l of a loop i leostomy: option 1 (resu lts in l a rger a nastomotic cross sect ion) .  A. The i l eum is mob i l ized from 
the a bdom ina l  wa l l .  The stoma itself ( inc l ud ing  the stap les i n  case of a d iv ided loop i leostomy) and adjacent f ibrofatty tissues 
are resected with a l i near  cutt ing stap ler  to a level where both l i m bs a re comp letely sepa rated . B. A s ide-to-s ide (funct iona l  
end-to-end) stap led anastomosis is created with a l i near cutt ing stap ler  inserted i nto the ant imesenteric aspect of each i l ea l  
l i m b .  The rema in i ng  i l ea l  open ing  is c losed off with  a l i near  sta p ler  app l ication or by  us ing a hand-sewn tech n ique .  

A 

FIG 1 0  • Reversa l of a loop i leostomy: option 2 .  
A.  T h e  i l eum is  mob i l ized from the abdom i n a l  wa l l .  
T h e  stoma itse l f  and  adjacent f ibrofatty t issues a re 
resected spa r ing ly  so that the connect i ng  br idge of 
i l e u m  on the poster ior/mesenter ic aspect of the loop 
i l eostomy is  l eft i ntact. B. The i lea l  defect is  c losed 
with a transverse two- layer hand-sewn tech n ique  or  

B 

(C) with a l i near  sta p le r. C 
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PEARLS AND PITFALLS 
Ileostomy Creation 
I n d icat ions  • A d ivert ing  i l eostomy may prevent morb id ity by p revent ing a d ista l a nastomotic d i s rupt ion i n  h i g h-r isk 

patients. 

Preoperative ed ucation • Stoma ed ucat ion i s  cruc ia l to fa m i l i a rize the patient with the i m pend ing  stoma and to m i n i m ize 
potent ia l  com pl icat ions .  

Stoma p l acement • Preoperative i l eostomy site determ i n at ion and  mark ing  i s  cr it ica l .  The stoma m ust be p laced away 
from bony p rom inences, pann i ,  and scars to create a v iab le, tens ion-free i leostomy with a re l i ab l e  
app l i a nce sea l .  

Or ientat ion o f  loop 
i leostomy 

• Use mark ing  sutu res on afferent and efferent l i m bs .  Avo id  tors ion  and mesenter ic  vascu l a r  
com p rom ise d u ri ng  stoma creat ion .  

Stoma matu rat ion • Creation  of a 2-cm B rooke i leostomy (end o r  d ivert ing  loop)  m i n i m izes the morb id ity that stems from 
the i l eostomy eff luent. 

Fo l low-up  • Close fo l l ow-u p  and  the use  of  i leostomy ca re pathways a re cr it ica l to recog n ize and  address stoma
site prob lems and  to m i n i m ize readm iss ions for dehydrat ion and  e lectro lyte abnorma l it ies .  

I leostomy Reversal 
H i story and  physica l • I l eostomy reversa l is usua l ly an e lective proced u re .  Al low the patient to atta i n  an opti ma l  hea lth status 

before u nderta k ing  reversa l .  

D i agnostic tests • Cons ider d i agnostic stud ies to assess the d ista l bowe l or a nastomosis  pr ior  to c losure .  These stud ies 
may p revent morb id ity and i m p rove outcome.  

Preparat ion of the 
i leum for ta kedown 

• Dissect the i l eum to v iab le, hea lthy i l e u m  with adeq u ate b lood supp ly. Avoid tens ion on  the 
a nastomosis .  

Sk in  c losure • Hea l i n g  by secondary i ntention pred ictab ly  prevents wou n d  i nfect ions  and  typica l ly has  s i m i l a r  
cosmetic outcomes compared t o  pr imary c losure.  " P u rse stri n g "  c losure i s  an  i ncreas ing ly  used as  s k i n  
c losure optio n .  

Fo l low-u p  • Patients u ndergo ing  i l eostomy reversa l a re at r i s k  f o r  major morb id ity and  morta l ity and  must b e  
fo l l owed c losely postoperative ly. 

POSTOPERATIVE CARE 
For Ileostomy Creation Patients 

• Creation of an ileostomy results in the loss of the ileoce
cal valve and of the colonic water reabsorption, leading 
to dehydration and electrolyte abnormalities .  Postop
eratively, the newly created ileostomy begins to function 
within 72 hours, often with high output (> 1 L)  per day. 
Within weeks, the proximal small bowel adapts at least 
partially as water absorption increases and the effluent 
thickens .  Ideal daily effluent volume after adaptation is 
500 to 1 000 mL. 

• Appropriate hydration and electrolyte levels ( sodium, potas
sium, magnesium, and calcium) must be maintained, using 
electrolyte solutions (e .g . ,  Pedialyte® ) and oral or intrave
nous sodium chloride. After discharge, the patient must con
tact his or her medical provider if the ileostomy output is 
greater than 1 L per day for 2 consecutive days. 

• Psyllium (e .g . ,  Metamucil®) can be used to thicken the 
enteric contents. 

• Anticholinergic agents, opioid receptor agonists (e .g . ,  lop
eramide) ,  bile acid binders (e.g., cholestyramine) ,  and nar
cotic agents (e .g . ,  tincture of opium, codeine) can be used to 
decrease ileostomy output. 

• Vitamin B12 is administered subcutaneously as needed. 
• Support belts may be helpful for securing poorly fitting 

appliances, especially in obese patients . 

• Maintaining a healthy skin around the stoma is paramount. 
Allergic reactions to the appliance can occur and may be 
managed by changing appliance type or manufacturer. 

• Pooling of ileal effluent must be avoided by frequent ap
pliance changes or bag emptying. The appliance should be 
changed immediately postoperatively if the patient experi
ences leakage or peristomal skin problems. 

For Ileostomy Reversal Patients 

• The patients must be followed closely postoperatively to 
identify problems and complications after ileostomy take
down. This is especially important in high-risk patients. 

• Dehydration and electrolyte abnormalities may persist after 
ileostomy takedown. 

OUTCOMES 
• Dietary indiscretion (e .g . ,  high glucose, high fat) and al

coholic beverages may result in diarrhea and dehydration. 
Dehydration contributes to readmission rates that can be as 
high as 20%.  

• An " ileostomy care pathway, " including a standardized set 
of perioperative patient education tools, direct patient en
gagement with stoma care, strict monitoring of stoma output 
postdischarge, and visiting nurse involvement, may all posi
tively impact overall readmission rates (e .g . ,  3 5 %  prepath
way implementation vs. 2 1 %  postpathway implementation) 



956 P a r t 4 OPERATIVE TECHNIQUES IN  COLON AND RECTAL SURGERY 

and may decrease or even eliminate readmissions for dehy
dration (e .g . ,  1 5 . 5 %  prepathway implementation vs. 0 %  
postpathway implementation) . 1 

• The use of a sodium hyaluronate and carboxymethylcellulose
based bioabsorbable membrane can significantly decrease ad
hesion formation around a loop ileostomy as identified at the 
time of ileostomy reversal (e .g. ,  no Seprafilm® vs. Seprafilm® 
around stoma, 30 .6% vs. 14 . 1  % ) .2 

• In patients requiring a diverting loop ileostomy, a 
bridge (rod)  does not significantly impact retraction or 
leakages . 3  

• Laparoscopic creation of an ileostomy is safe and effective 
and should be considered for patients .4 

• Over 1 0 %  of patients require ileostomy-related reoperations. 
Obesity is an independent risk factor for ileostomy complica
tions and, along with smoking history, is associated with a 
lower likelihood of subsequent ileostomy reversal.5 

• Handsewn vs. stapled ileo-ileostomy anastomoses for il
eostomy closure have similar major complications such as 
bowel obstruction (in about 1 5 %  of cases) and anastomotic 
leak (in about 2% of cases ) ,  with stapled anastomoses re
sulting in shorter operation times.6 

COMPLICATIONS 
Ileostomy Creation Patients 

• Over 80% of patients experience one or more stoma-related 
complications. Common problems include skin irritation 
(in up to 6 0 % ) ,  fixation problems (in up to 5 0 % ) ,  and peris
tomal leakage (in up to 40% ) .  Superficial necrosis, bleeding, 
and retraction can occur in up to 20%,  1 5 % ,  and 1 0 %  of 
patients, respectively. Stoma-related complications are even 
more common for stomas in suboptimal locations. 

• Parastomal hernia 
• Parastomal fistula 
• High-output ileostomies may result in dehydration, elec

trolyte abnormalities, and fat/fat-soluble vitamin mal
absorption. 

Ileostomy Reversal Patients 

• An analysis of the National Surgical Quality Improvement 
Program (NSQIP) demonstrated that following elective il
eostomy closure, 9 . 3 %  of patients had major complications 
(e .g. ,  mortality, sepsis, return to the operating room, renal 
failure, major cardiac, neurologic, or respiratory episode) 
and 8 .4% had minor complications (e .g . ,  wound infection 
or urinary tract infection within 30 days) .  Mortality was 
0 . 6 % .  Independent predictors of major complications were 
American Society of Anesthesiologists (ASA) physical sta
tus classification system score, functional status, history of 
chronic obstructive pulmonary disease (COPD) ,  dialysis, 
disseminated cancer, and prolonged operative time. 

• Hand-sewn ileo-ileostomy and stapled ileo-ileostomy anas
tomoses for ileostomy closure have similar major complica
tion rates e .g. ,  bowel obstruction in about 1 5 %  of cases and 
anastomotic leak in about 2% of cases. 

• Wound infections following ileostomy reversal are signifi
cantly lower in patients undergoing delayed versus primary 
closure (0% vs. 24 % )  with similar cosmetic outcomes. 
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DEFINITION 
• A j ejunostomy feeding tube is a tube placed into the proxi

mal j ejunum and brought out through the skin to allow for 
feeding distal to the stomach. Jejunostomy tubes are indi
cated in patients who are unable to maintain adequate nutri
tion orally and who are unable to be fed via the stomach. 
Examples of conditions that may require a j ejunostomy tube 
include, but are not limited to, gastric outlet obstruction, 
esophageal perforation, gastroparesis, or recurrent aspira
tion. Jejunostomy tubes may be placed via a nasojejunal or 
percutaneous route; the latter can be approached via inter
ventional radiology, via laparoscopic or open surgery, or via 
endoscopy, as an extension through a percutaneous gastros
tomy tube. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• A complete surgical history should be elicited, focusing on 

prior abdominal operations. 
• A complete abdominal examination should be performed, 

noting prior incisions and hernias. 
• Because malnutrition may be an indication for placement of 

a j ejunostomy tube, a complete nutritional history should be 
obtained including recent weight loss. 

• Physical examination should be focused on signs of severe 
malnutrition such as loss of subcutaneous fat, muscle wast
ing, and/or presence of edema and ascites. 

• The Subjective Global Assessment Score combines the his
tory and physical examination to provide a rating from A 
(well nourished) to C (severely malnourished) . 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A nutritional assessment should be performed. Severe mal

nutrition may be a reason for placement of a j ej unostomy 
tube, such as prior to major elective surgery. Indicators of 
preoperative malnutrition include weight loss greater than 
1 0 %  to 1 5 %  over the previous 6 months, body mass index 
less than 1 8 .5  kg/m2, Subjective Global Assessment Grade C, 
and/or serum albumin less than 3 g/dL.1 

• Electrolytes should be checked and replaced prior to sur
gery. An electrocardiogram should also be checked in order 
to rule out cardiac abnormalities and arrhythmias. 

• Additional studies and radiologic imaging should be based 
on the primary diagnosis. In patients with underlying malig
nancy, staging studies should be recent enough to ensure that 
there are no changes in the cancer status that may affect the 
operative plan. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Although enteral feeding is preferred to the parenteral route, 
the surgeon should ensure that there are no contraindications 

to enteral nutrition such as distal obstruction, ileus, high
output enterocutaneous fistula, or shock. 

• Alternatives to j ej unostomy tubes include temporary nasally 
inserted feeding tubes and gastrostomy tubes. Temporary 
feeding access can be achieved using a nasogastric or a nasa
j ejunal feeding tube; the latter can be placed with the assis
tance of fluoroscopy or endoscopy. Smaller diameter feeding 
tubes may be more comfortable for the patient but also may 
be more prone to clogging. Gastrostomy tubes for longer 
term feeding access can be placed endoscopically, radiologi
cally, or surgically. 

• If enteral access is not the primary indication for surgery, 
then the complete operative plan should be considered. The 
anticipated duration of inability to take in oral nutrition 
or of inadequate nutrition (<60% of caloric requirement) 
should be taken in consideration when deciding whether or 
not to place a feeding jejunostomy tube as well as in deciding 
the route of placement (nasojejunal vs. surgical ) . 1 In cancer 
patients, whether the goal of surgery is curative or pallia
tive should be considered. A temporary feeding jejunostomy 
tube may be indicated after resection of cancer of the esoph
agus, stomach, or pancreas to allow continued distal enteral 
nutrition in the event of an anastomotic leak. 

• Palliative care may include placement of a surgical jeju
nostomy tube. Cancer patients who are not candidates for 
curative treatment should be assessed for their preferences, 
quality of life, and resources. The risks of surgical inter
vention should be weighed against the potential benefits of 
enteral nutrition. A candid discussion should be held with the 
patient regarding advanced directives and end-of-life care. 

• When enteral access is the primary indication for surgery, 
the surgeon should discuss the planned operative approach 
with the patient. When a laparoscopic jejunostomy tube is 
planned, the surgeon should discuss the possibility of conver
sion to open. If the j ejunostomy tube is palliative, the surgeon 
should discuss the possibility of aborting the procedure when 
the risks outweigh the benefits ( i .e . ,  in the setting of carcino
matosis and inability to safely dissect the proximal jejunum) .  

• Although no randomized trials exist regarding antibiotic 
prophylaxis prior to j ejunostomy tube placement, there is 
high-quality evidence that antibiotic prophylaxis reduces 
surgical site infections across procedures and baseline risks. 2 

In addition, a meta-analysis of randomized controlled tri
als of antibiotic prophylaxis to prevent peristomal infection 
after percutaneous endoscopic gastrostomy demonstrated a 
significant risk reduction with cephalosporin and penicillin
based prophylaxis.3 

Positioning 

• The patient should be positioned in the supine position. 
This is required for both laparoscopic and open techniques. 
For the laparoscopic approach, it is important to secure 
the patient to the bed with straps or tapes to allow for safe 
manipulation of the operating table. 
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OPEN J EJUNOSTOMY FEEDING TUBE 

PLACEMENT 

First Step-Placement of Skin Incision 

• A l i m ited m i d l i n e  i nc is ion,  approximately 5 em i n  l ength, 
i s  made a bove the u m b i l i cus .  Th i s  a l l ows for identif ica
t ion of the l i gament of Treitz.  A l a rger  inc i s ion may be 
needed if the patient has had m u lt ip le  pr ior  operat ions 
req u i ri n g  adhes io lysis .  

• 

• 

Once the a bdomen is entered, the omentum can be 
fo l l owed to the tra nsverse co lon,  which is retracted ceph
a l ad .  The l iga ment of Tre itz i s  located at the base of the 
transverse mesoco lon to the left of the fou rth port ion of 
the d uoden u m  (FIG 1 ) and  is identif ied by v isua l izat ion 
and  pa lpation .  A seg ment of jej u n u m  d i sta l  to the l iga 
ment of  Treitz i s  identif ied.  A d istance of  15  to  20 em from 
the l i ga ment of Treitz w i l l  a l l ow the jej u n u m  to reach the 
abdom i n a l  wa l l  without tension, wh i l e  a lso provid i n g  for 
enough length for a p roxima l  revis ion of the jej u n a l  seg
ment, shou ld  one be necessa ry i n  the future. 
An exit site i s  identif ied i n  the skin of the left upper quad
rant, severa l centi meters latera l f rom the m i d l i ne .  A sta b 
i nc is ion is made at th i s  level, and  tons i l  c l amps a re used to 
de l iver the jejunostomy tube i nto the abdom i n a l  cavity. 

Second Step-Choice of Tubes 

• The type of jej u nostomy tube used can be as s imp le  as a 1 0-
or 1 2-French red rubber catheter or a s i l icone jejunostomy 
tube s im i l a r  to those used i n  laparoscopic  cases. S i l icone 
tubes may have more longevity.• Avoid using ba l loon
t ipped catheters ( i .e . ,  Fo ley catheters) or, a lternative ly, 

Transverse colon Ligament of Treitz 

Duodenum 

FIG 1 • Identification of the l igament of Treitz. With the 
transverse colon retracted superiorly, the l igament of Tre itz can 
be easi ly identified at the base of the transverse mesocolon 
and to the left of the fou rth port ion of the d uodenu m .  

• 

ensure that the ab i l ity to i nflate the ba l loon has been d is
a b led to prevent future attem pts at i n sufflati ng the ba l 
loon that cou ld  lead to subseq uent bowel obstruct ion .  
If us ing  a red rubber catheter, the t i p  may be cut off, 
which a l l ows for exchange over a wi re shou ld  the tube 
become c logged . Addit iona l  s ide  holes may a lso be cut 
at the d ista l  end of the tube i n  order to i m p rove f low 
through the catheter. 

Third Step-Suturing Tube into the Bowel 

• 

• 

• 

The p revious ly chosen site of p rox ima l  jej u n u m  is de l iv
ered i nto the wou n d .  The site of entry of the tube shou ld  
be on the ant imesenteric s ide of the jej u n u m .  Once th i s  
i s  identif ied, a 3 -0  s i l k  i s  used to create a d iamond-shaped 
purse-str ing suture. A sma l l  ope n i n g  i s  made ins ide  the 
pu rse-str ing suture with ca utery, o n ly l a rge enough to 
a l low for the tube to be i nserted i nto the bowe l .  
T h e  t u b e  is  p laced i nto t h e  bowel and  advanced i nto the 
d i sta l  port ion of the jej u n u m .  The length of adva nce
ment i nto the jej u n u m  shou ld  be long enough to prevent 
backflow of feeds i nto the proxi m a l  s m a l l  i ntest ine .  
The pu rse-str ing suture i s  secu red, and  the tube is p laced 
a long the proxima l  bowel wa l l .  The Witzel tech n ique  is 
then used to prevent extravasations  of enteric feeds at the 
jej u nostomy tube entrance s ite .  I n  th i s  tech n iq ue, 3-0 s i l k  
serom uscu l a r  sutu res a re  p laced perpend icu la rly on the  
ant i  mesenter ic border of  the bowel on both s ides of  the  
feed ing  tube (Lembert sutu res) i n  o rder  to i m br icate the  
bowel wa l l  over the feed ing  tu be, creati ng a serosa l tun 
ne l  (FIG 2) .  Th i s  shou ld  be approximately 2 to  3 em i n  
length and care shou ld  be taken to not  na rrow the l u men 

Distal jejunum 

FIG 2 • The open Witzel techn ique .  3-0 s i lk seromusc u l a r  
sutu res a re p laced perpend i cu la r ly on the a nt i  mesenter ic  
border of the bowe l on both s ides of the feed ing  tube 
(Lembert sutu res) i n  order to i m b ricate the bowe l wa l l  over 
the feed i n g  tube, creat ing  a serosa l  tunne l .  



of the bowel or tube with these sutu res. Care shou ld  a l so 
be taken to avoid perforat ing  the feed i n g  tube d u ri n g  
t h e  placement o f  these sutu res, as t h i s  cou ld  l e a d  t o  ex
travasat ion of the enteric feeds  i nto the a bdom ina l  cavity. 

Fourth Step-Suturing the Tube to the 
Abdominal Wall 

• The tube shou ld  then be secured with 3-0 s i l k  seromus
cu l a r  sutu res to the abdom i n a l  wa l l  par ieta l  per itoneum 

LAPAROSCOPIC JEJUNOSTOMY FEEDING 

TUBE PLACEMENT 

First Step-Laparoscopic Port Placement 

• The abdomen may be entered e ither by a cut-down tech 
n iq ue, by u se  of  a n  i nsuff lat ion need le  fo l l owed by  entry 
with an optica l access trocar, or with an optica l access 
troca r a lone .  One 5-mm port shou ld  be p laced per i u m 
b i l ica l ly and  two add it iona l  5-m m ports shou ld  be p laced 
in a tri a n g u l ated fash ion  to a l l ow for m a n i p u lat ion of 
the jej u n u m ;  these shou ld  be p laced under  d i rect v isua l 
izat ion to prevent bowe l i n ju ry. These a re trad it io n a l ly 
p l aced i n  the r ight u p per and  left lower quadra nts. 

Second Step-Identification of the Ligament of Treitz 

• The patient is p laced in a Trende len b u rg posit ion and  i s  
rotated to the r ight s ide i n  order to fac i l itate identif ica
t ion  of the l i gament of Treitz.  
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i n  fou r  quadra nts around the exit po int  of  the tube 
j ust proxi ma l  to the last Witzel suture .  Ca re shou ld  be 
taken to avo id  perforat i ng  the feed ing  tube du r i ng  the 
p lacement of these sutu res, as this cou l d  lead to extrav
asation of the enter ic feeds i nto the abdom i n a l  cavity. 
One add it iona l  suture can be used to tack the jej u n u m  
t o  t h e  abdom i n a l  wa l l  d ista l t o  t h e  t u b e  entrance site to 
p revent k ink ing  or volvu l u s  of the jej u n u m  around the 
tube site. 

• The transverse co lon is e levated with an atra u m at ic  
g rasper to identify the l i ga ment of Tre itz, located at the 
base of the transverse mesoco lon  and  to the left of the 
fou rth port ion of the duodenum (FIG 1 ) .  A seg ment of 
jej u n u m  approximately 15 to 20 em d i sta l  from the l iga 
ment that  w i l l  eas i l y  a l low the jej u n u m  to reach the ab
dom ina l  wa l l  without tens ion  i s  identif ied.  

FIG 3 • A pu rse-str ing suture of 3-0 s i lk i s  p laced with an 
endoscop ic  sewing  device i n  a c i rcu l a r  manner at the s ite 
where the feed ing  tube wi l l  be i nserted .  

Third Step-Placing the Tube in the Jejunum 

• A p u rse-str ing suture of 3-0 s i l k  ca n be p laced with a 
l aparoscop ic  need le  d river or with an endoscop ic  sewing  
device i n  a c i rcu l a r  manner, i n  the same fash ion  as per
formed in open cases (FIG 3) .  Us ing  e lectroca utery, make 
a n  open i n g  i n  the sma l l  bowel and  de l iver the feed i n g  
t u b e  t h r o u g h  the open ing  and  i nto the d i sta l jej u n u m .  
T h e  purse-str ing suture i s  t ied i ntracorporeal ly. 

• 

• 

Lembert sutu res are p laced to create a Witzel serosa l • 

tunne l  around the feed ing  tube .  The jej u n ostomy tube i s  
then tacked to the a nter ior abdom i n a l  wa l l  w i th  a fou r
quadrant  suture p laced i ntracorporea l l y  prox ima l ly to 
the Witzel t u n n e l .  
If u s i n g  a laparoscopic  jejunostomy t u b e  k i t  that pro
vides T-fasteners, the jej u n u m  is  g rasped with two atrau
mat ic  g raspers and  the percutaneous T-fastener i s  p laced 
through the skin and i nto the bowel j ust proxi ma l  to 
where the tube wi l l  enter the jej u n u m .  Care shou ld  be • 
taken not to p lace the need le through and through the 
bowel (back-wa l l  perforation) that wou l d  lead to leakage 

of tube feeds and  enteric contents i nto the abdom ina l  cav
ity postoperative ly. Once the needle is i ns ide the bowel, 
the T-fastener is released by push ing i n  the stylet (FIG 4} .  

The  needle i s  then  removed, and  a hemostat i s  used to p u l l  
u p  on t h e  suture i n  order t o  p u l l  t h e  jej u n u m  u p  f lushed to 
the abdom ina l  wa l l .  Add it iona l  T-fasteners a re p laced in a 
d iamond shape around the p lanned insert ion site. 
The jej u n u m  is  then accessed with a need le, and a g u ide
wi re i s  th readed i nto the bowel  (FIG 5) .  The wi re i s  fo l 
l owed l aparoscopica l l y  to ensure it i s  go ing  down the 
d ista l jej u n a l  l i m b .  A sk in  inc i s ion i s  made at the g u ide
wi re ex it  site a n d  the d i lator i s  p l aced over the wi re and 
i nto the jej u n u m .  The d i lator i s  exchanged for the peel
away sheath . The wi re i s  removed and  the tube i s  p laced 
through  the pee l-away sheath .  The sheath i s  then peeled 
away from the catheter (FIG 6) .  

Confirmation that  the tube i s  i n  the bowel l umen  can be  
ach ieved by  i nject ing  a i r  i nto the tube and  observi ng the  
bowel d i stend .  
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Fourth Step-Securing the Jejunum to the 
Abdominal Wall 

• 

• 

The bowel can be fastened to the abdom i n a l  wa l l  i n  fou r  
corners with 3-0 s i l ks u s i n g  lapa roscopic  need le  d rivers 
(FIG 3) .  An a lternative method i s  to p lace sutu res on a l l  
fou r  quadra nts a round  t h e  pu rse-str ing site and  de l iver 
them through the abdom i n a l  wa l l  with a suture passer. 
If T-fasteners a re used, they a re then secured by cr i mp ing  
the meta l fasteners a bove the bo l sters w i th  a stra ight  

FIG S • Lapa roscop ic  jej u nostomy kit tech n ique .  The 
jej u n u m  is  then accessed with  a need le  and  a g u idewi re i s  
th readed i nto the bowe l .  

F I G  4 • Lapa roscop ic  jej u n ostomy k i t  tech n ique .  O n c e  the 
need le  i s  i n serted ins ide  the bowe l,  push ing i n  the stylet 
dep loys the T-fastener. 

• 

hemostat, thus  approxi mati ng the jej u n u m  to the ab
domina l  wa l l .  An add it iona l  T-fastener  can be used to 
tack the jej u n u m  to the abdom i n a l  wa l l  d i sta l  to the tube 
i nsert ion s i te to prevent volvu l u s  (FIG 7) .  

I nject a sma l l  amount of  sa l i n e  o r  a i r  i nto the tube after i t  
has been  secu red to the abdom i n a l  wa l l  to ensure there 
i s  no leak and that the tube i s  patent. 

FIG 6 • Lapa roscop ic  jej u n ostomy kit tech n ique .  The 
jej u nostomy tube is p l aced through the peel-away sheath 
and i nto the d i sta l jej u n a l  l i m b .  



C h a p t e r  5 JEJUNOSTOMY TUBE 961 

FIG 7 • Laparoscop ic  jej u nostomy kit techn ique .  A. The 
T-fasteners have been secured by c r imp ing  the meta l fasteners 
a bove the bolsters, thus  approximat ing the jej u n u m  to the 
a bdom ina l  wa l l  at the jejunostomy s ite .  B. An addit iona l  
T-fastener  was p laced to tack the jej u n u m  to the a bdom ina l  wa l l  
d ista l t o  the tube i nsert ion site t o  prevent volvu lus .  

PEARLS AND PITFALLS 
Techn ique  

Open jej u n ostomy tube p l acement 

Creat i n g  the serosa l tunne l  • When creat ing  the Witzel tunne l ,  it i s  possi b le  to cause na rrowi ng of the proxi ma l  bowe l .  The 
sutu res should be ca refu l ly p laced c lose to the feed ing  tube to avoid th i s  prob lem.  

Lapa roscop ic  jej u nostomy tube p lacement 

Using T-fasteners 

Wi re p l acement 

Confi rmat ion of tube 
p lacement 

• Care should be taken not to p lace the need le  through and  through  the bowe l (avo id  back-wa l l  
perforat ion o f  t h e  bowe l) .  

• When cr imp ing  the T-fasteners, ensure that the jej u n u m  is  f lush to the abdom i n a l  wa l l .  However, 
do not i ndent the sk in  s i gn if icant ly, wh ich can cause necrosis of the sk in  and  cause the patient 
s ign if icant pa i n .  

• Fasteners s h o u l d  b e  ca refu l l y  p l an ned as kits o n ly carry five fasteners and  once through t h e  sk in  
and  fasc ia ,  the fastener  i s  not  reusa b le .  

• Ensure that the w i re i s  trave l i n g  d i sta l ly when p laced.  
• Ensure that the w i re i s  free ly mobi le  i n  the bowel  and  has  not d i ssected i nto the layers  of the 

i ntesti n a l  wa l l .  

• Ensure that t h e  d i lator and  tube a re v i sua l ized l aparoscop ica l ly wh i l e  enter ing  i nto t h e  d ista l 
aspect of the jej u n u m .  

• I nject a sma l l  amount o f  s a l i n e  o r  a i r  i nto t h e  t u b e  after it h a s  been secured to t h e  abdom i n a l  wa l l  
t o  ensure there i s  no  leak and  that t h e  tube i s  patent. 

POSTOPERATIVE CARE using immunonutrition in perioperative head/neck and gas
trointestinal cancer patients. 5•6 

• Postoperatively, the patient's j ejunostomy tube can be used 
immediately. 

• The jejunostomy tube should be flushed daily, before and 
after administration of medications, and after stopping tube 
feeds to prevent clogging and to ensure patency. 

• If a laparoscopic j ejunostomy kit was used, the T-fasteners 
can be cut at the skin level 2 weeks after tube placement. 

• Nutritional consultation should be considered in order to 
determine the patient's caloric needs. Nutritionists may also 
assist in the choice of enteral formula. There is data from 
meta-analyses of randomized trials suggesting a benefit to 

• In malnourished patients who are at high risk for refeeding 
syndrome, nutritional support should be started slowly.7 
Fluid and electrolyte imbalances should be corrected. In addi
tion, high-risk patients should be monitored closely in terms 
of their vital signs, electrolytes, weight, and neurologic signs 
and symptoms. Patients should be monitored for hypophos
phatemia, hypokalemia, hypomagnesemia, hyperglycemia, 
and hyponatremia upon initiation of feeds. Because of the risk 
of arrhythmias, telemetry may be indicated in severe cases. 

• Diarrhea is a common side effect of enteral nutrition. 
High-quality data on preventive interventions are lacking. 8  
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Persistent diarrhea ( > 72 hours) should trigger evaluation 
for Clostridium difficile infection, rectal examination to rule 
out fecal impaction, cessation of laxatives, and restoration 
of fluid and electrolyte balance. Addition of soluble fiber or 
modification of the composition of the enteral formula may 
reduce diarrhea. 8 

• Nonocclusive bowel necrosis is a rare but devastating com
plication of enteral feeding. Tube feed tolerance should be 
monitored closely, particularly among patients with preex
isting impaired gastrointestinal function. Signs of intoler
ance may be nonspecific such as nausea, diarrhea, bloating, 
and abdominal pain. Mechanisms that may contribute to 
nonocclusive bowel necrosis include mesenteric hypoperfu
sion, bacterial contamination, and hyperosmolarity of the 
tube feeds. Unfortunately, due to the rarity of nonocclusive 
bowel necrosis, specific risk factors cannot be identified.9 
Therefore, a low threshold for diagnosis should be main
tained and early reexploration performed when suspected.  

OUTCOMES 
• Outcomes after jejunostomy tube placement are dependent 

on the primary diagnosis. 
• In cancer patients undergoing curative treatment, enteral nu

trition improves the tolerance and response to therapy. 10•1 1  
I n  cancer patients undergoing palliative treatment, enteral 
nutrition may improve symptoms and quality of life while 
reducing loss of autonomy.10 

COMPLICATIONS 
• Diarrhea 
• Dermatitis 
• Infection 
• Tube leakage (peristomal or intraperitoneal) 
• Small bowel perforation 
• Displacement of the j ejunostomy tube 

• Enterocutaneous fistula 
• Refeeding syndrome 
• Mechanical small bowel obstruction at the j ejunostomy 

tube site 
• Volvulus around the jejunostomy tube site 
• Nonocclusive bowel necrosis 
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Chapter 6 Appendectomy: 
Open Technique 
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DEFINITION 
• Open appendectomy is defined as removal of the appendix 

via an incision in the abdominal wall without use of a camera. 
Prior to laparoscopy, it was the most commonly performed 
emergency general surgery operation in the United States. 

• Open appendectomy has been replaced in frequency by 
laparoscopic appendectomy as the most common emergency 
general surgery operation performed. 

• Laparoscopic appendectomy is not always possible, and an 
open approach may be preferred in patients who have had 
extensive abdominal or pelvic surgery. Additionally, it may 
be necessary to convert to an open technique from an initial 
laparoscopic approach due to technical or anatomic reasons. 
Open appendectomy can also be the preferred approach in 
patients who are pregnant in which the gravid uterus pre
cludes laparoscopy. 

DIFFERENTIAL DIAGNOSIS 
• Patients presenting with appendicitis may have any number 

of conditions mimicking the classic right lower quadrant 
(RLQ) pain of appendicitis.  Conditions that have to be con
sidered in the differential diagnosis of acute appendicitis can 
be broken down in categories, including the following: 

Gastrointestinal: gastroenteritis, mesenteric lymphadeni
tis, Meckel's diverticulum, intussusception, cholecystitis,  
inflammatory bowel disease, diverticulitis, perforated can
cers, and perforated peptic ulcers 
Gynecologic: ectopic pregnancy, salpingitis, endometriosis, 
ovarian torsion, tuboovarian abscess 
Urologic: urinary tract infection, nephrolithiasis 

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• Patients most commonly present with appendicitis between 

the ages of 10 and 40 years. Approximately 75 % of patients 
will present with pain of less than 24 hours duration. Clas
sically, the pain is described as starting at the umbilicus and 
then migrating over several hours' time to the RLQ as the 
stimulus changes from the visceral to somatic nerves. How
ever, this classic migration is not always present, and nearly 
40% of patients will have atypical pain, with only vague 
abdominal pain or even flank pain. 

• Atypical pain can frequently be caused by subtle variation in 
the appendix location with right upper quadrant pain being 
caused by an anteriorly located appendix on a high-riding 
cecum, tenesmus triggered by an inflamed appendix tip in 
the pelvis, and flank pain triggered by a retrocecal appendix. 

• Nausea, vomiting, and anorexia are classically associated 
with appendicitis but are variably present. Of these, the 
sequence of having anorexia and/or abdominal pain pre
ceding vomiting is more consistent with appendicitis. When 
vomiting is the first symptom elicited, the diagnosis of 
appendicitis is questionable. Diarrhea is fairly nonspecific. 

• Physical exam findings consistent with appendicitis are 
dependent on the location of the appendix. Because the 
appendix may be located anywhere on the cecum, signs 
are extremely variable. Classic RLQ point tenderness at 
McBurney point is present in the normal anterior location 
of the appendix. Rovsing's sign (RLQ pain when left lower 
quadrant is pressed) may also be present. 

• When the appendix is located in a retrocecal position, a pos
itive psoas sign (pain with extension of the right thigh with 
the patient lying on the left side) can be elicited. 

• When the inflamed appendix is in the pelvis, the classic 
obturator sign (pain with internal rotation of the flexed 
thigh in the supine position) may be positive. 

• Additional tests for subtle peritoneal irritation, including 
gently shaking the hospital stretcher or having the patient 
walk, cough, or jump to determine if this exacerbates pain, 
are nonspecific for appendicitis and simply indicate perito
neal irritation. 

• Diffuse peritonitis is consistent with ruptured appendicitis 
and intraabdominal sepsis. These patients usually present 
with temperature greater than 39°C and tachycardia. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Laboratory studies and radiologic studies can be complemen

tary to history and physical exam in establishing the diagnosis. 
A mild leukocytosis is generally present. Occasionally, a " left 
shift" with normal leukocyte count is seen. Fewer than 5 %  of 
patients presenting with acute appendicitis will have both a 
normal white blood cell (WBC) count and no shift. 

• Urinary analysis may show a few white or red cells but 
should not reflect bacteriuria. 

• Serum chemistry testing for amylase and lipase and liver 
function tests are useful in cases where the history of presen
tation and physical exam findings are not classic and there is 
an atypical presentation. 

• Imaging studies have come to the forefront of appendicitis 
diagnosis in recent years. Computed tomography ( CT) 
enhanced with intravenous ( IV) and enteral contrast is the 
gold standard for evaluation of appendicitis. Case series dif
fer slightly in their reports, but a reasonable estimation is 
that CT is 90% sensitive and 95% specific for detection of 
appendicitis.  

• Widespread use of CT has been shown to reduce the inci
dence of negative appendectomy. 1 Furthermore, findings 
of phlegmon or abscess on CT may prompt the surgeon to 
undertake an alternate approach in treating complex cases 
of appendicitis with percutaneous drainage and IV antibiotic 
therapy as the first step of therapy in order to minimize 
morbidity to the patient. 

• Ultrasound remains an imaging modality that is operator 
dependent. In skilled centers, it can be especially helpful in 
pediatric patients and in early pregnancy. 
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inflammation (systemic inflammatory response syndrome 
[SIRS] : fever, tachycardia, increased respiratory rate, WBC 
count � 12,000/mm3 or :s4,000/mm3, or > 1 0 %  bands) .  

• Plain abdominal radiographs should not be considered rou
tine or mandatory in the specific evaluation of appendicitis 
but can be used as an initial test in patients presenting with 
diffuse peritonitis and signs of intraabdominal sepsis. 

SURGICAL MANAGEMENT 
• The bulk of surgical treatment should be discussed in the 

"Techniques" section. Here, consider indications and other 
more general concerns, such as discussed in the following 
sections. 

• Evidence-based studies clearly indicate that as soon as the 
decision to operate on the patient is made, IV antibiotics cov
ering facultative, gram-negative, and anaerobic flora should 
be promptly administered in an effort to reduce surgical 
site infection (SSI) .2 If simple (nonruptured) appendicitis is 
encountered at operation, there is no benefit in administra
tion of postoperative antibiotics. 

Preoperative Planning Positioning 

• Patients should receive adequate preoperative fluid resuscita
tion prior to operation in order to restore urine output. This is 
especially important for patients who show systemic signs of 

• The patient is positioned on a supine position with the 
arms extended or tucked depending on surgeon preference. 
A Foley catheter can be inserted at the surgeon's discretion. 

OPEN APPENDECTOMY FOR PRI MARY 

TREATMENT OF APPENDICITIS 

First Step-Skin Incision 

• A McBurney (ob l i q ue) or Rocky Davis (transverse) I nC I 
s ion  i s  made i n  the RLQ,  s l i g htly super ior  to the po int 
of maxim a l  tenderness found  d u ri n g  preoperative exam, 
and  centered on the m idc lav icu l a r  l ine (FIG 1 ) .  

Second Step-Abdominal Wall 

• There a re th ree m usc le l ayers i n  the latera l abdom i n a l  
wa l l .  A s  these a re encou ntered w h e n  enter ing  the a bdo
men, these a re the externa l  ob l i q ue, the i ntern a l  ob l iq ue, 
and the transversus abdom i n is m uscles .  

• Each m uscle aponeurosis is cut in the d i rect ion of the 
m uscle fi bers. 

' 

· ··\---
'· 

FIG 1 • I nc is ion p lacement. A Rocky Davis (transverse) or  
McBurney (ob l iq ue) inc is ion is  used . The m idpo int of the i nc is ion 
should be centered over the maxima l  point of tenderness. 

• A muscle-sp l itt i ng  techn ique  is used to spread apart each 
m uscle l ayer a long the or ientation of the m uscle f ibers 
(FIG 2) u nt i l  the peritoneum is reached.  

• The peritoneum is then g rasped with forceps in order to 
assu re no bowel is adherent and  is i n c ised with scissors to 
enter the abdom i n a l  cavity (FIG 3) .  

• An appropr iate retractor is p laced to enhance operative 
exposu re .  This can be e ither a Ba l four  o r  a Bookwalter 
retractor. 

Third Step-Exposure of the Appendix 

• After the per itoneum is entered, the cecum is ident if ied . 
Sponge st icks can be h e l pfu l  to sweep the s m a l l  bowel 
in a latera l to med i a l  d i rect ion i n  order to expose the 
cecu m .  

Internal 
obl ique 

External 
obl ique 

Transverse 
abdominis 
muscle 

FIG 2 • Abdo m i n a l  wa l l  open i n g .  A muscle-s p l itt ing  
tech n ique  i s  used  to spread apart each  m uscle l ayer  a long  the 
or ientation of the m uscle fi bers. 



C h a p t e r  6 APPE NDECTOMY: Open Techn ique 

• Fa i l u re to remove the base of the appendix may cause a 
c losed loop obstruct ion between a persistent feca l ith at the 
base of the appendix and the stump stap le l i ne.  This may 
lead to an  appendiceal stump b lowout postoperatively. 

• I n  cases of retroceca l append ic it is, the cecum w i l l  need to 
be fu l ly mob i l ized i n  a latera l to med ia l  fash ion  so that 
it i s  comp letely reflected from the retroperitoneum in 
order to f ind the append ix. 

Fourth Step-Ligation and Resection 

• The append ix  a n d  cecu m a re gently p u l led i nto the 
wou n d .  The mesoappend ix  i s  transected and  l igated 
between c l amps (FIG 5) .  

• Absorbab le  sutu re t ies a re p laced at the a ppendicea l  
base,  and  the append ix i s  then tra nsected (FIG 6) .  There 
is no support i ng data for e lectroca utery ab l at ion of the 
a ppendicea l  m ucosa at the l i gated stu m p, and  th i s  com
mon pract ice c lear ly  puts at r i sk the security of the sutu re 
used to l igate the a ppend iceal  stu mp .  

• I nvers ion of the a p pend icea l  stu m p  may be performed if 
the su rgeon desi res. Common ly, a "Z-stitch "  i s  used for 
this pu rpose (FIG 7) .  

FIG 3 • Abdom i n a l  wa l l  open i n g .  The per itoneum i s  then  • In the Z-stitch, the upper b ite is p laced as a Lembert sutu re 
and then brought below the base of the appendiceal  stump 
and a second seromuscu lar  stitch is placed. The  base of  the 
appendix is then i nverted using forceps and the ends of the 
suture tied down over the i nverted stump (FIG 7) .  

g rasped with forceps i n  order to assu re no  bowel i s  adherent 
and  i s  i nc ised with sc issors to enter the abdom i n a l  cavity. 

• Once the cecum is identif ied, the anter ior taen ia is ident i
f ied.  The cecum is  then mob i l ized, fo l lowing the a nterior 
taen ia  to its confl uence with the append icea l  base (FIG 4) .  

• The convergence of a l l  th ree ten iae co l i  a l lows for the 
correct identif icat ion of the base of the append ix .  Th i s  i s  
cr it ica l  to ensure that  the ent i re append ix  i s  removed .  

Cecum 

I leum 

Mesoappendix 

FIG 4 • Del ivery of the append ix  i nto the wou n d .  Once the 
cecu m is  identif ied, the a nter ior ten iae co l i  i s  ident if ied .  The 
cecum is  then mob i l ized fo l l owing  the a nter ior taenia to its 
confl uence with the a ppendicea l  base. 

• I n  cases of severe a ppend icea l  stu m p  edema a n d  
i nf lam mation,  a gastroi ntest i na l  stap le r  m a y  b e  
used t o  transect the base o f  the append ix, even 
i n c l ud i ng  a segment of hea lthy ceca l base i n  the 
resect ion;  be ca refu l to avo id  i m p i ngement of the 
i l eoceca l va lve when f i r ing  the stap le r  (FIG 8) .  

FIG 5 • C lamp ing  and  l igat ion of  the mesoa ppend ix. The  
append ix and  cecum a re gently p u l led i nto the wou n d .  The  
mesoa ppend ix i s  transected and  l i gated between c l amps.  
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FIG 6 • L igat ion of the append icea l base. Absorbab le  suture 
t ies a re p laced at the append icea l base, a n d  the append ix  i s  
then transected .  

FIG 7 • I nvers ion  of the a ppend icea l  stu m p .  The append icea l 
stu m p  is i nverted i nto the cecum with the p lacement of a 
Z-stitch .  

OPEN APPENDECTOMY FOR 

APPENDICEAL N EOPLASMS 

• Occas iona l ly, the su rgeon may encou nter an a ppendicea l  
neop lasm as  the cause of the suspected append ic it is .  
Overa l l ,  th i s  happens i n  approxi mately 1 %  of cases of 
suspected a p pend ic it is .  
• Appendicea l tumors encou ntered may inc lude  car

c ino id  tumor, m uc inous  neoplasm, o r  append iceal/ 
ceca l adenocarci noma .  I n  these cases,  it i s  essent ia l  

FIG 8 • Use of gastroi ntest i na l  sta p ler  to transect the 
append icea l base .  

• I rr igation of the surg ica l f ie ld is of u nc lear benefit. There 
a re l i m ited data i n  adu lts. A random ized prospective study 
i n  ch i l d ren fa i led to show any change i n  i ntraabdom ina l  
abscess whether i rr igat ion was  used or  not used 3 

Fifth Step-Closure 

• 

• 

• 

• 

Al l  th ree m uscle l ayers a re c losed sepa rate ly with run
n i n g  a bsorbab le  sutu re. 
The skin ca n be c losed, left open, or  l oosely approxi
mated, depend ing  on the severity of conta m inat ion 
encou ntered d u ri n g  the case. 
For g a n g renous  o r  perforated a ppend ic it i s, cons idered 
de layed p r imary c losure or  p lacement of a negat ive 
p ressu re wou n d  therapy device to m i n i m ize superfi c i a l  
surg ica l  s i te  i nfect ion .  
No d ra i n  i s  i n d icated i n  s imp le  append ic it is .  D ra i n  p l ace
ment in cases of com p l icated append ic it is  i s  a l so not sup
ported by c l i n i ca l  t r ia l s .  

to u nderstand  what operation needs to be done 
for  the patient.  FIG 9 i s  shown as a q u ick reference 
g u ide .  

• For carci no id  tumors less than  1 em i n  s ize, a s imp le  
appendectomy is  suffic ient .  

• For carci no id  tumors between 1 and  2 em i n  s ize, 
su rg ica l  treatment w i l l  depend on the tumor  loca
tion. If the carci no id  tumor i s  at the base of the 
append ix or  if the tumor  i nvades the mesoa ppend ix, 
then a r ight hemico lectomy is  i nd i cated to obta i n  an  



Location at t ip, 
or mid-appendix 

Location at base: 
mesoappendiceal 

invasion; metastases 

FIG 9 • Management of append icea l carc i no id .  

adeq uate lymphadenectomy. Otherwise, a s imp le  
appendectomy i s  suffic ient .  

• For carci no id  tumors g reater than 2 em i n  s ize, a 
r ight hem icolectomy with a h i g h  i leoco l i c  lympho
vascu l a r  ped ic le  transect ion i s  i n d icated due  to the 
h igher inc idence of metastatic  d isease observed in  
the noda l  bas i n  i n  these patients.• 

CONVERSION TO OPEN APPENDECTOMY 

AFTER FAILED ATTEMPT AT 

LAPAROSCOPIC APPENDECTOMY 

First Step-Skin Incision 

• When convert ing  to an open p roced u re from lapa ros
copy, a l ower m i d l i n e  l aparotomy inc i s ion  is  p referred.  
The inc is ion may be extended a bove the u m b i l i cus if  
add it iona l  exposu re is  req u i red .  

Second Step-Abdominal Wall 

• It is essent ia l  to stay i n  the m i d l i ne, a long  the l i nea a l ba, 
du r i ng  the fasc i a l  inc is ion i n  order to fac i l itate opti ma l  
c losu re a n d  to p revent ventra l i n c i s i ona l  hern ia  forma
t ion .  Ca re shou ld be taken not to extend the inc i s ion  too 
fa r i nfer ior ly as  the b ladder  i s  at risk of i n ju ry (especi a l ly 
i n  cases where no Fo ley catheter is p resent). 

Third Step-Appendiceal Resection 

• Once the per itoneum is entered, any ad hes ions a re 
lysed sharp ly  and  an appropr iate retractor is p l aced to 

• 

• 

• 

• 
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• I n  cases where r ight  hem icolectomy is i nd i cated, it is  
prudent to c lose the RLQ inc is ion and  convert to a 
m i d l i n e  lapa rotomy. 

• For muc inous  append icea l neop lasms, the extent of 
resect ion w i l l  be d i ctated by the degree of i nvas ion .  
I ntraoperative ly, specia l  attent ion shou ld  be g iven 
to not ruptu r ing  a n  i ntact muc inous  neoplasm . 

• If ruptu re of a muc inous  neoplasm has occu rred, 
then the su rgeon shou ld  exa m i n e  if muc in  coats 
peritonea l  su rfaces. I f  m uc in  i s  d iffusely coat i n g  the 
a bdomen,  then right hemico lectomy is  i n d icated .  
If there i s  no muc in  conta m i n at ion,  appendectomy 
with c lea r marg ins  w i l l  suffice. Patho logy must then 
be fo l l owed u p  to determine  if the les ion was ma l i g 
nant  o r  not. 

• If m a l i g n a ncy is identif ied, refer to a specia lty cen
ter for cons iderat ion of r ight hemico lectomy (if not 
o r i g i n a l ly performed) .  Debu lk i ng  a n d  i ntraperito
neal chemotherapy i s  a l so i n d icated in cases of d if
fuse m uc in  coat ing  of the abdom i n a l  su rfaces. 5 

• N o n m uc inous  a ppendicea l  adenocarci noma wa r
rants a r ight hemico lectomy with a h i g h  i l eoco l i c  
lymphovascu l a r  tra nsect ion i n  o rde r  to  perform a n  
adeq u ate lymphadenectomy. 

• For the techn ica l  descr ipt ion on how to perform 
a n  open right hemico lectomy, p l ease refer to the 
descr ipt ion of this tech n ique  e l sewhere in th i s  
textbook. 

enha nce operative exposu re .  Th i s  can be e ither a Ba lfour  
or  a Bookwalter retractor. 
At th i s  poi nt, the cecum is mob i l ized and  the append ix  
i s  exposed .  The mesoa ppend ix i s  then d iv ided and  t ied 
between c l amps .  
The base of the append ix, identif ied by the convergence 
of the teniae co l i  at the base of the cecum, is  l i gated with 
seq uent ia l  a bsorbab le  sutu re t ies as descri bed .  
l f the base is  eas i ly identif ied at the beg i n n i n g  of the case, 
it may be he lpfu l  to perform a " retrograde" d i ssect ion of 
the append ix .  In th i s  techn iq ue, the a ppendicea l  base is 
transected fi rst. The mesoappend ix  is  then seq uent ia l ly 
transected from the append icea l base to its t ip  (FIG 1 0) .  

This  techn ique  ca n be usefu l  when the mesoa ppend ix  is  
severely adhered to the cecum .  
If inf lammation is  severe, a n  i leocecectomy may  be re
q u i red or even partia l  colectomy. If inf lammation is so 
severe as to prec lude mob i l ization of the cecum and term i
na l  l ieum, a cecostomy maybe created.  Please refer to the 
description of th i s  techn ique described elsewhere i n  th is  
textbook. 
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PEARLS AND PITFALLS 

FIG 1 0  • " Retrograde d issect ion " of the 
a ppendix.  I n  th is  techn ique, the append icea l 
base is transected fi rst. The mesoappendix 
is then seq uentia l ly transected from the 
a ppendicea l base to its t ip .  Th is  techn ique  
can be usefu l when the mesoa ppendix i s  
severely adhered to the cecum .  

I n d i cat ions • Bewa re of atypica l  pathology i n  the atypica l patient c l i n ica l  p resentat ion .  

P lacement of  inc i s ion • M i d l i n e  i n c i s ion is  p referred when convert ing  from l aparoscop ic  to open su rgery. 
• For pr imary open RLQ inc i s ion  approach, p lace the i n ci s ion s l i g ht ly h i ghe r  than the maxi ma l  po int of 

tenderness. 

Exposu re • Use sponge sticks to sweep the bowe l out of the way and  to expose the cecum .  
• Gently use  Babcocks to  p u l l  the cecu m and  append ix i nto the wou n d .  

Resect ion • Proper identif ication of the append icea l base by the convergence of the ten iae co l i  at the base of the 
cecum is  cr it ica l to p revent incom p lete resect ion and  poss ib le  append icea l stu m p  b lowout postoperatively. 

• If the base of the append ix  is severely i nf lamed, use a gastroi ntest i na l  a nastomos is  (G IA) sta p ler  to 
transect, i n c l ud i ng  a seg ment of hea lthy ceca l base in the resect ion (be ca refu l to avo id  i m p i ngement of 
the i l eoceca l va lve) . 

• Cons ider perform ing  a retrograde appendectomy in cases where the append ix is densely adhered to the 
cecu m .  

C losure • For gangrenous  or perforated append ic it is ,  cons idered de layed pr imary c losure or p lacement of a 
negative pressu re wound therapy device to m i n i m ize su perfic i a l  su rg ica l  site i nfect ion .  

POSTOPERATIVE CARE 
• For cases of simple appendicitis, antibiotics should be 

stopped within 24 hours of surgery. There is no evidence 
supporting improved outcomes with additional antibiotics 
beyond 24 hours of surgery end time. 

• In cases of gangrenous or perforated appendicitis, empiric 
antibiotic therapy should be continued with coverage 
for facultative, gram-negative, and anaerobic bacteria. 
Endpoints of duration of IV antibiotic coverage include 
WBC count less than 12,000/mm\ less than 1 0 %  bands, 

return of bowel function, and temperature lower than 3 8°C. 
If these criteria are not reached by postoperative day 6, then 
a CT scan of the abdomen and pelvis with contrast is ob
tained to evaluate for potential intraabdominal and/or pelvic 
abscess. 

COMPLICATIONS 
• Appendectomy for simple appendicitis is performed with 

very low complication rate. Patients may be discharged home 
within 24 to 48 hours with no additional antibiotics needed. 



• Appendectomy for complicated appendicitis carries signifi
cantly increased morbidity and mortality rates as compared 
to simple appendectomy. 

Postoperative ileus is common, and diet should be initiated 
when clinical signs of return of bowel function exist. 
SSI is also a common complication. SSI is lower in children 
than adults, and as such, primary closure after perforated 
open appendectomy is indicated in this setting. 
Primary wound closure in adults should be done with 
caution as wound infection rates can approach 3 0 % .6 

• Intraabdominal abscess is treated with image-guided drain
age and culture and IV antibiotic therapy tailored toward 
microbiology of the abscess. If the abscess is not accessible 
via percutaneous approach, a surgical drainage of significant 
collections via a laparoscopic or open approach is indicated. 

• Append the seal stop blowout: Oftentimes, this is associated 
with incomplete resection of the appendix and may lead to 
severe peritonitis, necessitating repeat exploratory laparot
omy. In these cases, an ileocecectomy and a possible perfor
mance of a temporary ileostomy should be considered. If 
inflammation is so severe as to preclude mobilization of the 
cecum and terminal lieum, a cecostomy tube maybe placed 
through the hole where the base of the appendix connected 
to the cecum in order to created a controlled fistula that may 
be treated at a later date. 
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• Incisional hernia :  Incidence is higher with midline incisions . 
• Postoperative small bowel obstruction 
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DEFINITION 
• Acute appendicitis is the most frequent cause of acute surgi

cal abdominal pain seen in the emergency services around the 
world. Close to 7% of the total world population will suffer 
from appendicitis at some point in their lives . Although it may 
occur at any age, its incidence is higher in childhood, with a 
peak incidence between 10 and 30 years of age. It is more 
frequent in men, with a male-to-female ratio of 1 .4 : 1 .  Ad
vances in laparoscopic surgery around the world have made 
laparoscopic appendectomy a safe and simple procedure. 

DIFFERENTIAL DIAGNOSIS 
• Urinary tract infection 
• Intestinal obstruction 
• Acute cholecystitis 
• Mesenteric adenitis 
• Meckel's diverticulitis 
• Colonic diverticulitis 
• Right ureteric colic 
• Ectopic pregnancy 
• Salpingitis, pelvic inflammatory disease 
• Ruptured ovarian follicle 
• Gastroenteritis 
• Terminal ileitis 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Despite advances in diagnostic imaging, diagnosis of acute 

appendicitis continues to be predominantly clinical. A good 
clinical history and a thorough physical examination should 
provide the surgeon with a high degree of suspicion. The 
characteristic clinical picture is one of abdominal pain that 
exacerbates with movement, starting in the periumbilical re
gion and then migrating to the right lower quadrant. Fever, 
anorexia, nausea, and vomiting are frequent. 

• The Alvarado score, a clinical scoring system used in the 
diagnosis of appendicitis, assigns points to six clinical items 
and two laboratory measurements with a maximum possible 
total of 10 points. With scores greater than 5,  the probability 
of acute appendicitis increases. 

• A popular mnemonic used to remember the Alvarado score 
factors is MANTRELS: Migration to the right iliac fossa, 
Anorexia, NauseaNomiting, Tenderness in the right iliac 
fossa, Rebound pain, Elevated temperature (fever) ,  Leuko
cytosis, and Shift of leukocytes to the left. Due to the popu
larity of this mnemonic, the Alvarado score is sometimes 
referred to as the MANTRELS score. 

• The location of the appendix may change the clinical presen
tation. With the appendix in a retrocecal location, patients 
may present with right flank pain. With an appendix in a 
pelvic location, patients typically present with urinary 
symptoms and diarrhea .  
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The hemogram typically shows a leukocytosis, with a left

sided shift. Female patients in fertile age should have a preg
nancy test prior to surgery. 

• Ultrasound ( FIG 1 ) has shown to have 86% sensitivity and 
8 1 %  specificity for the diagnosis of acute appendicitis and has 
the benefit of not being invasive, but it is operator dependent. 

• Computerized axial tomography (CAT; FIG 2) scan, with a 
94% sensitivity and a 95% specificity, has been shown to be 
the most accurate imaging study for the diagnosis of acute ap
pendicitis but is expensive and may delay surgical intervention. 

• Magnetic resonance imaging (MRI) is reserved for patients 
who cannot be exposed to radiation, such as pregnant 
women suspected of having appendicitis.  

SURGICAL MANAGEMENT 
Indications 

• Same indications than for open appendectomy 
• Any patient with diagnosis of appendicitis who can tolerate 

pneumoperitoneum and general anesthesia, provided 
that trained staff and the necessary equipment for a safe 
procedure are available 

Preoperative Planning 

• Appropriate prophylactic antibiotic should be administered 
30 minutes before surgery. 

• Decompression of the bladder by voiding before surgery or 
by using a Foley catheter may avoid injury of the bladder 
during trocar placement. 

Patient and Team Positioning 

• The patient is secured to the table with the arms padded and 
tucked to the side. 

• The surgeon and the camera operator stand on the patient's 
left side ( FIG 3 ) .  

• The monitor i s  placed i n  front o f  the surgeon (at eye level) 
on the patient's right side. 

FIG 1 • U ltrasound  imag ing  i n  append ic it is .  Arrows show 
a d istended append ix  with a th ickened wa l l .  A and  B show 
transverse views of the append ix. C shows a long itud i n a l  v iew of 
the append ix .  

-
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B 

FIG 2 • CAT scan imag ing  i n  append ic it is .  A: Axi a l  view. B: Corona l  view. Red c i rc les show acute a p pend ic it is  with 
per iappend iceal  i nf l ammat ion .  

Advanced 
device 
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Surgeon Camera 
nurse operator 

Anesthesiolog ist 

Port Placement 

• A traditional laparoscopic appendectomy is performed using 
a three-port system ( FIGS 3 and 4) .  The surgeon should be 
able to work two-handed. 

• The ports are triangulated to enhance maneuverability and 
exposure. 

• A 1 0-mm Hasson trocar is inserted in the umbilicus. This tro
car will be used for C02 insufflation and also as a camera port. 

• A 12-mm trocar is inserted in the left lower quadrant. In 
addition to being the main dissection port, this port will be 
used for the stapler and also as an extraction site. If a good 
quality 5-mm camera is available, then a 5-mm port can be 
inserted in this location; in this alternative setup, the speci
men would be retrieved through the umbilical port site. 

FIG 3 • Patient, port, team, and  operati ng  room setup .  

• A 5-mm trocar i s  inserted in  the right lower quadrant. This 
trocar will be used to help retract and expose. Placement of 
a urinary catheter may be required before introducing the 
lower abdominal trocars in order to reduce the risk of blad
der perforation during this step of the procedure. 

Caudad Cephalad 

A B 

FIG 4 • A.B. Port p lacement.  The three ports are tri a n g u l ated to enha nce maneuvera b i l ity and  v i sua l izat ion .  
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STEP 1.  EXPOSURE OF THE APPENDIX 

AND IDENTI FICATION OF THE 

APPENDICEAL BASE 

• The patient is p l aced in a Trende lenburg position  a n d  
rotated with the r i g h t  s i d e  u p  t o  he lp  mob i l ize the s m a l l  
bowe l o u t  o f  the f i e l d  o f  view and  t o  enha nce operative 
exposu re .  

• The fo ld  of Treves (a n a nti  mesenteric fat fo ld  a l so known 
as the sa i l  s ign) a l l ows for identif icat ion of the term i n a l  
i l eum (FIG S). Fo l lowi ng the term i n a l  i l e u m  d ista l l y  to 
the i l eoceca l j u n ct ion fac i l itates identif icat ion of the 
cecu m .  The append ix can usua l ly be seen at the base of 
the cecum .  

• I n  retroceca l append ic it is cases, the cecum may have to 
be mob i l ized med i a l ly by transect ing  its l atera l per ito
nea l  attachments in order to expose the a ppendix .  

• The base of the i nf lamed append ix is loca l ized by ident i 
fyi ng  the convergence of the th ree ten iae co l i  at the base 
of the cecum (FIG 5) .  

STEP 2. DIVISION OF THE MESOAPPENDIX 

• Once identif ied, the t ip  of the append ix  is p u l led up with 
a g rasper i ntrod uced through the right lower quadrant  
port s i te .  Th i s  a l l ows for the exposu re of the tr ia n g u l a r
shaped space between the append ix, the cecum,  a n d  
term i n a l  i l eum,  where the mesoa ppendix can be rea d i ly 
identif ied (FIG 6) .  

• The mesoa ppend ix  can  then  be seq uent i a l ly tra n 
sected w i th  a n  advance  energy device ( L igaSure o r  a 

Appendix 

FIG 6 • Exposure of the mesoa ppend ix. P u l l i n g  up on the 
tip of the append ix  exposes the tr i angu l a r  space between 
the append ix, the cecum, and term i n a l  i l eum,  where the 
mesoa ppend ix  can be read i l y  ident if ied .  

Append iceal 
base 

Treves 

Teniae coli 

/_ 

�Terminal i leum 

FIG 5 • The append icea l base can be identified by the 
convergence of the ten iae col i  at the base of the cecum .  Identifying 
the i leoceca l junction, with the fold of Treves in  the anti mesenteric 
aspect of the term ina l  i leum, faci l itates identification of the cecum 
and the appendix in  patients with severe inf lammation. 

FIG 7 • Transection of the mesoappendix with an  energy device. 

H a rm o n ic) (F IG 7) very c l ose to the append ix .  Tra nsec
tion of the mesoa ppend ix  i s  carr ied down to the base 
of the a p p e n d ix (F IG 8) .  Altern ative ly, the mesoap
pend ix  may be tra nsected with a l i nea r  vascu l a r  load  
sta p l e r. 

FIG 8 • The append ix  has  been comp letely ske leton ized 
by tra nsect ing  the mesoa ppend ix  down to the l evel of the 
a ppendicea l  base. The append ix is  now ready for transect ion .  
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STEP 3.  TRANSECTION OF THE APPENDIX 

• The append ix is tra nsected at its base, f lush  to the 
ceca l wa l l .  • 

append ix. Progressive f lu id  and  gas accumu lat ion in th is  
dead space cou ld  lead to a " b lown " append iceal stump 
and the  development of  severe periton it is postoperatively. 
If the base of the appendix is sufficiently narrow, it may be 
l igated with 8- to 1 0-mm Hem-o-Lok c l i ps (FIG 9) or with a 
pretied Roeder's endoloop.  In cases where the appendix is  
th icker and inf lamed, a l i near 30- or 45-m m stap l i ng  device 
(i ntroduced through the right lower quadrant port site) 
may be used to transect the appendix at its base (FIG 1 0) .  

• This is critica l to avoid, potentia l ly leaving a feca l ith im
pacted i n  a reta i ned, long append iceal stump .  I n  th i s  
situation, a dead space wi l l  be left between the stapled 
transected end of the appendix and the persistent l um i 
na l  obstruction produced by  the  feca l ith at the  base of  the 

A 

B 

FIG 9 • A,B. Ligat ion of the a ppendicea l  base with Hem-0-
Lock c l i ps .  Th i s  is  o n ly possib l e  when the append icea l base is  
suffic ient ly nar row. 

STEP 4. RETRIEVAL OF THE SPECIMEN 

• With the append ix transected, the append iceal  stu m p  
sta p le  l i n e  is  checked f o r  i nteg rity and  hemostas is  
(FIG 1 1 ) .  

• The append ix may be then retr ieved through the 1 2-mm 
troca r s i te  us ing  a n  endoretrieva l bag (FIG 1 2) .  

F IG 1 0  • I n  cases w i th  a th ick  append ix w i th  severe 
inf l ammation,  the append ix  i s  transected at its base with a 
l i near  stap le r  device. 

FIG 11 • With the append ix  tra nsected, the append icea l 
stu m p  sta p le  l i n e  is checked for i nteg rity and  hemostas is .  
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STEP 5. CLOSURE 

• The operative site is i rr igated with ster i le  norma l  sa l i ne  
so l ut ion .  

• A dra in  is p laced by the append iceal  stu m p  o n ly in cases 
of perforated append ic it is .  

PEARLS AND PITFALLS 

FIG 1 2  • The a ppend ix  may be then retrieved through  
the 1 2-mm trocar site us ing  a n  endoretrieva l bag .  

• 
• 
• 

The pneumoperitoneum is evacuated . 
A l l  ports a re removed . 
The sk in  i nc i s ions a re c losed with reabsorba b le  su bcuticu
l a r  sutu res. 

Loca l i zat ion on  the append ix • By identify ing the cecum and  fo l lowi ng  the ten iae co l i  d i sta l l y  or us ing  the term i n a l  i l e u m  as 
a guide to reach the i l eoceca l va lve 

Tra nsect ion of the mesoappend ix  • Stay c lose to the append ix; th i s  wi l l  m i n i m ize cum bersome b leed i n g  and  w i l l  fac i l itate the 
extract ion of the spec imen from the abdom i n a l  cavity. 

Tra nsect ion of the base of the 
append ix 

• It is i m perative to tra nsect the base of the append ix to prevent a potent ia l  b lown 
append icea l stu m p  syndrome.  

• If the base of the append ix  is too th i ck, use a l i near  sta p l i n g  device. 

Extract ion from the abdomina l  
cavity 

• Use an endoretrieva l bag to protect the wou n d .  You may need to expand the 1 2-mm troca r 
site if the append ix is b u l ky. 

Use of dra inage • Only  leave a c losed dra inage i n  cases of perforat ion of the append ix. 

POSTOPERATIVE CARE 
• This procedure, done through laparoscopy, is less painful, 

and it may be done as an outpatient procedure in most 
cases of uncomplicated appendicitis .  The patient can re
sume oral feeding within a few hours of the surgery and go 
back to routine activities sooner than with traditional open 
surgery. 

Patients with perforated or complicated appendicitis are 
generally admitted for intravenous (IV) antibiotics until 
they are afebrile with a normal white blood cell count. 
Antibiotics are usually targeted toward gram-negative 
and anaerobic organisms.  As with patients with simple 
appendicitis, discharge criteria include ability to toler
ate oral intake and appropriate pain control .  If patients 
continue to have abdominal pain, develop leukocy
tosis, or become febrile after undergoing appendec
tomy for perforated or complicated appendicitis, their 
symptoms may be signs of an intraabdominal abscess. 

Image-guided percutaneous drainage may be needed for 
resolution. 

OUTCOMES 
• Laparoscopic appendectomy has been shown to have mul

tiple advantages over the open procedure, including a lower 
rate of wound site infection, although there are reports in 
the literature of an increased rate of residual abscesses when 
compared with open appendectomy. 

COMPLICATIONS 
• Complications of acute appendectomy are relatively rare, 

and they are more frequently associated with the disease sta
tus or the presence of perforation. 

• In nonperforated appendicitis, reported mortality is 0.8 per 
1 ,000, and it increases to 5 . 1  per 1 ,000 in cases of perforation. 

• Wound infection may vary from 5% to 50% in cases of per
forated appendicitis. 
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• Surgical site infection is directly related to the status of the 
disease, and it increases by up to 20% in cases of perforated 
appendicitis. With the advent of laparoscopic appendec
tomy, this rate of infection has dropped dramatically. 

• Hematoma 
• Appendiceal stump leak/blowout 
• Port site hernia 
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DEFINITION 
• Single-incision laparoscopic surgery (SILS ) appendectomy is 

defined as laparoscopic removal of the appendix using a single 
skin incision. The entire procedure, including an intracorpo
real appendectomy, is performed laparoscopically. This is in 
contrast to other methods of single-incision appendectomy, 
which use a single port/incision for dissection but then pro
ceed to pull the appendix out of the incision and essentially 
perform an open appendectomy. The addition of an additional 
port distant from the single incision (usually the suprapubic 
region) is called a SILS plus one (SILS + 1 )  appendectomy. 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis for acute appendicitis in the 

healthy adult patient includes gastroenteritis, colitis, cystitis/ 
pyelonephritis, inflammatory bowel disease, and diverticulitis. 

• Female patients have an expanded differential diagnosis, which 
can include pelvic inflammatory disease, ovarian pathology, 
ectopic pregnancy, endometriosis, and mittelschmerz. 

• Pediatric patients can have acute mesenteric adenitis, espe
cially following an upper respiratory tract illness, that can 
mimic acute appendicitis.  

• Immunosuppressed patients may have opportunistic infec
tions that present in a similar fashion to acute appendicitis, 
and consideration should be given to a full infectious workup. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• For patients to undergo SILS appendectomy, they must be candi

dates for traditional laparoscopic appendectomy. Patients with 
previous midline abdominal surgery or large ventral hernias 
may present a relative contraindication to SILS appendectomy 
due to adhesions and potential difficulty with abdominal entry. 

• A thorough history and physical examination is necessary 
to carefully select patients for SILS appendectomy. Pediat
ric, elderly, and pregnant patients are appropriate for SILS 
appendectomy. 1 Absolute and relative contraindications to 
SILS appendectomy are listed in Table 1 .  

Table 1: Absolute and Relative Contra ind ications 
to Single-Incision Laparoscopic Surgery 
Appendectomy 

Absol ute contra i nd icat ions • Hemodynam ic  i nstab i l ity 
• Inab i l ity to undergo general a n esthesia 
• Inab i l ity to to lerate abdomina l  i n sufflat ion 

Re lative contra i nd icat ions • Genera l ized per itonit is 
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• H i story of m id l i n e  l aparotomy or umb i l ica l  
hern ia  repa i r  with prosthet ic mater ia l  

• Large m id l i ne  ventra l  hern ia 

• Surgeon i nexperienced with s i ng le- inc is ion 
laparoscopic proced ures 

• A thorough history should be performed, including location 
and duration of symptoms, previous history of similar epi
sodes, and detailed past medical and surgical history. A short 
(1 to 2 days) history of nausea/vomiting, anorexia, fevers, 
and periumbilical or right lower quadrant pain in a previ
ously healthy patient is suspicious for acute appendicitis. 
A longer (5  to 7 days ) history of nausea/vomiting, malaise, 
fevers, and right lower quadrant pain may be consistent with 
perforated appendicitis and abscess formation. 

• A complete physical examination should be performed. Par
ticular attention should be paid to the patient's vital signs 
and abdominal examination. The patient will often be ill ap
pearing and prefer to lie stilL 

• Classic abdominal findings of appendicitis include tenderness in 
the right lower quadrant with localized guarding and rebound. 
The abdomen is often soft with minimal to no distention. 

• Female patients of childbearing age should undergo a bi
manual vaginal examination to evaluate for gynecologic 
conditions, such as pelvic inflammatory disease or adnexal 
abnormalities, which may mimic appendicitis.  

• Atypical presentations of acute appendicitis can include su
prapubic pain, right flank pain, and right upper quadrant 
pain, depending on where the appendix may be located. 

• Anatomic variations may cause pain in the right flank 
(retrocecal appendix) or even the absence of abdominal pain 
(pelvic-lying appendix) .  Right-sided pain on rectal examina
tion may point toward an appendix hanging in the pelvis . 

• It is also important to note that with very early appendicitis, 
the patient will often have mild (or even absent) signs and 
symptoms. These clinical variations should be kept in mind 
while evaluating the patient for acute appendicitis.  

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Standard laboratory studies ordered in the evaluation of acute 

appendicitis include a complete blood count, basic metabolic 
panel or electrolytes, and urinalysis and urine pregnancy test. 

• An elevated white blood cell count suggests an inflammatory 
response such as appendicitis.  

• Electrolyte derangements due to dehydration or vomiting 
should be corrected prior to surgical management. 

• A urinalysis may show a urinary tract infection or cystitis 
to be the source of the patient's symptoms rather than ap
pendicitis; however, identifying leukocytes in the urine is not 
uncommon with acute appendicitis. 

• A positive urine pregnancy test should prompt further 
evaluation of another diagnosis ( such as ruptured ectopic 
pregnancy) and will affect the medications and anesthesia 
used during the procedure. 

• Clinical scoring systems, such as the Alvarado score or the 
appendicitis inflammatory response score use various labo
ratory and clinical findings to assess a patient's likelihood of 
having acute appendicitis.2-3 

-
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• Computed tomography (CT) is the most ordered radio
logic study in the evaluation of acute appendicitis. The scan 
should be ordered as a CT abdomen/pelvis with intravenous 
(IV) and oral or rectal contrast. 

• CT findings consistent with appendicitis include appen
diceal dilation, failure of appendiceal opacification with 
oral or rectal contrast, presence of a fecalith, periappen
diceal fat stranding and enhancement, and pelvic free 
fluid. CT is excellent in visualizing perforated appen
dicitis with an abscess and should be considered in any 
patient where the diagnosis of complicated appendicitis 
is  entertained.  Additionally, CT can provide information 
on other intraabdominal and pelvic structures/pathology 
(FIG 1 ) .  

• Transabdominal ultrasonography can b e  used to evaluate 
for appendicitis as a nonradiating alternative to CT scans. 
Findings consistent with appendicitis include a thickened 
appendiceal wall, appendiceal dilation, identification of a 

fecalith, periappendiceal fluid, and a "target sign . "  Limita
tions to ultrasonography include operator dependence and 
difficulty in appendiceal visualization in patients with higher 
body mass index (BMI) (FIG 2 ) .  Ultrasonography is most 
often used in children and pregnant patients . 

• Focused magnetic resonance imaging (MRI) has been 
used in specific cases as an alternative to CT scan and 
ultrasound. Pregnant women and children may benefit 
from this nonradiating imaging modality, but MRI may 
not be as readily available as ultrasound and CT scan in all 
centers.  The need for MRI should be evaluated on a case
by-case basis.  

• Women of childbearing age may require evaluation of their ad
nexal structures via CT scan or transvaginaVtransabdominal 
ultrasonography to rule out differential diagnoses. 

• In adult male patients with a classic presentation of appendi
citis, radiologic studies are not necessarily indicated and are 
used only at the discretion of the surgeon. 

FIG 1 • CT sca n demonstrat ing  acute append ic it is .  The append ix is  d i lated, th ick-wa l led, a n d  enha nces with IV contrast (arrow), 
suggest i ng  inf lammat ion .  There is a lso stran d i ng/th icken ing  around the adjacent ceca l wa l l .  
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FIG 2 • U ltrasound  exa m i n at ion demonstrat ing acute 
append ic it is .  The append ix  is  noncom press ib le  and conta ins  a 
vis i b le  feca l ith (arrow). 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Preoperative antibiotics, with gram-negative and anaerobic 
coverage, should be administered before the incision is made. 

• A Foley catheter should be placed to ensure bladder 
decompression. 

Monitor 

Nurse 

Anesthesiolog ist 

Assistant 

Surgeon 

• Patients with large midline laparotomy scars or periumbilical 
hernia repairs may have significant adhesions or prosthetic 
material at the level of the umbilicus, making safe abdominal 
entry potentially difficult. The surgeon should use his or her 
discretion at proceeding with a SILS appendectomy in these 
particular patients and should have a low threshold for add
ing additional ports (SILS + 1 appendectomy) for improved 
exposure and visualization. 

FIG 3 • Patient, tea m, and  operat ing  room setup .  The surg ica l  
team sta nds  at the patient's left s ide .  The pat ient i s  pos it ioned in  
a sup ine pos it ion,  with the left arm tucked to prov ide adequate 
space for the surgeon and  ass istant. The laparoscop ic  mon itor 
shou ld  be positioned at the right side of the patient.  

Positioning 

• SILS appendectomy is performed from the left side of the 
patient, similar to traditional laparoscopic appendectomy. 
The patient should be positioned in a supine position, with 
the left arm tucked to provide adequate space for the sur
geon and the assistant ( FIG 3 ) .  

• The patient's abdomen should b e  prepped and draped from 
the xiphoid to the pubis, allowing for possible conversion to a 
traditional laparoscopic or open appendectomy if indicated. 

• The laparoscopic monitors should be positioned at the right 
side of the patient or at foot of the operating table ( FIG 3) .  

SKI N INCISION AND PORT PLACEMENT 

• A 1 2- to 20-m m incis ion shou ld be made adjacent to or 
through the umb i l icus, with consideration for the poten
t ia l  need to extend the inc is ion if convers ion to an  open 
appendectomy is needed (FIG 4) .  I n  patients with previ
ous peri umb i l ica l or  m id l i ne  l apa rotomy sca rs, the surgeon 
should consider a lternative methods of abdom ina l  entry 

FIG 4 • P lacement of the inc i s ion .  A 1 2- to 20-mm i nc i s ion 
shou ld be made adjacent to or  through the u m b i l icus, with 
cons iderat ion for the potent ia l  need to extend the i nc is ion if 
convers ion to an  open appendectomy is  needed.  
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(Veress need le i nsufflation through the left u pper quad
rant, trocar insert ion i n  left upper quadrant, etc.) or  a lter
nate p lacement of the S ILS port (supraumb i l ica l ,  left latera l 
abdomen) .  Although these methods may resu lt in a S ILS 
+ 1 appendectomy or in a more cha l leng ing c losure of the 
incis ion, they may a l l ow safer entry i nto the peritonea l  
cavity. 

• The u m b i l i ca l sk in  inc i s ion shou ld  be taken down through 
the su bcuta neous t issues.  The m i d l i n e  fascia c lose to the 
u m b i l i cus (um b i l ica l  sta l k) should be i n c ised i n  a long itu
d i n a l  m a n ner. 

• Once safe access i nto the peritonea l  cavity is confirmed, 
the port shou ld  be p laced through the i n c i s ion fo l l owing  
the port man ufactu rer's i n struct ions .  

• There a re many types of S I LS ports cu rrently ava i l a b le; 
the type of S I LS port used is left to the d i scret ion of the 
su rgeon (FIG S) .  An a lternative to the p l acement of a 
S I LS port is to i nsert m u lt ip le  sta ndard ports through  a 
s i ng le  sk in  inc i s ion .  

• 

• 

Pr ior to port p l acement, a surg ica l  sponge may be i ntro
duced i nto the abdom i n a l  cavity to fac i l itate retract ion 
l ater i n  the proced u re .  
Port p l acement var ies  depend ing  on  the s ing le-port de
vice used . Once the port i s  p l aced, pneu moperitoneum 
is  created a n d  the lapa roscopic  camera and  i n struments 
a re i ntroduced.  It is  advisa b le  to tr ia ngu late the ports to 
m i n i m ize i nstrument confl i ct .  

APPEN D ICEAL IDENTIFICATION 

• The r ight  lower quadrant  shou ld  be exa m ined c losely 
(FIG 6) .  S ign if icant f l u id  o r  a bscess co l l ect ions  shou ld  be 
ca refu l l y  asp i rated to a l l ow for v isua l izat ion of the r ight 
lower quadra nt .  

• The p resence of s ign if icant ad hes ions may req u i re add i 
t iona l  port p lacement o r  convers ion to trad i t iona l  lapa
roscop ic  appendectomy (or open p roced u re) to a l low for 
appropr iate v isua l i zat ion a n d/or adhes io lysis .  

• The a p pend icea l base shou ld  be identif ied us ing  the con
vergence of the ten iae co l i  at the base of the cecum as a 
l andmark .  

• The su rgeon 's r ight-hand i n strument shou ld  g rasp and  
e levate the append ix. The left-hand in strument shou ld  
b l u nt ly d i ssect any ad hes ions, a l l owing  for  fu l l  v isua l i za
t ion of the append ix, from t ip  to base. 

• If the append ix appears to be comp letely norma l ,  the 
r ight lower quadrant  should be c losely i nvest igated for 
other potent ia l  sou rces of the patient's sym ptoms. Any 

• 

• 

• 

FIG 5 • S I LS port p laced via u m b i l ica l inc i s ion .  

A 30-deg ree camera and  trad i t iona l  stra ight  lapa roscop ic  
i nstruments a re used .  Alternative ly, a rt i cu lated i nstru
ments may be emp loyed. 
In order to afford maxi ma l  operative reach and to avo id  
i nterna l  and  externa l  i n strument confl i ct, bar iatr ic  
and  standard length i n stru ments may be used s i m u lta
neously. Moreover, a r ig ht-a ng le  l i g ht cord adaptor may 
be used to further decrease confl ict. 
The patient i s  p laced in a Trende len burg position with 
the l eft s ide down to h e l p  move the sma l l  bowe l i nto the 
l eft upper  quadra nt, enhanc ing  exposure of the cecu m 
and  the append ix. 

d i ag nosis other than append ic it is  shou ld  prompt appro- FIG 6 • Exa m i n at ion of r ight lower quadrant  showing  
pr iate management by  the su rgeon and  may req u i re con- i nf lamed append ix. 

vers ion to a trad i t iona l  l apa roscopic  or  open p rocedu re .  
Appendectomy may be performed at the same t ime, as  
per the su rgeon's d iscret ion .  

979 
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APPEN D ICEAL CRITICAL VI EW4 

• The appendix should be retracted to the 1 0  o'clock posi
tion, the term ina l  i l eum should be placed i n  the 6 o'clock 
position, and the taen ia  I i bera (anterior band of the ten iae 
co l i )  should be posit ioned in  the 3 o'clock posit ion (FIG 7) .  

This a l l ows for c lear identification of the append icea l base 
and associated anatomy prior to append icea l transect ion.  

A B 

• If the cr it ica l view ca nnot be obta i ned, or the append i 
cea l base  is  not eas i ly  identif ied, a suprapub ic  port can be 
p l aced to a l low for further d i ssect ion/retract ion (SILS + 1 
appendectomy) .  If the anatomy sti l l  rema in s  u nc lear, the 
procedu re ca n be converted to a tradit iona l lapa roscop ic  
appendectomy or  to a n  open appendectomy, as  per the 
su rgeon's d i scretio n .  

Appendix Taenia I ibera 

FIG 7 • A. The a ppend icea l cr it ica l v iew. The append ix is  retracted to the 1 0  o'c lock posit ion, the term i n a l  i l eum is p l aced 
i n  the 6 o'clock position, and the taen ia  I i bera (anter ior  band of the ten iae coli) i s  posit ioned i n  the 3 o'clock posit ion .  The 
term i n a l  i l eum can be identif ied by the fo ld  of Treves (fatty fo ld  i n  the a nti  mesenter ic  border of the term i n a l  i l eu m), a l so 
known as the " sa i l  s ig n . "  B. I l l ustrat ion of th i s  step .  

APPENDICEAL TRANSECTION 

• Once the a ppendicea l  base is identif ied, the su rgeon's 
left-hand i nstrument makes a window between the 
append icea l base a n d  the cecu m .  

• The append icea l base is then transected using a l inear vascu
lar load endoscopic stapler in  the surgeon's left hand (FIG 8) .  

A B 

FIG 8 • A. Appendicea l  base transect ion by an endoscopic sta p le r. B. I l l u strat ion of th i s  step .  
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• The a ppendicea l  mesentery is s i m i l a r ly transected us ing  a • 

l i near  vascu l a r  load endoscopic  sta p ler. 
The append ix  is then p laced in a retr ieva l bag, if des i red, 
and removed v ia the port s ite. The spec imen shou ld  be 
sent for patho log ic  eva l uat ion and assessment.  A p ro
port ion of appendectom ies (up to 1 %)  have associated 
tumors or  ma l i gna ncies .  

• Alternative ly, s i m i l a r  to tradit iona l  l apa roscop ic  appen
dectomy, energy devices and  endo loops may be used as 
per the su rgeon's d i scretio n .  

PORT S ITE CLOSURE 

• Once the append ix has  been removed from the abdomi 
n a l  cavity, operative f ie ld i s  exa m i ned for hemostas is .  
M i n o r  b leed ing  from the mesenter ic  stap le  l ine can be 
contro l led with e lectroca utery. The append iceal  stu m p  
s h o u l d  be exa m i ned t o  ensure a comp lete sta p le  l i ne 
(FIG 9) .  Any b lood or puru lent mater ia l  shou ld  be asp i 
rated out of the abdom i n a l  cavity. Dra ins  shou ld not be 
p l aced u nder  rout ine  c i rcumstances. 

FIG 10 • The fasc ia l  defect is c losed with i nterru pted 
a bsorba b le  f igu re-of-e ight  sutu res. 

• Any a d d i t i o n a l  ports a re rem oved u nder  d i rect v i su 
a l i zat ion a n d  the  abdomen i s  desuff lated . The  S I LS 
port is removed accord i n g  to the  port m a n ufacture r's 
i n st ruct ions .  

• The fasc ia l  defect is c losed with i nterrupted absorbab le  
f igu re-of-eight sutu res (FIG 1 0) .  The subcutaneous tissues 
a re i rr igated and the skin is  c losed with a su bcuticu la r  

A stitch (FIG 1 1 ) .  

B 

FIG 9 • A. After transect ion,  the operative f ie ld is i n spected 
to ensure adequate hemostas is  and an i ntact append icea l 
stu m p  sta p le  l i ne .  B. I l l ustrat ion of th i s  step .  

• If the i nc is ion was made through the u m b i l icus, ca re 
shou ld  be taken to sew the u m b i l i cus down to the fascia 
and to reapproxi mate the u m b i l ica l  skin we l l  to a l low for 
an aesthetica l ly p leas ing c losure and to prevent seroma 
formatio n .  

F IG  11  • T h e  subcuta neous t issues a re i rr igated and  the s k i n  
is  c losed with a su bcuticu l a r  stitch .  
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PEARLS AND PITFALLS 
I n d i cat ions • A comp lete h i story and  phys ica l exa m i nat ion and  review of ava i l ab le  imag ing  shou ld  

take  p lace to confi rm the d iag nosis  of  append ic it is  and  to assure the patient i s  a 
su itab le  cand idate for S I LS appendectomy. 

Abdom i n a l  entry • If a safe per i u m b i l ica l entry is questionab le, a lternate port site p l acement, or 
addit iona l  ports, may be p laced to ass ist i n  S I LS port p lacement.  

Cr it ica l v iew • The append ix  shou ld  be retracted to the 1 0  o'c lock posit ion, the term i n a l  i l e u m  
shou ld  be p laced i n  the 6 o'c lock posit ion, and  the taen ia  I i bera (anter ior band of t h e  
ten iae c o l i )  shou ld  be posit ioned i n  the 3 o'c lock pos it ion .  

• Com p l ete v isu a l i zat ion of the append icea l  base i s  mandatory pr ior  to transect ion .  
If th i s  i s  not poss ib le, convers ion to a S I LS + 1 or to a trad i t iona l lapa roscop ic  
appendectomy may be req u i red .  

C losure • If the inc i s ion was tra n s u m b i l i ca l ,  the u m b i l i cus shou ld  be tacked back down to the 
fasc ia .  

POSTOPERATIVE CARE 
• Patients with simple or uncomplicated appendicitis are usu

ally discharged home after a 23-hour observation period, 
during which the patient is confirmed to tolerate oral intake 
and to have appropriate pain control.5•6 

• Recent studies advocate for same-day discharge for this pa
tient population; discharge timing remains up to the discre
tion of the surgeon. 

• Patients with perforated or complicated appendicitis are 
generally admitted for IV antibiotics for 3 to 7 days or until 
they are afebrile and with a normal white blood cell count. 
Antibiotics are usually targeted toward gram-negative and 
anaerobic organisms. 

• As with patients with simple appendicitis, discharge criteria 
include ability to tolerate oral intake and appropriate pain 
control. 

• If patients continue to have abdominal pain, develop leu
kocytosis, or become febrile after undergoing appendec
tomy for perforated or complicated appendicitis, their 
symptoms may be signs of an intraabdominal abscess. 
Image-guided percutaneous drainage is usually needed for 
resolution. 

• Pathology results should be concordant with the diagno
sis of acute appendicitis.  A negative appendectomy should 
prompt further workup as required. 

• A pathologic diagnosis of appendiceal tumor or malignancy 
is present in 1 %  of specimens removed for acute appendicitis. 

OUTCOMES 
• Although long-term studies evaluating SILS appendectomy 

are not currently available due to the new nature of the 
approach, reviews and pooled analyses show no difference 
in complications and outcomes compared to traditional 
laparoscopic appendectomy_?-1 1  

• A recent prospective randomized controlled trial compar
ing SILS appendectomy to traditional laparoscopic appen
dectomy showed no difference in complications, outcomes, 
or cosmetic and pain results between the two approaches 
(follow-up of 14 days )Y 

• Further research, ideally as prospective randomized trials, 
will allow a better comparison of outcomes to traditional 
laparoscopic appendectomy. 

• Although recent studies on SILS procedures show a possible 
increase in incisional hernias after the SILS procedure, cur
rently available studies show no significant benefit or draw
back for the SILS technique for appendectomyY·14 

COMPLICATIONS 
• Surgical site infection: superficial, deep, organ/space 
• Hematoma 
• Stump appendicitis/incomplete appendectomy 
• Appendiceal stump leak/blowout 
• Port site hernia 
• Ileus and small bowel obstruction 
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Chapter 9 Rig ht Hemicolectomy: 
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DEFINITION 
• Right hemicolectomy refers to the removal of the cecum, the 

ascending colon, the hepatic flexure, the proximal portion of 
the transverse colon, and part of the terminal ileum ( FIG 1 ) .  

I t  i s  the standard surgical treatment for malignant neoplasms 
of the right colon and involves ligation of the ileocolic, right 
colic, and right branch of the middle colic vessels. 

DIFFERENTIAL DIAGNOSIS 
• Various benign and malignant conditions require right hemi

colectomy. The most common indication is a mass in the right 
colon. Other indications include neoplasms of the cecum or 
appendix. Benign conditions for which right hemicolectomy 
is performed include adenomatous polyps that cannot be 
removed endoscopically, cecal volvulus, inflammatory bowel 
disease, and right-sided diverticulitis, among others . 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history and physical examination is mandatory. 
• Findings such as ascites or diffuse adenopathy may result 

in additional diagnostic workup to rule out metastatic 

Extended 

FIG 1 • Vascu l a r  anatomy of a r ight  hemico lectomy. (Pr i nted 
with permiss ion from Baylor Co l lege of Med ic i ne . )  
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disease and this may alter the overall care plan for the 
patient. 

• A baseline nutritional and functional status should also be 
ascertained in the preoperative setting. 

• Previous abdominal surgeries should be noted. 
• A thorough family history, including history of colonic 

polyps and cancers, should be obtained. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A full colonoscopy should be obtained to examine the re

mainder of the colon, which has up to a 5% chance of syn
chronous disease. Colonoscopy can also allow for India ink 
tattooing of the lesion to facilitate accurate intraoperative 
localization ( FIG 2 ) .  

• Preoperative imaging also includes high-quality dual phase 
computed tomography (CT) imaging of the abdomen and 
pelvis to not only assess for metastatic disease but also to 
evaluate the primary tumor's relationship to nearby struc
tures such as the kidney, ureter, duodenum, and nearby ves
sels such as the vena cava, superior mesenteric vessels, and 
middle colic vessels. Tumors that involve adjacent organs 
require additional preoperative planning and consultation 
with ancillary services may be necessary. Attempts at en bloc 
resection should be made in cases where the tumor involves 
adjacent organs or structures. 

• Additional workup includes a CT of the chest, complete 
blood cell count, and comprehensive metabolic paneL 
A baseline carcinoembryonic antigen (CEA) level should 
be obtained to assist with postoperative surveillance for 
recurrence.  Positron emission tomography (PET)-CT is not 
routinely indicated.  

FIG 2 • Tattooed les ion i n  the cecum .  

-
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SURGICAL MANAGEMENT 
Preoperative Planning 

• Preoperative bowel preparation is not mandatory but it may 
make manipulation of the colon more manageable. If intra
operative colonoscopy is required, a prepped colon would 
also be preferred. 

• Preoperative antibiotic prophylaxis for skin and bowel flora 
is recommended. Intravenous broad-spectrum antibiotics 
that contain second- or third-generation cephalosporins 
(such as cefoxitin or ceftriaxone) or fluoroquinolones (such 
as ciprofloxacin) along with metronidazole will adequately 
cover gram-negative and anaerobic pathogens. Alternatively, 
ertapenem, a carbapenem with activity against gram-positive, 
gram-negative, and anaerobic flora, can be used. Prophylac
tic antibiotics should be at therapeutic bloodstream levels 
at the time of incision. Redosing the antibiotic should be 
considered when taking into account the length of the op
eration, the estimated blood loss, and the half-life of the 
antibiotic. 

• Venous thromboembolic prophylaxis for patients undergoing 
right hemicolectomy includes both mechanical interventions, 

ANESTHESIA AND PATIENT POSITIONING 

• 

• 

Genera l  endotrachea l  anesthes ia is p referred for r ight  
hemico lectomy. However, sp ina l  anesthes ia a lone  is  fea
s ib le  if necessa ry. 
The patient is p l aced sup ine  with or without the arms  
tucked.  

I NCISION 

• 
• 

A m i d l i n e  lapa rotomy is made . 
U pon enteri ng  the abdom i n a l  cavity, i n spect for evidence 
of metastatic d isease. The l iver shou ld  be pa l pated for 
masses and b iops ied as needed, and the sma l l  bowel 
eviscerated and inspected from the l i gament of Tre itz 

RIGHT COLON MOBI LIZATION 

• 

• 

• 

Placement of se lf-reta i n i n g  retractors, such as a Ba lfour, 
may be used to i m p rove exposure.  Otherwise, the ab
d o m i n a l  wa l l  i s  retracted with handhe ld  i n struments. 
The cecum and ascend ing  colon a re freed from the 
peritonea l  ref lect ion by inc i s ing  a long  the wh ite l i ne of 
To ldt (FIG 3) .  The term i n a l  i l e u m  is  a l so freed from the 
retroper itoneum and  mob i l ized by inc is ing the perito
neum a long  the root of the mesentery. 
As the co lon a n d  term i n a l  i le u m  a re reflected anter ior ly 
and  med i a l ly, the r ight gonadal  vesse l s  and  r ight  u reter 
shou ld  be identif ied in the retroperitoneum and not 
mobi l i zed a nter ior ly so as to avo id  i n ju ry. 

• 

• 
• 

• 

• 
• 

such as pneumatic compression devices, and pharmacologic 
interventions, such as low-molecular-weight heparin or un
fractionated heparin. These agents should be delivered prior 
to induction of anesthesia as the dramatically decreased level 
of vascular tone associated with anesthesia results in venous 
stasis and risks thrombosis. Patients on preoperative warfa
rin should be transitioned to either low-molecular-weight or 
unfractionated heparin. 

• Preoperative thoracic epidural placement for postoperative 
pain control should be offered to patients without contra
indications to this form of analgesia. Epidural pain control 
reduces narcotic requirements postoperatively and decreases 
risk of postoperative ileus and pulmonary complications. 
Otherwise, patient-controlled analgesia is preferred. Intrave
nous nonsteroidal antiinflammatory drugs (NSAIDs)  should 
also be considered in the perioperative period to decrease the 
use and side effects of narcotic analgesia. 

• Ancillary surgical services may be required to assist in the 
patient's care for procedures such as preoperative placement 
of ureteral stents or assistance in resection or reconstruction 
of involved adjacent organs, such as the kidneys, ureters, or 
the duodenum. 

After i n d uction of anesthes ia ,  the b ladder  is  catheterized 
and a n  orogastr ic tube i s  p l aced . 
The ent i re abdomen is prepped and  d raped . 
The surgeon stands  on the patient's r ig ht a n d  the fi rst 
ass ista nt on the left. 

to the i l eoceca l valve. The colon and  rectum shou ld  be 
i n spected and pa l pated . The omentum and per itoneum 
shou ld  be eva luated for  tumor  i m p l a nts or  carci nomato
sis. In women,  the ovar ies shou ld  a l so be i n spected for 
abnorma l it ies.  

The l atera l d i ssect ion i s  carr ied sharp ly up and around 
the hepat ic  f lexure i n  the avascu la r, embryo log ic  p lane 
between the mesoco lon  and  the duoden u m .  The second  
and  t h i rd port ions  of  the duoden u m  a re identif ied near  
the hepatic f lexure and  i nj u ry to th i s  structure m ust be  
avo ided .  
The hepatoco l i c  l i ga ment is  transected (FIG 4) . 

The gastroco l i c  l i gament, extend ing  from the g reater 
cu rvatu re of the stomach to the transverse colon, is 
d iv ided from left to right to comp lete the mob i l i zat ion 
of the hepat ic fl exu re (FIG 5) .  



986 P a rt 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

Right colon 

Right paracol ic gutter 

FIG 3 • Ascend ing  co lon mob i l izat ion .  The surgeon retracts 
the ascend i n g  co lon  med i a l ly. D i ssect ion proceeds a long  the 
r ight paraco l i c  g utter by tra nsact ing  the wh ite l ine of To ldt .  

VASCULAR PEDICLE TRANSECTION 

• For a r ight hem icolectomy, the vascu l a r  a rcades of i nter
est inc lude the i l eocol ic, the r ight co l i c, and the r ight 
branch of the midd le co l i c  vesse l s .  

• An avascu la r  window between the r ight branch of the 
m idd le  co l i c  and  the r ight or i leoco l i c  vesse l a rcade is  
made (FIG 6) .  

• The r ight branch of the m i d d l e  co l i c  is doub ly c l amped, 
d iv ided, and t ied wh i l e  the left branch i s  spa red . 

• The r ig ht co l i c  a rcade, if present, is a lso taken at its or ig i n  
to ensure adequate resect ion of  lym phatics .  Th i s  a rcade, 
however, rarely branches d i rectly off the super ior  mes
enteric vesse ls .  It is  most often a branch of the i l eoco l i c  
a rcade .  

Right colon 

Hepatocolic l igament 

FIG 4 • Hepatic fl exu re mob i l izatio n .  Gent le  tract ion on the 
hepatic f lexure of the co lon exposes the hepatoco l i c  l i gament, 
which i s  then tra nsected with e lectrocautery. 

• 

• 

FIG 5 • F u l ly mob i l ized term i n a l  i l e u m  and  r ight co lon .  
The tattooed a rea can be seen  on the su rface of  the cecu m .  

The i leoco l i c  a rcade i s  therefore l i gated a t  its or ig in  i n  
the majority of ci rcu mstances (FIG 7) .  

The lym phatic dra inage pattern m i rrors that of the vas
cu l a r  system .  There a re two possi b le  paths of lym phat ic  
spread :  para i ntesti n a l  (a long the i ntest ine) and  centra l 
(a long the vesse ls) .  To red uce the r isk of recu rrence, an  
adeq uate lym ph node ha rvest shou ld  be attem pted by 
l i gat ing the req u i red mesenteric vesse l s  at the i r  or ig i n .  A 
m i n i m u m  of 1 2  resected nodes is req u i red for American 
Jo int Comm ittee on  Cancer for adequate sta g i n g  of 
co lorecta l cancer. I ntra m u ra l  spread ing  of ca ncer beyond 
2 em i s  ra re, but a n  onco log ic  resect ion shou ld  a i m  for 
proxi ma l  and d i sta l  m ucosa l  marg ins  of at least 5 to 7 em 
to ensure adequate h a rvest of para i ntest i na l  and mesen
teric nodes. 
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• An extended r ight  hemico lectomy may be performed for • 

les ions l ocated at the hepatic fl exu re or tra nsverse co lon .  
Th i s  p roced u re i nvolves tra nsect ion of  the m idd le  co l i c  
vesse l s  a t  t h e i r  o r i g i n  a n d  an  a nastomosis  o f  t h e  d ista l 
i l eum with the d i sta l transverse co lon ,  re ly i ng on the 
marg i n  a rtery of Drummond for b lood supp ly. If the in
teg rity of th i s  b lood vessel i s  quest ionab le, the resect ion 
must be extended to i nc lude  the sp len i c  f lexure and  the 
d ista l i leum is  anastomosed to the descend ing  co lon .  

FIG 6 • Avascu l a r  w indow adjacent to r i ght  b ranch  of  the  
m idd le  co l i c  vesse ls  (arrow). 

For an extended r ight hem icolectomy, mob i l izat ion of 
the sp len i c  fl exu re is req u i red .  In order to m o b i l ize the 
sp len ic  f l exu re, the sp l enocol i c, p h renoco l i c, and  gastro
co l i c  l i ga ments must be d iv ided (FIG 8) .  The sp len i c  fl ex
u re is then ca refu l ly d i ssected of the ta i l  of the pancreas .  
Ca re must be taken to avo id  i n ju ry to the sp leen and  the 
ascend ing  branch of the left co l i c  a rtery. 

FIG 7 • Tra nsect ion of the i leoco l i c  ped ic le .  The i leoco l i c  vesse l s  
a re transected at the i r  or ig i n  of the super ior  mesenteric vesse ls .  
SMA, super ior  mesenter ic  a rtery. 
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Left colon 

BOWEL TRANSECTION 

Splenocol ic 
l igament 

• The co lon is c leared of ep ip lo i c  fat at the proposed site 
of a nastomosis to a l l ow the bowel wa l l  to be visua l 
ized, thereby fac i l itat ing  precise p l acement of  sutu res or 
sta p lers .  The transverse co lon  is  then transected to the 
r ight of the m idd le  co l i c  vesse l s  with a l i near  75-mm b lue  
load sta p ler  (FIG 9) .  

F IG  9 • Co lon  transect ion .  The co lon  i s  d iv ided to the r ight 
s ide of the middle co l i c  vesse l s  with a l i near sta p ler. 

• 

• 

FIG 8 • Sp len ic  f lexure mob i l ization (for extended r ight 
hemico lectom ies) .  After med i a l  and  latera l mob i l izat ion 
of the splenic f lexure attachments, the su rgeon hooks his 
or  her  r ight i ndex f inger  under the sp lenoco l i c  l i gament, 
provid i n g  good exposu re and a l lowi ng for a safe 
transect ion of th i s  l i ga ment.  

The d i sta l i l e u m  is d iv ided approximately 10 em proxi
mal to the i l eoceca l va lve with a l i near  75-mm b lue  load 
stap le r  (FIG 1 0) .  

If adjacent o rgans  a re i nvolved, every attem pt at a com
p lete en b loc resect ion m ust be made. The spec imen 
shou ld  be assessed with  the patho log ist to ensure that  
the d iseased segment i s  acq u i red a n d  that adequate 
marg ins  have been obta ined .  I f  there i s  a ny doubt a bout 
marg i n  status, a n  i ntraoperative frozen sect ion eva lua 
t ion shou ld  be conducted . 

FIG 1 0  • I l ea l  transect ion .  The term i n a l  i l eum is d iv ided with 
a l i near  stap ler. 
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I LEOCOLONIC ANASTOMOSIS 

• After resect ion,  reconstruct ion p roceeds with an anasto
mosis between the i l eum and the transverse co lon .  

• A pr imary i leoco l i c  a nastomosis is a lmost a lways poss ib le .  
E i ther  a hand-sewn or  a stapled a nastomosis can be per
formed in an end-to-end, end-to-side, s ide-to-s ide, or s ide
to-end fash ion .  The via b i l ity of the proxima l  and  d ista l  
segments of  bowel shou ld  be assessed and further resec
tion to we l l -perfused bowel shou ld  be performed if there 
is any quest ion regard ing the viab i l ity of the bowe l .  

• Atra u matic bowe l c l amps shou ld  be p l aced prox ima l  
and  d i sta l to the a nastomotic s i te  to prevent sp i l l age of  
bowel contents. Ga uze pads shou ld  a l so be p l aced i n  the  
abdomen to p rotect su rrou n d i n g  structu res and  the sk in  
f rom conta m i nat ion dur ing the process of transect ing  
the co lon and  creat ing  the a nastomosis .  

• 

• 

• 

The i lea l  and transverse colon segments shou ld be brought 
i nto apposition to a l low a tension-free anastomosis. 
For the stap led techn iq ue, the ant imesenteric borders 
of the bowel seg ments a re approxi mated with i nter
ru pted 3-0 s i l k  sutures. A sma l l  enterotomy is made on  
the  ant imesenteric border of  both the i l eum a n d  the  
transverse co lon  (FIG 1 1 ) to a l l ow insertion of  a sta
p l i n g  device (FIG 1 2) .  The sta p ler  i s  a l l owed to gent ly 
c lose, b r i ng ing  together the i leum and  transverse co lon  
(FIG 1 3) .  Once it i s  assu red that  the mesentery is  c lear  
and  the sta p ler  is  i n  good posit ion, the sta p l i n g  device is  
fi red and  then s lowly removed .  
Th is  fuses  the two previous enterotom ies i nto a s i ng l e  
enterotomy. Th i s  new enterotomy can be c losed either 
with a sta p ler, p laced at a r ight angle to the previous 
sta p le  l ine (FIG 14), or  with sutu res, i n  one or  two layers 
(FIGS 15 and 1 6) .  

FIG 11 • Sta p led i leoco lon i c  a nastomosis .  Scissors a re used to make a sma l l  enterotomy on  the ant imesenteric border of the 
bowe l .  (Pri nted with permiss ion from Bay lor  Co l lege of Medic ine . )  

FIG 12 • Stap led i leoco lon i c  anastomosis :  i n sert ing  the 
sta p l i n g  device i nto the enterotomy. 

989 
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FIG 1 3  • Stap led i leoco lon i c  a nastomosis .  The stap le r  i s  
i nserted i n  the i leum and  tra nsverse co lon and  i s  then c losed.  
(Pri nted with permiss ion from Baylor Col lege of Med ic ine . )  

FIG 1 4  • Stapled i l eoco lon ic  anastomosis: c losi ng the common 
enterotomy with a stapler. (Pri nted with permiss ion from Baylor 
Co l l ege of Medic ine.) 

FIG 16 • Stapled i leocolonic anastomosis: closi ng the outer layer 
of the common enterotomy with interrupted Lembert sutures. 
(Printed with permission from Baylor Col lege of Medic ine.) 

FIG 1 S • Stapled i leocolonic anastomosis: closing the i n ner layer 
of the common enterotomy with an absorbable runn ing suture. 
(Printed with permission from Baylor College of M ed icine.) 
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• The comp leted anastomosis is v isu a l ly inspected to 
ensure that it i s  we l l  perfused and  is  pa l pated to check 
for patency (FIG 1 7) .  

• Alternatively, a h a nd-sewn anastomosis  ca n be per
formed in e ither one or two layers. The type of suture 
(monofi l ament, bra ided,  a bsorbab le), type of stitch 
( interrupted, conti n u ous, Lembert), or  confi g u rat ion 
used is probab ly not as  i m porta nt as a re the pr inc ip les 
of approxi mat ing we l l -perfused bowe l without tens ion .  
The authors p refer a two-l ayer, s ide-to-s ide anastomosis  
us ing a n  outer layer of i nterru pted Lembert s i lk  sutu res 
and an i n ner  conti nuous  r u n n i n g  layer of monofi l ament 
a bsorbab le  suture .  

• Closure of the mesenteric defect is optiona l  and  is based 
on surgeon p reference. Oftent imes, the omentum can be 
p l aced around the a nastomosis .  

CLOSURE 

• O nce hemostas is  is ensured and  the abdomen is i rr i 
gated,  the abdom i n a l  fasc ia  and  sk in  a re c losed i n  sta n 
dard fash ion .  D ra i n s  a re not  routi ne ly requ i red, a lthough 
i n  cases of i nfect ion or  abscess, a d ra i n  may be p laced.  

PEARLS AND PITFALLS 

FIG 1 7  • The comp leted i l eotransverse co lon s ide-by-s ide 
sta p led a nastomosis .  Pa l pation of the a nastomosis between 
the thumb and  i ndex fi nger  shows that the a nastomosis is  
patent. Notice that both the i lea l  and  co lon ic  seg ment a re 
we l l  perfused .  C losure of the mesenteric defect is optiona l  
and  is  based on  su rgeon preference. 

Co lon mob i l izat ion • The plane between the mesoco lon  and the retroperitoneum is a n  avascu l a r  em bryo log ic  p l ane  
that  shou ld  be d i ssected sharp ly. Excess b lood los s  du r i ng  th i s  d i ssect ion a l e rts the su rgeon that  the  
i ncorrect p l ane  was  entered . 

Vascu l a r  d issect ion 

Anastomosis 

• D u ri ng  d issect ion of the m idd le  co l i c  vesse ls, avuls ion of the l a rge co l l atera l branch that con nects the 
i nfer ior  pancreaticod uodena l  ve i n  with the midd le  co l i c  ve i n  and  su per ior mesenteric ve i n  ca n resu l t  
i n  b l eed ing  that is  d iffi cu l t  to control beca use the ve in retracts and  ca n n ot be isol ated easi ly. 

• Avo id ing  excess u pward and  med ia l  tract ion of the r ight co lon wh i l e  mob i l i z ing  the hepat ic f l exu re 
best prevents th i s .  

• Trans i l l u m i nat ion of the mesoco lon  and  the mesentery of the term i n a l  i leum can he lp  to identify 
vascu l a r  a rcades to m i n i m ize iatrogen ic  i nj u ry in patients with th ick  mesentery and  ca n assure good 
b lood supp ly to the a nastomosis .  

• A we l l -vascu l a r ized, tens ion-free a nastomosis  m i n i m izes the r isk of anastomotic breakdown.  
• If there i s  any doubt reg a rd i n g  the i ntegrity of the a nastomosis, the bowe l segments shou ld  be  

further resected to hea lthy, vascu l a rized bowe l .  
• B l ood supp ly t o  the a nastomosis ca n a lso be fu rther assessed with Dopp ler  u ltrasound  if necessa ry. 

POSTOPERATIVE CARE • The patient can be started on a liquid diet. The diet can be 
advanced based on clinical progress. 

• In the absence of intraabdominal infection, antibiotic ther-
apy does not need to be continued postoperatively. 

• A nasogastric tube is not routinely placed. 
• The patient should begin ambulating on postoperative day 1 .  
• The Foley catheter can usually b e  removed o n  postoperative 

day 1 or 2 unless an epidural remains in place. 

• Deep venous thrombosis (DVT) prophylaxis should be 
continued until the time of discharge and can be considered 
as an outpatient in certain subsets of patients . 

• The patient should be counseled about the initial changes in 
bowel habits including more frequent, loose stools and the possi
ble appearance of blood clots in the first few bowel movements. 



992 P a rt 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

COMPLICATIONS 
• Intraoperative complications include injury to the ureter, 

duodenum, nearby bowel or colon segments, nearby blood 
vessels such as the inferior pancreaticoduodenal vessels or 
the superior mesenteric vessels, or an anastomosis that is 
poorly vascularized or under tension. 

• Early postoperative complications include wound infection, 
anastomotic leak, or intraabdominal abscess formation 

• Late postoperative complications include development of 
colocutaneous fistulas, recurrence of cancer, anastomotic 
stricture, incisional or internal hernia, or ureteral stricture 
from ureteral devascularization. 

• An extended right hemicolectomy adds the potential compli
cation of splenic injury, as the splenic flexure must be mobi
lized to achieve a tension-free anastomosis. Because most of 
the proximal colon absorbs fecal water, an extended right 
hemicolectomy also predisposes to postoperative diarrhea. 
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Craig A. Messick Joshua 5. Hill George J. Chang 

DEFINITION 
• Right hemicolectomy is defined as the resection of a portion 

of the terminal ileum, cecum, ascending colon, and portion of 
the transverse colon. When performed for neoplastic disease, 
it includes resection of the vascular pedicles including the 
ileocolic, right colic (when present) ,  and sometimes right 
branch of the middle colic artery and their associated veins. 
An extended right hemicolectomy is one in which the middle 
colic vessels are ligated. Laparoscopic right hemicolectomy 
has been shown to be a preferred alternative technique in 
the resection of benign and malignant diseases of the colon 
and in experienced hands has been shown to have equivalent 
oncologic outcomes with improvements in speed of recovery 
when compared to open resection. 1-3 

INDICATIONS 
• Right hemicolectomy may be performed for either benign 

or malignant indications, but the underlying principles of 
surgical resection apply to both open and laparoscopic ap
proaches. A thorough preoperative workup to define the 
underlying disease plays a critical role in determining the 
nature of the operative intervention and optimizing the sur
gical treatment. 

• Benign pathology (common etiologies) 
Crohn's disease: most frequently occurs in the terminal 
ileum and may include the ascending colon with associ
ated an associated inflammatory phlegmon or fistula . 
Right hemicolectomy for Crohn's is performed when the 
disease is refractory to medical therapy. 
Right-sided diverticulitis:  occurs uncommonly in the U.S.  
population and it is felt to arise as a congenital lesion oc
curring more commonly in Asian patients. It is commonly 
misdiagnosed as acute appendicitis.  
Ischemic colitis:  uncommonly affects the right colon in 
isolation owing to its collateral blood supply; however 
may present with abdominal pain, bloating due to stric
ture, or hematochezia. 
Cecal volvulus: caused by a twist (typically clock-wise) 
of the terminal ileum and colonic mesentery around fixed 
retroperitoneal attachments, presents with acute abdomi
nal pain and obstructive symptoms. 

• Neoplastic pathology 
Endoscopically unresectable polyps should be treated 
with colectomy. As they have potential to harbor malig
nant foci not detected on biopsy, they should be managed 
according to oncologic principles. Right-sided polyps in
clude high-risk adenomas with high-grade dysplasia or 
villous components, large hyperplastic polyps, or sessile 
serrated adenoma/polyps (SSA/Ps) .  
Malignancy i s  the most common indication for laparo
scopic right hemicolectomy. Equivalent outcomes to open 
resection have been demonstrated in large multi-center 

randomized controlled trials.2-6 A bulky cancer or one 
that has invaded into adjacent organs should be resected 
en bloc with associated tissues and may be considered for 
open resection. 
Adenocarcinoma: The location with respect to the anatomy 
of the blood supply determines the extent of bowel resection. 
Carcinoid: Right colectomy is indicated for carcinoid tumors 
of the terminal ileum or appendix when 2 em or greater. 
Colectomy is also indicated for adverse features such as gob
let cell carcinoid histology or presence of lymphovascular or 
perineural invasion. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Adenocarcinoma patients are commonly asymptomatic but 

can present with anemia, melena, altered stool patterns (diar
rhea),  pain, and weight loss. 

• A thorough history and physical examination is essential for 
identifying candidates for laparoscopic surgery. Several patient 
factors that can affect the feasibility of laparoscopic resection 
are shown in Table 1 .  Patient characteristics or underlying dis
ease issue may preclude safety of the laparoscopic approach 
or greatly increase the operative difficulty and time and these 
factors should be considered when making the decision to pro
ceed with laparoscopy and during operative planning. 

• Obesity poses unique challenges during laparoscopic hemi
colectomy. The ease of finding the correct plane and the cen
tral vascular anatomy is greatly diminished in obese patients. 
Patient positioning may also be impacted by obesity as obese 
patients may not tolerate extreme Trendelenburg, reverse 
Trendelenburg, or side to side positioning. In addition, obesity 
has been associated with a higher risk for conversion to open 
surgery. Despite these challenges, patients who are obese have 
increased risk for morbidity such as wound infection when 
compared to nonobese patients and thus may derive significant 
benefit from laparoscopic surgery. 

• Patients with decreased cardiac output may not tolerate 
increased intraabdominal pressures resulting in decreased 
venous return secondary to pneumoperitoneum. 

• Intraabdominal adhesions caused by prior surgery may pre
clude laparoscopy. Laparoscopic lysis of adhesions may be 

Table 1: Patient Factors that Can Affect the 
Feasibil ity of Laparoscopic Resection 

Obesity 
Pr ior  abdomina l  surgery 
Card iac dysfu nction 
Pu lmonary dysfu nction 
Large tumor bu rden 
Potent ia l  loca l  involvement of adjacent vita l o rgans  
Abnormal  i ntraabdom ina l  anatomy 
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performed, although surgeon experience and the extent of 
adhesions should be considered. 

• Patients with nutritional deficiencies and impaired healing, 
such as those on high-dose steroids, recent immunomodula
tors, or systemic chemotherapy, are at higher risk for anasto
motic failure . In those patients with ongoing life-threatening 
illnesses, ileocolonic anastomosis should be deferred in favor 
of end ileostomy. An ileocolostomy should not be performed 
in patients with hemodynamic instability. 

DIAGNOSTIC STUDIES 
• Colonoscopy: All tumors should be localized, biopsied, and 

tattooed prior to embarking on laparoscopic surgery. Tattooing 
allows for intraoperative localization of the tumor, although it 
may be faint when localized to the mesenteric border (FIG 1 ) .  

The tattoo can also be on the retroperitoneal surface and not 
seen (FIG 2) .  Synchronous tumors (present in 3% to 5% of 
patients with colon cancer) and unresected polyps should be 
noted and considered in the treatment plan? Colonoscopy 
may not be possible in patients with a complete obstruction. 
In these patients, intraoperative palpation of the entire colon 
should be performed to assess for secondary lesions. After re
covery from surgery, a short interval completion colonoscopy 
should be performed. 

• CT colonography/enterography: Can be useful in patients 
not amenable to colonoscopy. Use of CT enterography pro
vides additional information of the small intestines in pa
tients with Crohn's disease that may alter surgical strategy. 

• CT scan of the abdomen and pelvis: In inflammatory bowel 
disease patients, CT scan provides information pertaining to 
the extent is of colitis, presence of a fistula, and/or abscess. 
In patients with malignancy, CT scans of the chest, abdo
men, and pelvis should be performed to assess for pulmo
nary, hepatic, and lymphatic metastasis as well as infiltration 
of the primary tumor into adjacent structures. 8 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Appropriate preoperative antibiotic coverage before incision 
has been shown to decrease the risk of surgical site infec
tions, but courses of antibiotics greater than 24 hours are 
actually associated with worse outcomes.9  

• The need for a pre-operative mechanical bowel preparation in 
patients undergoing right hemicolectomy is controversiaJ.l0•1 1  

Transverse colon 

lntramesenteric tattoo 
Ascending colon mesentery 
Duodenum 

FIG 1 • Tattoo ing the target. Tattoos p laced with i n  the co lon i c  
mesentery may not  be vis i b le  upon i n it i a l  i nspect ion .  As shown 
i n  th i s  operative photograph ,  the d i sta l  ascend ing  co lon at 
the hepatic f lexure has  been a nterior ly ref lected to revea l  the 
l ocat ion of a previous ly p laced i ntra mesenteric tattoo .  

F IG 2 • Tattoo ing the target.  I n  some i n stances, a tattoo p laced 
with i n  the mesentery i s  not v i s ib le  unt i l  d i ssect ion i nto the 
retroperiton e u m .  Here, the d i ssect ion of To ldt's fascia (anterior) 
has  been performed and  the retroperitoneum exposed, revea l i n g  
the l ocat ion o f  the tattoo with i n  the retroperitoneum o f  t h e  
ascend ing  co lon .  

We use mechanical bowel preparation because i t  lightens 
the colon, thus facilitating laparoscopic manipulation of the 
colon. 

Patient Positioning 

• The patient is positioned supine and secured with Trendelen
burg straps on the ankles ( FIG 3 ) .  If an extended right hemi
colectomy will be performed, the patient may be placed in 
a lithotomy position to facilitate the mobilization of the 
splenic flexure, if necessary. 

• Gravity is the single greatest facilitator of exposure during 
colectomy. During the course of the case, the patient may be 
placed in steep Trendelenburg, reverse Trendelenburg and 
rotated right side up. For this reason, the patient must be 
secured to be operating table and a variety of devices have 
been used to secure the patient. We prefer to use ankle and 
chest straps, but commercially available foam pads placed 
under the patient to prevent slippage may also be used. We 
avoid using pads of beanbags placed above the shoulder that 
can cause brachial plexus injuries.  

• Both arms should be padded and tucked at the patient's side. 
If the patient is too wide for the table, the right arm may 

__,.....,.;:::::..,,_- Heel foam padding 
.. ,_""T"_ Foot end of table 
11!!!"'=----:-- End table-to-ankle secure strap 

"'"7"""'l•- Velcro ankle straps 
...----'+-- Sequential compression device 

Lateral table-to-ankle secure strap 

Velcro ankle straps 

':-'-!"--+-- Heel foam padding 

FIG 3 • Secur ing  the patient to the ta b le .  Ve lcro stra ps a re 
secu red to the patient's a n k les, then attached to the operat ing  
room ta b le  to protect the patient's legs f rom s l i d i ng  l atera l ly off 
the ta b le's s ides with extreme left-r ight positio n i n g  a n d  to ass ist 
in keep ing  the patient from s l i pp i ng  toward the head of the 
tab le  when i n  p l aced i n  steep Trende lenburg posit ion .  
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be left out so that the operative team standing together on 
the patient's left side still has sufficient working space. The 
patient's hands should be turned such that their palms face 
medially with the thumbs anterior and fingers should be 
positioned so that they are in a neutral position. 

• Ensure that intravenous (IV) lines are working after posi
tioning and prior to the start of the case. A second IV is 
recommended because the patient's arms will be inaccessible 
during the operation, thus making the establishment of an
other IV difficult. 

PORT PLACEMENT 

• A va r iety of methods may be emp loyed for the entry 
i nto the abdomen du r i ng  lapa roscopic  su rgery. Two com
mon ly used options a re the use of a Veress need le  or  the 
a uthors' p referred tech n ique  of a d i rect fasc ia l  cutdown 
(Hassa n techn iq ue) .  Pneumoperitoneum is  esta b l i shed 
with carbon d i ox ide to 15 mmHg as to lerated . 

• Standard port p lacement inc l udes a 1 0- to 1 2-mm um
b i l i ca l  port (camera port), 5 -mm work ing ports i n  the left 
upper  q u a d ra nt, and  e ither a 5-mm or 1 0- to 1 2-mm port 
i n  the left lower quadra nt .  A fou rth port is used i n  e ither 
the suprapubic or  r ight lower q u a d ra nt posit ions .  An op
t ional  5-mm port i s  p laced i n  the patient's r ight  u pper 
quadra nt to ass ist with the d ista l  transverse co lon or  
sp len i c  f lexure mob i l izat ion as needed for  a n  extended 
r ight hemico lectomy (FIG 4) .  

0 
1 

() 
0 

() 

2 
" 

3 
0 

FIG 4 • Port p lacement.  Th i s  d iagram shows the standard 
and  add it iona l  l aparoscop ic  port sites for a lapa roscopic  r ight  
hemico lectomy. Sta ndard p l acement inc l udes a 1 0- to 1 2-mm 
u m b i l i ca l port (1), 5-mm left upper  quadrant  port (2), and  e ither 
a 5-mm or  1 0- to 1 2-mm left lower q u a d rant  port .  A fou rth port 
is used in the opt iona l  locat ions  (o), e ither suprapub i c  or r ight  
lower quadrant  pos it ions .  An optiona l  5-mm port i s  p laced 
in the patient's r ight upper quadrant  to assist with the d ista l 
transverse co lon or sp len i c  f lexure as needed for an extended 
r ight hem icolectomy. 

VASCULAR TRANSECTION AND MEDIAL 

TO LATERAL MOBI LIZATION OF THE 

I LEOCOLIC MESENTERY 

• The abdomen shou ld  be thoro u g h ly i n spected to ru le  out 
metastatic sites or  synchronous pathology with eva lua 
t ion  of  the per itoneum,  l iver, retroperitoneum,  and  ad
nexa l structu res i n  women .  

• The patient is posit ioned with the left s ide down and  i n  

• The s m a l l  i ntest ine  is swept to the left l ower q u a d ra nt, 
a l lowi ng for com p lete v isu a l izat ion of the mesenter ic  
attachments to the r ight  co lon and  the super ior  mes
enteric a rtery (SMA). The i leoco l i c  vesse ls  ( ICV) can be 
identif ied as they cross over the th i rd port ion of the duo
denum.  The fo ld  of Treves i s  g rasped and  retracted later
a l ly to demonstrate the cou rse of the ICV a n d  to identify 
the i r  o r ig i n  from the SMA and  the confl uence of the i leo-

s l i g ht Trende lenburg .  • 
co l i c  ve i n  i nto the super ior  mesenteric vei n (SMV) (FIG S) .  

The  peritonea l  su rface i s  scored on the dorsa l  su rface of 
the ICV near  the SMA (FIG 6) .  Whi le  ensur ing  that the • The omentum is retracted cepha lad  over the transverse 

co lon i nto the u pper abdomen .  In an obese patient with 
a b u l ky omentum, an ass istant can ho ld  retract ion of the 
omentum through the left u pper q u a d rant  port .  

lymph node-bea r ing  t issue i s  d i ssected i nto the i l eoco l i c  
mesentery (spec imen s ide), the retroperitonea l  attach
ments to the co lon i c  mesentery a re d iv ided.  
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I leocol ic vein 
I leocol ic artery 
Duodenum 
IVC 

Right colic lymph node 
Right colic artery and vein 

FIG 5 • Exposu re of the i l eoco l i c  ped ic le .  After the s m a l l  
bowe l has b e e n  p l aced i n  the patient's left hemiabdomen 
expos ing  the r ight co lon mesentery, the i leoco l i c  ped ic le  is  
often seen pu lsat ing  with i n  its mesentery. The duodenum 
is often seen  through  a th i n  l ayer  of co lon  mesentery; 
the ICV can be identif ied as they cross the th i rd port ion 
of the duode n u m .  I n  th i s  image, the SMV, i nferior vena  
cava, and  r ig ht co l i c  a rtery a n d  ve in  a re seen .  IVC, i nferior 
vena cava; SMV, su per ior mesenteric ve i n .  

SMV 

ICV 

Duodenum 

Right colic lymph node 

SMV 

• The correct, avascu l a r  p l ane  can be deve loped with a 
combi nat ion of sharp and  b l u nt d issect ion .  The sma l l  
retroperitonea l  vesse l s  can act a s  a gu ide  a n d  shou ld  be 

FIG 6 • Dissect ion of the ICV. Scor ing of the peritoneum 
a long the i nferior su l cus  of the ICV a l l ows for  a poster ior  
d i ssect ion to the ICV. Gent le l ift i ng  of the ped ic le wi l l  a l l ow 
for d issect ion of the t issue to the or ig i n  of the ICV at the SMA 
and  SMV. I CV, i leoco l i c  vesse ls; SMV, super ior  mesenteric ve i n .  

we l l  a s  t h e  m idd le  co l i c  vesse ls (MCV) and  their  b ifurcat ion 
(FIG 1 0) .  This step is  fac i l itated by anterior and cepha lad 
tract ion on the transverse co lon to tent the mesentery. 

d i ssected downward, away from the co lon i c  mesentery. If • By fo l l owing the SMA from the point of ICV l igation, the 
va r iab ly present r ight co l i c  a rtery is  identified to a rise from 
the SMA between the ICV and the M CV where it shou ld  
be d ivided at i t s  or ig in  with  a n  energy-sea l i ng  device. 

these a re b l u nt ly torn, m i n ima l ,  yet bothersome b leed ing  
can ensue .  Th i s  ca refu l med ia l  to latera l d i ssect ion of  the 
i leoco l i c  mesentery is  carr ied cepha lad  to the or ig i n  of  
the I CV, with care taken not to i nadvertently i nj u re the • The venous  dra inage of the r ight co lon is a lso h i g h ly vari

able and the r ight co l i c  ve i n  is  m issi ng  i n  u p  to 50% of 
patients. It can be fou n d  jo i n i ng  the r ight gastroep ip lo i c  
and  su per ior pancreaticod uodena l  ve ins  at the gastro
co l i c  tru n k  of Hen le .  

duodenum,  and  l atera l ly releas ing  the co lon i c  mesentery 
from retroperitonea l  attachments without i nj u ry to the 
u reter or gonadal  vesse ls .  The d i ssect ion p lane should be 
a nter ior to the duodenum and pancreatic head, tak ing  
care to avoid i nadvertent duodena l  mob i l izat ion or  d is- • I n  cases of more d i sta l  ascend ing  co lon or hepatic f lexure 

tumors, tra nsact ion of e ither the r ight branch or the en
t ire tru n k  of the midd le co l i c  a rtery (MCA) should be per
formed after expos ing  the or ig i n  of these vesse ls from 
the SMA. Tea r ing the ve i n  at this level w i l l  res u lt i n  ra p id 
b leed i ng;  therefore, it i s  i m portant to ca refu l l y  a n d  com
p letely identify the vascu l a r  anatomy of the r ight co lon 
pr ior  to d iv id i ng  the mesentery. 

sect ion between the duodenum and  pancreas (FIG 7) .  
• The I CV can then be d ivided at the or ig i n  from the SMA/ 

SMV with e ither an endoscop ic  G IA sta p ler  with a vascu
lar load (our preference; see FIG 8), with a n  energy de
vice,  or  between endoc l i ps .  Node-bear ing t issue shou ld  
be kept  with  the speci men .  

• Next the d i ssect ion is taken up a long the SMA to identify 
the r ight co l i c  a rtery and  ve in  (when present) (FIG 9) as 
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Transverse colon 

Ascending colon 

Duodenum 

Head of pancreas 
(anterior) 

FIG 7 • Med ia l  to l atera l d i ssect ion .  The med i a l  to latera l 
d i ssect ion of the i leoco l i c  mesentery is conti n ued both 
latera l l y  and su per ior ly a nter ior to the duodenum and head 
of pancreas a long the course of the SMA and  SMV to the 
or ig in on the midd le co l i c  vesse l s  . 

Duodenum 
I leocol ic artery and vein 

Stapler 

Right colic artery/vein 
lymph node 
Right colic artery and vein 
SMV 

FIG 8 • Tra nsect ion of the ICV. Once the i leoco l i c  a rtery and  
ve in  have been  c leared of  the i r  su rrou nd ing  fat and  lym phatic 
t issue, they can be tra nsected at the i r  or ig ins off the SMA and 
SMV. This  can be performed with a 30mm sta p ler  (as shown) 
or with a n  energy device as appropr iate. The vesse l s  ca n be 
separated and  l i gated e ither separately or  together, as  per 
su rgeon preference. 
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I leocol ic pedicle (transected) 
Duodenum 
Right colic vein 
Right colic artery 

SMV 

Transverse colon 

Transverse colon 
mesentery 
Right branch of middle 
colic artery and vein 
Left branch of middle 
col ic artery and vein 
Duodenum 
Middle colic artery 
and vein 

FIG 9 • Transection of the right colic vessels .  A right col ic 
a rtery and vein  a re shown originating from the superior 
mesenteric a rtery and vein .  This is often d iscovered on ly 
after transection of the i leoco l i c  a rtery and vein  has been 
completed . These vesse ls a re typica l ly smal ler  than the 
i leoco l i c  a rtery and vein  and may be l igated with staples, 
endoc l ips or an energy device. SMV, superior mesenteric vein .  

FIG 1 0  • Exposure of  the  midd le co l i c  vessels .  The  co lon 
mesentery is incised a long the border of the superior mesenteric 
vessels to the bifurcation of the r ight and left branches of the 
m idd le colic a rtery and vein  as shown here, ensur ing that a l l  
lymphatic tissue with in  t h e  d istri bution ofthe r ight and proximal  
transverse co lon is removed with the specimen.  This d issection is 
performed anteriorly to the duodenum and head of pancreas. 
The right branch of the midd le  colic a rtery and vein  a re typica l ly  
sma l l  enough to transect with a sea l i ng  energy device. 

LATERAL COLON MOBI LIZATION Terminal i leum 

• 

• 

• 

• 

• 

P lac ing the patient in Trende len burg posit ion a n d  re
tract ing  the sma l l  bowe l out of the pelv is  i nto the u pper 
abdomen fac i l itates th i s  step .  
The ascend ing  co lon  is  mob i l ized i n  a n  i nfer ior to su pe
rior fash ion  by l ift i ng  the cecu m away from the retroperi
toneum and scor ing  the base of the ceca l and term i n a l  
i l ea l  mesenteries unt i l  the med i a l  to l atera l d issect ion i s  
met (FIG 1 1 ) .  Care shou ld  be taken to avo id  i nadvertent 
d issect ion and i nj u ry of the u reter and gonada l  ve i n .  
T h e  l atera l attachments a long To ldt's fascia a re then 
i nc ised u p  to the leve l  of the hepat ic  f lexure .  We prefer 
an infer ior to super ior  approach as  th i s  m i n i m izes the r i sk 
for k idney mob i l ization or  d uodena l  Kocher izat ion d u r
i ng  bowel mob i l izat ion (FIG 1 2) .  

After the ascend ing  co lon  has  been  mob i l ized, the mo
b i l izat ion of  the transverse co lon  and  hepatic f lexure i s  
performed.  With the pat ient  i n  reverse Trende lenburg 
posit ion,  the lesser sac is opened by re leas ing  the omen
tum from the transverse co lon .  At  th i s  leve l  the omentum 
is frequently fused to the transverse mesoco lon so care 
shou ld be taken to avoid i nadvertent mesenteric vascu l a r  
i nj u ry. 
The p roxim a l  tra nsverse co lon ic  attachments a long  the 
hepatoco l i c  l i ga ment can then be d iv ided with a n  energy 
device to meet the p l ane  over the duodenum previ
ously estab l ished du r i ng  the med ia l  to l atera l d i ssect ion 
(FIG 1 3) .  The previous exposu re of the duodenum m i n i
m izes the r isk of i nadvertent Kocherization and/or i n ju ry 
to the duodenum at th i s  stage .  

Right pelvic sidewall 
Small bowel mesentery 
Right ureter 

Right common i l iac artery 

Right common i l iac vein 

FIG 1 1  • Exposu re of the r ight pelv ic i n let. With the patient 
posit ioned i n  steep Trende len b u rg and the s m a l l  i ntest ine  
removed f rom the pe lvis, the p roxi m a l  l atera l pe lv i c  and 
abdom i n a l  attachments of  the term i n a l  i l eum and  cecum a re 
identif ied.  I m portant anatomy is appreciated in th i s  photo: 
r ight common i l i ac  a rtery and  ve i n  and  the r ight u reter. These 
per itonea l  attachments m ust be inc ised and  freed to a l l ow 
comp lete mob i l ity of the sma l l  i ntest ine .  

Right abdominal wall 

Toldt's fascia (right} 
Ascending colon 
Lateral retroperitoneal 
attachments to 
ascending colon 
Right ureter 

FIG 12 • Late ra l mob i l izat ion of the ascend i n g  co lon .  
Once the latera l pelv ic and  i n it i a l  abdom i n a l  attachments 
a re i ncised, gent le tract ion on the cecu m a n d  ascend ing  
co lon  toward the patient's left upper  q u a d rant  w i l l  ass ist i n  
the d i ssect ion of  To ldt's fasc ia .  The dark  pu rple-appear ing 
t issue towa rd the bottom of th i s  operative photo revea l s  
the retroperitoneum previous ly d i ssected d u ri n g  the i n it i a l  
med ia l  to latera l d i ssect ion .  The u reter m a i nta i n s  a c lose 
a pproximat ion to the d issect ion p l a nes.  
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Ascending colon 
Gal l bladder 
Stomach 
Transverse colon 
(inferiorly reflected) 
Pancreas

J
visualized through 

previous issection plane) 
Duodenum (visual ized through 
previous dissection plane) 

ENTEROCOLONIC ANASTOMOSIS 

• I l eoco lon i c  a nastomosis may be performed either i ntra
corporea l ly or  extracorporea l ly. 

• We prefer an extracorporea l anastomosis th rough  a peri
u m b i l ica l  extract ion s ite, i ncorporat ing  the supra-u m b i l 
ica l port s ite. An advantage o f  th i s  approach is  t h a t  the 
a nastomosis may be performed accord ing  to standard 
open techn ique .  

• I n  cancer patients, the extract ion site must be suffic ient ly 
l a rge to a l l ow for the passage of the tu mor-bear ing 

EXTRACORPOREAL TRANSECTION AND 

ENTEROCOLONIC ANASTOMOSIS 

• Once the r ight co lon a n d  term i n a l  i l eum have been de l iv
ered through the wound protector, attent ion i s  turned to 
the bowe l resect ion .  I nvest igat ion of the vascu la r  supp ly  

• 

• 

• 

to the p l anned resect ion s ites pr ior  to d iv is ion a n d  a nas- • 

tomosis is paramount.  
• The mesentery shou ld  be ca refu l ly inspected a n d  the ter

m i n a l  vesse ls  shou ld  be visua l l y  assessed for pu l sat ions 
or  pu lsat i l e  b lood f low should be confirmed by Dopp ler  
i nterrogation .  If no pu lsat ions a re p resent, then a nother 
site for resect ion and anastomosis i s  chosen .  

• The term i n a l  i l eum and  the tra nsverse co lon (typ ica l ly to 
the r ight s ide of the M CV) a re transected with a l i near  • 

sta p ler. The i nterven ing  mesentery is transected with a n  
energy device. 

FIG 13 • Mobi l ization of the hepatic flexure. With 
the patient i n  reverse Trende lenburg position and  the 
transverse colon with its omentum reflected i nfer iorly, 
the super ior port ion of the previous med ia l  to lateral 
d issect ion is easi ly v isua l ized and is  seen here i n  the 
middle of the photo. I nc is ion i nto th is  thin t issue 
connects with the previous d i ssect ion p lane and the 
d issect ion conti n ues latera l ly  to i ncise and  re lease the 
hepatoco l i c  l igaments comp let ing the mobi l ization 
of the r ight co lon .  After th is  has been comp leted, the 
r ight colon should be ab le  to be media l ized across the 
m id l i ne  of the a bdomen.  

segment.  A wound protector is  p laced i nto the i nc is ion 
to reduce i nfect ion .  
If the term i n a l  i lea l  or  co lon mesenteries have not been 
comp letely mob i l ized, or the mesenteries have not been 
properly l i gated, bowe l exter ior izat ion may be d ifficu l t  
a n d  associated with  a r i sk for  avu ls ion i nj u ry to the mes
enteric vesse l s .  
D u r ing  bowel  exter ior izat ion, it is  he lpfu l  to i n it i a l ly 
m a i nta i n  the reverse Trende lenburg posit ion with the 
ta b le  s l i ght ly rotated l eft-s ide down to keep the s m a l l  
bowel from fa l l i n g  over the c o l o n  and  entrapp ing  it .  

There are m u lt ip le  methods to create an  a nastomosis . 
We suggest that surgeons use the method with which 
they a re most comforta b le .  Our  preferred approach is to 
perform a s ide-to-s ide, ant imesenteric, funct iona l  end-to
end, sta pled a nastomosis i n  cont i nu ity to avoid potenti a l  
fo r  twist ing of  the bowe l .  
Th i s  is  done w i th  a colotomy a n d  a n  enterotomy on the  
a nt i -mesenteric s ide of  the spec imen about  1 em or 2 em 
away proxi ma l  to the p l an ned transect ion sites. A l i near  
stap le r  is  p laced i nto the enterotomy a n d  co lotomy and 
approxi mated at the i r  a nti mesenteric s ides .  After ensur
i ng  that the i l ea l  and  co lon i c  mesenteries a re free from 
the c losed sta p ler, it is  fi red creat ing  the s ide-to-s ide en
terocolostomy a nastomosis (FIG 14) .  

T h e  c o m m o n  enterocolostomy is  c losed b y  u s i n g  an  
85 - to 1 00-mm l i near  stap le r  (re load),  avo id ing  na rrow
ing  the anastomosis (FIG 1 5) .  

F IG  1 4  • Creation of  a n  extracorporea l s ide-to-s ide sta p led 
i leoco lon i c  a nastomosis  with a l i near  sta p ler. 

FIG 1 5  • Closure of the common enterocolostomy anasto
mosis open ing  with a l i ner stap le r. 
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The a nastomosis  i s  i n spected for g ross defects o r  b leed- • 

i ng ,  both of which can be oversewn .  The corners a n d  
i ntersect ions  o f  the sta p le  l i nes m a y  be i m b r icated or  
rei nforced with Lembert sutu res. 

An a lternative tech n ique  i nc l udes bowe l d iv is ion a n d  
i ntracorporea l a nastomosis  with a va r iety o f  options  for 
spec imen extract ion .  One advantage of this approach is  
the a b i l ity to avo id  a per i u m b i l i ca l  i n c i s ion with its associ
ated r i sk for hernia i n  favor of a Pfa nnenst ie l  i nc i s ion .  
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CLOSURE vascu l a r  l igat ion;  therefore there is  ne ither the need to 
c lose the mesentery, nor  i s  it genera l ly poss ib le  to do so.  
Any 12 m m  port s ites a re c losed and  the extract ion s ite 
can be c losed with i nterru pted suture or  accord i n g  to the 
su rgeon's p reference. 

• The abdomen shou ld  be i n spected for hemostas is  and  to • 
ensure that there has  been no i n advertent avu l s ion i nj u ry 
to the mesentery or twist ing  of the mesentery. The mes
enteric defect wi l l  be l a rge after co lectomy with prox ima l  

PEARLS AND PITFALLS 
Patient sel ect ion 

Preoperative 
p l a n n i n g  

Patient posit ion ing  
and portplacement 

Proced u re 

Or ientat ion 

• Pat ients who meet cr iter ia for hered ita ry non polyposis co lorecta l cancer  (H N PCC) o r  Lynch syndrome 
shou ld  be cons idered for a su btota l colectomy. 

• Pat ient shou ld  be assessed to ensure they w i l l  to lerate pneumoper itoneum and  changes in position i ng  
du r i ng  su rgery. 

• Ensu re a com p l ete co lonoscopy was performed.  As m a ny as 1 i n  20 patients w i l l  have synchronous p r imary 
cancers. 

• Loca l ize the tumor with CT imag ing  for l a rger les ions and colonoscopic  tattoo or  meta l l ic c l ip for sma l le r  ones. 
• Carefu l review preoperative CT imag ing  identif ies loca l ly advanced d isease, d istant metastases, o r  a berrant 

vascu l a r  a natomy. 

• Secur ing the patient to the bed with chest and  leg straps is key and a l l ows for extremes in patient position ing .  
• P lac ing ports i n  e i ther  the m id l i ne  or  contra latera l to the target fac i l itates or ientation and  maxi m i zes 

i nstrument range of mot ion .  

• Comp let ing  the med i a l  to l atera l d i ssect ion f rom the r ight  branch  of the m idd l e  co l i c  a rtery down to the  
cecu m is  key  to the d issect ion a l l owing  eas ie r  d i ssect ion of the l atera l ascend ing  co lon off of To ldt's fasc ia .  

• Carefu l attent ion to the duodenum and  pancreatic head shou ld  be m a i nta ined wh i l e  free ing  the trans
verse mesoco lon .  The d uoden u m  a lso serves as a l andmark  for p roxim a l  l igat ion of the ICV. 

• Antic i pate va r iat ions i n  the vascu l a r  anatomy of the hepatic f lexure.  The cou rse of the r i ght co l i c  ve i n  i n  
part icu l a r  i s  h i g h ly va r iab le  and  it i s  therefore at r i s k  for avu l s ion i n ju ry especia l ly at t h e  trun k  o f  Hen le .  

• Mob i l izat ion a long  the base of  the term i n a l  i l ea l  mesentery over the i nfer ior  vena  cava a n d  towa rd the  
l i gament of  Treitz ensu res adequate mob i l izat ion for  bowel exter ior izat ion a n d  tens ion-free a nastomosis .  

• Sweep ing  the ascend ing  co lon and  term i n a l  i l e u m  to the left s ide of the patient's abdomen is  a good test 
to ensure comp lete mob i l izat ion of the ent i re r ight and  transverse co lon .  

• Ensu re a n  appropr iate onco log ic  resect ion i s  performed d u ri n g  a l l  steps of  the procedure not leavi ng 
beh i n d  i l eoco l i c  and  midd le  co l i c  lymph nodes.  

• Pr ior to c losu re, inspect the or ientation of the sma l l  bowel and  its mesentery to ensure that no  twists in 
the bowe l were i ntrod uced.  

• Closure of the mesenter ic  defect to p revent i ntern a l  hern ias i s  not necessary if the defect i s  l a rge .  

POSTOPERATIVE CARE at least 24 hours . A narcotic minimizing regimen improves 
recovery. 

• Following the procedure, principles of early mobilization 
and oral intake are observed. 

• Early ambulation is encouraged to assist in return of bowel 
function and any invasive lines or catheters are also removed 
within 48 hours. 

• Diet is initiated with clear liquids on the day of surgery and 
advanced as tolerated. 

• Discharge criteria include ( 1 )  ability to maintain oral hydra
tion, (2) adequate pain control without the need for IV nar
cotics, ( 3 )  signs of bowel function (flatus) ,  and (4) afebrile for 

OUTCOMES 
• Laparoscopic procedures, when compared to traditional 

open surgery, have been shown to have quicker return of 
bowel function, less requirement of IV narcotics, earlier pa
tient ambulation, fewer surgical site infections, and earlier 
discharge from the hospital. 

• Most importantly, randomized control trials comparing lapa
roscopic and open colectomies, when performed adequately, 
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provide equivalent oncologic outcomes with no differences 
in tumor recurrence and patient survival. 

COMPLICATIONS 
• Surgical site infection (superficial, deep, and organ space) 
• Wound dehiscence 
• Hemorrhage 
• Anastomotic leak/breakdown 
• Bowel obstruction 
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Chapter 1 1  Rig ht Hemicolectomy: 
Hand-Assisted Laparoscopic 
Surgery Technique 

. --------------------------------------- ,_ ---------------------------------------------------- � 

Matthew Albert Harsha Polavarapu 

DEFINITION 
• Hand-assisted laparoscopic surgery (HALS) is a hybrid tech

nique, which allows the surgeon to insert his or her hand 
into the abdominal cavity through a relatively small incision 
while preserving the ability to work under pneumoperito
neum. This approach aids in tactile feedback, retraction, and 
dissection by hand assistance in turn eliminating the techni
cal challenges of conventional laparoscopy while maintain
ing nearly all of its benefits. 1 •2 

INDICATIONS 
• Colon cancer 
• Colon polyps not amenable to colonoscopic removal 
• Inflammatory bowel disease 
• Angiodysplasia 
• Recurrent right colonic diverticulitis 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history should be taken, including a detailed 

past medical history, past surgical history, present medica
tions and allergies, and a personal and family history of 
colon and rectal cancer. 

• A detailed family history to assess the risk of hereditary 
polyposis syndromes is critical in selecting the optimal pro
cedure for the patient. Suspected patients should be offered 
genetic counseling and testing. 

• A detailed physical examination of the patient should be per
formed to identify any prior surgical incisions and palpable 
masses to plan for the operation. 

• The location, histopathology, and the clinical stage of the 
lesion is crucial prior to any planned procedure. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Colonoscopy remains the investigation of choice for localiz

ing the target lesion, for obtaining tissue for histopathology, 
and for tattooing for intraoperative localization. This is also 
helpful in identifying synchronous lesions in the remaining 
colon. 

• Computed tomography (CT) scan of the chest/abdomen/pel
vis with IV and oral contrast is recommended as the primary 
staging tool to assess for local organ invasion and for distant 
metastasis . 3 

• Serum carcinoembryonic antigen (CEA) level is a valuable 
marker for postoperative surveillance. 

• Bone scan and brain imaging should be reserved for symp
tomatic patients only. 

SURGICAL MANAGEMENT 
• The goal of surgery is an en bloc resection of the involved 

segment of bowel and to perform a high ligation of the 
vascular pedicle permitting adequate removal of associated 
lymphatics and lymph nodes. 

• At least 12 lymph nodes must be harvested to adequately 
stage the patient and to avoid risk of understaging.3  

Preoperative Planning 

• Routine use of mechanical bowel preparation is not 
recommended. 4 

• Deep vein thrombosis prophylaxis with sequential compres
sion devices and subcutaneous heparin dosing before induc
tion of anesthesia is administered. 

• A Foley catheter is placed prior to the operation. 
• Nasogastric/orogastric tube is placed prior to the operation. 
• Preoperative antibiotics covering skin and bowel flora are 

administered prior to induction of anesthesia. 

Positioning 

• Patient is positioned in a supine position. In order to prevent 
the patient from sliding during the case, the arms are tucked 
to the sides, the feet are placed against a padded footboard, 
and a strap is placed over the thighs ( FIG 1 ) .  

• Alternatively, the patient can be placed i n  the low lithotomy 
position to avoid instrument conflict with the lower extremi
ties. The knees should be slightly flexed and the feet firmly 
planted on the stirrups to prevent undue pressure on the 
calves and on the lateral peroneal nerves. 

• Depending on the location of pathology and body habitus, 
a 5- to 7-cm incision is made for the hand port in an epigas
tric, periumbilical, or Pfannenstiel location ( FIG 2 ) .  

• Location o f  the trocars can b e  variable based o n  surgeon's 
preference. In general, it is best to triangulate all ports to en
hance visualization and to prevent instrument conflict inside 
the abdomen. 

• A traditional port placement includes ( FIG 2 ) 

A GelPort hand port through a 6-cm epigastric incision 
A 5-mm infraumbilical camera port 
A 5-mm left lower quadrant instrument port 
A 5-mm left upper quadrant/left anterior flank 
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Pi l low 

/ Arm wrap 

/ 

Padded foot board 

Heel padding 

Safety strap 

I I I B  

c 

I D 

FIG 1 • Patient posit i on i ng .  In order to p revent the patient from 
s l i d i n g  du r i ng  the case, the arms are tucked to the s ides, the feet 
a re p laced aga i nst a padded footboa rd, and  a stra p is  p laced over 
the th ighs .  

FIG 2 • Port p l acement.  The hand  access port is  p l aced through  
a 5- to 7-cm epigastric i nc i s ion (A).  Alternative ly, it ca n be p laced 
through a Pfa n nenstie l  or  per i u m b i l ica l  i nc is ion (dotted lines). 
A 5-mm camera port is  p laced i nfra u m b i l ica l ly (B) . Two 5-mm 
working  ports are p laced i n  the left u p per  (C) and  l eft lower (D) 
quadra nts. 

EXPOSURE 

• After p lacement of the hand  port, the abdomen is  
explored to locate the les ion,  to assess the extent of 
spread, and  to pa lpate the l iver and peritonea l  cavity for 
d ista nt metastatic spread .  

• I n  fema le  patients, the ova ries shou ld  be exa m i ned for 
metastatic spread or  p r imary neoplasms.  

• Pneumoperitoneum is created with carbon d ioxide (C02) 

• 
and  add it iona l  trocars a re i nserted .  
Patient i s  p l aced i n  a l eft l atera l t i l t  and  s l i ght Trende len
b u rg posit ion .  The sma l l  bowel is  fan ned out a long  its 
mesentery to a id  in the exposu re of the r ight co lon .  

• The g reater omentum a long with the transverse co lon is  
retracted cepha l ad .  

• The cecum is g rasped with the hand  and  retracted 
towa rd the a nter ior abdom i n a l  wa l l  us ing  gent le trac
t ion to identify the i leoco l i c  vesse ls .  

• The i leoco l i c  ped ic le  is g rasped a n d  retracted towa rd the 
a nter ior abdom i n a l  wa l l  (FIG 3) .  

F IG  3 • The  i l eoco l i c  ped ic le ( ICP), identified at its o r i g i n  off 
the i nfer ior mesenteric vessels at the root of the mesentery (A), 
is g rasped and retracted toward the a nterior abdom ina l  wa l l .  
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DIVISION OF I LEOCOLIC PEDICLE • 

• With the  i l eoco l i c  ped i c l e  on stretch ,  a p a ra l l e l  i n c i -

A window is created u n d e r  the i l eoco l i c  pedic le i n  t h e  
avascu la r  p lane  that separates the ped ic le from t h e  retro
peritoneum (FIG 5) .  

s ion  i s  m a d e  on  the  per ito n e a l  l ayer u n d erneath the  • The i leoco l i c  pedic le  is iso lated and  d iv ided c lose to its 
or ig i n  off the super ior  mesenteric vesse l s  us ing  an energy 
device, a l i near  vascu la r  sta p ler, or  surg ica l  c l i ps based on 
su rgeon's preference (FIG 6) .  

ped i c l e  (F IG 4) exte n d i n g  to the  root of the  mesentery 
a n d  the  s u per io r  mesenter ic  ve i n ,  u s i n g  m o n o p o l a r  
e l ectrocautery. 

.Ascend ing colon Transverse 

� · I "''\ 
Caudab,.'"' 'f .1 r. -� /�Cephalad 

r . .. . -A#l'.r-. ·. 

� J!!(f -�W'> , · ·:·: 
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FIG 4 • With the i l eoco l i c  ped ic le ( ICP) on stretch, a para l le l  
i nc is ion has been made on the peritonea l  l ayer underneath 
the ICP extend ing  to the root of the mesentery. The su rgeon, 
with the left hand now ho ld ing  the ICP a nterior ly, is  now ready 
to open a wi ndow through the mesoco lon latera l to the ICP. 

FIG 5 • The i l eoco l i c  ped ic le ( ICP) has now been comp letely 
enc i rc led and is  now ready for transect ion .  Not ice that the 
ped ic le has  been com p letely separated from the duodenum 
and  other  retroper itonea l  structu res. 

Ascending colon \ 

A B Superior mesenteric vein 
I 

I leocolic pedicle 

FIG 6 • A. The i leoco l i c  ped ic le  ( I CP) is  iso lated and d iv ided i n  between vascu l a r  c l i ps with a 5-mm energy device c lose to its 
or ig i n  off the super ior  mesenteric vesse l s  (SMV). B. I l l u strat ion of th i s  step . 
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MOBI LIZATION OF RIGHT MESOCOLON 

• Us ing  b l u nt d issect ion with a 5-mm energy device, the 
ascend ing  mesoco lon  is  mob i l ized off the retroper ito
neum (d uode n u m  and Gerota's fascia) us ing  a med ia l  to 
l atera l d i ssect ion a pproach .  

• To fac i l itate exposu re, the su rgeon's left hand  shou ld  
be p ronated and  p laced u nderneath the mesoco lon,  
g iv ing u pwa rd tract ion for the retroperitonea l  d issect ion 
(FIG 7) .  

• Mob i l izat ion of the r ight mesoco lon is carr ied out 
l atera l ly to the abdom i n a l  wa l l  (FIG SA), su per ior ly to 
the hepatorena l  recess (FIG 88), and med i a l ly expos ing  
the th i rd port ion of the duodenum (FIG SC) . 

• At th i s  poi nt, cr it ica l structu res i n c l u d i n g  the r ight  
u reter, the r ight  gonada l  ve in ,  a n d  the d uoden u m  a re 
identif ied a n d  p reserved i ntact in the retroperitoneum 
(FIG 9) .  

FIG 7 • The  ascend i n g  mesoco lon  is  mob i l ized off the  
retroperitoneum (d uode n u m  and  Gerota's fascia), us ing  a 
med ia l  to latera l d issect ion approach .  To fac i l itate exposu re, 
the surgeon's left hand  shou ld  be pronated and  p laced 
underneath the mesoco lon,  g iv ing  u pwa rd tract ion for the 
retroperitonea l  d i ssect ion .  

c 
FIG 8 • A. The med ia l  to latera l d i ssect ion,  performed b l u ntly with a 5-mm energy device, sepa rates the ascend ing  mesoco lon 
from the retroperitonea l  structu res (Gerota's fascia and  duodenum) unt i l  reach ing  the l atera l abdomina l  wa l l .  B. The d i ssect ion 
is  carr ied su per ior ly unt i l  the hepatorena l  recess. C. The t h i rd port ion of the duodenum is exposed med ia l ly. 

Retroperitoneum 

Right ureter 

Duodenum 

I 

Right gonadal vein 

FIG 9 • After comp let ion of the med ia l  to latera l 
mob i l izat ion of the ascend ing  mesoco lon ,  cr it ica l structu res 
i n c l ud ing  the r ight u reter, the r ight gonada l  ve in ,  and  
the duodenum a re identif ied and  preserved i ntact i n  the  
retroperitoneum.  
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LATERAL MOBI LIZATION OF THE 

ASCENDING COLON 

• With the patient in a steep Trende lenburg posit ion,  the 
smal l  bowel  is  retracted out of pelv is, and  the base of 
cecu m i s  g rasped a n d  retracted a nterior ly toward the 
abdom i n a l  wa l l .  

• With the i l eum on stretch, a peritonea l  i nc i s ion is created 
from the cecum med i a l ly a long  the root of the i l ea l  mes
entery (FIG 1 0) to com m u n i cate with the retroco l i c  space 
previous ly created by the med i a l  to l atera l mob i l izat ion 
of the ascend ing  mesoco lon .  

• The r ig ht u reter and  the r ight gonada l  ve in  are most 
eas i ly  identif ied at th i s  phase of the operation cou rs ing  
over the r ight  i l i ac  vesse ls  a n d  i nto the pe lv i s  (FIG 1 1 ) .  

Latera l and  a nter ior to the psoas muscle,  the l atera l fem
ora l  cuta neous nerve is  a l so frequently ident if ied.  

• The wh ite l i ne of To ldt is i ncised (FIG 1 2), d ivid i ng  the 
o n ly rem a i n i n g  attachments of the ascend ing  co lon if the 
media l  to latera l d i ssect ion was carr ied out adeq uately 
dur i ng  the previous step .  

FIG 1 0  • With the patient i n  a steep Trende lenburg posit ion,  
the sma l l  bowel is  retracted out of pelv is, and  the base of cecum 
is g rasped and retracted a nterior ly toward the a bdom ina l  
wa l l .  With the i l eum on stretch, a peritonea l  i nc is ion is  created 
from the cecum med i a l ly a long  the root of the term ina l  i l ea l  
mesentery. 

MOBI LIZATION OF THE HEPATIC FLEXURE 

AN D THE PROXIMAL TRANSVERSE COLON 

• 

• 

The patient is posit ioned in reverse Trende lenburg posi
t ion and the hepatic f lexure ca n easi ly be exposed by 
g rasp ing  the colon in you r  pa lm and pu l l i ng  it downward 
and med ia l ly, as one wou ld  do d u ring  open surgery. 
The hepatoco l i c  l i gament is transected with a 5-mm 
energy device .  The su rgeon can fac i l itate th i s  step by 
hook ing h i s  i ndex f inger  under  the hepatoco l i c  l i ga ment 
(FIG 1 3) .  

Right ureter Right gonadal vein 

FIG 1 1  • After mob i l ization of the cecum and term ina l  i l eum, 
the r ight gonada l  vei n  and  the r ight u reter a re seen in the 
retroperitoneum cross ing over the r ight i l iac  a rtery and  i nto 
the pelvis .  

FIG 12 • With the su rgeon retract ing  the colon med ia l ly, 
the l atera l attachments of the ascend ing  co lon (wh ite 
l i ne of To ldt) a re tra nsected with an energy device i n  a 
cepha lad  d i rect ion .  

FIG 1 3  • Tra nsect ion of the hepatoco l i c  l igament.  The  
hepatoco l i c  l i ga ment is  transected with  a 5-mm energy 
device. The su rgeon can fac i l itate this step by hook ing h i s  
i ndex fi nger  under  the hepatoco l i c  l i ga ment as shown. 
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• 

• 

By p u l l i n g  the transverse co lon now downward, the gas
troco l i c  l igament is rea d i ly exposed .  
The gastroco l i c  l i ga ment i s  transected u p  to the m i dtrans
verse co lon  with a 5-mm energy device, and the lesser sac 
entered . 

BOWEL RESECTION AND ANASTOMOSIS 

• Once the co lon is comp letely mob i l ized, the pneumoper i 
toneum is  desuffl ated, and the r ight  co lon and  term i n a l  
i l eum a re exter ior ized through  t h e  hand  port site with 
the wou n d  p rotector i n  p l ace to prevent onco log ic  a n d  
i nfect ious conta m i nat ion o f  the w o u n d  (FIG 14) .  

• The extracorporea l mob i l izat ion of the r ig ht co lon a n d  
term i n a l  i l eum s h o u l d  be feasi b le  without any tens ion .  
Shou ld  there  be any tens ion  dur i ng  the extracorporea l 
de l ivery of the spec imen,  re introduce it i nto the a bdo
men, re insuffl ate the pneumoperitoneum,  and  mob i l ize 
the right colon further  to avo id  potent i a l ly troub lesome 
mesenteric tears that cou l d  lead to s ign if icant b leed i n g .  

F IG  14  • Extracorporea l mob i l izat ion .  T h e  r ight c o l o n  and  
the term i n a l  i l eum a re exter ior ized th rough  the hand  port site 
with the wou n d  protector in p l ace. 

• 

• 

• 

• 

• 

• 

The extent of mob i l izat ion is d i ctated by the locat ion of 
the pathology, body hab itus, and  extract ion s ite.  
With the hepat ic fl exu re and the ascend ing  co lon now 
fu l ly mob i l ized, we a re now ready for the extracorporea l 
mob i l izat ion of the speci men .  

The rema 1 n 1 n g  mesentery of  the sma l l  bowe l and  the  
l a rge bowel i s  d iv ided fo l l owed by  the d iv i s ion of  the  
term i n a l  i l eum and  m i dtra nsverse co lon w ith  a l i near  
sta p le r  device (FIG 1 5) .  

The  resected r i ght  co lon  i s  opened on  a s ide ta b le  to  
confi rm comp lete resect ion of  the target l e s ion  and  the  
spec imen i s  sent  for f i na l  pathology. 
A side-to-side i leocol ic  anastomosis is performed (FIG 16A) . 
The completed anastomosis is i ntroduced back into the 
abdomina l  cavity (FIG 168). Surgeons may choose from 
either a stapled or a hand-sewn techn ique for the i l eocol ic 
anastomosis. 
The abdomen is  re i n sufflated to assure that there i s  good 
hemostas i s  as we l l  as a correct bowel or ientat ion .  

FIG 15 • Extracorporeal transect ion .  The term i n a l  i l eum and 
the transverse co lon have been tra nsected with  a l i near stap ler. 
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FIG 1 6  • Extracorporea l  anastomosis .  A. A sta p led s ide-to-s ide  i l eotra nsverse co lon a nastomosis  tech n i q u e  is shown. B. The 
comp leted a nastomosis wi l l  be i ntrod uced back i nto the abdomen .  

CLOSURE 

• The ports, the h a nd-assist device, and  the wou n d  protec
tor a re removed under  d i rect v i s ion .  

• Surg ica l  g l oves a re changed to m i n i m ize the chance of a 
wound  i nfect ion .  

PEARLS AND PITFALLS 

• 

• 

The hand-port fasc i a l  inc i s ion is c losed with a r u n n i n g  
a bsorba b le  monofi l ament sutu re ( n o .  1 polydioxanone 
[PDS]) .  
A l l  wounds are i r r igated and c losed with su bcuticu l a r  4-0 
PDS sutu res. 

Preoperative loca l i zat ion • Preoperative loca l izat ion of the les ion with a tattoo i s  cruc ia l ,  especia l ly for  po lyps, as these can be 
d iffi cu l t  to identify even with tact i l e  feed back.  

Identif ication of the 
i leoco l i c  ped ic le  

Avo id  the super ior  
mesenteric ve i n  

Identifyi ng t h e  r ight  
u reter 

S m a l l  bowel or ientat ion 

• The i l eoceca l  j u n ct ion should be e levated to identify the i leoco l i c  vesse l s  as the super ior mesenteric 
vesse ls  can easi ly be m i staken for the i l eoco l i c  vesse ls .  

• When d issect ing  h igh on the i leoco l i c  vesse ls, care should be taken to avoid the super ior  
mesenteric ve i n .  

• T h e  r ight u reter s h o u l d  b e  identif ied and  preserved as i t  c a n  b e  eas i ly  i n ju red i f  y o u  a re i n  the 
wrong p lane.  Stay i n  the loose a reo lar  p lane located between the ascend ing  mesoco lon  a nter ior ly 
and the retroperitoneum poster ior ly. 

• Before perform i n g  an i leoco l i c  anastomosis, the or ientat ion of the sma l l  bowel shou ld  be checked, 
as  the s m a l l  bowe l can easi ly get twisted on  itself du r i ng  the extracorporea l  mob i l izatio n .  

POSTOPERATIVE CARE OUTCOMES 
• Patients are monitored on a surgical floor bed. 
• Start a clear liquid diet on postoperative day 1 and advance 

diet as tolerated. 
• Foley catheter is removed on postoperative day 1 .  
• Most o f  the patients are discharged home o n  postoperative 

days 2 and 3 .  

• Hand-assisted colectomy has been shown t o  decrease the 
total operative time and conversion rate compared to con
ventional laparoscopy.Z·5 

• The long-term survival of patients with colon cancer corre
lates with the American Joint Committee on Cancer (AJCC) 
stage published guidelines. 
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COMPLICATIONS 
• Surgical site infection 
• Anastomotic leak 
• Postoperative bleeding 
• Postoperative ileus 
• Intraabdominal infection 
• Incisional hernia 
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Chapter 
Right Hemicolectomy: 
Single-Incision Laparoscopic 
Technique 

· ---------------------------------------4----------------------------------------------------- · 
I 

Theodoros Voloyiannis 

DEFINITION 

• Single-incision laparoscopic right hemicolectomy is a refined 
technique of conventional laparoscopy where a single mul
tichannel laparoscopic port is used via a 2.5- to 5-cm total 
incision length. 

• The goal is to keep the procedure simple, safe, and cost
effective with comparable outcomes to hand-assisted or mul
ti port laparoscopic technique. 

• Although single-incision laparoscopy differs from the 
conventional laparoscopy, it follows the same steps and 
oncologic principles. It can be completed without difficulty 
with an extracorporeal anastomosis. An intracorporeal 
anastomosis can be performed as well; however, it requires 
advanced laparoscopic skills and the addition of laparo
scopic Endo GIA staplers. 

DIFFERENTIAL DIAGNOSIS 

• The procedure can be performed for benign or neoplastic 
diseases or condition, including the following: 
• Appendectomy 
• Ileocecectomy 
• Formal right colectomy 
• Extended right colectomy 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A detailed history and physical exam is essential preopera
tively to determine if the patient is suitable for laparoscopic 
single-incision right hemicolectomy. Potential contraindica
tions to laparoscopic single-incision right hemicolectomy are 
summarized in Table 1. 

• In case of underlying neoplasia, the size of the tumor 
determines if it can be extracted without tension via the 
single-port wound protector. In general, tumors up to 
7 em can be extracted via a 5-cm maximum length sin
gle incision. The procedure can still be performed with 
elongation of the incision for extraction of larger tumors. 
In that case, the benefit of the single port is eliminated, 

Table 1: Absolute Contraindications to 
Single-Incision Laparoscopic Right Coledomy 

-Complex terminal ileal or right colonic inflammatory bowel disease 
-Abscess, fistula, obstruction, perforation 
-Colon tumor size of more than 7 em 
-Colon obstruction with proximal massive intestinal distention 
- Preoperative decision for complex en bloc resection 
-Midline incisional hernia longer than the maximum single incision-S em 

with the exception of the avoidance of use of multiple 
laparoscopic ports. 

• A large palpable tumor preoperatively with fixation to the 
abdominal wall or other organs may be a contraindication 
to single-incision laparoscopy, although excision en bloc 
with soft tissue abdominal wall is still possible via a single 
incision in some cases. 

• Signs and symptoms of obstructing neoplastic lesion with 
proximal distended right colon with or without com
petent ileocecal valve and small intestinal dilation may 
also suggest contraindication to laparoscopic approach 
due to difficulty establishing a safe working space with 
pneumoperitoneum. Anastomosis may be contraindicated 
in this case. 

• It is important to define the underlying pathology-benign 
versus malignant disease and the location of the lesion pre
operatively. Ileocecectomy or right hemicolectomy for neo
plasia may require formal lymphadenectomy with en bloc 
resection of the ileocolic vascular pedicle. Hepatic flexure 
or proximal transverse colon lesions may require additional 
resection of the right colic vein or right branch or the middle 
colic artery and vein and further mobilization of the proxi
mal transverse colon. 

• Involvement of other organs or structures, such as right 
ovary, small intestine, abdominal wall, right ureter, right 
kidney, duodenum, small intestine, omentum, liver, and gall
bladder, may require a hand-assisted laparoscopy or open 
laparotomy. Potential intraoperative consultation to other 
subspecialties may be required in these cases. It is the pri
mary surgeons' responsibility to communicate with the con
sulting service that a single-incision laparoscopic approach 
is planned. 

• Failure to identify the tumor extent preoperatively may lead 
to longer operative time if a single-port technique is used. 
Conversion to hand-assisted or open approach is prudent in 
these cases. 

• Presence of preoperative umbilical or other incisional her
nia does not preclude a single-incision approach; however, it 
may require lengthier operative time, extension of the inci
sion, and possibly placement of a xenograft. 

• Previous abdominal surgeries with extensive abdominal or 
pelvic adhesions may increase the operative time. A single 
incision may actually facilitate a faster abdominal adhesioly
sis as it can partially be performed open via the port's wound 
protector with assistance of a retractor. 

• Crohn's terminal ileitis or right colitis with a large phleg
mon or perforation with complex fistulae or abscess may 
preclude a single-incision laparoscopic approach. 

• Previous appendectomy is not a contraindication to single
incision laparoscopic right hemicolectomy, as adhesions may 
be the only intraoperative finding with minimal increase to 
operative time. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Preoperative colonoscopy with India ink tattoo injec

tion is of paramount importance for smaller nonpalpable 
benign or malignant lesions or polyps, which are not re
sectable endoscopically. The surgeon must clearly identify 
the site of the tattoo at 5 em distal to the lesion preopera
tively in the absence of other anatomic landmarks, such 
as the ileocecal valve or the appendiceal orifice and the 
cecum itself. 

• India ink tattoo by different gastroenterologists has been 
reported to be placed proximally around the lesion, distal 
to the lesion, or both proximal and distal to the lesion, 
leading occasionally to a false distal colonic resection 
margin. 

• Inadvertent extracolonic India ink injection may lead to 
inflammatory-diverticulitis type-reaction of the surround
ing mesentery and omentum, thus making the single-incision 
laparoscopic colonic mobilization challenging. 

• Absence of preoperative tattoo for smaller or nonpalpable 
lesions distal to the ileocecal valve may lead to failure to 
localize the lesion intraoperatively, lengthy procedure and 
possible need for intraoperative colonoscopy, and conver
sion to laparotomy. This may lead to significant air insuffla
tion of the colon and small intestine unless a carbon dioxide 
(C02) colonoscopic insufflation is available. Compressing 
the terminal ileum with a laparoscopic grasper during the 
intraoperative colonoscopy may prevent small intestinal 
distension. 

• Computed tomography of the abdomen and pelvis with 
oral and intravenous ( IV) contrast helps determine the 
feasibility of a single-incision laparoscopic approach and 
identifies the exact location of larger right colonic neo
plastic lesions, involvement of adj acent organs or struc
tures, mesenteric adenopathy and possible metastatic 
lesions, hernia, and other abdominal nonrelated pathol
ogy. Inflammatory disease of the terminal ileum or right 
colon is suspected by the presence of phlegmon, abscess, 
fistula, or obstruction. 

• Magnetic resonance imaging (MRI) of the abdomen may 
assist with the identification of indeterminate liver lesions 
and with the assessment of metastatic lesions preoperatively. 

• Positron emission tomography (PET) computed tomography 
is not generally needed preoperatively. 

• Preoperative barium enema or small bowel follow-through 
contrast study has generally been replaced by colonoscopy. 

• Ultrasound (US) of the abdomen has limited usefulness for 
the identification of colonic pathology. 

• A carcinoembryonic antigen is obtained as baseline tumor 
marker for surveillance. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Full bowel preparation is administered the day prior to sur
gery. Right colectomy without bowel preparation is equally 
safe but it may increase the weight and volume of the right 
colon and impair the laparoscopic handling of the colon. 
Furthermore, extraction of the specimen via a small 3 .5-cm 
single incision may become challenging. 

• Preoperative medical or pulmonary cardiac clearance as 
necessary. 

• Correction of preoperative anemia as needed. 
• IV antibiotics, venous thromboembolism (VTE) prophylaxis, 

fLU-receptor antagonist (alvimopan) immediately preopera
tively, correction of electrolyte abnormalities. 

Instrumentation 

• A bariatric length, 1 0-mm 30-degree camera is used. Use a 
right-angle adaptor for fiberoptic attachment to the camera, 
if needed, to avoid conflict of the fiberoptic cord with other 
laparoscopic instruments. Use a preheated camera or other 
devices for camera lens cleansing. Repeated camera cleans
ing requires frequent removal via the single port, which adds 
time to the procedure. 

• Two bariatric length laparoscopic bowel graspers are used. 
• Bariatric length laparoscopic energy device such as 43-cm 

LigaSure, 5 mm with monopolar tip, Enseal, or similar is 
used. Energy devices that produce excessive moisture/fog 
may impair the visibility as most single-incision laparoscopic 
ports have a side port for smoke evacuation at the same level 
with the channel for air insufflation. 

• Bariatric length laparoscopic 5-mm suction irrigation 
• Laparoscopic smoke evacuator channel 
• Laparoscopic scissors 
• Laparoscopic 5-mm or 1 0-mm clip applier (optional) 
• Laparoscopic Endoloop polydioxanone (PDS) for the ileoco

lic vascular pedicle 
• Staplers: linear gastrointestinal anastomosis ( GIA) 75-mm, 

double, or preferably triple line, blue staple cartridges 
• Second set of instruments for extracorporeal anastomosis 

Patient, Team, and Operating Room Setup 

• The patient is placed over a foam pad on supine position 
with the arms and legs tucked to the side and secured to 
the table with a Velcro safety strap or broad tape across the 
chest and lower extremities ( FIG 1 ) .  

• Sequential compression devices (SCDs) are applied t o  the 
lower extremities. 

• A laparoscopic operating room (OR) table with steep tilt
ing is used. Test maximum tilting prior to draping to assess 
patients' secure positioning on the table. 

FIG 1 • Pat ient posit i o n i n g .  The patient i s  p laced over a foa m 
pad on sup ine  posit ion with the a rms a n d  legs tucked to the s ide 
and  secured to the ta b le  with a Ve lcro safety strap or  broad tape 
across the chest and  lower extrem it ies .  
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• A Foley catheter is inserted and taped over the right thigh 
in order to avoid urethral trauma during patient position
ing changes throughout the operation. 

• A bear hugger or other thermal device is applied to the chest 
and legs. 

• Protecting foam pad is placed over the head to protect from 
injury with laparoscopic instruments. 

• The laparoscopic tower and energy devices are placed to the 
right of the patient's head. 

• The surgeon stands to the patient's left side with the assistant 
standing to his right side ( FIG 2 ) .  The scrub nurse stands by 
the patient's right leg. One or two high-definition monitors 
are placed to the patient's right side at eye level in front of 
the surgeon. 

Anesthes iologist 

Monitor 

Nurse 

FIG 2 • Team posit i on i ng .  The su rgeon stands  to the patient's l eft 
s ide with the ass istant sta n d i n g  to h i s  r ight  s ide .  The scrub  n u rse sta nds  
by the patient's r ight leg .  One o r  two h ig h-defi n i t ion mon itors a re 
p l aced to the patient's r ight  s ide at eye l eve l ,  i n  front of the su rgeon .  

DIAGNOSTIC LAPAROSCOPY-SI NGLE 

MULTICHAN NEL PORT TECH NIQUE 

• After posit ion ing  and  secu r ing  the patient, the abdomi
na l  f ie ld i s  prepped and d ra ped.  We recommend laparo
scop ic  drap ing  with side p lastic bags/pockets to a l l ow for 
bar iatr ic i nstrument p lacement.  A l l l aparoscop ic  cords a re 
brought v ia the patient's upper  chest s ide and  secu red 
with the d rape's Ve lcro. 

• 

• 

A 3 . 5-cm vert ica l  m i d l i n e  inc i s ion is performed with 
no .  1 1  sca l pe l  through the u m b i l i cus (FIG 3A,B) .  

Assemb le  a l l  channe l s  of  the s i ng le  port on the back  tab le 
to avo id  los i ng  parts outs ide the ster i le  f ie ld .  P lace the 

• 

• 

B 

l aparoscop ic  m u lt i channe l  s i ng le  port (for neoplas ia ,  
a s ing le port with a wound  p rotector i s  req u i red) (FIG 

4A,B) .  I nsuffl ate C02 pneumoperitoneum to 1 5  m m H g .  
Perform a d i agnost ic  l apa roscopy. T h e  surg ica l  assista nt/ 
camera ho lder  a n d  the su rgeon sta nd by the patient's 
l eft s i de, with the ass istant to the su rgeon's r i ght s ide .  
Ti lt the OR ta b le  to a steep Trende len burg pos it ion and 
a i rp l ane  it to the left for  maxi m u m  exposure of the 
i l eoco l i c  ped ic le  and  the med ia l  mob i l izat ion of the sma l l  
i ntest ine .  There i s  n o  need for p lacement of sponges or  
Ray-Tees i n  the abdomen for retract ion .  
M i n i m ize excurs ion/c l uster effect around hands  a n d  
camera between the surg ica l  ass istant and  the operati ng 

FIG 3 • S i ng le- inc i s ion l aparoscopic su rgery (S I LS) port p lacement.  A. Sk in  mark ings .  B. Sk in  inc i s ion .  

1 01 1  

Assistant 

Surgeon 
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FIG 4 • S ing le- inc is ion laparoscopic  surgery (SI LS) port p lacement and config u rat ion.  A. A wound  protector is used. B. A m u lti port 
channe l  with th ree work ing ports and  i nsuff lat ion port and a smoke evacuator port is used . The port is assembled on a s ide tab le  
pr ior to i nsert ion i n  the patient. 

su rgeon .  Ad here to the pr inc ip le  that the su rgeon • 

shou ld  pos it ion h i s  ass ist ing  (nondominant  hand) i nstru

ment d i sta l t ip (for g rasp ing ,  retract ing ,  o r  suct io n i ng) as  

c lose as poss ib le  to h i s  dom inant operati ng i n strument 

t ip ( i .e . ,  energy device at the d i ssect ing  surgica l  p l ane) .  

Th is  d i stance shou ld  be a bout 3 to 4 em between  the  

two i nstru ments' t i ps. Fo r  exa mp le, ho ld  the i leoco l i c  • 

vasc u l a r  ped ic le  j ust above the site of the d iv is ion site 

rather  than ho ld i ng  the cecum itse lf which i s  fa r more 

d i stant from the ped ic le .  Th i s  tech n ique  a l l ows ach iev-

i ng  a wide a n g l e  between the two i n stru ments outs ide 

the abdomen as they ex it  and  cross v ia  the s ing le  port, 

thus  lead i ng  to no i n strument c lu ster effect between the 

su rgeon's hands .  • 

• The ass istant camera ho lder  w i l l  avo id  c l uster ing  with the 

su rgeon's i nstruments outs ide the abdomen if he or  she 

abd ucts the camera as  fa r as poss ib l e  from the su rgeons' • 

hands  and  uses the camera 's 30-deg ree a n g u lat ion for 

side v iew as we l l  as  the zoom- in  option. 

M in im ize the need for frequent instrument exchange via 

the single port, such as for camera lens c lean ing  or  exchange 

of g raspers with monopolar laparoscopic scissors. Instead, 

consider us ing energy devices that provide both d i ssection 

and sea l i ng-cutti ng effect, thus a l lowing constant progress 

in the operating f ie ld and s ign ificant t ime saving .  

The surgeon and the assistant can e i ther  switch s ides 

(cauda l  and  cepha lad to the patient's left s ide) d u ring  the 

va r ious steps of the procedu re or  just rotate the s ing le  

port c lockwise or  counterclockwise wh i le  the i nstruments 

stay in the abdomen under  d i rect v isua l ization with the 

camera, thus ach ievi ng d ifferent ang les with the camera, 

better exposure, and visua l ization .  

If the surgeon's hands  a re cross ing ,  then rotati ng the 

port or  switch i ng  posit ions with the ass ista nt (cauda l

cepha lad)  w i l l  i m p rove exposu re .  

The OR tab le i s  a lso ti lted accord i n g ly dur ing the va r ious 

steps of the proced u re to i ncrease exposure and  prevent 

i nstrument c lu ster i ng .  

a l low for  maxi m u m  exposure of  the i leoco l i c  ped ic le  and  

the ascend ing  co lon  mesentery. 
DIVISION OF THE ILEOCOLIC VASCULAR 

PEDICLE AND MEDIAL TO LATERAL 

MOBILIZATION OF THE ASCENDING 

MESOCOLON 

• D i ssect the term i n a l  i l ea l  retroperitonea l  attachments 

and mob i l ize it med i a l ly toward the m i d l i n e .  
• Identify the i l eoco l i c  vesse l s  as they cross over the t h i rd 

port ion of the duodenum (FIG S). 
• The pat ient is pos it ioned i n  a steep Trende len b u rg • 

pos it ion with the tab le  t i lted maxi m a l ly towa rd the 

pat ient's l eft s ide .  The s u rgeon sta nds  on  the pat ient's 

lower left s ide, u s i ng  a g rasper i n  the nondom i n a nt 

h a n d  a n d  a n  energy device on the d o m i n a nt h a n d .  The 

ass ista nt sta nds  u p  the s u rgeon's r ight s ide  h o l d i n g  the 

ca mera .  
• If the omentum is adherent med i a l ly to the r ight co lon,  

we sta rt the p rocedu re with the d i ssect ion of the • 
omentum off the co lon or perform an omentectomy to 

Perform a med ia l  to latera l mob i l izat ion of the ascend

i ng  mesoco lon  (FIG 6) .  D i ssect u nder  (dorsa l) the i l eoco l i c  

vesse ls, enter ing  the p lane  between the ascend ing  meso

co lon and the retroperitonea l  structu res (d uodenum a n d  

Gerota's fasc ia) .  T h e  trans it ion between the fat p la nes 

of the ascend ing  mesoco lon  and Gerota's fascia ca n be 

easi ly identif ied and aids to stay in the proper d issect ion 

p lane .  

Us ing  a n  energy device, we d iv ide the i leoco l i c  vascu l a r  

ped ic le  at its or ig i n  as  it crosses the th i rd port ion of  the  
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FIG 5 • I dentif icat ion the i leoco l i c  vesse ls ( ICV) as they cross 
over the t h i rd port ion of the d uoden u m .  

F I G  6 • Media l  t o  latera l d i ssection o f  t h e  ascend ing mesoco lon .  
D issect under (dorsa l) the i leoco l i c  vessels, entering the p lane 
between the ascend ing mesoco lon and the retroperitoneal 
structures (duodenum and Gerota's fascia). The transition 
between the two fat p lanes (mesocolon and Gerota's fascia) can 
be easi ly visua l i zed (dotted line). 

MOBILIZATION OF TERMINAL ILEUM, 

ASCENDING COLON, HEPATIC FLEXURE, 

AND PROXIMAL TRANSVERSE COLON 

• D iv ide the term i n a l  i l ea l  mesentery with energy device 

flush to the i l eoco l i c  vascu l a r  ped ic le  up to the mesen

ter ic border of the term i n a l  i l eum at the selected site of 

prox ima l  i ntest i na l  d iv is ion (FIG 8). 
• I n  add it ion,  the term i n a l  i l eum is mob i l ized off the ret

roperitonea l  attachments towa rd the m i d l i ne.  Th i s  w i l l  

a l l ow f o r  a tens ion-free extract ion v i a  the s i ng l e  port 

site for the extracorporea l d iv i s ion without tens ion or  

r i sk for avu l s ing  the mesentery. Morb id ly obese patients 

req u i re generous term i n a l  i l e u m  med i a l  mob i l izat ion 

to a l low for a tens ion-free spec imen extract ion v ia the 

s ing le port .  

FIG 7 • Tra nsect ion of the i leoco l i c  vesse l s  ( ICV) . Us ing an  
energy device, we  d iv ide the i leoco l i c  vascu l a r  ped ic le  at its 
o r ig i n  as it crosses the t h i rd port ion of the duoden u m .  

duodenum (FIG 7) wh i l e  ho ld i ng  t h e  vesse l stu m p  with a 

g rasper to avoid retract ion or res idua l  b leed i n g .  
• P lace hemostat ic  c l i ps or Endo loop PDS at the d iv ided 

stu m p  to secu re the hemostas is .  
• There is no need for lapa roscopic  stap led ped ic le  d iv i s ion 

u n less severe atherosc leros is  or  vesse l s  l a rger  than 7 mm 

i n  s ize a re present, which prec lude usage of a l aparo

scop ic  energy device. I n  that case, we may use an Endo 

G IA  stap ler  with  a vascu l a r  load .  
• Comp lete the med ia l  to latera l d issect ion of the ascend

i ng  co lon mesentery, off the retroperitonea l  attachments 

without enter ing  Gerota 's fasc ia ,  ident ify ing  and  pro

tect ing  the r i ght gonada l  vesse l s  and the right u reter. 
• Cont inue  the med i a l  to l atera l d issect ion of the ascend

i ng  co lon mesentery i n  a cepha l ad  d i rect ion,  separat i ng  

it f rom the second  and  th i rd port ion of  the duodenum 

and  the head of the pancreas i n  an  atra u matic fash ion .  

Th i s  wi l l  a l l ow for  a n  eas ie r  mob i l izat ion of  the hepat ic 

f lexure later du r i ng  the case.  

FIG 8 • D iv i s ion of term i n a l  i l eum mesentery. Transect the 
term i n a l  i l eum mesentery down to the bowe l wa l l  with 
the energy device, keep ing  the i leoco l i c  vesse l s  ( I CV) i n  the 
speci men s ide.  
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FIG 9 • Latera l mob i l izat ion of the ascend ing  mesoco lon .  
Transect the wh ite l i n e  of  To ldt (dotted line) with  the energy 
device. 

• Mob i l ize the ascend i n g  co lon med i a l ly by tra nsect ing  its 

l atera l per itonea l  attachments (the wh ite l i n e  of To ldt) 

(FIG 9) .  
• P lace the patient on a reverse Trende lenburg posit ion 

and  keep the O R  tab le  t i lted to the l eft. The su rgeon 

i s  posit ioned now cepha lad  and  the ass ista nt/camera 

ho lder  is posit ioned to h i s  or her  left s ide .  
• 

• 

• 

E nter the lesser sac v ia the ant i  mesenter ic  border of the 

prox ima l  transverse co lon (FIG 1 0) and  perform a forma l  

hepat ic f lexure mob i l izat ion u s i n g  t h e  energy device. 

E l ect the poi nt of d i sta l  d iv is ion of the r ight co lon  a n d  

d iv ide the correspon d i n g  mesentery u p  t o  the site o f  t h e  

d i sta l resect ion m a rg i n  and  t o  the r ight o f  the m idd l e  

co l i c  vesse ls (FIG 1 1 ) .  

A more generous  d i sta l mob i l izat ion of the co lon  i s  

req u i red compa red to hand-assisted lapa roscopy, by 

approxi mately a nother 5 em, to a l l ow for a tens ion

free extract ion of the spec imen and  to avo id  mesenter ic  

avu l s ion dur ing spec imen extract ion .  

EXTRACORPOREAL MOBILIZATION AND 

TRANSECTION OF THE SPECIMEN 

• G rasp the term i n a l  i l e u m  at the proxi m a l  resect ion site 

securely before evacuat ing the pneumoperitoneum .  
• P lace wet l ap  sponges around the wound protector a n d  

u s e  a second towel f o r  the i n struments used f o r  creat ion 

of the a nastomosis i n  order to avo id  feca l conta m i nat ion 

to the l aparoscop ic  su rg ica l  d ra pes. 
• Extract the term i n a l  i l eum fi rst and  d iv ide it with a G IA 

l i near 75-mm, doub le  or t r ip le, b l ue  stap le  load (FIG 1 2) .  

Use a g rasper to ho ld  i nto the term i n a l  i l eum stap led 

stu m p  l ine and  rei ntroduce i nto the abdomen.  
• Extract the r ight  co lon and  d iv ide it at the d ista l s ite with 

a G IA l i near  75-mm, doub le  or  t r ip le, b lue sta p le  load 

(FIG 1 3) .  

FIG 1 0  • E ntrance to the lesser sac .  Enter  the lesser sac v ia  
the ant imesenteric border  of the p roxi ma l  transverse co lon  
and  perform a forma l  hepatic fl exu re mob i l izat ion us ing  the 
energy device. 

FIG 11 • D iv is ion of the m idtransverse co lon mesentery. E lect 
the point of d i sta l  d iv i s ion of the r i ght co lon and  d iv ide the 
correspond ing  mesentery u p  to the site of the d ista l resect ion 
m a rg i n  and  to the r ight  of the midd le  co l i c  vesse ls .  

• If the co lon with the attached mesentery is too th ick  or  FIG 1 2  • Extracorporea l transect ion of the term i n a l  i leum . 
i n  case of neop las ia  the tumor  is l a rger  than the i nc is ion,  Extract the term i n a l  i leum fi rst and  d iv ide it with a G IA  l i near  
then e longate the inc i s ion super ior ly us ing a n  a rmy navy 75-mm doub le  or t r ip le  b l ue  sta p le  load .  
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retractor to " hook" under the fasc ia and  p rotect the 

wound protector from perforat ion .  Use a no .  1 1  sca l pe l  

i n  a sawi ng mot ion o r  e lectrocautery to e longate the 

inc i s ion as necessary and  extract the speci men .  
• Div ide the rem a i n i n g  mesentery and  pass the spec imen 

to pathology, or  open the spec imen at the back tab le  to 

confirm adequate marg ins  in case of neop las ia .  

FIG 1 3  • Extracorporea l tra nsect ion of the m idtra nsverse 
co lon .  Extract the r ight  co lon and d iv ide it at the d ista l site 
with a GIA l i near  75-mm, doub le  o r  tr ip le, b l ue  sta p le  load .  

EXTRACORPOREAL ANASTOMOSIS 

• Perform an extracorporea l s ide-to-s ide,  funct iona l  end

to-end,  i l eotransverse anastomosis w ith  a G IA l i near  

75-mm, doub le  or  t r ip le, b l ue  stap le  load (FIG 14A,B) .  
• I n spect the i l ea l  a n d  co lon i c  seg ments to ru le  out tors ion 

pr ior  to f i r ing  the stap ler. The su rgeon can pa l pate with 

a f inger  a long  the mesenteric marg in  of the term i n a l  

i l eum mesentery and  t h e  d ista l co lon mesentery towa rd 

the base at the retroperitoneum a n d  ensure that there is 

no i ntest i na l  tors ion .  

A 

• 

• 

• 

B 

I n spect for b leed i ng  from the anastomotic l i ne .  

Approxi mate the a nastomotic stum p  defect with a nother 

GIA l i near  75-mm, doub le  o r  t r ip le, b lue stap le  load .  

Sometimes, a second  load is  req u i red, thus  e l i m i nati ng  

the need  for  a thoracoa bdom i n a l  (TA) doub le  sta p le  l i ne, 

a l though its use rema in s  on  the su rgeon's preference. 
I ntroduce the a nastomosis i nto the a bdomen;  i n spect for 

b l eed i ng  and feca l sp i l l age .  Cover the a nastomosis with 

the rest of the omentum or  sma l l  i ntest ine  and ensure 

there is no tors ion of the a nastomosis .  When i n  dou bt, 

proceed aga i n  with l aparoscopic inspect ion .  

FIG 1 4  • Extracorporea l a nastomosis .  A. An a n atomic s ide-to-s ide,  funct iona l  end-to-end stap led i leoco lon i c  a nastomosis is  
constructed .  B. The a nastomosis  is  tens ion-free and  has exce l lent b lood supp ly. 

WOUND CLOSURE 

• It is advised to p lace an ant iadhesive sheet poster ior  to 

the m i d l i n e  fasc ia  edges wh i l e  avo id i ng  contact with the 

a nastomotic sta p le  l i nes .  Remove the wound  protector 

and c lose the fasc ia l  inc i s ion with no .  1 PDS suture. 
• I r r igate the wound copious ly with norma l  sa l i ne; obta i n  

wound hemostas is .  

• 

• 

Approxi mate the sk in  edges with stap les wh i l e  leav

ing the u m b i l i ca l  skin edges opened and tucked with a 

Vase l i ne  gauze with a cotton ba l l .  

T h e  p roced u re i s  a c lean conta m i nated o n e  a n d  leav

ing the u m b i l icus  sk in  edges open may p rotect it from 

wou n d  i nfect ion .  
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PEARLS AND PITFALLS 
Preoperative workup • Correct identif icat ion of the under ly ing pathology a n d  extent of the tumor  i n  re lat ion to 

other  organs a l lows for ca refu l selection of the l aparoscop ic  s i ng le- i nc i s ion techn ique .  

Les ion  loca l i zat ion • Ind ia ink tattoo p lacement when i n d icated for preoperative loca l i zat ion of the les ion and 
the d i sta l  resect ion margin i s  of paramount i m porta nce. 

Patient posit io n i ng, l aparoscopic 
i n struments 

• Secur ing the patient's posit ion, use of O R  table t i l t ing ,  s i ng le  port rotation, and usage of 
bar iatr ic length i nstruments and camera a re necessa ry for l aparoscopic  s i ng le-i nc is ion surgery. 

S u rgeon and  assista nt posit ion • The su rgeon shou ld  change his or  her  posit ion  i n  re lat ion to the ass istant severa l t imes d u r
i ng  the p roced u re i n  order to ach ieve adequate exposure and  v isua l izat ion .  

Lapa roscop ic  i n strument and  
t issue hand l i ng  

• The  t ip  of  the ass ist i ng  and  domi nant l aparoscop ic  i nstru ments a re posit ioned as c lose as 
poss ib le  to each other i n  the surgica l  f ie ld  i n  order to avo id  hand c lu ster ing  outs ide the 
a bdomen .  

POSTOPERATIVE CARE 

• A fast-track postoperative laparoscopic course is initiated. 
• The orogastric tube is discontinued in the OR upon comple

tion of the procedure. 
• IV acetaminophen, alvimopan, and opioid patient-controlled 

anesthesia (PCA) or abdominal wall nerve block-"tap " is 
used as per surgeon's preference the day of surgery. Discon
tinue the PCA within 36 hours and add IV or oral nonsteroi
dal antiinflammatory drugs (NSAIDs)  such as ketorolac to 
transition to oral analgesics. 

• Ice chips/water sips is introduced the day of surgery with 
the goal to advance to clear liquids within 24 hours and to a 
regular high-fiber diet within 48 hours postoperatively. 

• The Foley catheter is discontinued within 24 hours . 
• Perioperative antibiotics, VTE protocol-mechanical and 

pharmacologic-as well as early ambulation is initiated 
within 24 hours of surgery. 

• Incentive spirometer is initiated as per standard hospital policy. 
• Wound care need is minimal: Remove the umbilical dressing 

2 to 3 days postoperatively. 
• The patient usually can be safely discharged home within 

72 hours when passage of flatus is documented and regular 
diet is tolerated by at least two consecutive meals, and there 
are no other adverse postoperative findings such as signs of 
infection. 

• There is no need to wait until the patient has a bowel move
ment prior to discharge. 

• No weight lifting more than 20 lb is recommended for 4 to 
6 weeks postoperatively in order to avoid incisional hernia. 

OUTCOMES 

• Single-port laparoscopic hemicolectomy is considered to 
be an equally safe and cost-effective technique with better 
cosmesis, similar morbidity and operative time, possible 
less postoperative pain and faster return to full activities, 
possible shorter hospital stay, and comparable oncologic 
outcomes when performed for neoplastic diseases to con
ventional hand-assisted or multi port laparoscopic approach. 

• It is achieved with equipment that the hospital already has 
available, with the exception of the single port which is not 
reusable, and requires no additional training for the opera
tive room personnel while it is reproducible by surgeons 
who perform advanced laparoscopy. 

• It does require one assistant to the surgeon who has advanced 
laparoscopic skills. 

• The laparoscopic single-incision right colectomy technique 
may contribute to decreased total hospital cost. 

COMPLICATIONS 

• The procedure has similar morbidity and mortality rates 
and comparable rates for conversion to laparotomy when 
compared to conventional laparoscopy. 

• Anastomotic leak rate is less than 2 % .  
• The single-incision laparoscopic technique for right hemico

lectomy has the option for conversion to multiport or hand
assisted Ia paroscopy. 

• Because a larger sized Ia paroscopic port is used, there is 
a slight increase in the incidence of incisional hernia ( 1 %  
o r  more) compared to multiport laparoscopy. However, 
the incisional hernia rates are similar to the ones in hand
assisted Ia paroscopy. 

• Single-incision laparoscopy may require a longer operative 
time during the early learning curve. This can complicate an 
already challenging operation especially for hepatic flexure 
or proximal transverse colon neoplastic lesions. 

• It is intrinsically a one-operating surgeon technique with less 
involvement of the assistant surgeon and with a potential 
negative impact on resident education during the learning 
curve period. 
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Chapter 1 3  Transverse Colectomy: 
Open Technique 

---------------------------------------- · ----------------------------------------------------- � 

t Y. Nancy You 

DEFINITION 

• The transverse colon is the segment of the abdominal 
colon between the hepatic and the splenic flexures .  The 
transverse colon is an intraperitoneal organ of variable 
length, bound by the two flexures, which are second
arily retroperitoneal areas of the colon typically fixed in 
position. 

• The main blood supply to the transverse colon is the middle 
colic vessels. The transverse colon, with transverse mesoco
lon and middle colic vessels, lies in intimate proximity to 
the lesser sac, which is in turn bound by the quadrate lobe 
of the liver, the stomach, the pancreas, and the omentum. 
The operative surgeon must be fully familiar with these 
anatomic relations in order to avoid injury to these nearby 
structures .  

• Transverse colectomy is a relatively uncommon procedure, 
as pathology in the proximal transverse colon is often ad
dressed by an extended right hemicolectomy, whereas pa
thology in the distal transverse colon is often addressed by 
an extended left hemicolectomy. 

• Indications for transverse colectomy may be broadly divided 
into benign and malignant reasons. 

• Benign diseases with pathology focally located within the 
segment of the transverse colon represent the most natural 
indication for transverse colectomy. Examples may include 
focal inflammatory processes, localized trauma, or local 
perforation. 

• Transverse colectomy for primary malignancies of the 
transverse colon has been controversiaJ.l Because of 
the varying contributions to the lymphatic drainage of 
the transverse colon cancer from the ileocolic, the right 
colic, and the left colic blood vessels, extended right or 
extended left hemicolectomy has been preferred over seg
mental transverse colectomy for primary tumors of the 
transverse colon. 2 

• Transverse colectomy may be required as a part of a curative 
en bloc resection of a noncolonic malignancy arising from 
a nearby organ due to the close proximity of the transverse 
colon to other structures around the lesser sac. Surgeons 
must be cognizant of anatomic relations in order to safely 
carry out the intended operation. 

DIFFERENTIAL DIAGNOSIS 

• Endoscopic tissue biopsy is a key step in the diagnostic 
workup of patients with both benign and malignant diseases 
involving the transverse colon. 

• In patients presenting with a locally advanced tumor mass 
that obliterates the lesser sac and involves adjacent organs 
such as the stomach, the pancreas, and the transverse 
colon, care must be undertaken to differentiate malignan
cies of the colonic origin versus those that arose from adja
cent organs but involves the transverse colon secondarily. 

Tissue diagnosis by biopsy should be secured in order to 
execute the optimal treatment regimen according to the 
primary malignancy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The goals of preoperative assessment should include deter
mining whether urgent versus elective intervention is needed, 
facilitating intraoperative planning, and assessing the ben
efits versus risks toward a sound surgical decision. 

• The patient should be examined for fitness to undergo an 
operation through a detailed assessment of patient's medi
cal history, performance status, medication regimens, other 
medical needs, and psychosocial competency. 

• Symptoms such as abdominal cramping, difficulty with 
passage of stool or flatus, bleeding, or severe pain should 
be queried. Conditions that would necessitate urgent/ 
emergent rather than elective surgical intervention must 
be ruled out. Patients with an obstructing transverse 
colonic lesion and a competent ileocecal valve can rap
idly develop a closed loop obstruction with high risks for 
ischemic colon and perforation and must be attended to 
emergently ( F IG 1 ) .  

• Elements o f  prior surgical history that may present intraop
erative difficulties such as previous stomach, pancreas, or 
colonic operations, and prior antecolic or retrocolic bowel 
bypass reconstructions, must be elicited. Prior operative 
reports should be obtained and reviewed. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients should ideally undergo both abdominal-pelvic 
cross-sectional imaging as well as endoscopic examination 
with possible biopsies. 

FIG 1 • CT sca n showi ng an obstruct ing  tra nsverse co lon i c  les ion 
(A) i n  a patient with a com petent i l eoceca l va lve .  C losed loop 
obstruct ion ca uses massive d i lat ion of the cecum (B). The h i g h  
r isks fo r ischemia  and  perforat ion req u i re emergent su rg ica l 
i ntervent ion .  
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FIG 2 • Co lonoscop i c  v iew of a mass les ion  i n  the tra nsverse 
co lon ,  wh i ch  i s  recog n i zed by the t r ia n g u l a r  shape  of the 
bowe l l u m e n  and the anchor i ng  sp l en i c  and hepat ic  f lexu res.  
H i sto log i c  d i a g nos i s  can  be obta i ned by endoscop i c  b iopsy of 
the mass .  

• Endoscopic examination of the colon should be undertaken 
preoperatively to confirm the location and the focality of the 
pathology within the transverse colon ( FIG 2 ) .  

Endoscopically, the transverse colon can be recognized 
by the triangular shape of the bowel lumen as well as 
by the anchoring landmarks of the splenic and hepatic 
flexures .  
If there is any doubt as to whether the lesion will be able 
to be localized with confidence intraoperatively, then the 
lesion should be marked with endoscopic tattooing. 
If there is any concern for involvement of adj acent organs, 
such as the stomach, an esophagogastroscopy should also 
be performed.3 

• Cross-sectional imaging of the abdomen is performed 
through computed tomography (CT) or magnetic resonance 
imaging (MRI) scans. Imaging characteristics may supple
ment histologic data and aid in the differential diagnosis. In 
addition, percutaneous biopsy may be needed. 

In cases of malignant disease, imaging will help differ
entiate between colonic and noncolonic origin of the 
disease. 
Presence of distant metastatic disease and evidence of 
direct local invasion to adjacent organs should be assessed 
and appropriate intraoperative management plans should 
be made. 
Finally, any abnormal-appearing adenopathy along ves
sels other than the middle colic vascular should be specifi
cally assessed in order to determine whether the particular 
malignancy would be better managed through an extended 
right or extended left colectomy rather than a transverse 
colectomy. 

INCISION AND ABDOMINAL EXPLORATION 

• A m i d l i n e  inc i s ion extend ing  from the ep igastri u m  to 

below the u m b i l icus  is made .  
• The abdom i n a l  cavity is exp lored for the presence of 

other pathology not identif ied by preoperative imag

i n g .  I n  cases of m a l i gnant d i sease, peritonea l  l i n i ng,  

SURGICAL MANAGEMENT 

• Thorough preoperative preparation, confirming that the 
diagnosis is correct, the indication is appropriate, and that 
possible intraoperative findings have been anticipated and 
planned for, is the basis for successful intraoperative man
agement and the speedy postoperative recovery. 

Preoperative Planning 

• The operative surgeon should thoroughly review the patient's 
history and diagnostic workup to minimize any unexpected 
and unplanned for intraoperative finding. 

• Diagnostic biopsy and histologic results should be verified. 
A malignant diagnosis should be particularly noted in order 
to help determine the extent of the bowel resection and 
lymphadenectomy. 

• Documentation from preoperative endoscopy should be 
reviewed, particularly if the operative surgeon did not per
form the procedure. The presence and location of a marking 
tattoo should be confirmed. 

• Preoperative imaging is used to help anticipate any involve
ment of the adjacent organs and the possible need for en 
bloc resection intraoperatively. Any need for additional tech
nical assistance from other surgeons should be planned for. 

• In cases of perforation and anticipated significant intraperi
toneal contamination that may render bowel anastomosis 
unsafe, plans should be made for ostomy marking and edu
cation preoperatively. 

• Preoperative bowel preparation, whether antimicrobial and 
mechanical, mechanical only, or no preparation, is a highly 
variable practice and is left to the discretion of the practicing 
surgeon. 

• Prophylactic intravenous antibiotics with coverage against 
gram-positive, gram-negative, and anaerobic flora of the 
skin and gut are typically administered prior to incision and 
continued for the first 24 hours. 

• Prophylaxis against deep venous thrombosis is typically 
administered prior to incision and during the hospital stay. 

Positioning 

• Patients are usually placed in a supine position. If there is 
any possibility of extending the resection to the left colon 
or any possible need for intraoperative endoscopy, consid
eration should be given for placing the patient in lithotomy 
position. 

omentum, and hepat ic and bowel su rfaces a re in spected 

and pa l pated for any evidence of metastatic d isease. I n  

women, the pelv ic organs, i n c l ud i ng  the ovar ies, shou ld  

be i nspected .  Any susp i c ious  nod u l e  shou ld  be b iops ied 

for patho log ic  assessment as f i nd ings  may affect the de

cis ion of proceed ing  to the rem a i n i n g  of the p rocedure .  
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OMENTUM DISSECTION AND EXPOSURE 

OF THE LESSER SAC 

• The relat ionsh i p  between the tra nsverse co lon pathology 

and  the lesser sac i s  assessed .  
• Exposure to the lesser sac is ga i ned i n  one of two ways, 

depend ing  on whether omentectomy i s  performed 

or  not .  
• If d i sease patho logy does not necessitate en b loc  omen

tectomy or  i f  there i s  des i re to p reserve a s  much  of the  

omentum as  poss i b le ,  then  g reater omentum i s  re

tracted cep h a l a d  and the t ransverse co lon  i s  retracted 

ca u d a d .  Th i s  revea l s  the avasc u l a r  p l a n e  between 

the g reater omentum and the t ransverse mesoco l o n  

(FIG 3) .  The pa l e  ye l l ow omenta l f a t  i s  d i st i n g u i shed 

from the  fat  of the  a p p e n d i ces e p i p l o i cae of the  t rans 

verse co lon  (F IG 4) .  As th i s  p lane  i s  d i ssected, the 

g reater omentum i s  f reed from the  t ransverse co lon 

a n d  mesoco l o n  a n d  entrance i nto the  lesser sac i s  

ga ined .  Th i s  can  be confi rmed by v i su a l i zat ion  of the  

poste r io r  wa l l  of the  stomach dorsa l ly a n d  of the  an

ter ior  su rfaces of the  duodenum,  p a ncreas, a n d  t rans 

verse mesoco lon  ventra l ly. 
• If the  d i sease patho logy necess itates en b loc  resect i o n  

of p a rt o r  a l l  of the  omentum,  then  the  g a stroco l i c  

l i ga m e n t  s h o u l d  be d i v i d e d .  T h e  g a stroe p i p l o i c  a r

tery a rcade is i d e nt i f ied  a l o n g  the  g reater c u rvature 

of the  sto m a c h .  D i ssect i o n  of the  omentum i s  ca r r i ed  

out  e i ther  prox i m a l  ( i n s ide  of )  o r  d i sta l (outs i de  of) 

the  a rcade depen d i n g  on the  extent of the  d i sease, 

FIG 3 • Retract i n g  the  g reater omentum cep h a l a d  a n d  
the  t ransverse c o l o n  c a u d a d  h e l ps reve a l  the  avasc u l a r  
p l a n e  between  the  g reater o m e n t u m  a n d  the  t ransverse 
m esoco l o n .  

F I G  4 • T h e  p a l e  ye l l ow cobblestone fat o f  t h e  omentum 
(A) i s  d isti n g u ished from the br ight  ye l l ow smooth fat  of the 
append ices ep ip lo icae of the transverse co lon (8). 

the  s u rgeon p refe rence, a n d  the  d e s i re to p reserve 

the gastroe p i p l o i c  a rcade (FIG S). The deeper  avascu

lar  p l a n e  of the  l esser sac, deep to the  omentum but  

s u p e rf i c i a l  to the  t ransverse m esoco lon ,  i s  e ntered . 

The omentum is t h u s  i so l ated a n d  d iv ided  between  

c l a m ps .  

Gastroepiploic vessels 

FIG S • D i ssect ion of the omentum is ca rr ied out e ither 
proxim a l  ( ins ide of) or  d ista l (outs ide of) the gastroep ip lo i c  
a rtery a rcade (dotted lines) depend ing  on  the extent of the 
d i sease, su rgeon preferences, and  the desi re to p reserve the 
gastroep ip lo i c  a rcade.  

MOBILIZATION OF THE HEPATIC FLEXURE • To m o b i l ize the  hepat i c  f lexu re, attent ion  is tu rned  to 

the  asce n d i n g  co l o n .  The co lon  was retracted m e d i 

a l ly to ident ify the  per i tonea l  refl ect ion  (wh ite l i n e  o f  

To ldt) .  The cove r i n g  per i to n e u m  o f  the  paraco l i c  g ut

ter i s  then i n c ised and d iv ided u s i n g  e l ectroca utery. 

Th i s  avasc u l a r  t i s sue  p l a n e  is fo l l owed i n  a latera l  to 

med i a l  fash ion ,  sepa rat i n g  the  co l o n i c  mesentery from 

AND THE SPLENIC FLEXURE 

• I n  order to g a i n  enough mob i l ity of the co lon  for i ntra

operative m a n i p u lat ion and to a l low for a tens ion-free 

a nastomosis after resect ion,  it is  often necessa ry to mob i 

l ize one or  both  of the flexures• 
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FIG 6 • Anato m i c  re l at ions  for  m o b i l i zat ion  of the  
hepat i c  f l exu re :  The ascen d i n g  co l o n  i s  retracted m ed i a l l y  
to i de nt ify the  l atera l per i to n e a l  ref lect i o n  (wh ite l i n e  
o f  To ldt) ;  t h e  cove r i n g  per i to n e u m  i s  d iv ided  t o  free the  
hepat i c  f l exu re .  The hepat i c  su rface, the  g a l l b l a d de r, the  
duodenum,  a n d  the  a nter ior  p a n creas'  s u rface a re i n  c l ose 
prox i m ity, and care m ust be taken to avo i d  i n j u ry to these 
o rgans .  

the  retroper i to n e u m .  Th i s  d i ssect ion  p l a n e  i s  then  

car r ied  ce p h a l a d  towa rd the  h e pat ic  f lexu re, where 

d iv i s ion  of the  latera l per i to n e a l  attachm ents w i l l  f ree 

the  h e pat i c  f lexu re. As the  d i ssect i o n  i s  car r ied  med i 

a l ly, ca re m u st be taken to avo id  i nju ry to the  retroper

itonea l  d uo d e n u m  (F IG 6) .  At t h i s  t i m e, t h i s  d i ssect i o n  

F IG  7 • M o b i l i zat ion  of the  s p l e n i c  f lexure .  The s p l e n i c  
f lexu re of the  co lon  (A) i s  retracted med i a l ly to i dent ify a n d  
re lease the  latera l  per i to n e a l  atta c h m e nts .  C a r e  i s  t a k e n  t o  
avo i d  i nj u ry to the  s p l e e n  (B). T h e  renoco l i c  l i g a ment  (C), 
the  sp lenoco l i c  l i g a ment  (D), a n d  the  gastroco l i c  l i g a ment  
(E) a re i dent if ied a n d  su bseq u e nt ly  d iv ided .  Th i s  a l l ows 
entry i nto the l esser sac a n d  frees the d i sta l t ransverse 
co lon  and s p l e n i c  f lexure from poste r io r  retroper ito n e a l  
attachments .  

The d i sta l t ransverse co lon  a n d  sp len i c  f lexu re a re now 
com p lete ly free of poster ior  retroper itonea l  attach

ments a n d  a re fu l l y  mob i l e .  
p l a n e  s h o u l d  be jo i ned  w i th  p r io r  d i ssect ion  p l a n e  of  • After complet ing the d i ssect ions  out l ined i n  th i s  step, 

the lesser sac i s  exposed comp letely, and the a nter ior su r

faces of the tra nsverse mesoco lon  shou ld  be in fu l l  v iew 

(FIG 8) . • 

the  omentum so that  co m m u n icat ion to the  l esser sac 

i s  esta b l i shed . 

To m o b i l ize the sp len i c  f lexu re, attent ion is tu rned to 

the desce n d i n g  co lon .  The desce n d i n g  co lon is retracted 

med i ca l l y  to ident ify the l atera l per itonea l  attachments 

in a s i m i l a r  fash ion  as  descr ibed in the m o b i l i zat ion of 

the asce n d i n g  co lon  a bove. The avasc u l a r  t i ssue p l ane  

i s  s i m i l a r ly  fo l l owed a n d  carr ied cepha l ad  towa rd the  

sp len i c  f lexu re (FIG 7) .  The sp lenoco l i c  l i ga ment  i s  

encou ntered i n  th is  p rocess and d iv ided us ing e lectro

cautery. As the lower pole of the sp leen comes i nto 

view, care shou ld  be taken to d iv ide any ad hes ion be

tween the omentum and the  capsu l e  as  to avo id  un 

i ntended ca ps u l a r  tea rs w i th  retract ion  a n d  d i ssect ion .  

Often,  n u merous  ad hes ions  between the  omentum a n d  

the append ices e p i p lo icae o f  the  c o l o n  a re encoun

tered, a n d  care  m ust be taken to sepa rate these e i ther  

by e lectroca utery o r  between c lamps to avoid b leed i n g .  

F i n a l ly, add i t iona l  avasc u l a r  l i g a m ents t o  t h e  stomach 

a n d/or the pancreas may be encou ntered a n d  shou ld  be 

d iv ided .  After th is, entry i nto the  lesser  sac i s  g a i n e d .  

FIG 8 • After the lesser s a c  i s  exposed comp letely, poste r ior  
wa l l  of the stomach (A) and  a nter ior su rface of the pancreas 
(B) a re v i sua l ized.  The a nter ior su rfaces of the tra nsverse 
mesoco lon with m idd l e  co l i c  vesse l s  (C) shou ld  be in fu l l  v iew. 
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ISOLATION AND DIVISION OF THE 

MIDDLE COLIC VESSELS 

• The anatomy of the m idd le  co l i c  a rtery can be h i g h ly 

va r iab le, and  often, it does not p resent as a s i ng le  vesse l .  
• The m idd le  co l i c  vesse ls can usua l ly be identif ied by v i sua l  

i n spect ion o r  pa l pat ion a long  the transverse mesoco lon  

v ia the lesser sac  (FIG 9) .  When prox ima l  l igat ion i s  

needed,  as i s  i n  the case for ma l i gnant d isease, the over

ly i ng peritoneum is  scored and the vesse l s  shou ld  be 

d issected u p  to the lower border of the pancreas a n d  

l igated a t  th i s  l ocat ion (FIG 9) .  Ca re s h o u l d  be taken 

to avo id  avu ls ion i n ju ry to the sma l l e r  co l l atera l venous 

branches from the pancreaticod uodena l  a rcade and  to 

FIG 9 • The middle co l i c  vesse l s  (A) a re identif ied i n  the 
transverse mesoco lon  (B) and  then d i ssected and  taken 
between c l amps .  When proxi m a l  l i gat ion of the m idd le  co l i c  
vessel i s  req u i red, the vesse ls  a re transected at the i nfer ior  
border  of  the pancreas. 

BOWEL RESECTION AND ANASTOMOSIS 

• After  d iv i s ion  of the  m i d d l e  co l i c  vesse ls ,  the  b l ood 

supp ly  to the  tra nsverse co lon  i s  m a i nta i ned by the  

m a rg i n a l  a rte ry, wh i ch  can  be fou n d  a l o n g  the  ent i re 

co l o n .  
• The length  of the  bowe l resect ion  is determ i n ed by 

the  exte nt of d i sease patho logy a n d  by the  extent of 

• 

avoid c l amp i nj u ry to the pancreatic parenchyma.  When 

the root of the m idd le  co l i c  vesse l s  i s  identif ied, the su r

rou n d i n g  noda l -bea r ing mesenteric t issue shou ld  be 

swept toward the spec imen s ide .  The vesse ls  can then be 

iso lated a n d  contro l l ed with suture l igature .  

If the m idd le  co l i c  vessels and  the lesser sac a re i nvolved by 

the d i sease patho logy and/or ob l iterated, then the m id 

d le  co l i c  vessels ca n be approached from the root of  the  

sma l l  bowel mesentery. After the transverse mesoco lon i s  

retracted cepha lad ,  the root of the mesentery is  exposed.  

The over ly i ng  peritoneum is  scored and d issected away 

to expose the a nter ior su rface of the super ior  mesenteric 

a rtery. 5 The super ior  mesenteric a rtery i s  fo l l owed cepha

lad unt i l  the midd le  co l i c  branches  off, and  the or ig in  of  

the midd le  co l i c  vessels can be iso lated at th i s  location 

(FIG 10) .  Extreme ca re must be underta ken to prevent 

i nj u ry to the u nder ly ing super ior  mesenteric vesse ls .  

FIG 10 • At the root of the sma l l  bowe l mesentery, super ior  
mesenter ic  a rtery (A) i s  fo l l owed cepha lad  unt i l  the m idd le  
co l i c  branches off (8). 

• In most cases, bowe l cont i nu ity is i m med iately reesta b

l i shed . However, i n  cases of g ross per itonea l  conta m i 

nat ion,  g ross inf lam mation,  g rave systemic i l l ness, a n d  

others, the safety o f  a bowe l a nastomos is  m a y  be q u es

t ioned,  and creation  of a n  end colostomy with either a 

m ucous f istu l a  or a long d i sta l  b l i n d  l i m b  may be wise.  

A second-stage p rocedure can be performed for de layed 

rea nastomosis .  
the  vasc u l a r  s u p p ly. I n  cases of b e n i g n  i n fl a m m atory • Once the dec is ion for i m med iate bowel a nastomosis  i s  

made, the mesenter ic  or ientation i s  checked to ensure 

that there is no twist ing .  

• 

d i sease, a m a rg i n  of no rma l ,  hea lthy co lon  s h o u l d  be 

present for rea nastomos i s .  I n  cases  of p r i m a ry m a l i g -

na n cy of the  tra nsverse c o l o n ,  a m i n i m u m  g ross nega- • 
t ive m a r g i n  of 5 em p rox i m a l  a n d  d i sta l  to the  t u m o r  

s h o u l d  be p resent .  

Once the poi nts of prox ima l  and  d i sta l bowe l resect ion 

a re identif ied, the p resence of pu lsati le  b lood supp ly  to 

the cut ends v ia the marg i n a l  a rtery shou ld  be verified .  If 

adequate b lood supp ly ca nnot be confirmed, the length 

of the resect ion m ust be extended to poi nts where b lood 

supp ly  i s  p resent. 

The bowe l a nastomosis can be performed in a va r i 

ety of ways, depend ing  on the su rgeon's p reference. 

The most common methods i nc lude  a h a nd-sewn end

to-end  tech n ique  or  a sta p led s i de-to-s ide (fu nct iona l  

end-to-end) techn ique .  
• Us ing the hand-sewn techn i q ue, the d iv ided ends  

of the co lon a re a l i gned end-to-end .  The anasto

mosis i s  created i n  two layers, with a n  outer layer 
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of i nterru pted sutu res p l aced i nto the seromuscu l a r  

layer o f  the bowe l wa l l  and  a n  i nne r  l ayer o f  r u n 

n i n g  suture p laced fu l l  th ickness, i n corporat ing  t h e  

bowel m ucosa (FIG 1 1 ) .  

I n  the  sta p led  tech n i q ue,  the  ends  of the  bowe l 

a re d iv ided with a l i nea r  sta p l e r. These d iv ided 

ends  of the  co lon  a re then  a l i g ned s i de-to-s i de .  

Sma l l  ente rotom i es a re made  typ ica l ly by exc i s i ng  • 

a corner  off each sta p l e  l i ne,  a l l owi n g  the  jaws 

of the  l i nea r  sta p l e r  to be i n se rted and the  sta

p ler to be f i red (FIG 1 2) .  The a rea of the  enterot

omy th rough  wh i ch  the sta p l e r  has been i nserted 

i s  then c l osed e i ther  by sutu res o r  by a second 

fi r i n g  of the  sta p l e r. Sta p l e  l i nes  a re i n spected for 

hem ostas i s .  Areas of cross i n g  sta p l e  l i nes may be 

i m b r icated with i nterru pted sutu re i n  a La mbert 

fas h i o n .  
• If there is we l l -vascu l a rized omentum nearby, it may 

be patched over the anastomosis to help future con

ta i n  any anastomotic leakage postoperative ly. 
The s ize of the mesenter ic  defect between the r ight and  

l eft co lon  shou ld  be assessed .  Sma l l - and  moderate-s ized 

defects shou ld  be c losed to prevent i ntern a l  hern ia  and  

any mesenteric twist i ng .  Typ ica l ly, if  the m idd le  co l i c  ves

sels had been l i gated at the i r  or ig i ns, the defect i s  l a rge 

and  c losure i s  not necessa ry. 

B 

FIG 1 1  • I n  a h a nd-sewn end-to-end  coloco lon i c  a nastomos is, the d iv ided ends  of the colon a re a l igned (A); the a nastomosis  i s  
typ i ca l ly created i n  two layers, w ith  a n  outer  l ayer of  i nterru pted sutu res and  a n  i nne r  l ayer  of runn ing  suture (B-D) . 
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F I G  1 2  • I n  a sta p led s ide-to-s ide (fu nct iona l  end-to-end) 
coloco lon i c  a nastomos is, the ends of the bowel  a re a l igned 
s ide-to-s ide .  Sma l l  enterotom ies a re made by exc i s ing a 
corner off each stap le  l i ne, a l lowi ng the jaws of the l i near  
stap le r  to be i nserted i nto each lumen.  The sta p ler  i s  fi red . 
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ABDOMINAL CLOSURE if poss ib le .  The sk in  inc i s ion is c losed us ing  a bsorb

able su bcuticu l a r  sutu re or  sta ples .  Abdom ina l  

d ra i n  i s  not  p laced.  • The abdom i n a l  fascia is c losed after p lac ing  a ny rem a i n 

i ng  omentum between the bowe l loops and  the inc i s ion 

PEARLS AND PITFALLS 
D iagnost ic  and  preopera
tive assessments 

Omenta l  d i ssect ion a n d  
exposu re o f  the Jesser sac 

Mob i l izat ion of the hepatic 
and/or splenic f lexure 

I so lat ion and  l igat ion of 
the m idd le  co l i c  vesse l s  

Bowel  resect ion and  
a nastomosis 

• Any patho logy outs ide of the transverse co lon,  transverse mesoco lon,  and  m idd le  co l i c  vesse l s  
shou ld  be assessed on  p reoperative imag ing ,  a n d  a n  extended r ight  or  a n  extended left 
hemico lectomy shou ld  be perfo rmed if necessa ry. 

• In pat ients present i ng with a l a rge tumor  mass, a natom ic  re lat ions to the pancreas, d uodenum,  
stomach,  and  mesenteric vesse l s  shou ld  be ca refu l ly accessed.  

• Endoscop ic  a n d/or percutaneous t issue b iopsy should be obta ined to he lp d ifferentiate 
m a l i g n a ncies of co lon i c  versus nonco lon i c  or ig i n  to a l l ow for optim a l  treatment p l a n n i n g .  

• Patients presenting with an obstruct ing transverse colonic lesion and a competent i leoceca l valve requ i re 
emergent surgical attention to avoid perforation secondary to a closed loop large bowel obstruction. 

• The potenti a l  need for a n  ostomy i n  cases where bowel anastomosis may not be safe shou ld  be 
a nt ic i pated to a l l ow for preoperative ostomy mark ing  and education .  

• Exposu re to the Jesser sac  ca n be ga i ned w i th  o r  without a n  omentectomy. 
• The pa le g ra n u l a r  ye l low of the omental  fat can be d isti ngu ished from the br ig ht, smooth yel l ow of 

the fat of the co lon ic  append ices ep ip lo icae to he lp  identify the avascu la r  d i ssect ion p lane .  

• The su rgeon shou ld  not hes itate to mob i l ize e ither or  both of the flexures, as it often g reatly 
fac i l itates i ntraoperative m a n i p u lat ion and fac i l itates a tens ion-free bowe l a nastomosis .  

• When the root of the m idd le  co l i c  vesse ls  i s  approached through the Jesser sac, i n ju ry to the sma l l  
ve in s  at the i nfe r ior  border of  the pancreas shou ld  be avo ided .  

• When the root of the midd le  co l i c  vesse ls  i s  approached from the root of the sma l l  bowe l 
mesentery, i n ju ry to the super ior  mesenter ic  vesse l s  shou ld  be avo ided .  

• A transverse colectomy ca n be eas i ly  converted to a n  extended r ight o r  a n  extended left 
hemico lectomy if needed by i ntraoperative f ind i ngs .  

• I n  some cases, immed iate bowel anastomosis may not be safe, and a n  end colostomy can be made 
with e ither a m ucous fistu la  or  a long d i sta l  b l ind l imb for de layed reanastomosis .  
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POSTOPERATIVE CARE 

• Patients should receive routine postoperative care including 
adequate analgesia, aggressive pulmonary toilet, and early 
ambulation. 

• Patients are typically kept on no more than a clear liquid 
diet the night of the operation in case there is a need for any 
emergency intervention and then advanced to a soft diet by 
the time of discharge. 

• An occasional patient may experience diarrhea, which requires 
initiation of medicinal fiber and/or lmodium for symptom 
control. 

OUTCOMES 

• Patients generally tolerate a transverse colectomy well. The 
risk of anastomotic complications requiring reoperation is 
less than 5 % ,  and a colostomy is not routinely required. 

• Leakage from the colocolonic anastomosis may manifest as 
peritonitis, colocutaneous fistula, or localized intraperito
neal abscess. 

Patients with clinical signs of sepsis and peritonitis should 
be managed by prompt return to the operation for reex
ploration, washout, resection of the prior anastomosis, 
and creation of end colostomy and mucous fistula.  
Localized abscesses may collect in the subhepatic, sub
phrenic, and lesser sac spaces. The diagnosis can be made 
by CT of the abdomen, and clinically stable patients may 
be managed by percutaneous drainage. 

• Superficial wound infection occurs in 1 0 %  to 1 5 %  of the 
cases and should be managed by incision and drainage of 
any subcutaneous abscess. 

• Transverse colectomy is not expected to significantly alter 
bowel function postoperatively.6 Although some patients 
may experience more frequent and looser stools during the 
immediate postoperative period, most patients reported an 
average of 1 to 2 stools per day and adapt to a normal bowel 
regimen over 6 to 12 months. 

COMPLICATIONS 

• Bleeding 
• Wound infection 
• Anastomotic leak 
• lntraabdominal abscess 
• Poor bowel function 
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Chapter 1 4  Laparoscopic Transverse 
Colectomy 

I 
- --------------------------------------- �----------------------------------------------------- · 

Govind Nandakumar Sang W Lee 

DEFINITION 

• Transverse colectomy refers to removal of the portion of the 
colon between the hepatic flexure and the splenic flexure
the transverse colon. This portion of the colon derives its 
blood supply from the right and left branch of the middle 
colic vessels in addition to collateral flow from the ileoco
lic, right colic, and left colic vessels. Transverse colectomy 
is commonly performed for tumors and/or polyps of this 
region. An alternative approach to these tumors is to per
form an extended right or extended left colectomy. This 
chapter focuses on laparoscopic transverse colectomy. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A complete history and physical focusing on the underlying 
pathology is essential. For patients with colon cancer and/or 
polyps, a detailed surgical history, personal cancer history, 
and family history is essential. 

• Preoperative genetic counseling and testing may be indicated 
based on age and family history. 

• Presence of an inherited cancer syndrome such as familial 
adenomatous polyposis or hereditary nonpolyposis colon 
cancer syndrome may require a total colectomy rather than 
a transverse colectomy. 

• Prior abdominal surgery, distension, and obstruction are 
important to elicit in the history and physical examination 
prior to making a decision regarding open versus laparo
scopic approach. 

• History or physical examination suggestive of focal abdomi
nal pain and tenderness are suggestive of abdominal wall 
invasion and more extensive or open surgical approach may 
be needed. 

• History and physical examination should also evaluate the 
cardiovascular and respiratory systems to assess the ability 
to tolerate pneumoperitoneum. 

• Nutritional status and recent history of major weight loss 
should be considered in performing primary anastomosis. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• All patients with colon cancer and/or a polyp should have 
a complete extent of disease workup including carcinoem
bryonic antigen (CEA),  computed tomography (CT) of the 
abdomen and pelvic, chest X-ray, colonoscopy, and routine 
preoperative testing. 

• The CT should be reviewed carefully to assess adjacent organ 
involvement, metastatic disease, and obstructive disease. 

• Laparoscopic approach may not be feasible in the presence 
of massive distension and obstruction. 

• Large bulky tumors with a tethered mesentery or adjacent 
organ involvement may also preclude laparoscopy. 

• Colonoscopy and evaluation of the entire colon is important 
to ensure there are no synchronous lesions proximal or distal 
to the area of resection. 

• For small nonobstructing lesions, endoscopic tattoo marking 
should be performed prior to surgery. 

• Endoscopic tattooing should be performed just distal to the 
tumor and in three quadrants . 

• In general, tumors that are identified on CT scan can be readily 
identified laparoscopically and do not require a tattoo. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The patient receives a mechanical bowel preparation to 
facilitate handling of the colon and to facilitate intraopera
tive colonoscopy if required. The need for bowel preparation 
is controversial. The consequences of a leak may be more 
significant without preparation. Laparoscopic handling of 
the colon is easier after mechanical bowel preparation. 

• The patient is seen and evaluated by the surgical and 
anesthesia teams in the preoperative area on the day of 
surgery. 

• Most patients are offered and elect to have an epidural or 
intravenous catheter for patient-controlled anesthesia. 

• A second- or third-generation cephalosporin or ertapenem 
is used for antibiotic prophylaxis within 1 hour of skin inci
sion and redosed as needed. No antibiotics are administered 
postoperatively. 

• Venodyne boots and 5,000 units of subcutaneous heparin 
are used for deep vein thrombosis prophylaxis . 

Positioning 

• The patient is positioned in a modified lithotomy position 
with both arms tucked to the sides. It is essential to ensure 
that all pressure points, fingers, and calves are padded 
adequately. 

• Use of a beanbag and cloth tape allows extreme positioning 
with decrease in possibility of patient sliding. 

• Alternatively, use of gel pads commonly available in the 
operating room (OR) makes routine taping of patient not 
necessary. 

• Use of shoulder braces should be avoided as they can cause 
brachial plexus injury. 

• Prior to draping, the patient is placed in steep Trendelenburg 
and the table is rotated to ensure that the patient is secured well. 

• It is essential to ensure that both knees are in line with the 
torso in order to avoid collision of instruments to patient's 
thighs when working in the upper quadrants of the abdo
men. The abdomen is prepped from the nipples to the 
mid thigh. 

• Access to the anus is always maintained for possible intra
operative colonoscopy. 

• FIG 1 ( laparoscopic setup) shows the OR setup for this 
procedure. Monitors are placed over the shoulders of the 
patient so that the surgeon, pathology, and monitors are 
situated in line. 
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Anesthetist 

SKIN INCISIONS 

• A Hasson techn i q u e  is used to ach ieve access to the a bdo

men at the u m b i l i cus .  
• Four  5-mm trocars are p l aced-two on e ither s ide of the 

abdomen latera l to the rectus with one hand b readth 

between the troca rs. An opt iona l  fifth trocar ca n be 

p l aced i n  the suprapub ic  a rea if req u i red for retract ion.  

FIG 2 (troca rs) shows the typ ica l  trocar  p lacement. 

FIG 1 • I l l u strates the patient setup .  A mod ified 
l ithotomy posit ion a l l ows the su rgeon o r  assistant 
to stand  between the legs and to have access to the 
anus for i ntraoperative co lonoscopy. 

5 mm 5 mm 

0 1 0 mm 

5 mm 5 mm 
0 • 

FIG 2 • We use th i s  standard config u rat ion of troca r p lacement for the 
majority of l aparoscop ic  co lon and  recta l operat ions .  
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LAPAROSCOPIC EXPLORATION 

• The abdomen is systematica l l y  exp lored in a l l  fou r  quad

rants to look for  metastatic d i sease and/or u n expected 

patho logy. 
• Knowledge of the mesenteric anatomy is essent ia l  for a 

successfu l  l apa roscop ic  approach .  
• 

• 

• 

FIG 3 (co lon anatomy) shows the co lon  with its major 

vascu l a r  pedicles. Also dep icted is  the gastroco l i c  tru n k  of 

Hen le  that can be a sou rce of b leed ing  if not recog n ized 

du r i ng  the d i ssect ion .  

The r ight co l i c  vesse ls common ly or ig inate f rom the i leo

co l i cs (85 % ) .  

T h e  m idd le  co l i c  a rter ies common ly have more than two 

branches ( 55%) .  

F IG 3 • Shows the major vascu l a r  ped ic les to the co lon  a n d  
the marg i n a l  a rtery t h a t  m a i nta ins  co l l atera l c i rcu lat ion .  

PEDICLE LIGATION 

• The i l eocol ic, m idd le  col ic, and  left co l i c  vesse l s  a re fi rst 

identif ied (FIG 4) .  Identif ication of the vascu l a r  pedic les 

i s  fac i l itated by tract ion on  the co lon to tent the mes

entery. Adeq uate exposure is  ach ieved by g rasp ing  each 

f lexure and retract i ng  su per ior ly and l atera l ly (FIG 5) .  
• A window is created i n  the co lon mesentery between the 

i l eoco l i c  and  midd le co l i c  vesse ls .  With appropriate trac

tion and cou ntertract ion,  the retromesenteric d issect ion 

i s  cont i nued su per ior ly, med ia l ly, a n d  latera l ly i nto the 

l esser sac (FIG 6) .  
• Care is taken to protect the duodenum,  head of the pan

creas, and  the super ior  mesenter ic  a rtery (SMA) a n d  ve i n  

d u r i n g  t h e  d i ssect ion .  
• The midd le  co l ic  vessels can be d ivided at the common trun k  

or d ivided ind ividua l ly after bifurcation (FIG 7) .  There is s ig

n ificant variation in  the anatomy of the middle co l ic  trunk .  
• Our practice is to use a b ipo lar  vessel-sea l ing  device to d ivide 

the pedicles, but c l ips and staplers a re a l so options to d ivide 

the ped icles. It is important to ensure that the SMA and vein  

a re protected and that sufficient cuff of  the  vascu lar  ped icle 

is reta i ned to control b leed ing should the vessel sea lers fa i l .  
• Strong a nter ior tract ion on the tra nsverse co lon mesen 

tery opti m i zes m idd le  co l i c  d i ssect ion a n d  decreases the  

l i ke l i hood of i nadvertent i nj u ry to SMA.  

F IG 4 • Appropr iate tract ion on the co lon  i n  the d i rect ion of 
the arrows exposes the mesentery a n d  a l l ows for identif ication 
of the major vascu l a r  pedic les .  

Middle col ic 
vein 

Gastro
Colic trunk -f---:--��__:_�"-1 

I leo colic 

Middle colic 
artery 
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FIG S • Cepha lad  and  l atera l tract ion is used to v i sua l ize the 
midd le co l i c  vesse ls .  

RETROMESENTERIC DISSECTION 

• Right  retromesenter ic  d issect ion 
• Latera l ly, the d i ssect ion is carr ied to the wh ite l i n e  

o f  To ldt and  the hepat ic f lexure (FIG 8) .  

• Med ia l ly, the d issect ion is carr ied to the root of the 

midd le co l i c  vesse ls  and  a nter ior to the head of the 

FIG 8 • The latera l attach ments of the colon a re taken 
down, ensur ing there i s  no therm a l  i nj u ry to the bowe l .  

F IG  6 • A window i s  created t o  the r ight o f  the m idd le  co l i c  
vesse ls .  

FIG 7 • After adeq uate mob i l izat ion a n d  protect ing  
the d uoden u m  and  pancreas, the m idd le  co l i c  vesse ls  a re 
d iv ided .  
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FIG 9 • D i ssect ion of the m idd le  co l i c  vesse ls .  

pancreas and  the duodenum (FIG 9) .  The gastroco l i c  

venous trun k  i s  often encou ntered d u ri ng  t h i s  

d issect ion and  can be a sou rce o f  b leed i n g  if not 

recog n ized and contro l led (FIG 1 0) .  
• Super ior ly, the d i ssect ion is carr ied cepha lad  to the 

transverse co lon wa l l .  
• The rema i n i n g  attachments to the l iver a re taken 

down (FIG 1 1 ) .  

Left retromesenteric d issect ion 

FIG 11 • Rem a i n i n g  attachments of the hepat ic  f lexure 
of the co lon to the l iver a re taken down.  The d i ssect ion i s  
fac i l itated by work ing  c lose to the co lon .  

• Late ra l ly, the d i ssect ion  is carr ied to the  wh ite 

l i n e  of To ldt  and the sp len i c  f lexu re of the co lon  

(FIG 1 2) .  
• Media l ly, the d i ssect ion is carr ied to the root of the 

midd le co l i c  vesse l s  . 
• A s i m i l a r  d issect ion is carr ied out on the l eft s ide, • Super ior ly, the d i ssect ion is carr ied to the i nfer ior  border 

of the pancreas and  conti n ued a long the avascu l a r  p l a i n  

between the left c o l o n  mesentery and  the ta i l  o f  the 

pancreas (FIG 1 3) .  

creat ing  a wi ndow between the left co l i c  a n d  m id 

d le  co l i c  vesse l s  (FIG 7) .  

• At th i s  po int, the co lon mesentery shou ld  be comp letely 

mob i l ized.  The transverse co lon i s  o n ly held by the latera l 

attachments, the omentum, and  the ped ic les .  

FIG 1 0  • Ear ly identif icat ion and control of the gastroco l i c  
t ru n k  p revents b leed i n g  and  i n ju ry to  the  super ior  mesenter ic  
ve i n .  

F I G  1 2  • Sp len i c  f lexure mob i l izat ion req u i res takedown of 
the sp lenoco l i c  l i ga ment.  
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RELEASE OF LATERAL ATTACHMENTS 

AND THE OMENTUM 

• The omentum is next taken off the transverse co lon 

(FIG 14) .  The l atera l attachments a re taken down on both 

sides. The d i ssect ion shou ld  be started in the m idtrans

verse co lon where the two leaves of the g reater omen

tum a re fused together. Visua l izat ion of the poster ior  

wa l l  of the stomach ensu res that the su rg ica l d issect ion i s  

i n  the proper p lane i nto the lesser sac.  It is  i m portant to 

p rotect the co lon from therma l  i n ju ry d u ri ng  th i s  port ion 

of the d i ssect ion .  

FIG 1 4  • The omentum is  d i ssected off the transverse co lon .  
The  omentum i s  left on the co lon  around the tumor  to  
ensure a n  en b loc resect ion .  Ea r l y  entry i nto the lesser sac  a n d  
identif icat ion o f  the poster ior  wa l l  o f  the stomach fac i l itates 
an effic ient d issect ion .  

FIG 1 3  • To ach ieve adequate mob i l izat ion, the poster ior  
attachments a long  the i nfer ior  border of the pa ncreas need to 
be d issected with entry i nto the lesser  sac .  

• I n  add it ion to mob i l i z i ng  the transverse co lon,  the r ight 

co lon,  with the hepatic f lexu re, and  the left co lon,  with 

the sp len i c  flexu re, need to be fu l ly mob i l ized.  This w i l l  

a l low fo r  specimen extract ion a n d  the creation of  a 

tens ion-free a nastomos is  (FIG 1 S) .  

FIG 1S • Comp lete mob i l izat ion of  the hepatic and  sp len i c  
f lexu res a l l ows for safe spec imen extract ion and  tens ion-free 
a nastomosis .  
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SPECIMEN EXTERIORIZATION AND 

ANASTOMOSIS 

• A l i near  sta p ler  is used to d iv ide the co lon proxi m a l  to 

the hepatic f lexure and  d i sta l to the sp len i c  f lexure as  

shown (FIG 1 6) .  

• 

• 

The per i u m b i l i ca l inc i s ion is common ly extended as a n  

extract ion site and  a wou n d  p rotector i s  p laced (FIG 1 6) .  

The mob i l ized transverse co lon i s  exter ior ized.  Any 

rem a i n i n g  mesentery i s  d iv ided .  

• 

• 

The spec imen is e ither sent for g ross exa m i nat ion or  

opened i n  the O R  to ensure that adeq uate marg ins  (5 em 

for ca ncer) were obta ined .  

lf the le s ion  i s  l ocated latera l l y, add i t iona l  pedic les can be 

taken as needed.  
• A s ide-to-s ide funct iona l  end-to-end sta p led a nastomosis  

or  a h a nd-sewn a nastomosis can be fash ioned based on  

the p reference of  the su rgeon (FIG 1 7) .  
• The co lon is rep laced i n  the per itonea l  cavity, and  the 

operative a rea i s  exam i ned for hemostas is .  
• If there is concern for b leed ing ,  the pneu moperitoneum 

can be reesta b l i shed pr ior  to c losure .  
• Routi ne c losure of the co lon i c  mesenter ic  defect is not 

necessary as com p l icat ions a re m i n i m a l . '  
• The extract ion site fascia is c losed, the trocars a re removed 

under  d i rect visua l ization, and  the sk in  is  c losed . 

FIG 1 6  • Peri u m b i l i ca l  i nc i s ion  with wou n d  protector to FIG 1 7  • S ide-to-s ide funct iona l  end-to-end  sta p led a nas-
extract speci men .  tomosis th rough  a wound  p rotector i s  i l l ustrated .  

PEARLS AND PITFALLS 
I nd icat ions  

P lacement of 
inc i s ions  
(troca rs) 

• Extended r ight or  l eft colectom ies may be more appropriate for tumors located c loser to the fl exu res. 
• Lapa roscopy may not be feas i b le  in obstruct ing  tumors with mass ive bowe l d istens ion o r  tumors with 

extens ive loca l i nvas ion .  H i story of pr ior  su rger ies i s  not a contra i nd ication to lapa roscopy. 

• Latera l  to the rectus and  at least 7-8 em between each trocar to avo id  c lash i ng  of i nstruments. 
• The extract ion i nc i s ion i s  usua l ly at o r  super ior to the u m b i l i cus .  

103 1 

Posit ion ing  • Thighs  shou ld  be para l l e l  to the f loor  and  knees  i n  l i n e  with  the torso to prevent co l l i s ion  of the i n struments 
with the knees.  
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Lapa roscop ic  
retract ion,  
man ipu lat ion,  
and  d i ssect ion 

• Care shou ld be taken when d issect ing  over the pancreas to avoid ca us ing  b leed i n g  from the gastroco l i c  
venous tru n k  of  Hen le .  

• The super ior  mesenter ic  a rtery and ve in  shou ld  be p rotected d u r i ng  vesse l l igat ion .  
• B i po l a r  energy devices may not  be effective i n  sea l i n g  ca lc if ied vesse ls .  Endo loops shou ld  be ava i l ab le  to  

control unexpected b leed i n g .  
• Vessel-sea l i n g  devices c a n  l e a d  t o  l atera l spread o f  therm a l  energy, a n d  t h e  c o l o n  s h o u l d  be p rotected d u ri ng  

d i ssect ion .  
• I ntraoperative co lonoscopy i s  usefu l if the exact location of  the tumor  i s  unc lear. 
• A hand  access port can serve as a usefu l adj u n ct to comp lete d iffi cu lt  and  cha l l eng ing  d i ssect ions .  

Anastomos is  • Comp lete mob i l izat ion of both flexu res i s  essent ia l  for a tens ion-free a nastomosis .  
• I nadequate mob i l izat ion of the sp len ic  fl exu re can lead to tract ion i nj u ry of the sp lee n .  
• I n  cases where there i s  tens ion,  a n  extended r i g h t  colectomy i s  safer as  the sma l l  bowel is  freely mob i l e .  
• A wound p rotector i s  usefu l i n  m i n i m iz i ng  conta m i nat ion and  l i m it ing  the length  of  the extract ion i nc i s ion .  

POSTOPERATIVE CARE 

• The patient is sent to the postsurgical unit and is usually given 
sips after recovery from anesthesia. Diet is advanced on post
operative day 1 to clear liquids and solids after passing flatus. 

• The Foley catheter is removed on day 1 and oral pain medi
cations started once the patient tolerates solid food. 

• The patient is usually discharged on day 3 or 4 when the patient 
is on oral pain medications, tolerating a diet, and passing flatus. 

OUTCOMES 

• Large multicenter randomized trials have validated the onco
logic safety and potential short-term benefits of laparoscopic 
surgery for colon cancer.2•3 Transverse colon cancers were 
not included in these major trials. 

• Smaller retrospective studies have concluded that the 
oncologic outcomes for laparoscopic treatment of transverse 
colon cancer are equivalent to the open approach. They also 
reported some potential short-term benefits.4-6 

• There is limited data on laparoscopic transverse colectomy 
for benign lesions. 

• Laparoscopic transverse colectomy is technically challeng
ing and may carry a higher incidence of conversion to open 
surgery during the procedure .7 

• This procedure is best performed by surgeons experienced 
with open resections of the transverse colon and those with 
significant laparoscopic colorectal experience. 

COMPLICATIONS 

• Bleeding 
A medial to lateral dissection approach allows early identifica
tion and control of the major vessels and may avoid bleeding. 
It is important to remain in the avascular plane between 
the mesentery and retroperitoneum. Significant oozing is a 
sign that the dissection may be too anterior into the mesen
tery or too posterior into the retroperitoneum. 
Clips and endoloops are rarely required with modern energy 
and vessel-sealing devices but should be easily available to 
control bleeding, especially in patients with calcified vessels. 
Postoperative abdominal hemorrhage can be managed 
with repeat laparoscopic exploration. 
Postoperative intraluminal hemorrhage is best managed with 
carbon dioxide colonoscopy and endoluminal control. 

• Splenic injury 
It is safest to dissect toward the spleen rather than to retract 
the colon away from the spleen and cause a traction injury. 

Complete mobilization of the splenic flexure will avoid trac
tion injury during the extracorporeal portion of the operation. 
Splenic injury can usually be managed with pressure and 
hemostatic agents . 
Occasionally, with uncontrollable bleeding or with injury 
to the hilum, splenectomy may be required. 

• Anastomotic leak 
A tension-free anastomosis is facilitated by complete 
mobilization of both flexures. 
Pulsatile blood flow is confirmed at the mesenteric tran
section line. 
If the proximal margin is devascularized, conversion to an 
extended right hemicolectomy with an ileocolonic anasto
mosis may be safer. 
Small leaks may be managed nonoperatively. 
Larger leaks with peritonitis or contamination will likely 
require proximal diversion. 
In extreme cases, the anastomosis may need to be taken 
down and converted to an end stoma. 

• Serosal or full-thickness injury to the bowel 
Careful dissection with attention to the possibility of 
lateral thermal spread is important. 
The duodenum should be completely dissected off the 
mesentery and protected prior to pedicle ligation. 
The small and large bowels are also at risk for puncture or 
shear injury during insertion of laparoscopic instruments. 

• Deep and superficial surgical site infection 
• Early and later incisional hernia formation 
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Chapter 1 5  Transverse Colectomy: 
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Daniel Alba 

DEFINITION 

• Transverse colectomy refers to removal of the portion of 
the colon between the hepatic and the splenic flexures. The 
transverse colon derives its blood supply primarily from 
the middle colic vessels. In addition, the transverse colon 
receives collateral blood flow from the left and right mar
ginal arcades (marginal artery of Drummond and arch of 
Riolan, respectively) .  

• Hand-assisted laparoscopic surgery (HALS) i s  a minimally 
invasive surgical approach that uses conventional laparo
scopic-assisted (LA) surgery techniques but with the addi
tion of a hand-assist device that allows for the introduction 
of one of the surgeon's hands into the surgical field. The 
hand-assist device is placed at the projected specimen 
extraction site . HALS in colorectal surgery retains all of 
the same advantages of conventional LA surgery over open 
surgery, including less pain, faster recovery, lower inci
dence of wound complications, and reduction of cardio
pulmonary complications, especially in the obese and in 
the elderly. 

• HALS has significant advantages over conventional LA 
colorectal surgery, including 

Reintroduces tactile feedback into the field 
Shorter learning curves; easier to teach 
Shorter operative times and lower conversion to open rates 
Allows for insertion of multiple ports through the hand
assist device 
Allows for the introduction of laparotomy pads into the 
field (helps keeping the small bowel and omentum out of 
the way, particularly in the obese) 
Higher usage rates of minimally invasive surgery 

DIFFERENTIAL DIAGNOSIS 

• Focal inflammatory processes, localized trauma, or local 
perforation 

• Colon cancer located in the midtransverse colon. Can
cers located at the flexures may necessitate extended 
right or left hemicolectomies in order to ensure adequate 
lymphadenectomy. 

• Other tumors locally extending into the transverse colon 
( i .e . ,  gastric, pancreatic, adrenal tumors, sarcomas)  may 
necessitate en bloc transverse colectomy when resecting the 
primary tumor to achieve negative margins . 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with colon cancer generally present with occult 
bleeding and anemia .  Patients may also present with high
grade obstructing symptoms (crampy abdominal pain and 

constipation ) .  More advance tumors may present with a 
complete large bowel obstruction. If these patients have 
a competent ileocecal valve, they develop a closed loop 
large bowel obstruction and present with severe right 
lower quadrant abdominal pain and abdominal disten
tion secondary to a massive colonic dilation proximal to 
the obstructing lesion. These patients should be taken to 
the operating room emergently. Unopposed, this will ulti
mately cause an ischemic perforation of the cecum leading 
to a catastrophic fecaloid peritonitis and potential onco
logic contamination of the abdominal cavity leading to 
carcinomatosis .  

• A detailed personal and family history of colorectal cancer, 
polyps, and/or other malignancies should be elicited. Physi
cal examination should include a routine abdominal exami
nation, noting any previous incisions. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A full colonoscopy with documentation of all polyps 
should be performed .  Lesions that are unresectable en
doscopically and/or are suspicious for cancer should be 
tattooed to facilitate localization during surgery. If there 
is any concern for involvement of adjacent organs, such 
as the stomach, an esophagogastroscopy should also be 
performed .  

• A computed tomography (CT) scan of the chest, abdomen, 
and pelvis evaluates for potential metastases. In patients 
with a large bowel obstruction, the CT scan shows dilation 
of the right colon and cecum, collapse of the distal colon, 
and a paucity of fluid and gas in the small bowel ( FIG 1 ) .  

• A preoperative carcinoembryonic antigen level i s  obtained. 

FIG 1 • CT sca n shows a l a rge obstruct ing  co lon cancer in the 
transverse co lon (A) with d i lat ion of the cecum (B) and  a pauc ity 
of f l u id  and  gas in the sma l l  bowe l (C ) .  
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SURGICAL MANAGEMENT 

Preoperative Preparation 

• Clinical trials have shown no need for mechanical bowel 
preparation. 

• Intravenous cefoxitin is administered within 1 hour of skin 
incision. 

• Use hair clippers if needed and chlorhexidine gluconate skin 
preparation. 

• Preoperative time-out and briefing is performed. 

Equipment and Instrumentation 

• 5-mm camera with high-resolution monitors 
• 5-mm clear ports with balloon tips. They hold ports in the abdo-

men and minimize their intraabdominal profile during surgery. 
• Atraumatic graspers and laparoscopic endoscopic scissors 
• A blunt tip, 5-mm energy device 
• 60-mm linear reticulating laparoscopic staplers with vascu

lar and tan loads 
• We use the GelPort hand-assist device due to its versatility 

and ease of use . This device allows for the introduction/ 
removal of the hand without losing pneumoperitoneum. 

Patient Positioning and Surgical Team Setup 

• This is the single most critical determinant of success in lapa
roscopic colorectal surgery (FIG 2 ) .  

• Place the patient o n  a supine position, with the arms tucked 
and padded (to avoid nerve/tendon injuries ) .  The patient is 
taped over a towel across the chest without compromising 
chest expansion. 

• The surgeon starts at the patient's right lower side with the 
scrub nurse to the surgeon's right side. The assistant stands 
at the surgeon's left side. 

PORT PLACEMENT AND OPERATIVE 

FIELD SETUP 
• I n se rt a Ge i Port through a 5- to 6-cm epigastr ic inc i s ion .  

Assistant 

Surgeon 

Scrub nurse 

FIG 2 • Pat ient and  tea m setup .  

• Align the surgeon, the ports, the targets, and the monitors in 
straight line. Place monitors in front of the surgeon and at 
eye level to prevent lower neck stress injuries. 

• Avoid unnecessary restrictions to potential team move
ment around the table. All energy device cables exit by 
the patient's upper left side. All laparoscopic (gas, light 
cord, and camera) elements exit by the patient's upper 
right side. 

• 

This  inc is ion wi l l  be a lso used for spec imen extract ion, 

transect ion,  and anastomosis .  P lacement i n  the epigastric 

a rea g reatly fac i l itates d i ssect ion of the m idd le  co l i c  ves

sels through a supramesoco l i c  approach (see step 7).  

I nsert th ree 5-mm work ing  ports i n  the r ight upper, r ight  

lower, and  left u pper quad ra nts. I nsert a 5-m m camera 

port a bove the u m b i l i cus .  Tr i angu late the ports so the 

camera port is  at the a pex of the tr iang le .  Th is  avo ids  

confl ict between the i nstruments and  prevents d isor ien

tation ("work ing on  a m i rror" ) .  

OPERATIVE STEPS 

• O u r  HALS transverse colectomy operat ion is h i g h ly sta n

da rd ized and  it cons ists of n ine steps: 
• Tra nsect ion of the i nfer ior  mesenteric ve i n  ( IMV) 
• Med ia l  to l atera l d i ssect ion of the descend ing  

mesoco lon  
• Tra nsect ion of the left co l i c  a rtery 
• Mob i l izat ion of the s igmo id  off the pelvic i n let 
• Mob i l izat ion of the descend ing  colon 
• Mob i l izat ion of the sp len i c  f lexure 

• Mob i l izat ion of the r ight  co lon 
• Tra nsect ion of the m idd le  co l i c  vesse ls  (suprameso

co l i c  approach) 
• Extracorporea l tra nsect ion a n d  a nastomosis 

Step 1 .  Transection of the Inferior Mesenteric Vein 

• This  is the cr it ica l  " po int  of entry" i n  th i s  operatio n .  

A t  the level o f  the l i gament o f  Tre itz, the IMV is  easy 

to v i sua l i ze  and  is fa r from crit ica l structu res that can 

be i n ju red du r i ng  its  d i ssect ion (no i l i ac  vesse l s  o r  left 
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FIG 3 • Step 1 :  Key a natomy. L igament of Treitz (A). I MV (B). 
Left co l i c  a rtery (C) as it sepa rates from the IMV and  goes 
toward the sp len i c  f lexure of the colon (D). 

• 

u reter nea rby) . Th i s  w i l l  be the on ly  t ime when a true 

v i rg i n  t issue p lane i s  entered . Every step wi l l  setup  the 

fo l l owing ones, ope n i n g  the t issue p l anes seq uenti a l ly. 

The patient i s  p laced on a steep Trende len b u rg posit ion  

with  the l eft s ide up .  Us ing  the r ight ha nd,  move the 

smal l  bowe l i nto the r ight u pper quadrant  (RUQ) and  the 

transverse co lon and  omentum i nto the upper  abdomen .  

If  necessa ry, p l ace a lapa rotomy pad to ho ld  the bowel 

out of the field of v iew especia l ly in obese pat ients. Th i s  

pad can a l so be used to d ry u p  the f ie ld and  to c lean the 

scope t ip  i ntracorporea l ly. M a ke su re that the c i rcu lat ing 

n u rse notes the lapa rotomy pad i n  the abdomen on  the 

wh ite board.  
• Ident ify the cr it ica l  a n atomy: IMV, l i ga ment of Tre itz, a n d  

l eft co l i c  a rtery (FIG 3) .  
• If there a re attachments between the d uoden u m/root of 

mesentery and  the mesoco lon ,  transect them with lapa

roscop ic  scissors. Th is  w i l l  a l l ow for adequate exposu re of  

m i d l i ne structu res. 
• P ick  u p  the  I M V  with the left h a n d .  D i ssect u n d e r  the  

I M V  a n d  i n  f ront  of G erota's fasc ia  w ith  endoscop i c  

sc isso rs, sta rt i ng  at the l eve l  of the  l i g a ment of Treitz 

and p roceed i n g  towa rd the  i nfer ior  mesenter ic a rtery 

( I MA).  The ass ista nt p rovides u pward tract ion  with a 

g rasper. 
• Transect the I MV cepha lad  of the left co l i c  a rtery (wh ich 

moves away from the I MV a n d  towa rd the sp len ic  f lexure 

of the colon) with the 5-mm energy device (FIG 4}, thus  

preservi ng i ntact the left-s ided marg i n a l  a rter ia l  a rcade 

and  m a i nta i n i n g  the b lood supply to the descend ing  

co lon  segment.  

Step 2.  Medial to Lateral Dissection of the 
Descending Mesocolon 

• The s u rgeon 's h a n d  a n d  the  ass i sta nt's g rasper  re

tract the  I M V/Ieft co l i c  ped i c le  at the  cut edge of the 

FIG 4 • Step 1 :  Tra nsect ion of the IMV (A) cepha lad  of the 
left co l i c  a rtery (B). 

• 

desce n d i n g  mesoco lon  u pwards towa rds the  enter io r  

abdom i n a l  wa l l .  H e  o r  she  then  d i ssects the p l a n e  be

tween the  mesoco l o n  a n d  G erota's fasc i a  (rea d i ly i den 

t i f i ed  by the  t rans i t ion  between the  two fat  p l a n es) 

with a 5 -mm energy device (FIG S) .  We l i ke to d i ssect 

th i s  space by gent ly  p u s h i n g  the retroper itoneum down 

with the b l u nt t ip of the  5 -mm energy device .  

D i ssect cau d a l ly u nder  the IMV/Ieft co l i c  a rtery towa rd 

the takeoff of the left co l i c  a rtery off the IMA. D i ssect 

l atera l ly unt i l  you reach the l atera l abdom i n a l  wa l l .  Th is  

wi l l  g reatly fac i l itate step 5 .  D i ssect super ior ly between 

the sp len ic  f lexu re and the ta i l  of the pancreas. This w i l l  

g reatly fac i l itate step 6 .  

FIG S • Step 2 :  Med i a l  to latera l d i ssect ion of the descend ing  
mesoco lon .  The  surgeon is  ho ld i ng  the sp len i c  fl exu re u pward.  
Notice that there i s  a l aparotomy pad on the f ie ld ho ld i ng  
the sma l l  bowe l out  of  the way  and  he lp i ng  provide exce l lent 
exposu re .  The left co l i c  a rtery i s  located i n  the media l  edge 
of the descend ing  mesoco lon  (A). IMA (B). Gerota's fasc ia (C) . 
Descend ing  co lon (D) . 
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FIG 6 • Step 3 :  Cr it ica l a natomy. The l etter T formed between 
the IMA (A) and it's left co l i c  a rtery (B) and SHA (C) term i n a l  
branches.  

Step 3 .  Transection of the Left Colic Artery 

• 

• 

Identify the cr it ica l  a n atomy: The " l etter T" formed 

between the IMA and its left co l i c  and super ior  hemor

rho ida l  a rtery (SHA) term i n a l  branches (FIG 6) .  

Ho ld ing  the SHA u p  with  the left hand ,  d i ssect the p lane  

a long  the pa lpab le  g roove between the SHA and  the left 

i l iac  a rtery us ing  lapa roscop ic  scissors and  a 5-mm energy 

device. P reserve the sym pathetic nerve tru n k  i ntact in the 

retroperitoneum.  Identify the left u reter in front of the 

A 

c 

l eft i l iac  a rtery and  psoas m uscle, and  med i a l  to the go

nadal  vesse l s  before transect i ng  a nyth ing  (FIG 7A) . 
• D i ssect with your t h u m b  and  index f inger  around and  

beh i nd  the IMA (FIG 78) 
• Visua l ize the Jetter "T" formed between the I MA, the 

left co l i c  a rtery, a n d  the SHA (FIG 7A) .  Tra nsect the left 

co l i c  a rtery as it takes off the IMA with the energy device 

(FIG 7C) . The su rgeon ca n now comp lete the d i ssect ion 

of the mesoco lon off the retroperitoneum i n  a super ior  

to i nfer ior  d i rect ion down to the level of the pe lv i c  i n let. 

This w i l l  g reatly fac i l itate steps 4 and 5. 

Step 4. Mobilization of the Sigmoid off the Pelvic Inlet 

• The su rgeon p u l l s  the p roxi m a l  s igmo id  co lon med i a l ly 

with the left hand  and  the assista nt p u l l s  the d i sta l  s ig

moid  co lon med i a l ly with a g rasper (FIG SA) .  Transect 

the latera l s igmo id  co lon  attachments to the pelv ic i n let 

with l aparoscop ic  scissors i n  your right hand .  Stay me

d i a l ly, c lose to the s igmo id  and  mesos igmoid ,  to avo id  

i nj u r i ng  the left u reter (FIG 88) .  You shou ld  rea d i ly enter 

the retroper itonea l  d issect ion p l ane  d i ssected du r i ng  the 

p revious  step .  
• D i ssect cau d a l ly unt i l  reach ing  the left s ide  of the Doug las  

pouch .  

Step 5 .  Mobilization of the Descending Colon 

• Retract the descend ing  co lon med i a l ly with your left 

hand .  Transect the wh ite l i n e  of To ldt up to the sp len i c  

fl exu re us ing  endoscop ic  scissors o r  energy device with 

you r  r ight hand through the left-s ided port. You shou ld  

rea d i ly enter the retroperitonea l  d issect ion p l ane  d is

sected d u r i ng  step 2 .  

8 

FIG 7 • Pane l  A: The " l etter T" d i ssected : IMA 
(A), left co l i c  a rtery (B), SHA (C) . Notice the left 
u reter (D) i n  the retroperitoneum.  Pane l  8: The 
IMA is  now comp letely enc i rc led .  Panel C: Level 
of tra nsect ion of the left co l i c  a rtery (A) as it 
branches off the IMA (B). Notice the l eft u reter 
(C) in the retroperitoneum .  The dotted l i n e  shows 
where the left co l i c  a rtery w i l l  be transected at it's 
o r ig i n  off the I MA. 
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A B 

FIG 8 • Step 4. Pane l  A: Med i a l  tract ion on the s igmo id  exposes its latera l attachments to the pelv ic i n let. Pa ne l  B: After the 
s igmoid mob i l izat ion i s  comp leted, the left u reter i s  v i sua l ized as  it crosses over the l eft i l iac  a rtery. 

Step 6. Mobilization of the Splenic Flexure 

• 

• 

P lace the patient on reverse Trende lenb u rg pos it ion with 

the l eft s ide up to help d i sp lace the sp len i c  f lexure down 

out of the left upper quadra nt .  

With the ass ista nt p u l l i n g  the transverse co lon down

ward with a g rasper, the su rgeon l i fts the stomach up 

with his left hand and transects the gastroco l i c  l i ga ment 

i n  between the stomach and  transverse co lon us ing a 

A 

c 

B 

• 

• 

5-mm energy device through the RUQ port site (FIG 9A) . 

This  a l l ows for entrance i nto the lesser sac and  p rovides 

for a n  exce l lent v iew of the sp len i c  f lexure. 

Transect the gastroco l i c  l i ga ment (from med i a l  to latera l)  

with the 5-mm energy device, stay ing  c lose to the trans

verse co lon and  avo id i ng  the spleen.  Proceed latera l l y  to 

the sp len i c  f lexure.  

Because the d i ssection performed i n  step 2 completely 

separated the sp len ic  f lexu re of the colon from the 

FIG 9 • M o b i l izat ion  of the  sp l en i c  f lexure. Pane l  
A: The pa rt i a l ly transected gastroco l i c  l i g a ment 
i s  v i s i b l e  between the  tra nsverse co lon (A) and 
the stomach (B). Not ice the exce l l ent v iew of the 
lesser  sac l atera l ly toward the sp len ic  f lexure of the 
co lon (C) a n d  the  sp leen  (D). Pane l  B:  The s u rgeon 
i s  " h ug g i n g "  the sp len i c  f lexu re with h i s  hand  and 
" hook i n g "  h i s  i ndex f inger  under  the sp lenoco l i c  
l i g a ment a l lowi ng  for a n  exce l l ent exposu re and 
tra n sect ion  of th i s  l i g a ment with  a n  energy device.  
C: Sp len i c  f lexu re m o b i l izat ion .  The s u rgeon retracts 
the sp len i c  f lexure of the co lon (A) downwards a n d  
med i a l ly, expos i ng  the  attachments o f  the  sp len i c  
f lexure to the sp leen (B) . The p h renoco l i c  (C) and  
sp lenoco l i c  (D) l i g a m ents a re tra nsected i n  a n  
i nfe r io r  t o  super ior, a n d  l atera l t o  med i a l  d i rect ion .  
The gastroco l i c  l i ga ment (E) i s  then transected i n  
a med i a l  to l atera l d i rect ion ,  unt i l  both p l a nes 
of d i ssect ion  meet and the  sp len i c  f lexure i s  fu l l y  
m o b i l ized . 
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retroperitoneum, the surgeon can now s l ide h i s  or her r ight 

hand u nder the sp len ic  f lexure, holding the sp len ic  flexu re 

up with the index f inger "hooked" under the splenoco l i c  

l i gament. This  a l l ows for  an  easy transection of  the sp leno

co l i c  l igament with an  energy device (FIGS 98 and C).  The 

left colon shou ld be now fully mobi l ized to the m id l ine .  

Step 7. Mobilization of the Right Colon 

• Stand ing  at the left s ide of the tab le, the surgeon com

p letes the transect ion of the gastroco l i c  l i gament unt i l  

reach ing  the hepat i c  f lexure of the colon us ing  a 5-mm 

energy device. 
• At th i s  poi nt, the hepatoco l i c  l i gament is rea d i ly v i s ib le .  

• 

S l i de  you r  r ight  i ndex f inger  under  it, ho ld  it u pward, 

and transect it with a 5-m m energy device. 

Proceed i n g  on  a super ior  to i nfe r ior  d i ssect ion ,  t ransect 

to the r ight  wh ite l i n e  of To ldt  with l a pa roscop ic  scis

sors .  F u l ly m o b i l ize the ascend i n g  colon off the retroper

itoneum with the 5 -mm energy device.  Th i s  d i ssect ion  

shou ld  p roceed f rom a l atera l to med ia l  as  we l l  as  from 

a su per ior  to i nfe r ior  d i rect ion .  Stay in front of the d uo

denum,  the head of the pancreas, and Gerota 's fasc i a .  

Step 8.  Transection of  the Middle Colic Vessels 
( Supramesocolic Approach) 

• D i ssect ion and  tra nsect ion of the m idd le  co l i c  vesse ls can 

be one of the most d a u nt ing  maneuvers i n  co lorecta l su r

gery. Trad i t iona l ly, these vesse ls  a re approached i nframe

soco l ica l ly by d i ssect ing  the root of the mesotransverse 

co lon at the i ntersect ion with the root of the mesentery 

where the venous anatomy is extremely va r iab le  a n d  

comp lex. T h e  super ior  mesenteric ve i n  (SMV) and  its 

bra nches, and  the gastroco l i c  venous tru n k  of Hen le  a n d  

its branches, surround the m idd l e  co l i c  vesse l s .  Venous 

tea rs tend to travel d ista l ly to the next major tr i butary. 

I n  terms of the SMV and  the gastroco l i c  t ru n k  of Hen le, 

this next "tr ibuta ry" i s  the porta l ve i n  confl uence, wh ich 

l ies i n  a retroper itonea l  p l ane  for which you do not have 

control at th i s  t ime .  
• I n  order to p revent potent i a l ly devastat i ng  b leed i ng  com

p l icat ions  d u r i ng  the d i ssect ion and tra nsect ion of the 

midd le co l i c  vessels, we have deve loped a supramesoco l i c  

approach t o  these vesse ls .  T h e  hand-assisted tech n i q u e  

g reatly fac i l itates the performance o f  th i s  tech n ique  a n d  

makes it very safe. 
• The super ior  aspect of the transverse mesoco lon is now 

rea d i ly v i s ib le, with the m i d d le co l i c  vesse l s  eas i ly  pa l 

pab le  as they cross the th i rd port ion of the duodenum 

i n  the m idtransverse co lon  (FIG 1 0) .  With  the ass istant 

p u l l i n g  down on the transverse co lon downwa rd with a 

g rasper, the su rgeon " p icks u p "  the m idd le  co l i c  vesse l s  

supramesoco l i ca l l y  with h i s  o r  her  r ight  thumb and  i ndex 

f inger. Us ing  his or  her  left hand, the su rgeon now d is

sects under  the m idd le  co l i c  vesse l s  with the 5-mm en

e rgy device, comp letely enc i rc l i ng  the midd le  co l i c  vesse l s  

with the thumb and  i ndex f inger. With g reat exposure 

and control ,  the surgeon now transects the m idd le  co l i c  

vesse ls w i t h  the 5 - m m  energy device. 

FIG 10 • Supramesoco l i c  transect ion of the m idd le  co l i c  
vesse l s  (MCV) . The  M CV a re rea d i ly v i sua l ized at th i s  po int 
through a supramesoco l i c  approach as they cross over the th i rd 
portion of the d u oden u m .  Th i s  a l l ows for a safe d i ssect ion and  
transect ion w i th  a 5-mm energy device. 

• 

• 

Dur i ng  th i s  approach, the transverse mesoco lon  sepa

rates the SMV and the gastroco l i c  venous trun k  of Hen le  

from the m idd le  co l i c  vesse l s  sh i e l d i ng  them and,  thus, 

g reatly red uc ing  the potenti a l  r i sk of ser ious venous i n 

j u r ies .  It a lso a l l ows fo r  a very h i g h  transect ion of  the  

m idd le  co l i c  vesse l s  a n d, therefore, a g reat lym phat ic  

noda l  capture .  

Pr ior  to the extracorporea l mob i l izat ion, we transect 

the r ight co l i c  vesse ls  i ntracorporea l ly (FIG 1 1 ) .  Ho ld  the 

transverse co lon u p  with the r ight  hand; whi le the as

s i sta nt retracts the r ight  co lon a nter ior ly and  latera l ly, 

FIG 1 1  • Tra nsect ion of the r ight co l i c  vesse ls .  The su rgeon 
i s  ho ld i ng  the transverse co lon (with the r ig ht-s ided vascu l a r  
a rcade a long  i t s  mesenter ic  border) up .  The  solid white line 
shows where to transect the r ight co l i c  vesse l s  (RCV) as they 
branch off the i l eoco l i c  vesse l s  ( ICV). Tra nsected m idd le  co l i c  
vesse l s  (MCV) . 
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expose the r ig ht-s ided vascu l a r  a rcade that connects the 

r ight branches of the midd le co l i c  vesse l s  with the r ight  

co l i c  vesse l s  (the a rch of R io lan ) .  You can now safe ly tran

sect the r ight  co l i c  vesse l s  at i ts  or ig i n  from the i l eoco l i c  

vesse ls .  

Step 9. Extracorporeal Transection and Anastomosis 

• Del iver the transverse co lon  through the ep igastr ic  inc i 

s ion  with  the wound p rotector i n  p l ace to m i n i m ize the 

cha nce of wound i nfect ion and  onco log ic  conta m i nat ion 

of the wound .  Should there be any tens ion,  rei ntroduce 

the co lon  i nto the abdo m i n a l  cavity and  mob i l ize the 

r ight a nd/or left co lon more l aparoscopica l ly. Excessive 

tract ion d u ri ng  th i s  step ca n lead to troub lesome vascu

lar i n ju r ies on  mesenter ic  structu res. 
• Transect the co lon extracorporea l ly proxi m a l  to the 

hepat ic fl exu re a n d  d i sta l to the sp len ic  f lexure with a 

FIG 1 2  • Extracorporea l mob i l izat ion and  transect ion .  The 
spec imen i s  exter ior ized without any tens ion .  The white solid 
lines show where to transect the co lon p roxi ma l  and  d ista l 
to the hepat ic and  sp len i c  f lexu res, respectively. The tattooed 
target in the m idtra nsverse co lon and the vascu l a r  a rcade 
(arch of R io lan) a re read i l y  v i s ib le .  

• 

• 

l i near  60-mm endosta p ler  with tan loads (FIG 1 2) .  The 

transverse co lon spec imen conta in s  the m idd le, r ight, 

and left co l i c  pedic les .  
At th i s  poi nt, we perform a n  extracorporea l ,  anatom i c  

s ide-to-s ide, coloco lon i c  a nastomosis with a 60-m m l i near  

endosta p ler  us ing  a vascu l a r  load (FIG 1 3) .  We avo id  

us ing  the stap led co lon i c  ends  i n  the anastomosis to p re

vent potent ia l  ischemia  at the sta p le  l i nes i ntersect ion .  

The a nastomosis shou ld  be tens ion-free and  have a n  

exce l lent b lood supp ly. W e  do not c lose t h e  anastomotic 

mesenteric gap to p revent potent ia l  damage to its b lood 

supp ly. 

The a nastomos is  is rei ntroduced i nto the abdo m i n a l  

cavity. After cha n g i n g  g loves, a l l  ports a re removed.  

Wounds  a re c losed with a bsorba b le  sutu res a n d  sea led 

off with Dermabond .  We p lace a b i latera l su bcosta l 

nerve b lock with b u p ivaca i ne  for postoperative a n a lge

s i a  pu rposes. 

FIG 13 • Extracorporea l stap led s ide-to-s ide coloco lon i c  
anastomosis .  The a nastomosis i s  tens ion-free a n d  has  exce l lent 
b lood supp ly. 
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PEARLS AND PITFALLS 
Setup • Proper  patient, team,  port, and  i nstrumentat ion setup i s  cr it ica l .  

Operative tech n i q u e  • P o i n t  o f  entry: IMV a t  the l i gament o f  Tre itz. 
• Comp lete every step .  Each step sets u p  the next ones seq uent ia l ly. 
• Vascu l a r  d issect ion to v i sua l ize the letter T of the IMA and  its SHA and  left co l i c  branches; 

identify left u reter pr ior  to left co l i c  transect ion .  
• Supramesoco l ic  approach to  the  m idd le  co l i c  vessels is critica l to  prevent serious venous injuries. 

Pitfa l l :  d i ssect i ng  a nter ior to the 
SHA 

• So lut ion :  Identify " g roove" between left common i l i ac  a rtery and  SHA and  d issect in  
between the two vesse ls .  

Pitfa l l :  tens ion d u ri ng  extract ion of 
the spec imen 

• Rei ntroduce the co lon i nto the abdom i n a l  cavity and  mob i l ize the r ight  and/or left co lon 
further. Tens ion dur ing  the extract ion phase can lead to ser ious  b leed ing  prob lems .  

POSTOPERATIVE CARE 

• Postoperative care is driven by clinical pathways that 
includes the following: 

Pain control: Intravenous acetaminophen for 24 hours 
(start in the operating room) followed by intravenous 
ketorolac for 72 hours (if creatinine is normal ) .  The sub
costal nerve block greatly reduces the need for narcotics. 
Deep vein thrombosis (DVT) prophylaxis with enoxapa
rin starting within 24 hours of surgery 
No additional antibiotics, judicious use of intravenous fluids 
No nasogastric tube. Remove Foley catheter on postop
erative day 1 .  
Early ambulation, diet a d  lib, aggressive pulmonary toilet 
Targeted discharge: postoperative day 3 

OUTCOMES 

• HALS leads to improvements in short-term outcomes, in
cluding less pain, faster recovery, shorter hospital stay, and 
lower incidence of cardiac/pulmonary complications when 
compared to open surgery. 

• When compared to conventional laparoscopy, HALS results 
in higher usage rates of minimally invasive surgery, shorter 
learning curves, lower conversion rates, shorter operative 
times, and shorter hospital stays . 

• For cancer resection, minimally invasive surgery onco
logic outcomes are at least comparable to those of open 
surgery. 

COMPLICATIONS 

• Wound infections and hernias are markedly reduced versus 
open surgery. 

• Anastomotic leak rates should be below 5 % .  
• Ureteral injury: critical to identify the left ureter prior to vas

cular transection 
• DVT: low risk with use of DVT prophylaxis 
• Cardiac and pulmonary complications: significantly reduced 

compared to the open surgery approach 
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DEFINITION 

• Left colectomy for cancer is defined as the resection of the 
left colon in which the extension must correspond to the 
distribution of the lymphovascular drainage of the tumor
compromised segment, having as the result negative borders 
on histopathologic studies, along with in block extirpation 
of the lymphovascular tissue that nurtures that zone of the 
colon with a minimum number of 12 lymph nodes available 
to be evaluated by a histopathologic study. 1 

DIFFERENTIAL DIAGNOSIS 

• Most of patients with left colon tumors must have a cancer 
histologic diagnosis before being taken to surgery. 

• However, there are existing cases in which the biopsies taken 
by colonoscopy do not identify the presence of a neoplasia. 
In these cases, it is recommended to take another biopsy 
set. If a second set is not diagnostic, it is recommended to 
proceed with the colectomy and obtain the pathologic study 
from the surgical specimen. 

• The differential diagnoses for left colon cancer include com
plicated diverticular disease with stenosis, intraluminal foreign 
bodies with an inflammatory reaction, neoplastic invasion from 
adjacent organs (especially ovaries), and colonic endometriosis. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• The patient's medical record must be complete, including a 
detailed description of signs and symptoms; medical history, 
with special attention to the evolution of symptoms; food 
intake and weight changes; and a thorough physical examina
tion, including rectal examination. The abdomen must be care
fully palpated, aimed to search for lumps, carcinomatosis, or 
ascites. The lymphatic nodal basin must be examined as well. 

• Family history of cancer is especially important, including 
two generations, and asking for the presence of colon, 
gastrointestinal, breast, endometrial, and prostate cancer. 
This will allow the identification of possible cases of familiar 
colon cancer. 

• The clinical evaluation must include a subjective global 
assessment of nutritional status to identify the patients who 
may benefit from perioperative nutritional therapy.2 

• The physiologic risk of the patient must be evaluated accord
ing to his or her age, intercurrent diseases, and type of surgery, 
following the institutional preoperative evaluation guidelines. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Carcinoembryonic antigen (CEA):  The baseline preoperative 
result and postsurgical control must be obtained as an assess
ment for complete tumor resection. On the other hand, the ab
solute presurgical value is an independent variable for survival . 1  

• Abdominal computed tomography is the most sensitive and 
specific test for detection of intraabdominal metastases . 1  

• Chest computed tomography is the most sensitive and specific 
test to detect mediastinal and lung metastases. 1  

• Total colonoscopy: Regardless of the primary localization 
of the tumor, every patient should have a complete colonos
copy study whenever possible, because 2% to 9% of the 
patients may have synchronous tumors . 1  The colonic enema 
with double contrast may be used in those patients in whom 
the colonoscopy is not possible. 

• Tumor histologic studies that describe the cell differentiation 
and the extent of the invasion. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The extension and type of procedure must be thoroughly 
discussed with the patient and family. This includes the pos
sibility of a temporary or permanent colostomy. 

• Left colectomy is a major surgery that has potential for post
operative morbidity and mortality. It is desirable to discuss 
with the patient the local statistical rates for morbidity and 
mortality before obtaining the informed consent. 

• There is controversy about the effectiveness and need of 
mechanical preparation of the bowel before the colectomy. J-s 
I personally use a "mild" preparation with 2 days of liquid 
diet and polyethylene laxatives the day before the surgery, 
achieving the evacuation of large fecal residues. I do not 
demand a crystalline wash before the surgery. 

• In the operating room, before initiating the anesthetic act, 
it is desirable to follow a checklist in which every profes
sional involved in the surgical act must participate. This list 
should include at least patient identification, type of surgery, 
type of anesthesia, expected events during the surgery, the 
need for blood components, prophylactic antibiotic, surgical 
devices availability, and potential adverse events and their 
prevention. 

Positioning 

• The surgery is performed with the patient in a supine 
position. The arms should ideally be tucked to the sides, 
allowing freedom of movement for the surgical team. If one 
extended arm is required, it should be placed at an angle of 
90 degrees and the right arm is preferred. 

• If a colo rectal anastomosis with a circular stapler is assumed, 
the patient should be in the lithotomy position. In this case, 
one must ensure that the patient's thighs maintain a hori
zontal plane with the patient's abdomen, for them not to 
interfere with the surgeon's arms ( FIG 1 ) .  The lower extremi
ties' position in the brackets must protect them from neuro
praxias or vascular compressions. 

• The surgical team setup is shown in FIG 2 . 

• The surgical table must allow inclinations in every way, 
which will be necessary to expose regions with difficult 
access, such as the splenic flexure of the colon. 

• The patient must be secured to the surgical table adequately 
to prevent body displacements with position changes of the 
surgical table. 
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0-degree angle 

FIG 1 • Correct position of the patient in the operat ing  ta b le .  
Note the hor izontal  posit ion of the th ighs  to ensure free 
movement of su rgeon's arms and ha nds .  

LAPAROTOMY, REVISION OF PERITONEAL 

CAVITY, AND SURGICAL FIELD 

PREPARATION 

• A med ia l  supra- and  i nfra u m b i l ica l l apa rotomy is per

formed, carry ing the i nc is ion down to the pu b is, which 

wi l l  improve pelvic exposure .  Once the abdom ina l  cavity 

i s  opened, it i s  advisab le  to protect the wound  edges from 

bacter ia l  and cel l u l a r  contam i nat ion by p lac ing an Alexis® 

wound  protector or  s im i l a r  i nstrument (FIG 3A,B) .  
• Fol lowing th i s, one shou ld  exp lore the abdom ina l  cavity, 

emphas iz ing i n  the search for l iver metastases and syn

chronous co lon tumors, especia l ly i n  patients i n  which the 

A 

2nd Assistant 1 st Assistant 

Anesthesiolog ist 

• 

• 

B 

3rd Assistant Surgeon 

FIG 2 • S u rg ica l  tea m setup .  

tota l co lonoscopy was  not poss ib le  due  to an  obstructive 

tumor. 

Next, the sma l l  bowe l is d i sp laced towa rd the r ight  u pper 

quadrant of the abdomen and  conta ined us ing pads 

and  abdom i n a l  ro l l s .  I perso n a l ly p refer not to eviscer

ate the patient because th i s  i nc reases man ipu lat ion of 

the i ntest i nes and  therefore inc reases the poss i b i l ity of 

postoperative i l eus .  I n  order to ach ieve good pelv ic and  

d ista l descend ing  co lon  exposu re, the patient i s  p laced 

in a Trende len b u rg posit ion .  A s l i ght i nc l i nat ion of the 

su rg ica l tab le  toward the r ight can be he lpfu l .  P lacement 

of a Bookwalter retractor fac i l itates operative exposu re.  

The exact location of the left co lon tumor i s  identif ied 

and the extent of co lon i c  and lymphovascu l a r  ped ic le  

resect ion i s  defi ned (FIG 4) .  

F IG  3 • A,B. The  Alexis® retractor has  been  p laced to protect the wound  f rom feca l and  tumora l  
conta m i nat ion .  
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FIG 4 • Leve l s  of co lon and  lym phovascu l a r  ped ic le  resect ion in accordance to tumor  loca l i zatio n .  

IDENTIFICATION OF THE LEFT URETER AND 

START OF LEFT COLON MOBILIZATION 

• The s i g m o i d  co lon  is retracted toward the  r i ght  s i de, 

a n d  the  l atera l per i tonea l  fo ld  is exposed u p  to the  

pe lv i c  r i ng .  
• Peritonea l  sect ion i ng  is i n it iated with the monopo lar  

e lectrocautery i n  a cepha locauda l  d i rect ion .  The loose 

retroperitonea l  t issue is  exposed and it can be sepa

rated with a comb i nat ion of b l u nt and sharp d i ssect ion 

i n  order to identify the gonada l  vessels, the left u reter, 

and  the left common i l iac  a rtery. It is usefu l to know 

that the left u reter is a lways med i a l  to the gonada l  ves

se ls, cross i ng  over the common i l i ac  a rtery pr ior  to its 

bifu rcat ion .  The left u reter i s  ma rked with a vesse l loop, 

FIG 5 • The left u reter, located med i a l  to the gonada l  vesse ls, 
has been identif ied and marked . 

• 

be ing ca refu l of i n c l ud i ng  its accompany ing long itud i n a l  

vascu l a r izat ion (FIG 5) .  

At th i s  po i nt, a n  avasc u l a r  t i ssue p l a n e  located i n  be

tween the  u reter a n d  the  gonada l  vesse l s  i n  the  back  

a n d  the mesentery of the s i gmo id  a n d  desce n d i n g  

co l o n  i n  the front s h o u l d  be searched for. U s i ng  b l u nt 

d i ssect ion ,  it is poss i b l e  to sepa rate these structu res i n  

a cep h a l a d  d i rect ion ,  stayi n g  i n  front o f  G erota's fas

cia, wh i ch  s h o u l d  be preserved i ntact. Meanwh i le,  the 

desce n d i n g  co lon  mesentery i s  e l evated . At the end of 

th i s  maneuver, the desce n d i n g  co lon  mesentery w i l l  be 

ra ised,  conta i n i n g  the i nfe r io r  mesenter ic  a rtery ( IMA) 

a n d  its branches  a n d  the  infer ior  mesenter i c  ve i n  a n d  its 

tr i b utar ies  (FIG 6) .  

F IG  6 • T h e  left co lon  mesentery has  been ra ised.  T h e  retro
per itonea l  structu res a re exposed .  
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LATERAL TO MEDIAL DISSECTION AND 

VASCULAR ISOLATION 

• The s igmoid  and  descend ing  co lon a re retracted latera l ly, 

and  the peritoneum is sect ioned in a vertica l d i rect ion 

from the l i ga ment of Tre itz to the pelv ic i n let, a nter ior 

to the aort ic  a rtery pu lse.  At th i s  t ime, it i s  poss ib le  to 

see a s l i g ht hematoma behind the root of co lon i c  mes

entery, prod uct of the previous ly descr ibed latera l d i ssec

t ion .  Sect ion ing  the loose t issue in the mesentery root 

(under  the super ior  hemorrho ida l  vesse ls) com m u n icates 

the med i a l  and l atera l d i ssect ion p la nes (FIG 7) .  
• Latera l  to the fou rth port ion of the duodenum and  be low 

the i nfer ior  pancreatic border, it is possi b le  to identify 

the i nfer ior  mesenteric ve i n .  The i nfer ior  mesenter ic  ve i n  

i s  t h e n  l i gated and  d iv ided (FIG 8) .  
• On th i s  a natom ic  p la ne, one shou ld  cont i nue  sect ion

i ng  the mesentery i n  a ca uda l  d i rect ion,  rem a i n i n g  1 em 

a head the aorta i n  order to preserve the abdom i n a l  

sym pathetic p l exus (hypogastric tru n k) .  I n  a lmost every 

patient, it is possi b le  to observe the hypogastric trun k  as 

it traverses over the promontory. The hypogastr ic t runk  

d ivides i nto the r ight  and  left hypogastric trun k, wh ich  

FIG 7 • Media l  view of  d issect ion .  The fourth port ion of  
duodenum is  seen i n  the surgeon's left and  the assistant is 
retract ing the left co lon latera l ly. Notice the s l i ght hematoma 
beh ind  the root of the co lon ic  mesentery i n  the r ight, i nd icat ing 
the zone of d i ssect ion under  the super ior hemorrhoida l  vesse ls .  

MOBILIZATION OF THE SPLENIC FLEXURE 

• At th i s  t ime, the o n ly rem a i n i n g  step needed for a fu l l  

mob i l izat ion o f  t h e  left co lon i s  t h e  mob i l izat ion of 

the sp len i c  f lexure. Th is  maneuver can be cha l l eng i ng,  

because the sp len ic  f lexure can have a very deep locat ion 

i n  the left upper  quadrant  of the abdomen.  
• The latera l per itoneum sect ion ing  is conti nued from the 

i n it i a l  inc i s ion i n  a ceph a l ic d i rect ion as  fa r as  poss i b le, 

avo id i ng  excessive tract ion of the sp len i c  f lexure in order 

to prevent sp len ic lacerat ions .  Th i s  d i ssect ion can be 

done with a monopo lar  sca l pe l  or  with a b ipo la r  vesse l 

sea l i n g  device. 

FIG 8 • The i nfe r ior  mesenteric ve i n  has been d i ssected a n d  
i s  ready to be tra nsected .  

can be identif ied i n  the r ight  and  left posterol atera l pe l 

v i s ,  respectively (FIG 9) .  These nerves m ust be preserved 

in order to avo id  a utonomic  dysfunct ion postoperative ly. 
• The IMA, identif ied a few cent imeters above the aort ic 

b ifurcation,  is l i gated and d iv ided.  I n  p roxi ma l  tumors, 

th i s  d iv is ion can be performed at the or ig in  of left co l i c  

a rtery i n  order  to  preserve the I MA, s igmoida l  vessels, and  

super ior hemorrho ida l  a rteries i ntact. Th i s  ensures preser

vat ion of a wel l -vascu la rized s igmoid co lon for the a nas

tomosis, without comprom is ing the oncologica l  extent of 

the lymphadenectomy (FIG 4) .  

F IG  9 • View of  sym pathetic p l exus and  or ig in  of  the left a n d  
r ight hypogastric nerves. 

• 

• 

The f ina l  approach to the sp len ic  f lexure shou ld  be com ple

mented with a nother point of d i ssect ion that i s  i n itiated 

i n  the transverse colon to the left of the m idd le  colic ves

sels .  At th i s  point, the gastroco l i c  l igament is transected, 

enter ing the lesser sac (FIG 1 0) .  The gastroco l i c  l igament is 

then tra nsected from med ia l  to latera l with a monopolar  

sca l pe l  or  with a b ipo lar  vessel-sea l i ng  device, leavi ng the 

g reater omentum attached to the surg ica l  specimen .  

With  a comb ined tract ion of  the transverse and descend

ing  co lon,  it is now eas ier  to expose the sp lenocol ic  l iga

ment, a l lowing for  i t s  transect ion with  a monopo lar  

sca l pel  or  with  a b ipo lar  vessel-sea l i ng  device (FIG 1 1 ) .  The 

left co lon is now fu l ly  mob i l ized a l l  the way to the m i d l i ne.  
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Gastroepiploic vessels 

Lienocolic l igament 

Ligament of the 
splenic flexure 

Standard mobi l ization 

Omentum reflected down 

FIG 10 • The gastroco l i c  l igament wi l l  be transected, start ing to the left side of the midd le col i c  vesse ls 
and proceed ing from medial to latera l and around the splenic flexu re of the colon, unti l the latera l 
d i ssection spleen is reached. 

/Stomach 

/ Pancreas 

Omentum 

Spleen 

FIG 1 1  • A-C. Exposu re of the splenoco l i c  l igament. 
Once the med ia l  and latera l d issection p lanes a re 
con nected, the splenoco l i c  l igament is easi ly v isua l ized 
and i s  now ready to be transected.  (continued) 
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c 
FIG 1 1  • (continued) 

COLON EXTRACTION AND ANASTOMOSIS 

• At t h i s  t i me,  a co lon  seg ment  from the  d i sta l t h i rd of 

the  tra nsverse co lon  d own to the  rectos i g m o i d  j u n c

t ion  cou l d  be taken to the  m i d l i n e  a n d  exte rn a l i zed 

through the  l a pa rotomy i n c i s i on  (F IG 1 2) .  The tra nsec

t ion  po i nts a re chosen based on  the onco log i c  m a rg i ns 

needed,  e n s u r i n g  a n  adequate captu re of the  a p p ro

pr i ate lym p h ovasc u l a r  ped i c le s  (F IG 4) .  I n  th in  pat ie nts, 

i t  i s  poss i b l e  to feel the pu l se  of the m a rg i n a l  a rtery 

nea r  the  po i nts of tra nsect i o n .  I n  m o re o bese pat ie nts, 

o r  if  the pu l se  i s  not p a l p a b l e, the p resence of a n o r

m a l  co lo r  i n  the  co l o n  is a good i n d icator of adeq uate 

perfus ion  on  the  co l o n i c  seg ments to be used for the 

a n a stomos i s .  
• If the extens ion of the resect ion a l lows p reserv ing the 

s igmo id  colon,  a s ide-to-s ide  transverse colon-s igmo id  

a nastomosis w ith  a mecha n ica l  sta p ler  i s  advisa b le  

(FIG 1 3A1,A2) .  If the s igmo id  co lon has  to be inc luded 

i n  the resect ion spec imen,  then an end-to-end co lorecta l 

a nastomosis with c i rcu l a r  sta p ler  v ia a tra nsa n a l  route 

m ust be performed (FIG 1 381,82) .  It i s  cr it ica l that the 

a nastomosis is  tens ion-free; fu l l  mob i l izat ion of the 

sp len i c  flexure ensu res that this i s  possib le .  

FIG 1 2  • The left co lon i s  now fu l l y  mob i l ized and  is 
exter ior ized through  the surg ica l  i nc i s ion .  F u l l  mob i l izat ion 
of the sp lenic flexu re wi l l  ensure a tens ion-free anastomosis .  
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A1 A2 

81 82 

FIG 13 • Anastomos is :  A1 . S ide-to-s ide  sta p led transverse colon-s igmo id  a nastomos is .  A2. Comp let ion of the a nastomos is  
and  resect ion of the left co lon spec imen  with a thoracoabd o m i n a l  (TA) sta p le r. 81 . E nd-to-end  sta p led co lo recta l a nastomos is .  
82. Comp leted co lo recta l anastomosis  tested under  water. A i r  bubb les i dent if ied d u r i n g  i nsuffl at ion of the anastomosis  i n d i cate 
an anastomotic leak .  

FINAL REVIEW AND CLOSURE OF THE 

PERITONEAL CAVITY 

• Once the  a nastomos i s  is com p l eted, the  s u rg i ca l bed 

m ust be reviewed to ident ify and contro l  sma l l  b l eed i n g  

retroper itonea l  po i nts, w h i c h  a re freq uent .  T h e  vessel 

loop i s  removed from the l eft u reter and the ana sto

m osed colon i s  l eft in the  retroper iton e u m .  The rest 
of the  abdom i n a l  cav ity i s  checked, the s u rg i ca l  pads  

a re cou nted, a n d  the  abdom i n a l  cav ity i s  c losed i n  the 
usua l  way. 
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PEARLS AND PITFALLS 
Patient posit ion  • An i m proper posit ion with  h i p  f lex ion w i l l  make it d iffi cu l t  to maneuver d u ri ng  the whole 

proced u re .  Make su re the patient's th ighs a re comp letely hor izonta l .  

Left u reter identif ication • The left u reter must be identif ied a l l  the way through and not j u st at the entrance to the 
pelv is .  At the a rter ia l  l igat ion poi nt, th i s  organ ca n become med i a l  and  be i nj u red .  M a ke 
su re to identify it du r i ng  the vascu l a r  iso lat ion .  

Sp len i c  f lexure mob i l izat ion • It i s  usua l ly the most cha l l eng i ng  step of this operation .  It m ust be done with pat ience, 
good l i g ht ing ,  and us ing  the d u a l  (med ia l  a n d  l ateral)  approach p revious ly descri bed . 

Tens ion-free a nastomosis • F u l l  mob i l izat ion of the splenic f lexure i s  cr it ica l  for a tens ion-free anastomosis .  
Anastomotic tens ion ca n lead to anastomotic  lea ks. 

POSTOPERATIVE CARE 

• Fluid resuscitation with Ringer's lactate to maintain a uri
nary output of 1 mL/kg!hr without overhydration 

• Pain control with patient-controlled analgesia or epidural 
analgesia 

• Early oral intake and patient mobilization 
• Early removal of bladder catheter 
• Venous thrombosis prophylaxis according to guidelines 
• Routine use of nasogastric tube is not recommended. 
• No postoperative antibiotics are needed. 

OUTCOMES 

• The patient's prognosis depends on the tumor staging, which 
is determined by the histopathologic study of the specimen 
(pTNM).6  

• Many patients will require adjuvant chemotherapy according 
to the tumor stage.7 

COMPLICATIONS 

• Surgical site infection 
• Hematomas 
• Anastomotic leak 
• Peritonitis 

• Prolonged postsurgical ileus 
• Incisional hernia 
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Chapter 1 7  Left Hemicolectomy: 
Laparoscopic Technique 
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Erik Askenasy 

DEFINITION 

• A "left hemicolectomy" can be a nebulous term because 
three colonic segments lie in the left abdomen: the splenic 
flexure, the descending colon, and the sigmoid colon. 
At times, this can lead to consternation during surgical plan
ning or even intraoperatively. Remembering that the loca
tion of the pathology guides the extent of colonic resection 
as well as the associated vascular and regional lymph nodes 
can provide much needed clarity. Additionally, understand
ing the vascular anatomy of the left colon and its common 
variations is essential for a well-vascularized and tension
free anastomosis. 

• The left colon develops embryologically from the hindgut 
and contains three segments: the splenic flexure, the de
scending colon, and the sigmoid colon. The splenic flexure 
is located in the left upper quadrant and is supplied by an
regrade flow from the left branch of the middle colic as well 
as retrograde flow from the left colic artery. Griffith's point 
is typically found in the splenic flexure and refers to the wa
tershed area between these two arteries and represents a cir
culatory communication between the superior and inferior 
mesenteric arteries .  The descending colon lies in between 
the sigmoid colon and the splenic flexure and is supplied 
by the left colic artery. Finally, the sigmoid colon is located 
in the left lower quadrant and is supplied by the sigmoidal 
arteries, branches of the inferior mesenteric artery ( IMA) 
after the takeoff of the left colic artery. In this chapter, we 
will focus on the splenic flexure and the descending colon. 

• A surgeon must be ready for " surprises " when entering the 
abdomen for a lesion in the descending colon, because there 
can be wide variation between the location of the target 

Line of 
proximal 
resection 

Tumors 

�-=i-c-e--- Vascular and 
lymphatic 
dissection 

resection 

lesion as reported during flexible colonoscopy and the actual 
location found during surgery. The exact type and extent 
of resection will be dictated by the lymphovascular pedicles 
associated with the location of the target lesion ( FIG 1 ) .  

• Laparoscopic surgery provides many advantages t o  the 
patient, including the following: 1-4 

Less pain 
Faster return to work 
Quicker return of bowel function 
Shorter hospital stay 

DIFFERENTIAL DIAGNOSIS 

• Common indications for laparoscopic left hemicolectomy 
Cancer of the splenic flexure or descending colon 
Diverticular disease and its sequelae, including colovesicu
lar or colovaginal fistulas 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Most patients with early-stage colon cancer are asymptomatic, 
with lesions found on colonoscopy performed for screening 
purposes or secondary to a positive fecal occult blood test. 

• Late-stage colon cancer can present with abdominal pain, 
unexplained weight loss, melena, iron deficiency anemia, or 
a change in bowel habits. Obstructive symptoms are typi
cally secondary to circumferential tumors . 

• Patients with uncomplicated diverticulitis report episodic 
pain in the left lower quadrant associated with fever, changes 
in bowel habits, and/or bloating. 

• The spectrum of symptomatology for complex diver
ticulitis can be as benign as those for uncomplicated 

Line of 

Tumors 

..!...11- '----- Line of 
distal 
resection 

FIG 1 • Extent of lymphovascu l a r  ped ic le  resect ion based on locat ion of the pr imary tumor. 
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diverticulitis but can progress to localized or even general
ized peritonitis .  

• Patients with neoplastic or  inflammatory erosion into adja
cent organs, such as the bladder or vagina, can present with 
pneumaturia, fecaluria, or fecaloid vaginal discharge. 

• A thorough family history of colon or rectal cancer, polyps, 
and/or other malignancies should be elicited. 

• Physical examination should include the following: 
Abdominal examination, focusing on localized tender
ness, masses, and previous scars 
Digital rectal examination to assess for blood as well as 
sphincter function 

IMAGING AND OTHER DIAGNOSTIC STIJDIES 

• A full colonoscopy is essential. If a lesion is identified and it 
is suspicious for malignancy, the area should be tattooed to 
aid in intraoperative localization. 

• In malignancy, a triple-phase computed tomography ( CT) 
chest/abdomen/pelvis scan is performed to evaluate for 
metastases and locoregional extent of disease as well as to 
delineate the vascular anatomy. A preoperative carcinoem
bryonic antigen level should also be obtained. 

• In diverticulitis, a routine CT abdomen/pelvis scan with oral 
and intravenous ( IV) contrast is obtained. 

Anesthesiologist 

Assistant 

SURGICAL MANAGEMENT 

Preoperative Preparation 

• Although preoperative bowel preparation is controversial, 
we routinely use it, as it makes the bowel easier to handle. 

• Chlorhexidine shower the evening prior to surgery 
• Normothermia maintained with Bair Hugger (36°C to 3 7°C) 

perioperatively 
• Euglycemia maintained perioperatively 
• One gram of Rocephin and 500 mg of Flagyl are adminis

tered within 1 hour of skin incision. 
• Hair clippers are used to clear the field. 
• Chlorhexidine is used for skin preparation; Betadine is used 

for perineal preparation. 
• Preoperative time-out and briefing 

Equipment and Instrumentation 

• One Hasson trochar, one 12-mm port, and two 5-mm ports 
• A 1 0-mm, 45-degree camera (may use 5 mm if quality of 

camera is acceptable) 
• Atraumatic bowel gaspers, laparoscopic endoscissors, and a 

5-mm energy device 

Patient Positioning and Surgical Team Setup 

• For pathology proximal to the mid-descending colon, the 
patient is placed on a supine position. Otherwise, the patient 
is placed on a lithotomy position. 

• Both arms are tucked and padded. Wide silk tape is applied 
over two towels across the patient's chest in an "X" figure to 
secure the patient ( FIG 28) .  

Monitor B 

Surgeon 

Instrument table 

A c 
FIG 2 • A. Patient, ports, a n d  team setup .  B. Wide s i l k  tape is app l ied over two towe ls  across the patient's chest i n  an X f igure to secure 
the patient.  C. The th ighs  a re posit ioned para l le l  with the f loor to m i n i m ize encroachment on the su rgeon's r ight operati ng a rm .  
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• The patient is positioned such that the anus is easily 
accessible. 

• The legs are placed in Allen stirrups, making sure the heel is 
flush against the base. Pressure points are padded posteriorly 
and laterally. 

• The thighs are positioned parallel with the floor to mini
mize encroachment on the surgeon's right operating arm 
( FIG 2C) .  

• Thighs are wrapped with warm blankets t o  minimize heat 
loss during surgery. 

• Draping is performed to allow for easy access to the perineum. 

PORT PLACEMENT AND OPERATIVE 

FIELD SETUP 

• A Hasson trochar  is p l aced at the u m b i l icus .  Th is  serves 

as the camera port as wel l  as  the extract ion s ite. If the 

pathology is  l ocated i n  the d ista l descend ing  co lon,  

a 1 2-mm port is  p laced i n  the r ight  lower quadrant  and 

OPERATIVE STEPS 

• Although  s l i ght adjustments may be necessa ry based on  

the exact locat ion of  the les ion,  lapa roscop ic  surgery for 

les ions in the sp len i c  f lexure or  in the descend ing  co lon  

shou ld  be standard ized to maxi m i ze operative eff ic iency, 

fo l l owing these seq uent ia l  steps: 
• P lacement of the omentum a bove the transverse 

co lon 
• Transect ion of the super ior  mesenter ic  ve i n  (SMV) 
• Tra nsect ion of the left co l i c  a rtery or the IMA 

(depend ing  on  pathology locat ion)  
• Media l  to l atera l d i ssect ion of the descend ing  

mesoco lon  
• Transect ion of the gastroco l i c  l i gament and  en-

trance i nto the l esser sac 
• Transect ion of the wh ite l i n e  of To ldt 
• Mob i l izat ion of the sp len i c  f lexure 
• Extracorporea l resect ion and  a nastomosis 
• Closure of abdom i n a l  wounds 

Step 1 .  Placement of Omentum above the Transverse 

• 

• 

c�� • 

• The patient is p laced i n  a steep Trende lenburg a n d  

rotated t o  the r ight.  Omenta l  attachments t o  the pelv is  

a re taken down with a n  energy device. The omentum i s  

then p l aced over the transverse co lon and  i nto the left 

upper  quadrant  (FIG 3) .  

Step 2.  Transection of the Inferior Mesenteric Vein 

• The i nfer ior  mesenteric ve i n  ( IMV) serves as the gateway 

to the retroperitoneu m .  Enteri ng th i s  p l ane  in the cor

rect location wi l l  fac i l itate the rest of the operatio n .  The 

sma l l  bowe l i s  swept to the r ight  and  the l i ga ment of 

• 

• 

• 

• The surgeon starts at the patient's right lower side with the 
assistant to his or her left. The assistant drives the camera 
while the surgeon uses both working ports ( FIG 2A) .  

• A single monitor i s  needed and located o n  the patient's left 
side, across from the surgeon and at or slightly below eye 
level. 

• All laparoscopic cables should come in from the patient's 
upper left side. All energy devices, Bovie, and suction should 
come in from the patient's upper right side. This setup pre
vents cluttering of the field and facilitates movement of the 
team around the table. 

a 5-mm port i s  p l aced in the r ight m idquadra nt.  If the 

pathology i s  more proxi ma l ,  then the two r ight ab

domina l  ports a re sh ifted cepha lad  a few cent imeters 

(FIG 2A) .  

A 5-m m port can be p laced i n  the left l ower quadrant  to 

a i d  with ta kedown of the wh ite l i n e  of To ldt a n d  with 

the sp len i c  f lexure mob i l izat ion .  

Treitz i s  exposed .  If necessa ry, a Ray-Tee sponge can be 

p l aced i n  to the abdomen through the 1 2-mm port to  

ass ist w ith  exposu re .  

The IMV, located latera l to the l i ga ment of Tre itz, and 

the left co l i c  a rtery a re identif ied (FIG 4A) .  

Sta rt by  p i ck i ng  u p  the IMV just latera l to the l i gament of 

Tre itz and  d issect u nder  it with e ither hot scissors or a n  

energy device. 

Enc i rc le  the IMV and transect it with e ither a stap le r  or  

a n  energy device (FIG 48) .  

Lift u p  on the cut  IMV a n d  beg i n  exposu re of the retro

peritonea l  p lane  (FIG 4C) . 

There is a " ba re a rea"  of mesentery between the left 

co l i c  a rtery and  the m idd le  co l i c  a rtery. Us ing  a n  energy 

device, take this mesentery 1 em from the latera l edge 

of the duodenum as fa r latera l as  it is  safe. Care m ust be 

taken here to avoid a n g l i n g  u p  towa rd the colon and r i sk 

in jur ing the marg i n a l  a rtery (FIG 40) .  
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FIG 4 • A. The I MV, located l atera l to the l i gament of Tre itz, and  
the left co l i c  a rtery a re ident if ied.  B. The  IMV is transected by  the  
l i ga ment of  Tre itz w i th  an  energy device. C. The  transected IMV 
is retracted a nter ior ly and  the retroperitonea l  p l ane  i s  created .  
D. The bare a rea of mesentery between the left co l i c  a rtery and  
the m idd le  co l i c  a rtery d istr ibut ion .  Ca re must be taken to avo id  
in jur ing  the marg i n a l  a rtery. I n  sp len i c  fl exu re les ion cases, the 
left co l i c  i s  transected at its  ori g i n  from the IMA (dotted line). 

Step 3. Transection of the Left Colic Artery or the 
Inferior Mesenteric Artery 

• Proceed i ng  with the d issect ion cauda l ly, the left co l i c  a r

tery can be rea d i ly identif ied branch ing  off the IMA.  For 

sp len ic f lexure les ions, tra nsect ion of the left co l i c  a rtery 

at its or ig i n  of the IMA us ing  a n  energy device or sta p ler  

provides a n  adequate lym phovascu l a r  ped ic le  (FIGS 4D 

and  SA) .  
• 

• 

• 

Les ions  l ocated in descend ing  colon freq uent ly req u i re 

i nc lus ion  of the s igmo id  in the spec imen,  necessitat

ing a h i g h  IMA tra nsect ion to perform an adequate 

lymphadenectomy. 

I n  these patients, the mesodescend ing  co lon is d i ssected 

ca uda l ly u nt i l  the left co l i c  a rtery i s  appreciated and the 

retroper itoneal  p lane i s  created . 

The g roove in between the super ior  hemorrho ida l  a rtery 

(SHA) and  the l eft i l iac  a rtery is identif ied . The su rgeon 

e levates the SHA and  i nc ises the per itoneum u nder  it 

using hot scissors o r  a n  energy device. 

• 

• 

The avascu l a r  retroperitonea l  p l ane  is swept down 

b l u nt ly and the left u reter and gonada l  vesse l s  a re iden

t i f ied a n d  pushed poster ior ly i nto the retroperitoneu m .  

T h i s  retroperitonea l  d issect ion p l a n e  i s  carr ied i n  a ceph

alad d i rect ion u nt i l  a l l  that rema in s  between the super ior  

and  i nfer ior  d i ssect ions  is  the I MA.  

L ift ing  u p  on the IMA a n d  i ts  term i n a l  branches, the SHA 

a n d  the left co l i c  a rtery w i l l  form what  appears to be  

a letter "T" (FIG SA) .  The IMA is then transected at its 

o r ig i n  off the aorta with a vascu l a r  load stap le r  (FIG 58) .  

Step 4. Medial t o  Lateral Dissection o f  the Descending 
Mesocolon 

• The retroperitonea l  p la ne, d issect ion of which was 

i n it iated du r i ng  the IMV tra nsect ion step, i s  now eas

i ly access ib le .  The su rgeon comp letes d issect ion of th i s  

space, avascu l a r  p l ane, l ocated between Gerota's fas

cia poster ior ly and the descend ing  mesoco lon  a nter i

or ly, by ho ld i ng  the mesoco lon  u p  with a g rasper wh i l e  
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A B 

FIG 5 • A. The " l etter T. " The IMA and  its term i n a l  branches, the SHA and  the left co l i c  a rtery, form what looks l i ke a letter T. 
B. H i g h  IMA transect ion with l i near  vascu l a r  load sta p ler. 

• 

push i ng  the retroperitoneum down b l u nt ly with an en

ergy dev ice (FIG 6) .  If needed,  a n  add it iona l  5-mm port 

is p laced in the r ight  u pper quad rant  for the ass istant to 

he lp  retract the mesoco lon anter ior ly. 
The retroperitonea l p lane is continued unt i l  the abdomina l  

wa l l  is reached latera l ly and unt i l  the sp len ic  flexure reached 

superiorly. The inferior extent of the retroperitoneal d issec

tion depends on the location of the pathology. For lesions at 

the splenic f lexure where the IMA has been left i ntact, the 

retroperitoneal d issection cont inues d i sta l ly unt i l  fu rther 

d issection is proh ib ited by the IMA. For lesions at the d ista l 

descending colon, where the IMA has been transected, the 

d issection continues unti l the pelvic i n let is reached. 

Step 5. Transection of the Gastrocolic Ligament and 
Entrance to the Lesser Sac 

• The tra nsverse co lon is retracted downward and  the 

stomach i s  retracted super ior ly, expos ing  the gastroco l i c  

l igament.  The gastroco l i c  l igament i s  then transected me

d i a l ly with a n  energy device unti l  the lesser sac i s  entered . 
• Tra nsect ion of the gastroco l i c  l i ga ment then p roceeds 

a long  the d i sta l  transverse colon u nt i l the sp len i c  fl exu re 

i s  reached (FIG 6) .  Ca re m ust be taken to avo id  i nadver

tent i n ju ry to the co lon .  

FIG 6 • Completion of  the  med ia l  to latera l d i ssect ion .  
The d i ssect ion proceeds i n  the p lane located between the 
descend ing  mesoco lon a nterior ly and  Gerota 's fasc ia poster ior ly. 

Step 6. Transection of the White Line of Toldt 

• The descend ing  co lon  is now o n ly attached to the latera l 

abdom i n a l  wa l l  by the l atera l per itonea l  attachments 

(the  wh ite l i ne of To ldt) .  Med ia l  retract ion of the de

scend ing  co lon a l l ows for good exposure of these latera l 

peritonea l  attachments. 
• Stand ing  on the r ight  s ide of the tab le, the surgeon then 

ta kes down the wh ite l ine  of To ldt us ing  hot scissors. 
• Alternatively, the su rgeon can move in between the 

patient's legs, p lace a 5-mm port i n  the left l ower quad

rant, and  transect the wh ite l i n e  of  To ldt movi ng u p  the 

l eft g utter, u nt i l  reach i n g  the sp len ic  f lexure of  the co lon .  

Step 7. Splenic Flexure Mobilization 

• The sp len i c  f lexure is now encountered . The patient is  

p l aced on  a reverse Trende len b u rg posit ion, he lp i ng  

br ing  the sp len i c  f lexure i nto view. 
• The surgeon and  the ass istant retract the sp len i c  fl exu re 

i nfer ior ly and med ia l ly, expos ing  the sp lenoco l i c  a n d  

ph renoco l i c  l i ga ments. These l i ga ments a re t h e n  tran

sected with a 5-mm energy device (FIG 7) .  

• The sp len i c  f lexure and  descend ing  co lon a re now com

p letely free of any attachments and fu l ly mob i l ized.  

Step 8 .  Extracorporeal Resection and Anastomosis 

• The pneumoperitoneum is evacuated and  a 4- to 5-cm 

m i d l i n e  inc i s ion i s  made, center ing  on  the H asson trochar  

s i te  at the leve l  of the u m b i l icus .  
• A sma l l  A lexis retractor is p laced to protect the wou n d  

from i nfect ion a n d  onco log ic  conta m i n at ion .  T h e  c o l o n  i s  

de l ivered i nto the operat ing  f ie ld  (FIG SA) .  There shou ld  

be no tens ion a long  mesenteric structu res dur ing the de-

• 

• 

l i very of the spec imen .  

The  mesentery of the p roxim a l  and  d ista l co lon  seg ment 

i s  taken i n  between c l amps to the co lon i c  wa l l .  To en

su re a wel l -vascu l a r ized anastomosis, the c l amp is  b riefly 

taken off the m a rg i n a l  a rtery on the p roxim a l  co lon  s ide 

to ensure pu lsat i l e  flow. 

The p roxi m a l  a n d  d ista l  m a rg i n s  are c i rcu mferent i a l ly 

c leared of excess fat and  Kocher c l amps a re p l aced on  

the p roxim a l  and  d i sta l marg ins  of  the resect ion .  

1053 
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• A no .  1 0  b lade sca lpe l  is used to transect the p roxim a l  

and  d ista l c o l o n  and  the spec imen i s  passed off the fie l d .  
• Two A l l i s  c l amps a re used to ho ld  the prox ima l  and  d is

ta l co lon i c  seg ments up. Us ing  an Asepto and a poole 

sucker, the open co lon ends  a re i r r igated, suct ioned, and 

c leaned of debr is .  
• The anastomosis is fash ioned i n  a s i ng le  layer with a run

n i n g  doub le  a rmed 4-0  Maxon sutu re and p laced back 

i nto the abdomen (FIG 88} .  
• Once the a nastomosis is de l ivered back i nto the abdomi 

na l  cavity, the A lex i s  retractor i s  twisted and  t ied with 

u m b i l ica l  tape around the Hasson port and the abdomen 

is  re insuffl ated to in spect the a nastomosis (FIG 8C) .  
• The omentum is p laced over the anastomosis .  C losure of 

the mesenteric defect is not rout ine ly  performed.  
• The 1 2-mm r ight lower quadrant port is c losed with an  

i n let c losure device, the 5-mm ports are taken out u nder  

d i rect visu a l i zat ion,  a n d  the abdomen is  de insuffl ated . 

Step 9. Closure of Abdominal Wounds 

• Gown a n d  g l oves a re changed in an effort to prevent 

wou n d  i nfect ions .  
• Four  c lean towels a re used to square off the surg ica l  f ie ld .  

FIG 7 • Mobi l ization of the sp len ic f lexure. The phrenoco l i c  (C), 
splenocol ic (D), and gastroco l i c  (E) l i gaments a re transected. 
A, sp lenic f lexure of the colon; 8, spleen.  

• 

• 
Separate clos ing instruments, suction, and Bovie t ip a re used . 

The abdom i n a l  fascia is c losed with a bsorba b le  suture 

and the skin i s  c losed with sta p les .  

A 

FIG 8 • A. Extracorporea l mob i l izat ion of the co lon .  Notice the tattooed 
target a rea in the sp len i c  fl exu re of the co lon (arrow) .  B. Extracorporea l 
hand-sewn, end-to-end a nastomosis .  C. Once the a nastomosis is de l ivered 
back i nto the abdom ina l  cavity, the Alex is  retractor i s  twisted and t ied with 
u m b i l ica l  tape a round the H asson port and the abdomen i s  re insuffl ated to 
i n spect the a nastomosis .  
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PEARLS AND PITFALLS 
Preoperative imag ing  

Posit ion i ng  

Operative techn ique  

Pitfa l l :  avo id i ng  i nj u ry to the  
marg i n a l  a rtery 

Pitfa l l :  leavi ng retroperitonea l  
structu res attached to the 
co lon i c  mesentery 

Pitfa l l :  f loppy descend ing  o r  
s igmo id  co lon 

Pitfa l l :  leavi ng the peritoneum 
of the latera l abdom i n a l  wa l l  
on t h e  co lon 

POSTOPERATIVE CARE 

• Ca refu l ly review the CT sca n as wel l  as the colonoscopy report to determ ine  whether the 
patient ca n be i n  a sup ine o r  l i thotomy posit ion .  

• Determine  if u retera l stent p lacement w i l l  be necessa ry. 

• Lithotomy posit ion :  Make su re that the legs a re we l l  padded to avo id  i nj u ry to the latera l 
peronea I nerves. 

• The IMV at the l i gament of Treitz i s  the " gateway" to the retroperitoneum.  
• Med ia l  to l atera l d i ssect ion of  the retroper itonea l  p l ane  
• Sweep u reter and  gonada l  vesse ls i nto the retroperitoneum.  
• Ident ify the letter  T before IMA or  left co l i c  a rtery transect ion .  
• Fac i l itate sp len i c  fl exu re takedown by  p lac ing  a 5-mm left l ower quadrant  port and  by 

stand i ng  in between the legs .  
• Make su re to free sp len ic f lexure from a l l  attachments to ensure fu l l  mob i l izat ion of the 

descend ing  co lon;  th i s  wi l l  ensure a tens ion-free anastomosis .  

• Once the IMV has been transected, the mesenter ic ba re a rea trave l s  su per ior ly and  med i a l ly 
a bout 1 em from the l atera l edge of duodenum unt i l  the m idd le  co l i c  is appreciated . Resist 
the temptation to cont inue  toward the co lon wa l l ,  resu lt i ng i n  i n ju ry to the m a rg i n a l  a rtery. 

• A common p itfa l l  is to perform the retroper itonea l  d i ssect ion one layer too deep, thereby 
leavi ng retroperitonea l  structu res (ta i l  of the pancreas, left u reter, and gonada l  vesse ls) 
attached to dorsa l  su rface of the co lon i c  mesentery. This cou l d  lead to ser ious i n ju ry of these 
structu res wh i l e  transect ing  the mesoco lon .  Addit iona l ly, th i s  w i l l  s i gn if icantly l i m it the 
mob i l ity of the co lon,  wh ich may resu l t  i n  a nastomotic tens ion .  

• The l atera l and  sp len i c  attach ments a re left for  l ast. Th is  a l l ows the co lon to be tethered u p  
t o  t h e  abdomina l  wa l l .  If t h i s  co lon sti l l  i s  n o t  cooperative, p lace a 5-m m port i n  t h e  r i ght 
upper  quad rant  for the ass istant to e levate the co lon .  

• Another location where it is  easy to enter the wrong p lane  i s  d u ri ng  takedown of  the latera l 
co lon  attach ments. 

• The correct p l ane  i s  i m med iately adjacent to the colon wa l l ;  stay med i a l ly du r i ng  this phase of 
the d i ssect ion .  

• An enhanced recovery after surgery (ERAS) pathway is used, 

Patient does not need to pass gas or have a bowel move
ment prior to advancing diet. 
Be judicious with intravenous fluid (IVF) .  

which includes the following: 
Deep vein thrombosis (DVT) prophylaxis with Lovenox 
starting in the morning of postoperative day (POD) 1 
No additional antibiotics are required. 
Pain control 

Dilaudid patient-controlled anesthesia (PCA) 
IV Tylenol scheduled q6h (first dose in the operating 
room [OR] ) ;  maximum dose: less than 4 g per day 
IV Toradol scheduled q6h for 5 days if creatinine is 
normal, starting in the morning of POD 1 
IV muscle relaxant (methocarbamol) scheduled q6h for 
3 days 
Discontinue PCA when patient tolerates oral intake well 
(usually late POD 1 or POD 2) and switch to Norco 
rather than Vicodin to decrease amount of acetamino
phen administered. 

Alvimopan (Entereg) is started preoperatively and contin
ued twice a day until return of bowel function. 
Only labs needed are hemoglobin/hematocrit (HIH) and basic 
metabolic panel (BMP) on POD 1 unless clinically indicated. 
Diet 

Patient leaves the OR without a nasogastric tube (NGT) .  
Okay for sips of clear liquids the evening of surgery 
Clear liquids on POD 1 unless bloated 
Advance diet to full liquid or soft diet on POD 2 unless 
bloated 

Encourage early ambulation. 
Foley: remove when patient begins walking, usually PODs 
1 to 2. 
Discharge: may discharge once patient has return of bowel 
function, usually PODs 3 to 4. 

OUTCOMES 

• Laparoscopic surgery leads to improvements in short-term 
outcomes, including a faster recovery, shorter hospital stay, 
and less pain. 

• There is no difference in oncologic outcomes between lapa
roscopic and open surgery. 

COMPLICATIONS 

• Ureter injury: prevented by clear visualization of the retro
peritoneal plane 

• Sexual dysfunction (retrograde ejaculation) prevented by 
careful preservation of hypogastric sympathetic plexus lo
cated at the sacral promontory 

• Wound infection: decreased incidence by careful attention to 
surgical technique 

• DVT: prevented by initiating sequential compression device 
(SCD) therapy prior to anesthetic induction and timely ini
tiation of pharmacologic prophylaxis. 
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Chapter 1 8  Left Hemicolectomy: 
Hand-Assisted Laparoscopic 
Technique 
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Steven A. Lee-Kong Daniel L. Feingold 

DEFINITION 

• Left hemicolectomy is typically defined as resection of the 
splenic flexure of the colon with its mesentery including the 
left colic artery and the left branch of the middle colic artery. 
This operation is most commonly performed for neoplasia 
and is, in general terms, a mirror image of a right colectomy 
whereby the colon is mobilized and the mesentery is dissected 
out and transected, allowing exteriorization of the loop of 
colon. During left colectomy for cancer, the left side of the 
greater omentum is usually resected en bloc with the colon. 
The straight Ia paroscopic approach to splenic flexure lesions 
can be challenging, especially in cases with a large neoplasm, 
colonic obstruction, or difficult splenic flexure ( "extreme" 
flexure) .  In these circumstances, the hand -assisted Ia para
scopic surgery (HALS) approach to left colectomy may prove 
advantageous over a pure laparoscopic approach as it restores 
tactile sensation and improves retraction and exposure. 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• Prior surgical history can influence the approach to left 
colectomy 

Prior colon resection 
May affect remaining colonic blood supply and can 
influence the operative plan regarding what bowel 
segment will be used for the anastomosis 

Extensive intraabdominal surgery 
Extensive or dense adhesions may prohibit a minimally 
invasive approach. 
Prior gastric or bariatric surgery can distort the anatomy 
and make for challenging dissection for left colectomy. 

Abdominoplasty 
May limit intraabdominal domain afforded by the 
pneumoperitoneum 

• Morbid obesity or an abundance of intraabdominal adipose 
tissue may hinder a minimally invasive approach. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Contrast-enhanced cross-sectional imaging of the abdomen 
and pelvis is useful for planning the surgery in terms of accu
rate localization and in determining the site of the hand port. 
Imaging can also alert the surgeon of a potentially difficult 
splenic flexure takedown (extreme flexure, significant colon 
looping, bulky colon neoplasia adjacent to the spleen, etc . ) .  

• Colonoscopy to  evaluate the remaining colon. In  addition, 
it allows to localize the target lesion with tattoos which is 
useful and facilitates a laparoscopic approach. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Colonoscopy and pathology reports and relevant cross
sectional imaging should be reviewed. 

• Intraoperative carbon dioxide (C02 ) colonoscopy should be 
available in the operating room for localization purposes (if 
necessary) as well as for assessment of the anastomosis, if 
needed. 

• Mechanical bowel preparation facilitates intraoperative 
colonoscopy in cases where preoperative localization 
fails . 

• In cases of neoplasia, the operative plan should be to per
form a cancer operation regardless if the colonoscopy biop
sies fail to demonstrate malignancy. 

Positioning 

• For HALS left colectomy, the authors prefer to use padded 
split-leg position with Ace wraps, securing the patient's legs 
to the operating room table ( FIG 1 ) .  This allows the surgeon 
to stand between the patient's legs during the procedure. 
Split-leg positioning may be preferable to stirrups as the legs 
are maintained in a neutral position and pressure-related 
nerve injuries are minimized. 

• The patient should be secured to the operating room 
table with a chest strap, as extreme positioning is often 
necessary. 

• The right arm should be padded and tucked in a neutral 
position. 

FIG 1 • Patient posit ion i ng .  We prefer a sp l it- leg posit ion  to 
a l low the surgeon to operate from between the legs a n d  to 
m i n i m ize potenti a l  leg in ju r ies .  
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ENTERING THE ABDOMEN AND INITIAL 

EXPOSURE 

• A Pfa nnenst ie l  or lower m i d l i n e  inc i s ion is created for 

hand-port p l acement (FIG 2) .  A 5-mm camera port i s  

p l aced i n  the supra u m b i l i ca l  m i d l i ne  and  5-mm work

ing ports a re p laced in the right lower quadrant and left 

l ower quadra nt pos it ions .  
• I n  patients with pr ior  abdom i n a l  su rgery, l aparoscop ic  

access can be created by  cut-down or  Veress need le  

tech n ique  i n  a presumed safe locat ion .  Th i s  a l l ows lapa

roscop ic  eva l uat ion of abdom i n a l  wa l l  ad hes ions, which 

can be lysed pr ior  to creat i ng  the ha nd-port access. 

Alternative ly, ad hes ions can be lysed in an open fash

ion through the hand-port i n c is ion;  the su rgeon's a b i l ity 

5 mm 

5 mm 
• 

T 
5 mm 

• 

Hand-assist port 

FIG 2 • Ports, mon itors, and  team p lacement.  

MESENTERIC DISSECTION, MEDIAL TO 

LATERAL 

• Com mon ly, the s igmoid  and  its mesentery a re mob i l ized 

i n  order to permit extract ion and the creat ion  of a ten

s ion-free a nastomosis .  I n  cases where this deg ree of mo

b i l izat ion i s  not req u i red, these steps may be om itted .  

• 

• 

to perform adhes io lysis in th i s  fash ion  may be l i m ited.  

I n a b i l ity to lyse these ad hes ions ca n jeopard ize the lapa

roscop ic  a pproach .  

The patient i s  p laced i n  steep Trende len b u rg with  the 

ta b le  t i lted r ight  s ide down. 

The g reater omentum is d ra ped over the transverse co lon 

and  l iver. The sma l l  bowe l i s  retracted out of the pelv is  

and toward the r ight  upper  quad rant  of the a bdomen,  

expos ing  the s igmoid and  left co lon  mesentery (FIG 3) .  
• A laparotomy pad p laced i ntraabdo m i n a l ly through 

the hand  port a ides  i n  the retract ion of  the sma l l  

bowe l and  i n  m a i nta i n i n g  exposure .  Th i s  a l so 

fac i l itates c lea n i n g  the scope without hav ing to 

remove the scope from the abdomen .  To reduce 

the chance of a reta ined pad, a hemostat i s  p l aced 

on  the su rgeon's gown, s i gn ify ing that a pad i s  in 

the be l ly. When the pad i s  removed (typ ica l ly j ust 

pr ior  to extract ion), the hemostat i s  removed from 

the gown. If the su rgeon goes to remove his o r  her 

gown with the hemostat sti l l  in p lace, the team is  

a l e rted that there may be a reta ined fore ign  body 

i n  the patient.  
• A 30-deg ree ang led scope is used at the d i scret ion of 

the su rgeon .  Ang led scopes enab le  the su rgeon to look 

over the hor izon (part icu la r ly usefu l  i n  sp len ic  f lexure 

ta kedown) and  i m p roves l aparoscop ic  access to the 

f ie ld  by a l lowing  the scope to be he ld  away from the 

d i ssect ion .  

FIG 3 • Left co lon mesentery. 

l eft h i p .  The s u rgeon uses an energy device through the 

r i ght lower q u a d ra nt port to d i ssect dorsa l to the IMA 

a n d  i ts  su per ior  hemorrho i d a l  term i n a l  branch (FIG 5) .  

The aort ic  b i furcat ion a n d  common  i l i ac  a rter ies a re 

app reciated pr ior  to sta rt i ng  the d i ssect ion .  The per ito

neum beneath the pedic le i s  scored to the level  of the 

sacra l promontory. 
• The s u rgeon sta nds  at the  pat ient's r ight  h i p  and  the as- • Pa lpati ng  the r ight  and  left common i l i ac  a rter ies located 

underneath the mesos igmo id  and over the sacra l prom

ontory or ients the su rgeon (FIG 6) .  

s i sta nt sta nds  at the r i ght shou lder  ho ld ing  the ca mera 

at the u m b i l i cus .  The i nfer ior  mesenter ic a rtery ( IMA) 

ped ic le  is e l evated with the su rgeon's r ight  t h u m b  a n d  • 

i ndex f inger  (FIG 4) a n d  is retracted towa rd the patient's 

Ca re i s  taken to p reserve the hypogastric nerves located 

dorsa l to the super ior  hemorrho ida l  vesse ls .  
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F IG  4 • G rasp ing the IMA ped ic le .  T h e  I MA and  its term i n a l  
branch,  the super ior  hemorrho ida l  a rtery, a re e levated off 
the retroperitoneum with the su rgeon's r ight  thumb and  
i ndex f inger. 

• 

• 

The retromesenteric p lane is deve loped by sweep ing the 

retroperitoneum down (dorsa l ly) and  e levat ing the mes

entery (FIG 6) .  The p lane i s  deve loped latera l ly toward 

the side wa l l , superior ly over Gerota 's fascia and cauda l ly 

toward the presacra l space. As th i s  is a relatively b lood less 

p lane of d i ssect ion, b leed ing i s  usua l ly  caused by in jury to 

the over laying mesentery or  d i ssect ion i nto the f loor of 

the space that is the retroperitoneum.  Recogn iz ing  that 

you a re not i n  the actua l  embryon ic  fus ion plane a l lows 

you to adjust the d i ssect ion and reenter the correct p lane .  

The left u reter and  gonada l  vesse l s  a re identif ied and 

preserved i ntact by sweep ing  these structu res down i nto 

the retroperitoneum (FIG 7) .  

A 

B 

FIG 5 • A,B. Scor ing the peritoneum to enter the 
retromesenteric p lane .  The p lane of d i ssect ion proceeds a long 
the dorsa l aspect of the super ior hemorrho ida l  vessels .  

FIG 6 • Pa l pati ng the r i ght (A) and left (B) common i l iac  as  
wel l  as  the sacra l promontory (C) he lps or ient the su rgeon .  

• With the hand  sup i nated with i n  the retromesenteric 

space, a mesenter ic  window i s  created between the m a i n  

s i g m o i d a l  a rtery and  the left co l i c  a rtery. T h e  takeoff of 

the l eft co l i c  a rtery i s  then d iv ided with the energy de

vice (FIG 8) whi le ensur ing the l eft u reter is  p reserved 

i ntact in the retroperitoneum.  Tu mor loca l izat ion shou ld  

be confirmed (by  i ntraoperative co lonoscopy, if needed) 

pr ior to vessel  l igat ion .  
• Once the left co l i c  a rtery is transected, the retromesen

ter ic space opens u p, a l lowing further  d i ssect ion i n  th is  

p lane latera l ly and  cepha lad .  Th i s  d issect ion i s  carr ied 

a long the plane located between the mesoco lon  a n d  

Gerota's fascia (FIG 9) .  
• The pat ient is then p l aced i n  s l i g ht reverse Trende len 

b u rg pos i t ion  w h i l e  the s u rgeon sta nds  between the 

pat ient's legs a n d  the  ass istant sta nds  at the  pat ient's 

r i ght h i p .  

F I G  7 • Retromesenteric d i ssect ion .  T h e  left u reter (A) a n d  
t h e  left gonada l  vesse ls (B) a re identif ied and  preserved i ntact 
in the retroperitoneum .  
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• 

FIG 8 • Divid i ng  left co l i c  a rtery. 

The ass i stant h o l d s  the  camera  a n d ,  u s i n g  a n  atra u 

mat ic  g rasper  th rough  the  r i g ht-s ided  port, retracts 

the l eft t ra n sverse co lon  cep h a l a d .  The s u rgeon o r i 

ent s  h i mse l f  by p a l pat i ng  the  a o rta a n d  v i su a l i z i n g  the  

l i g a m ent of Tre itz (FIG 1 0) .  The s u rgeon ,  with h i s  l eft 

h a n d  i n  the  abdomen  a n d  the  ene rgy device t h ro u g h  

the  l eft-s ided port, ca refu l ly ente rs the  retrom es

enter i c  p l a n e  med i a l  to the i nfe r io r  mesenter ic  ve i n  

( I MV) b y  i n c i s i n g  t h e  per i to n e u m  l o n g itu d i n a l ly a l o n g  

the  med i a l  aspect o f  the  I M V  (F IG 1 1 ) .  C a r e  i s  taken 

to avo i d  i n j u ry to the  sma l l  bowe l i n  th i s  d i ssectio n .  

./'.A · , . � 
·< ·. · ' 'i �· it ' . 
.... . ·�· ' ' .  ' . Jl . . / 
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• 
FIG 9 • Further retromesenteric d i ssection .  This d i ssection is 
carr ied a long the p lane located between the mesoco lon (A) and 
Gerota's fascia (B). 

SPLENIC FLEXURE MOBILIZATION 

• The patient is p laced i n  a steeper reverse Trende len b u rg 

posit ion; th i s  de l ivers the p lane  of d i ssect ion c loser to the 

hand port. 

FIG 10 • Med ia l  to latera l d issect ion at the I MV. The su rgeon 
or ients h i mself by pa l pati ng  the aorta (A) and  visua l i z i ng  the 
l i ga ment of Treitz (B). 

• 

Ta k i n g  down the  l i g a ment  of Tre itz a n d  open i n g  u p  

the  parad u o d e n a l  recess s h o u l d  be d o n e  with co ld  

l a p a roscop i c  sc i ssors to p reve nt therma l  i nj u ry to the  

sma l l  bowe l .  

The med i a l  t o  latera l d issect ion a t  the I M V  i s  the ceph

a lad extens ion of the med i a l  to latera l p lane that had 

been a l ready d issected at the leve l  of  the IMA.  E levat ing  

the co lon  mesentery off the retroperitoneum a l l ows the 

two retromesenteric spaces to meet. When mob i l iz i ng  

the p lane  at the I MV, ca re shou ld  be taken  not  to enter 

the plane too deeply as  this can i nj u re the u reter o r  go

nadal  bund le .  
• The IMV is then d iv ided with the energy device at the 

cepha lad extent of the d i ssect ion .  
• The retromesenter ic  p l ane  is then further deve loped 

cepha lad  to the i nfer ior edge of the pancreas and  later

a l ly over the k idney to the sp len i c  f lexure. 

FIG 11 • Media l  to l atera l d i ssect ion at the I MV. Care i s  taken 
to avo id  in ju r ing  the left u reter (A) and gonadal  vesse l s  (B). 

colon (FIG 1 2) .  The omentum is  released from the trans

verse colon and the lesser sac is entered at the m id l i ne .  The 

d i ssection proceeds latera l ly, as fa r as poss ib le, expos ing 

the splenoco l i c  l igament (FIG 1 3) .  The splenoco l i c  l iga

ment is then transected with the energy device. 
• The assistant retracts the g reater omentum, and the sur- • I n  cancer resect ions, the omentum adherent to the a rea 

of the cancer is  resected en bloc. Ca re i s  taken to avoid i n 

j u ry to the short gastr ics, stomach,  pancreas, a n d  sp leen .  
geon's left hand app l ies countertract ion to expose the 

b lood less p lane between the omentum and the transverse 
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F IG  1 2  • S p l e n i c  f lexure mob i l izatio n .  T h e  ass ista nt retracts 
the g reater omentum wh i l e  the su rgeon retracts the 
transverse co lon .  

LATERAL TO MEDIAL DISSECTION 

• The descend ing  co lon has  a l ready been mob i l ized d u r

i ng  the med ia l  to l atera l d issect ion of the mesoco lon as  

descr ibed previous ly, and  now the co lon a n d  i s  o n ly teth

ered to the left g utter by the peritonea l  attachments. 

Although  the ass ista nt retracts the colon med i a l ly by 

g rasp ing  an ep ip lo i c  appendage, the su rgeon releases 

the colon from the s idewa l l  using the energy device 

(FIG 14) .  This d issect ion wi l l  im mediately enter the retro

mesenter ic  d issect ion p lane .  Latera l  d i ssect ion i s  cont in

ued super ior ly unt i l  the l esser sac d i ssect ion i s  met and 

the sp len ic  f lexu re i s  fu l ly rel eased . 

DISSECTION OF THE TRANSVERSE COLON 

MESENTERY 

FIG 1 3  • Mob i l izat ion of the sp len i c f lexure: exposu re of the 
sp lenoco l i c  l i ga ment.  Th i s  l igament wi l l  be transected with 
the energy device. 

FIG 14 • Latera l  to med ia l  d issect ion .  

the left transverse mesoco lon  f rom i t s  retroper itonea l  

attachment (FIG 1 5) .  The tra nsverse mesoco lon  i s  then 

transected with the energy device. 
• The su rgeon's sup inated left hand  underneath the mes- • 

entery exposes a c lear  space i n  the transverse mesoco-

The l eft b ranch  of the m i d d l e  co l i c  a rtery i s  d i ssected 

out and d iv ided at the base of the mesentery with the  

energy dev i ce .  The a n atomy of the  m idd le  co l i c  a rtery 

is va r i a b l e  a n d  m o re t h a n  one  branch  may need to be 

ta ken .  The l eft co lon  i s  n ow fu l ly m o b i l i zed (FIG 1 6) .  

l on  a t  t h e  i nfer ior  border o f  t h e  pa ncreas. Open i ng  th i s  

mesenter ic  w indow fac i l itates the d i ssect ion to release 

FIG 15 • D issect ion of the transverse co lon mesentery. The 
transverse co lon mesentery along the i nfer ior  border of the 
pancreas (A) between the sp leen (B) and  the l i ga ment of 
Tre itz (C) i s  exposed .  

FIG 1 6  • Fu l l  mob i l izat ion of  the left co lon i s  ach ieved .  After 
comp lete mob i l izat ion of the left co lon to the m i d l i ne, Gerota's 
fasc ia (A) and the ta i l  of the pancreas (B) can be v isua l ized.  
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ASSESSMENT OF REACH 

• Pr ior  to exter ior izat ion, the left u pper quad rant  is i n 

spected and  hemostas i s  i s  ensured .  Each  site of  mesen-

a re identif ied and the colon is  d iv ided with a l i near sta

p ler  in open fash ion ,  per usua l .  The spec imen i s  or iented 

by a stitch to aide patho log ic  eva l uation and i s  de l ivered 

off the f ie ld .  
ter ic vessel l i gat ion i s  i n spected as wel l .  • Reach is assessed and  no tens ion shou ld  be appreciated . 

If needed, the hand  port can be rep laced and  further  mo

b i l izat ion can be performed.  

• 

• 
The i ntraabdom ina l lapa rotomy pad is extracted .  

T h e  hand  port i s  removed a n d ,  u s i n g  a wound protector, 

the colon is exter ior ized.  Appropr iate leve l s  of tra nsect ion 

ANASTOMOSIS 

• The a nastomosis is created i n  stap led or hand-sewn fash

ion  at the d i scret ion of the su rgeon (FIG 1 7) .  

A 

c 

• 

• 

The a uthors advocate creat i ng  an omenta l ped ic le  lapa

roscop ica l l y  (when poss i b le) and  d rap i ng  th i s  over  the 

a nastomosis .  

The mesenter ic  defect i s  b road and  i s  not typ i ca l ly c losed . 

FIG 1 7  • Creat ing  the coloco lon i c  s ide-to-s ide anastomosis .  
A. A common channe l  is  created i n  s ide-to-s ide fash ion .  B. The 
a nastomos is  i s  comp leted and the spec imen i s  de l ivered.  C. The 
comp leted a nastomosis .  
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PEARLS AND PITFALLS 
I nadequate reach Sp len i c  f lexure not comp letely released or  tra nsverse mesoco lon not freed from i nfer ior  border of 

pancreas. The hepatic f lexu re may need to be released as  we l l .  

I n a b i l ity t o  exter ior ize the Persistent attachments to the retroperitoneum or  omentum need to be taken down.  
co lon 

I n a b i l ity to identify left Retromesenteric d i ssect ion too deep i nto the retroper itoneum or the u reter is a d herent to the 
u reter mesenter ic  side of the d i ssect ion .  F i nd  the u reter at the level of the left co l i c  a rtery i n stead of at the 

IMA.  

Prox ima l  co lon i schemic  Inadequate co l l atera l co lon i c  b lood supp ly  v ia the marg i n a l  a rtery req u i res further resect ion back  to 
after mesenter ic  d iv is ion hea lthy co lon .  

D i ssect ion not p rog ress ing  P lace add it iona l  5-m m work ing port(s) or  convert to open proced u re .  

Poor  access to the sp len ic  P lace pat ient i n  steeper reverse Trende lenburg and  t i l t  the ta b le  left s ide  up .  
flexu re 

Sp len i c  b leed i n g  Use the  l apa rotomy pad to contro l  the  b l eed i n g  w h i l e  the  tea m prepa res a n  energy 
device o r  a bsorba b l e  hem ostat ic  age nts .  Convert to open p roced u re i f  u n a b l e  to ach ieve 
hemostas i s .  

POSTOPERATIVE CARE COMPLICATIONS 

• Remove the bladder catheter the morning after the operation 
to reduce the risk of urinary tract infections. 

• Avoid immediate postoperative nasogastric tubes. 
• Encourage early and progressive ambulation and pulmonary 

toilet. 
• Use pharmacologic and mechanical deep vein thrombosis 

prophylaxis. 
• Advance oral intake as patients tolerate rather than waiting 

for flatus or the first bowel movement. 
• Maximize the use of nonnarcotic medications, when appro

priate (ketorolac, acetaminophen, postprocedure transversus 
abdominis plane blocks) to help reduce narcotic use and 
minimize the incidence and duration of postoperative ileus. 

OUTCOMES 

• Minimally invasive colectomy is associated with shorter 
in-hospital convalescence and less narcotic use compared 
with open surgery. 1 

• For cancer resection, laparoscopic colectomy oncologic 
outcomes are similar to those of open resection.1•2•3 

• Hand-assisted colectomy, as compared with straight lapa
roscopy, shortens operative times without increasing length 
of hospital stay or narcotic use.4 

• Anastomotic dehiscence is a potential complication after any 
bowel anastomosis is created. This can be minimized by en
suring adequate blood supply and eliminating tension across 
the anastomosis. 

• Extraction site wound infections can be minimized by using 
National Surgical Quality Improvement Program (NSQIP) 
approved protocols and wound protectors. 
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DEFINITION 

• A sigmoidectomy is the resection of the sigmoid colon to the 
level of the rectosigmoid junction. The extent of the lymph
adenectomy will be determined by the indication (benign vs. 
malignant disease) .  

• Focal segmental sigmoid resection for benign disease can be 
accomplished by dividing the vessels close to the bowel wall, 
without the need for a high pedicle transection. A complete 
sigmoidectomy (described in this chapter) includes transec
tion of the inferior mesenteric artery (IMA) at its origin and 
resection of the proximal superior rectal artery (SRA) and 
sigmoidal branches. 

DIFFERENTIAL DIAGNOSIS 

• Indications for sigmoidectomy include the following: 
Sigmoid colon polyps and cancer 
Diverticular disease ( i .e . ,  complicated diverticulitis, perfo
ration, fistulae, etc . )  

• Other indications include sigmoid volvulus, ischemic or  in
fectious colitis, and trauma. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Most patients with early-stage colon cancer are asymptom
atic, found on colonoscopy performed for screening pur
poses or secondary to a positive fecal occult blood test. 

• Late-stage colon cancer can present with abdominal pain, 
unexplained weight loss, melena, iron deficiency anemia, or 
a change in bowel habits. Obstructive symptoms are typi
cally secondary to circumferential tumors. 

• Patients with uncomplicated diverticulitis report episodic 
pain in the left lower quadrant associated with fever, changes 
in bowel habits, and/or bloating. 

• The spectrum of symptomatology for complex diverticu
litis can be as benign as those for uncomplicated diver
ticulitis but can progress to localized or even generalized 
peritonitis. 

• Patients with neoplastic or inflammatory erosion into adja
cent organs, such as the bladder or vagina, can present with 
pneumaturia, fecaluria, or fecaloid vaginal discharge. 

• A thorough family history of colon or rectal cancer, polyps, 
and/or other malignancies should be elicited. 

• The physical examination should include the following: 
Focused abdominal exam, including notation of abdomi
nal scars 
Digital rectal exam, focused on assessment of sphincter 
function 
Rigid proctoscopy for all patients with sigmoid polyps or 
cancer reported by endoscopy to be within 20 em from 
the anal verge. This will allow for confirmation of the site 
of the lesion, which oftentimes may not coincide with the 
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endoscopy report. This information may alter the surgical 
and oncologic approach. 
Rigid proctoscopy should not be performed in patients 
presenting with acute diverticulitis or perforation to avoid 
worsening of a microperforation by air insufflation. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Carcinoembryonic antigen (CEA) : The baseline preoperative 
result and postsurgical control must be obtained as an as
sessment for complete tumor resection. On the other hand, 
the absolute presurgical value is an independent variable for 
survivaL 

• Abdominal computed axial tomography is the most sensitive 
and specific test for detection of intraabdominal metastases. 

• Chest computed axial tomography is the most sensitive and 
specific test to detect mediastinal and lung metastases. It is 
also helpful in diverticulitis cases to evaluate for the extent 
of diverticular disease and for the possible presence of peri
diverticular abscess, stricture, and/or fistula. 

• Total colonoscopy: Regardless of the primary localization 
of the tumor, every patient should have a complete colonos
copy study whenever possible, because 2% to 9% of the 
patients may have synchronous tumors. The colonic enema 
with double contrast may be used in those patients in whom 
the colonoscopy is not possible. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The patient should be mechanically bowel prepped the day 
before surgery with the GoLYTELY solution. 

• The nil per os (NPO ) status is then effective after midnight. 
• The necessary radiologic and laboratory examination should 

be verified and reviewed accordingly. 
• Patient should be consented appropriately for the procedure. 
• We typically do not place preoperative stents for patients un

dergoing sigmoid colectomy for resolved diverticulitis.  How
ever, if there is any concern regarding potential difficulty in 
identification of the ureter, stenting should be considered. 

• Appropriate intravenous antibiotic prophylaxis is given on 
induction. 

• Consideration should be given to intravenous steroid sup
plementation if the patient is steroid dependent. 

• Subcutaneous low-molecular-weight heparin is given on 
induction. 

• A preoperative briefing with the entire surgical team is con
ducted. Items discussed include patient identification, type of 
surgery, type of anesthesia, expected events during the sur
gery, the need for blood components, prophylactic antibiotic, 
surgical devices availability, and potential adverse events and 
their prevention. 

-
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PATIENT POSITIONING AND OPERATING • The patient ca n then be c leaned and  d raped .  The d rape 

shou ld  have a cut-out sect ion to a l l ow for  easy access to 

the per i neum without d i s rupt i ng  the ster i l e  f ie ld  of the 

abdomen .  

TEAM SETUP 

• The patient shou ld  be p laced in a sta ndard sup ine  posi-

t ion for i nduct ion of anesthes i a .  • The su rgeon sta nds  to the patient's r ight  s ide, with h i s  

or  her  assistant sta n d i n g  to the patient's left s ide a n d  

with the scrub n u rse stand i ng  t o  the su rgeon's r ight 

s ide .  A second ass ista nt, if ava i l a b le, sta nds  between the 

patient's legs (FIG 2) .  

• Fol lowi ng i nd uction and  secur ing  of the endotracheal  

tube, a Fo ley catheter should be i nserted .  
• The patient is then p laced in a l ow l ithotomy posit ion 

(FIG 1 ) .  Spec ia l  care should be g iven to the posit ion ing  of 

the patient's legs i n  the sti rrup devices; adequate padd i ng  

and symmetrica l position ing  can  m i n i m ize nerve i nj u ry. 
• The a rms shou ld  idea l ly be tucked at the s ides with ap

propr iate pad d i n g  to afford the su rgeons adequate 

space d u ri ng  the procedure and to p revent neurovascu 

l a r  i n ju r ies .  
• O nce the patient has  been posit ioned and  secured to 

the operat ing  ta b le, the rectum shou ld  be i r r igated with 

sa l i n e  so lut ion using a p i ston syri nge to evacuate rem

nant stool  and  bowel p rep  fl u i d .  

F IG  1 • Patient posit i on i ng .  The  patient i s  p laced on a low 
l ithotomy posit ion, with the arms tucked to the side and  
the l egs  secu red on  Ye l lofi n sti rrups. Note that  the th ighs  
a re para l l e l  to the ground to prevent i nterference w ith  the  
movement of  the arms by  the operat ing  tea m .  A l l  p ressu re 
po i nts a re padded to p revent neu rovascu l a r  i n ju r ies .  

LAPAROTOMY, INSPECTION, AND 

SURGICAL FIELD PREPARATION 

• A m i d l i n e  inc i s ion from the u m b i l icus to the pub i s  is usu

a l ly suffic ient to beg i n  the p roced u re .  Addit iona l  access 

can be ga i ned by extend ing  the inc i s ion  cra n i a l ly towa rd 

the x ipho id  process as necessa ry. Ca re shou ld  be taken to 

stay with i n  the m i d l i n e  of the rectus sheath ( l i nea a l ba) 

• 

• 

on open i ng .  

I n  patients with previous abdomina l  surgery, adherent 

bowel can compl icate entry into the peritoneal cavity and 

meticulous d i ssection may be warranted . If poss ib le, it m ight 

be easier to ga in  access i nto the abdomen by going above 

the previous sca r where adhesions may be less tenuous. 

U pon entry i nto the per itonea l  cavity, moist l a pa rotomy 

pads p laced around the wound edges can serve as wou n d  

protectors t o  reduce the l i ke l i hood o f  wou n d  i nfect ion .  

Scrub 
nurse 

1 st assistant 

FIG 2 • Operat ing  team setup .  The su rgeon stands  to the 
patient's r ight  s ide, with h i s  or  her  ass ista nt stand i ng  to 
the patient's l eft s ide and  with the scrub n u rse stand i ng  to 
the su rgeon's r ight  s ide .  A second assista nt, if ava i l a b le, stands  
between the patient's legs .  

• 

• 

• 

• 

A se lf-reta i n i n g  retractor (e .g . ,  a Ba l fo u r  or Bookwalter 

retractor) can then be p l aced for adeq uate exposure .  

A ca refu l a n d  thorough exa m i nat ion of the a bdom i n a l  

cavity i s  cr it ica l .  Ev idence o f  metastatic d i sease or  carc i 

nomatosis must be appreci ated before proceed ing  with 

the proced u re .  If present, these s ign if icantly i m pact both 

management and p rog nos is .  

The co lon should be pa l pated i n  cases i nvolvi ng tumors 

to verify the posit ion of the d i sease and  assess the extent 

of resect ion .  I n  procedu res for d ivert icu l a r  d isease, the 

state of the ent i re colon shou ld  be i nvest igated, as  th i s  

may i m pact the opti ma l  scope of resect ion .  

Fo l lowi ng i nspect ion,  if the dec i s ion  i s  made to proceed, 

the sma l l  bowel shou ld  be eviscerated and packed to the 

right upper  quadrant  us ing  a moist lapa rotomy pad or  a 

moist towel to better fac i l itate exposu re.  
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LATERAL TO MEDIAL MOBILIZATION OF 

THE LEFT COLON AND IDENTIFICATION 

OF THE LEFT URETER 

• Once th i s  has  been conf i rmed,  the  supp ly i ng  vesse l s  

a n d  l ymph bas in s  s h o u l d  then  be ident ifi ed .  S i gmo id  

colectomy usua l ly enta i l s  resect ion  of the  s i gmo id  a r-

tery branches  com i n g  off of the  I M A  a n d  the  left co l i c  

a rtery with the  accompany ing  l y m p h  n o d e s  t h a t  re-

s ide  with i n  that bas i n .  The I M A  or  the l eft co l i c  a rtery 

s h o u l d  be ca refu l l y  i dent if ied a l o n g  with the  path of 

p l a n ned resect ion  a l o n g  the  mesentery; the  extent of 

the  p l a n ned resect ion  a l o n g  the  l ength of the s i gmo id  

wi l l  d i ctate the degree to wh i ch  the  l eft co lon  m ust be  

m o b i l i zed .  
• The patient is p l aced on a Trende lenburg posit ion  with 

the left s ide up to fac i l itate exposu re .  
• Mob i l izat ion of the colon is fac i l itated by retract i ng  the 

s igmoid co lon towa rd the m i d l i ne .  
• Us ing  a comb i nat ion of e lectrocautery and  b l u nt d i ssec-

t ion,  release the l atera l attachments of the s igmo id  and  

descend ing  co lon  by  transect ing  the l i n e  of  To ldt (FIG 3) .  
• D i ssect ion a long  the l i n e  of To ldt shou ld  be l a rge ly b lood-

less, as  this is  a n  avascu l a r  p lane .  The d i ssect ion shou ld  

then be extended both p rox i m a l ly a long the descend ing  

co lon  toward the sp len i c  f lexure a n d  a l so d i sta l ly towa rd 

the rectos igmo id  j u nct ion .  
• The s igmo id  and  descend ing  co lon mesentery is sepa-

rated from the retroperitoneum using a sharp l atera l to 

med i a l  d issect ion approach .  

Caudad 

Left colon mesentery Left colon 

FIG 3 • Latera l to med i a l  mob i l izat ion of the left co lon .  
With the s igmo id  a n d  descend ing  co lon  retracted med i a l ly, 
the wh ite l i n e  of To ldt is transected from the pelv ic i n l et to 
the sp len i c  f lexure.  

• 

• 

A 

B 

At th i s  po i nt, ca re shou ld  be taken to identify the left 

u reter a n d  gonada l  vesse ls  a n d  ensure that they a re kept 

i ntact in the retroperitoneum outside of the f ie ld  of d i s

sect ion (FIG 4A,B) .  In the lower abdomen,  the left u re

ter i s  l ocated med ia l  to the gonada l  vesse l s, c lose to the 

m i d l i ne .  

Identificat ion of the left u reter may be comp l i cated in  

cases of d ivert icu l it i s  where prev ious inf lam mation has  

created extens ive ad hes ions .  I n  such patients, p reopera

tive p l acement of u reter ic  stents may be benefic ia l .  

Caudad 

Left ureter 

FIG 4 • Exposu re of the left u reter. The i l l u strat ion (A) shows 
the v iew of the operative f ie ld from cepha lad  to caudad 
d i rect ion .  The operative p icture (B) shows a caudad to cepha lad 
v iew of the f ie ld .  I n  the lower abdomen,  as the descend ing  and 
s igmoid mesoco lon a re separated f rom the retroperitoneum 
by the latera l to med ia l  d i ssect ion,  the left u reter i s  l ocated 
med ia l  to the gonada l  vesse ls, c lose to the m i d l i ne.  
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MOBILIZATION OF THE SPLENIC FLEXURE • The sp lenod i a p h rag matic and  sp lenoco l i c  l i gaments a re 

transected with a monopo lar  sca l pe l  or with a b ipo la r  
• Ta k i n g  down the  s p l e n i c  f lexu re may be u n n ecessa ry vessel-sea l i n g  device (FIG S). 

on  occas ions  with very red u nd a nt s i g m o i d  but m o re • The fi n a l  a p p roach to the  s p l e n i c  f lexu re s h o u l d  be 
ofte n,  i t  i s  req u i red in order to ach i eve a tens io n-free 

a nastomos i s .  
• Th i s  maneuver can be cha l l eng i ng ,  beca use the sp len i c  

f lexu re can have a very deep locat ion  i n  the l eft u pper  

q u a d ra nt of the  abdomen.  Spec i a l  attent ion shou ld  be 

afforded to th i s  part of the operat ion ,  as  t roub lesome 

b leed i n g  from sp len ic  caps u l a r  i n j u ry can be tr i cky. 

Sp l en i c  b leed i n g  ca n u sua l l y  be add ressed u s i ng  e lectro-

cautery, pack ing ,  o r  topica l hemostat ic  agents. • 
• The latera l per itoneum sect ion ing  is conti nued from the 

i n it i a l  i n c i s ion i n  a cepha l i c  d i rect ion as far as poss i b le, 

avo id i ng  excessive tract ion of the sp len i c  f lexu re i n  order 

to prevent sp len i c  l acerat ions .  

com p lemented with a nother  po int of d i ssect ion  that  

i s  i n it iated i n  the  t ra n sverse co lon  to the  l eft of the  

m idd le  co l i c  vesse l s .  At  t h i s  po i nt, the  gast roco l i c  l i ga 

ment  i s  t ransected, ente r i n g  the  l esser sac .  The gastro

co l i c  l i g a ment  i s  then t ransected from med i a l  to latera l 

(FIG 5) with a m o n o p o l a r  sca l pe l  or with a b i p o l a r  

vesse l-sea l i n g  devi ce, u nt i l the  l atera l p l a n e  o f  d i ssec

t i on  i s  reached .  

F i n a l ly, the  attac h m ents of the  sp len i c  f l exure  to the  

ta i l  of the  p a ncreas a re d iv ided w i th  e l ectroca utery. 

The l eft co lon  is n ow f u l l y  m o b i l ized a l l  the  way to the  

m i d l i n e .  

F I G  5 • Sp len i c  f lexure mob i l ization .  Mob i l izat ion o f  the 
sp len ic  f lexure .  The surgeon retracts the sp len ic  fl exu re of the 
co lon (A) downwa rd and  med ia l ly, expos ing  the attachments 
of the sp len i c  fl exu re to the spleen (B). The phrenoco l i c  
(C) a n d  sp lenoco l i c  (D) l i g aments a re transected i n  a n  i nfer ior  
to super ior  and  latera l to med i a l  d i rect ion .  The gastroco l i c  
l i ga ment (E) i s  then transected i n  a med ia l  to latera l d i rect ion 
u nt i l  both p lanes of  d issect ion meet and  the sp len i c  f lexure i s  
fu l ly mob i l ized.  

INFERIOR MESENTERIC ARTERY 

TRANSECTION 

• With the ass istant's two hands  ho ld ing  the proxi m a l  a n d  

d ista l s i g m o i d  c o l o n  u p, the root o f  the mesos igmo id  

co lon is  c lear ly  v i sua l ized by  the su rgeon f rom the r ight  

s ide  of the tab le .  At  the root of the mesentery, the a rch 

of the super ior  hemorrho ida l  vesse ls  (SHV) can be seen 

and  pa l pated .  
• P l a c i ng  the  i n dex fi nge r  beh i n d  the  S H V  a rch  a l l ows 

the s u rgeon to i nc i se  with e l ectroca utery the r i ght  s u r

face of the  per i to n e u m  j u st u n d e r  the  dorsa l s u rface of 

the  SHV. 
• This  p l ane  of d i ssect ion a long the dorsa l aspect of the 

SHV is  ca rr ied d i sta l ly over the promontory ( lead i ng  i nto 

• 

• 

the p resacra l  space) and  p roxi m a l ly u p  to the or ig i n  of 

the IMA.  The IMA is d i ssected c i rcu mferent i a l ly at its or i 

g in from the aorta .  

At th is  po i nt, the  co lon mesentery i s  d iv ided i n  be

tween the  s i g m o i d  and desce n d i n g  colon with a vesse l 

sea l i n g  devi ce, sta rt i n g  from the  ant i  mesenter i c  border  

a n d  exte n d i n g  towa rd the  or ig in  of the  I MA.  The m a r

g i n a l  a rcade is t ransected a l o n g  t h i s  d i ssect ion  l i n e  

c lose t o  t h e  c o l o n  wa l l  a t  t h e  proposed a n a stomos i s  

leve l .  

The I M A  is  then l i gated between Sa rot c l am ps, i nc i sed, 

and doub ly l i gated with bra ided 2-0 suture (FIG 6A,B) .  

H igh  IMA l igat ion a l l ows for  a n  exce l l ent lym ph  node 

ha rvest. 
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A Inferior mesenteric pedicle 

COLON TRANSECTION 

• Fol l owing  mob i l izat ion of the left co lon,  the s igmoid  

co lon can then be resected . • 
• We prefer to use the G IA  stap le rs with 60-mm b lue  ca r

tr idges (3 . 1  mm)  for the proxi ma l  transect ion .  The p roxi

mal transect ion i s  performed between the s igmo ida l  and  

left co l i c  vesse l d i str ibut ion,  between the s igmoid  and  

descend ing  co lon  seg ments. 
• For the d ista l transection, we typica l ly employ the 90-mm • 

transabdom ina l  (TA) stapler to complete the resect ion.  The 

d ista l transection is performed j ust d ista l to the rectos igmoid 

Rectosigmoid junction 

B 

FIG 6 • A.B. IMA transect ion .  With the assista nt 
ho ld i ng  the s igmo id  co lon  u p, the IMA is  transected 
between c l amps and  w i l l  su bseq uently be l i gated 
with heavy s i l k  sutures. 

junction (FIG 7), which can be identified by the splaying of 
the t inea col i .  The rema in i ng specimen mesenteric attach

ments are transected with a vessel-sea l ing  device. 

For d iverticu l a r  d isease, the extent of the proxi m a l  tra n

sect ion i s  va r iab le, as it depends on  the extent of d iver

t icu l a r  d i sease. The d i sta l tra nsect ion,  however, m ust 

a lways be d i sta l to the rectos igmo id  j u n ct ion to ensure 

that there a re no d ivert icu l a r  e lements d i sta l to the a nas

tomosis .  

Once this  part of the operation has  been successfu l ly 

comp leted, the speci men can be removed from the op

erat ive f ie ld  and  sent to the patho log i st .  

FIG 7 • D i sta l spec imen tra nsect ion .  The d i sta l 
tra nsect ion is performed with a 90-mm TA 
sta p ler  j ust d i sta l to the rectosigmo id  j unct ion,  
wh ich can be identif ied by the sp lay i ng of the 
t i nea co l i .  
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ANASTOMOSIS 

• There a re two options  for restor ing  i ntest i na l  cont i nu ity

hand-sewn versus stap led a nastomosis .  We favor a sta

pled a nastomosis whenever poss ib le .  
• If a part ia l  (subtota l) s igmoidectomy is a l l  that is needed 

(as i s  the case somet i mes i n  d ivert i cu l it is  cases),  then it 

may be feas ib le  to perform a G IA sta p led s ide-to-s ide  

coloco lon i c  a nastomosis  i n  cont igu ity before transect i ng  

the spec imen (FIG SA) .  The a nastomosis i s  then com

p leted (a nd the spec imen transected) w i th  a TA stap ler  

(FIG 88) .  
• More common ly, however, when the ent i re s igmo id  

co lon i s  removed, perform ing  a co lorecta l anastomosis 

i s  best ach ieved by a n  end-to-end  co lorecta l anastomosis 

us ing a n  end-to-end a nastomosis (E EA) sta p l i n g  device 

(FIG 9) .  
• The s ize of the stap ler  se lected shou ld  be d i ctated by the 

ca l i ber  of the co lon and  rectum .  If poss ib le, a 28- to 29-Fr  

s ize i s  des i rab le  to red uce the inc idence of a nastomotic 

str ictu res. 

• 

• 

• 

• 

The per i nea l  su rgeon must then i nspect the "don uts" 

from the stap le r  to ensure cont i n u ity; d i sconti n u ity must 

raise susp ic ion for an inadequate a nastomosis  and  shou ld  

warrant further i nspect ion and  poss ib le  i nterrogat ion of  

the a nastomosis .  We do not  rout ine ly test the a nastomo

s i s, but th i s  may be ach ieved v ia tra nsrecta l i nsti l l at ion of 

methy lene b lue dye and/or a i r  (FIG 1 0) .  

H a nd-sewn a nastomosis i s  less c o m m o n  i n  the modern 

era, but it i s  a sk i l l  that should res ide with i n  the arma

menta r i u m  of every genera l  su rgeon .  

We prefer to perform a doub le- layered c losure sta rt i ng  

w i th  3 -0  Vicryl sutu res fu l l -th ickness th rough  the colon 

and recta l wa l l s  i n  a ru n n i n g  fash ion .  Th is  i s  fol lowed by 

3-0 Vicryl Lembert sutu res through  the serosa of the colon 

and adventit ia of the rectum to buttress the a nastomosis .  

I n  patients with a na rrow pelv is, maneuver ing  may be 

d iffi cu lt .  I nterru pted sutu res shou ld  a lso be used to re in 

force a reas of  potenti a l  leak or  i nadequate a nastomosis 

fo l l owing sta p l i n g .  The main danger wou l d  be overzea l 

ous p lacement of sutu res, lead i ng  to ischemia  at the 

a nastomotic t issue.  
• The a nvi l of the sta p le r  is p laced in descend ing  l i m b/ • 

co lon v ia a co lotomy and  secu red us ing  a pu rse-st r ing  

nona bsorba b le  sutu re, p referab ly a 3 -0  nylon .  

The  ro le  of d ivert ing  colostomy or  i l eostomy has  dec l i ned 

i n  recent years .  These a re rarely performed, except for 

cases where the i nteg rity of the anastomosis i s  i n  q ues

t ion .  This may i nc lude  pat ients with posit ive leak tests on 

ta b le  or  pat ients with risk factors for a nastomotic break

down such as  steroid use o r  severe m a l n utr it ion .  I n  pa

t ients whom a d ivert ing  ostomy i s  deemed prudent, we 

prefer a loop i leostomy owing  to the relat ive ease with 

which these can be reversed later on .  

• One su rgeon then moves to the patient's per i neum a n d  

i nserts the sta p ler  i nto the rectum .  T h e  a n a l  ca na l  shou ld  

be d i g ita l l y  d i lated with  l u br i cated f ingers before i nsert

i ng  the E EA sta p ler. 
• The anv i l  is then approximated with sta p ler  under  the 

gu idance of the abdom i n a l  su rgeon and  i s  then f i red.  

A 

B 

FIG 8 • Anastomos is  after part i a l  (su btota l)  s igmoidectomy. I n  
these cases, it m a y  be feas ib le  t o  pe rform a G IA  stap led s ide-to
s ide coloco lon i c  a nastomosis  in cont igu ity before transect ing  
the specimen (A) . The a nastomos is  i s  then comp leted (a nd the 
spec imen transected) with a TA sta p ler  (B). 
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FIG 9 • Anastomosis after a fu l l  s igmo id  resectio n .  An end-to-end EEA 29-Fr stap led anastomosis is performed . 

CLOSURE 

• Once i ntestina l  cont inu ity has been restored, a f ina l  i nspec

tion of the abdomen is usua l ly  suffic ient before closure. 
• Al l  packs shou ld  be removed and  cou nted and  hemosta

sis shou ld  be comp lete before fasc i a l  c losure .  
• The fascia is best reapproximated us ing a run n i ng, doub le

stranded size 0 po lyd ioxanone (PDS) suture. 

• 

• 

FIG 1 0  • The a nastomos is  is then tested under  water. The 
presence of air bubb les wou l d  i nd icate a n  a nastomotic 
d i s rupt ion,  which necessitates a revis ion  of the a nastomosis .  

The sk in  ca n then be c losed us ing sk in sta ples . 

D ry d ress ings  a re adequate, a l though newer vacu u m  

d ress ings  a re beco m i n g  popu l a r  owing  t o  t h e  preponder

a nce for wound i nfect ions  fo l l owing co lon su rgery. We, 

however, sti l l  use the d ry d ress ing  and  wou n d  i nfect ion 

has not been a problem i n  ou r  practice. 
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PEARLS AND PITFALLS 
Loca l iz i ng  the target les ion • Preoperative co lonoscop ic  tattoo ing  g reatly a ids  in the loca l izat ion of the tumor  i ntraoperative ly. 

• If not ava i l ab le, on-tab le  co lonoscopy may be necessa ry. 

Pat ient posit ion • An i m proper posit ion  with h ip  f lex ion wi l l  make it d iffi cu lt  to maneuver dur ing the whole 
p rocedure .  M a ke su re the patient's th ighs a re para l l e l  to the g round .  

Identif icat ion of  the left • I dentif icat ion of the left u reter is cr it ica l  pr ior  to vascu l a r  transection .  
u reter • In d iffi cu l t  cases, stent ing may he lp  ident ify the u reter. 

• Stents do not decrease u retera l i nj u ry but a i d  i n  the i ntraoperative identif icat ion of the i n ju ry 
when it ha ppens .  

Sp len ic  f lexure mob i l izat ion • May not be necessa ry i n  cases with a very red undant s igmoid  co lon .  
• I n  most case, it i s  requ i red to ensure a tens ion-free a nastomosis .  

Anastomosis • A tens ion-free a nastomosis  i s  the most cr it ica l  e lement to p revent a n  a nastomotic leak. 
• It i s  a l so paramount to p reserve the p roxi ma l  co lon i c  b lood supp ly i ntact (the m a rg i n a l  a rtery of 

Drummond) in order to have a hea lthy a nastomosis .  

POSTOPERATIVE CARE 

• The Foley catheter is left in situ for 24 hours to assess fluid 
status and also because of the increase likelihood of urinary 
retention following surgery in the pelvis. 

• A nasogastric tube is not routinely employed.  
• The patient should be monitored closely until fully awake 

and stable. 
• Clear fluids can be started on the evening of surgery. 
• Early ambulation is essential. 
• Pain control with patient-controlled analgesia or epidural 

analgesia is required. 
• Antibiotics should be discontinued within 24 hours as per 

protocol. 
• Pharmacologic venous thrombosis prophylaxis is instituted 

according to guidelines. 

OUTCOMES 

• The patient's prognosis depends on the tumor staging, which 
is determined by the histopathologic study of the specimen 
(pTNM) .  

• Many patients will require adjuvant chemotherapy accord
ing to the tumor stage. 

COMPLICATIONS 

• Wound infections 
• Incisional hernias 
• Urinary/sexual dysfunction: important to preserve hypogas

tric nerves and parasympathetic ganglia intact 
• Ureteral injury: critical to identify the left ureter prior to 

IMA transection 

• Anastomosis leak: It is critical to construct a well-vascularized, 
tension-free anastomosis. 

• Deep vein thrombosis (DVT) :  lower risk with use of adequate 
DVT prophylaxis 

• Cardiac and pulmonary complications 
• Pelvic abscess: reduced incidence with placement of an 

omental pedicle flap in the pelvis 
• Perineal wound breakdown is a notorious problem, espe

cially in high-risk patients . 
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Chapter 2 0  Sigmoid Colectomy: 
Laparoscopic Technique 
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I 

t Arden M. Morris I 

DEFINITION 

• Laparoscopic sigmoid colectomy is a laparoscopic procedure 
that involves complete or partial removal of the sigmoid 
colon most often with a primary anastomosis, which can be 
performed intra- or extracorporeally. 

DIFFERENTIAL DIAGNOSIS 

• Laparoscopic sigmoid colectomy is most often performed 
to treat colon cancer or diverticulitis but may also be per
formed to treat a benign neoplasm, which cannot be resected 
endoscopically, Crohn's or other fistulizing disease, intussus
ception, sigmoid volvulus, or other obstructive, inflamma
tory, or infectious conditions. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A complete history should be tailored to the patient's pri
mary diagnosis and should include a description of consti
tutional symptoms (nausea/vomiting, anorexia, weight loss 
or gain, fever, diaphoresis, fatigue) ,  pain (site, quality, tim
ing, inciting and relieving factors) ,  dietary and bowel habits 
(constipation, diarrhea, frequency, continence, obstructive 
symptoms, bleeding) ,  urinary habits, and sexual function. 

• Physical exam includes a description of the presence and 
quality of distension, tenderness, guarding (voluntary or 
involuntary) ,  rebound, and organomegaly. It is important 
to check carefully for evidence of a mass. For the sigmoid 
colon, this should be specifically checked by using one hand 
to elevate the left flank and the other hand to palpate the 
left lower quadrant between the iliac spine and the infra
umbilical midline abdomen. The presence of involuntary 
guarding during this maneuver may indicate inflammation 
of the sigmoid colon consistent with acute or smoldering 
diverticulitis .  

• A digital rectal exam must be performed preoperatively. 
The exam should include digital palpation of the coccyx, 
ischial tuberosities, and levators. The exam should include 

FIG 1 • Axia l  CT sca n of the pelv is with d ivert ic u l it i s  and  
extra l um ina l  gas  (arrows) . 
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an assessment of sensation ( anal wink) ,  anal sphincter tone, 
and voluntary contraction (normal vs. diminished squeeze 
and normal relaxation vs. paradoxical puborectalis contrac
tion with bearing down) .  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• There are many options for preoperative diagnostic imaging. 
For suspected diverticulitis and/or other inflammatory or 
fistulizing disease, abdominaVpelvis computed tomography 
(CT) is the most effective means for diagnosis and operative 
planning. In addition, CT documentation of the presence of 
diverticulitis is particularly important in the event that the 
patient's symptoms do not abate postoperatively. 

• For neoplastic disease, chest/abdomen/pelvis CT should be 
performed to identify possible metastases to identify the ex
tent of the tumor if possible. 

• Although CT with oral and rectal contrast is useful for both 
intra- and extraluminal assessment ( FIG 1 ) ,  a fluoroscopic 
examination with barium or water-soluble contrast enema is 
also useful to assess the bowel lumen especially if colonos
copy cannot be performed (FIG 2 ) .  

• I n  the case o f  rectal prolapse, defecography exam preopera
tively can provide additional information about the extent 
of sigmoid colon intussusception and the presence of an en
terocele or rectocele ( FIG 3 ) .  

• Full colonoscopy should be performed preoperatively t o  as
sess the proximal colon and to tattoo the colon proximally 
and distally to neoplastic lesions ( FIG 4) .  

FIG 2 • Water-so l ub l e  contrast enema d i sp lay ing  a s igmo id  
volvu l u s  (block arrow) . Notice the "omega loop" config u rat ion 
of the s igmoid volvu l u s  po int ing to the r ight upper  quadra nt of 
the abdomen and  the " b i rd 's bea k "  na rrowing at the entrance of 
the pelv is (dashed arrow). 

-
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A 

Rectum 

c 

FIG 4 • Colonoscopy with subm ucosa l i nject ion of I nd i a  i n k  
(arrows) t o  m a r k  t h e  a rea o f  concern p r i o r  to operat ion .  The 
co lon is  i njected i n  th ree separate locat ions  d ista l to the target 
les ion i n  order to maxim ize i ntraoperative loca l izat ion of the 
target les ion .  

F IG 3 • A-C. Defecography d isplaying redundant 
s igmoid progressively i ntussuscepti ng i nto the rectum 
(block arrows) and thereby caus ing obstructed 
defecat ion.  

SURGICAL MANAGEMENT 

Preoperative Planning 

• Although the use of a full mechanical bowel preparation 
continues to be debated, at a minimum the sigmoid and 
rectum should be cleansed of stool using enemas the night 
before and morning of surgery in order to drive an anas
tomotic stapler through the rectum for reattachment. If a 
complete mechanical bowel preparation is undertaken, oral 
antibiotics should be included. 

• Although use of laparoscopy has reduced risk of wound in
fections among patients undergoing colon surgery, risk of 
deep-space organ infections remains . Broad-spectrum intra
venous antibiotics should be given within 30 minutes prior 
to the abdominal incision. Intraoperatively, antibiotic redos
ing should be discussed by the surgeon and anesthesiologist 
for any operation that lasts 4 hours or longer. 
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• Risk of deep venous thrombosis is increased among patients 
with a diagnosis or cancer or inflammatory bowel disease, 
patients who undergo abdominal or pelvic surgery, and 
those who have prolonged operations. Patients who un
dergo laparoscopic sigmoid colectomy fulfill several of these 
criteria and therefore are at substantially increased risk of 
venous thrombosis. To reduce this risk, sequential compres
sion devices should be applied to bilateral lower extremi
ties and initiated preinduction, when they are most effective 
at countering the effects of periinduction venous pooling. 
After induction, 5,000 units of heparin should be delivered 
subcutaneously. 

Patient Positioning 

• After endotracheal general anesthesia has been induced, the 
patient is placed in a split-leg or dorsal lithotomy position 
and secured in a beanbag, with careful attention to padding 
the extremities, tucking the right arm at the side, and lower
ing the thighs to be parallel to the floor if possible. If the hips 
are flexed, the thighs are higher than the abdomen and can 
hinder the laparoscopic dissection ( FIG S) .  

F I G  S • Patient pos1t 1 on i ng .  T h e  patient i s  p laced on  a low 
l i thotomy position with the legs on  Ye l lofi n st i rrups .  The th ighs  
a re posit ioned para l l e l  to the g round  to avo id  confl i ct w i th  the  
su rgeon's arms .  The patient i s  p l aced on a bea nbag with  both 
arms tucked and taped to the tab le over a towel .  All pressure 
poi nts a re padded to p revent neu rovascu l a r  in ju r ies .  

• An orogastric tube is placed to decompress the stomach. 

• Tape the patient across the chest over a towel to secure him 
or her to the operating room (OR) table. 

• A urinary catheter is placed to decompress the bladder and 
assist with monitoring urine output during the operation. 
If the normal anatomic location of the left ureter has been 
compromised by previous surgery or by an inflammatory 
condition such as diverticulitis, which can shorten the mes
entery and pull the ureter medially, then placement of a ure
teral stent or a lighted ureteral stent should be considered. 

• If the mechanical bowel preparation or preoperative enemas 
are inadequate, the surgeon should perform a rigid sigmoid
oscopy to clear the rectum of stool after endotracheal gen
eral anesthesia has been induced. 

• Most hospitals in the United States now require a robust 
time-out that includes a verbal statement of the patient's 
identification, diagnosis, medications and allergies, the 
planned procedure, and positioning, as well as the names 
and roles of the operating team and a list of necessary equip
ment and potential problems. 

PORT PLACEMENT AND OPERATING 

TEAM SETUP 

• The su rgeon sta nds  to the patient's r ight  s ide, with the 

scrub n u rse next to h im or  her. The assista nt stands  to 

the left s ide of the ta b le  (FIG 6) .  Two mon itors, fac ing  

the su rgeon and  the ass istant, a re used.  
• A 1 2-mm u m b i l ica l  inc i s ion is created sharp ly and  ex

tended to the level of the fascia .  The fascia i s  e l evated 

with 2-0 Vicry l  tack ing  sutu res and then opened sharp ly. 

The H asson port is then p laced with i n  the peritonea l  cav

ity and tack ing  sutures a re p u l led up and c l amped.  Th is  

wi l l  be used as the ca mera port .  
• I nsuff lat ion with carbon d ioxide (C02) at h i g h  f low is  

i n it iated to a n  appropriate pressu re of approximately 

14 m m H g .  
• After i nspect ion of the abdom i n a l  cavity with the 

lapa roscope, th ree add it iona l  5-mm work ing ports a re 

p l aced under  v isua l i zat ion i n  the r ight  upper, r ight lower, 

and  left lower quadra nts of the abdomen (FIG 7) .  

FIG 6 • Operat ing  team setup .  The su rgeon stands  to the 
patient's r ight  s ide, with the scrub  n u rse next to h im or  her. 
The ass istant stands  to the left s ide of the ta b le .  Two mon itors, 
fac ing  the su rgeon and  the ass ista nt, a re used.  

Anesthesiologist 
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FIG 7 • Port p l acement.  A 1 2-mm camera port is i nserted 
supra u m b i l i ca l ly us ing  a Hasson tech n iq ue.  After i nsuff lat ion 
of the pneumoper itoneum,  th ree add it iona l  5-mm work ing  
ports a re p laced under  v i sua l izat ion i n  the r ight u pper, r i ght  
lower, and  left lower quadra nts of the a bdomen .  

INFERIOR MESENTERIC ARTERY 

TRANSECTION 

• The s igmo id  co lon is i n spected and,  if necessa ry, adhe

s ions  are lysed .  The omentum a n d  sma l l  i ntest ine  a re re

tracted i nto the r i ght u pper quad rant  and  the operati ng  

tab le  i s  rotated i nto Trende lenburg a n d  r i ght  s ide  down 

pos it ions as needed for bowe l retract ion .  
• The s igmo id  co lon is g rasped b roa d ly with a bowel 

g rasper and e levated towa rd the a nter ior a bdom i n a l  

wa l l  to expose the sacra l promontory and  the med i a l  

peritonea l  fo ld  (FIG 8) .  T h e  per itoneum is  i nc ised be low 

(dorsa l)  the i nfer ior  mesenter ic  a rtery (I MA) and  its ter

m i n a l  branch,  the super ior  hemorrho ida l  a rtery (SHA). 
• The d i ssect ion is conti n ued from med ia l  to l atera l ,  beg i n 

n i ng  the separat ion of  the mesoco lon and  the retroper i 

toneum,  expos ing  the left u reter and  gonadal  vesse ls, 

wh ich a re identif ied and  preserved i ntact i n  the retro

peritoneum (FIG 9) .  
• 

• 

• 

The IMA is d i ssected c i rcumferenti a l ly. L ift ing  up on the 

IMA a n d  its  term ina l  branches, the SHA and  the left co l i c  

a rtery, wi l l  fo rm what  appears to be a letter "T"  (FIG 1 0) .  

The IMA is  then transected at i t s  o r ig i n  off the aorta with 

a vascu l a r  load sta p ler  (FIG 1 1 ) or  a n  energy device. 

The mesentery of the colon i s  then transected with an 

energy device, from the IMA stu m p  up to the colon wa l l ,  

at the level of the p l an ned p roxi m a l  tra nsect ion (typica l ly 

between the s igmoid  and  descend ing  co lon) .  

FIG 8 • Vascu l a r  ped ic le  d issect ion .  The s igmoid co lon i s  
p u l led toward the a nter ior abdom i n a l  wa l l ,  tent ing  out the 
base of its  mesentery per itoneum at the sacra l promontory. 
The per itoneum is i n c ised a long  the root of the mesoco lon 
(dotted line), dorsa l  to the IMA/SHA a rter ies, across the 
promontory, and  toward the r i ght postero latera l cu l -de-sac. 
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FIG 9 • Identif icat ion of the u reter. With the SHA, d ista l to its 
o r ig i n  of the I MA, tented up towa rd the a nter ior abdom i n a l  
wa l l ,  the mesos igmo id  i s  sepa rated from the retroperitoneu m .  
T h i s  exposes t h e  left u reter and  gonada l  vesse ls, which a re 
identif ied and  p reserved i ntact in the retroperitoneum.  

F IG 1 0  • The IMA is  d issected c i rcu mferent i a l ly. Lift ing  u p  on 
the IMA and i ts  term i n a l  branches, the SHA a n d  the left co l i c  
a rtery w i l l  form what  appears to  be a letter "T. "  The  u reter 
can be seen safe ly p reserved in the retroperitoneum.  

MEDIAL TO LATERAL MOBILIZATION 

• The s igmo id  a n d  descend ing  mesoco lon a re d i ssected 

off the retroperitoneum via a med i a l  to l atera l approach 

(FIG 1 2) .  
• With the ass istant he lp i ng  ho ld  the mesoco lon u p, the 

FIG 11 • IMA transect ion .  The IMA i s  then transected at its 
or ig i n  off the aorta with a vascu l a r  load stap le r. 

• This  d i ssect ion is carr ied l atera l ly to the l atera l abdomi 

n a l  wa l l ,  i nfer ior ly to the leve l  of the pe lv i c  i n let and  su

per ior ly u nt i l  you separate the ta i l  of the pancreas from 

the poster ior  aspect of the sp len ic  f lexure .  Comp let ion of 

th i s  step wi l l  g reatly fac i l itate a l l  s ubseq uent steps of th is  

operatio n .  
su rgeon gent ly d issects a long the trans it ion between t h e  • The left u reter and  gonada l  vesse ls  shou ld  be identif ied 

and p reserved i ntact i n  the retroperitoneum.  two fat  p la nes (Gerota's fascia i n  the retroperitoneum,  

dorsa l ly, and  the mesoco lon ,  ventra l ly) . 
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DIVISION OF THE LATERAL PERITONEAL 

ATTACHMENTS AND MOBILIZATION OF 

THE SPLENIC FLEXURE 

• 

• 

After comp let ing  the med i a l  to l atera l port ion of the de

scend ing  co lon mob i l izat ion from the sacra l promontory 

to the sp len i c  fl exu re and  over Gerota 's fasc ia ,  the latera l 

s igmo id  co lon  retroperitonea l  attachments a re d iv ided 

with sc issors (FIG 1 3) and/or a n  energy device. 

The sp len ic  f lexure is  now encountered . F u l l  mob i l izat ion 

of the sp lenic f lexure (FIG 14) i s  often needed i n  order to 

ensure a tens ion-free anastomosis .  
• The patient is p laced on a reverse Trende len b u rg posi

t ion ,  he lp i ng  br ing the sp len i c  f lexure i nto view. 
• The surgeon and  the ass istant retract the sp len i c  f lexure 

i nfer ior ly and med i a l ly, expos ing  the sp lenoco l i c  a n d  

ph renoco l i c  l i ga ments. These l i ga ments a re t h e n  tra n 

sected with a 5 - m m  energy device (FIG 1 5) i n  a n  i nfer ior  

to super ior  and  latera l to med i a l  fash ion .  
• At th i s  poi nt, it is often eas ier to sta rt the transect ion of 

the gastroco l i c  l i ga ment med ia l ly, enter ing  the lesser sac 

FIG 13 • Latera l  s igmo id  co lon  mob i l izat ion .  The l atera l 
retroperitonea l  attachments of the s igmo id  co lon a re d iv ided 
(dotted line), rea d i ly enteri ng the previous med i a l  to l atera l 
d issect ion p lane .  The left u reter a n d  gonada l  vesse l s  a re 
v isua l ized i n  the retroperitoneum.  

F IG 1 2  • Media l  to  latera l mob i l izat ion .  The  s igmo id  and 
descend ing mesoco lon a re d i ssected off the retroperitoneum 
via a med ia l  to  latera l d i ssection a pproach.  With  the assistant 
he lp ing  hold the mesoco lon u p, the surgeon gently d issects 
with an energy device a long the transit ion between the two fat 
p lanes (Gerota's fascia in the retroperitoneum, dorsa l ly, and the 
mesoco lon, ventra l ly) . This d i ssect ion i s  carr ied latera l ly  to the 
latera l abdominal  wa l l ,  i nferior ly to the level  of the pelvic i n l et, 
and  superior ly u nt i l you separate the ta i l  of the pancreas from 
the poster ior aspect of the sp len ic  flexure. Complet ion of th is  
step wi l l  g reatly fac i l itate a l l  subsequent steps of th is  operation .  

• 

• 

and  proceed i ng  with the transect ion of the gastroco l i c  

l i ga ment i n  a med i a l  to l atera l d i ssect ion (FIG 14) u nt i l  

the latera l d i ssect ion p l ane  a round  the sp l en i c  f lexure i s  

encou ntered.  

The sp len ic f lexure and  descend ing  co lon a re now com

p letely free of any attachments and fu l ly mob i l ized to

ward the m i d l i ne .  
Mob i l izat ion of the sp len i c  f lexure i s  g reatly fac i l itated 

by hav ing comp leted the med i a l  to latera l mob i l izat ion 

of the sp lenic fl exu re i n  the p revious  step .  

F IG 1 4  • Mob i l izat ion of  the sp len i c  f lexure. The  su rgeon 
retracts the sp len i c  flexu re of the co lon (A) downward and 
med i a l ly, expos ing  the attachments of the f lexure to the 
sp leen (B). The phrenoco l i c  (C) and  sp lenocol ic  (D) l i gaments 
a re transected in an i nfer ior  to super ior  and  latera l to med i a l  
d i rect ion .  T h e  gastroco l i c  l igament (E) i s  transected i n  a med ia l  
to latera l d i rect ion unt i l  both  p la nes of d i ssect ion meet and  
the sp len i c  flexu re i s  fu l ly mob i l ized.  
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DIVISION OF THE SIGMOID COLON 

• An endostap le r  is i nserted i nto the 1 2-mm port a n d  used 

FIG 15 • Mob i l izat ion of the sp len i c  flexure: transect ion of 
the sp lenoco l i c  l igament.  

• The a bdomen is desufflated, the u m b i l ica l  port is ex-

tended to a 4-cm i nc is ion,  and  a wound protector i s  

p laced.  
to d iv ide the s igmoid co lon  d i sta l  to the rectos igmo id  • The s igmo id  co lon is g rasped at its transected d i sta l  end 

and  p u l led through the 4-cm inc i s ion to a n  appropriate 

locat ion on the descend ing  co lon for the p roxi ma l  side of 

the a nastomosis .  

j unct ion (FIG 1 6), which can be identif ied by the sp lay-

i ng  of the t i nea co l i .  

F I G  1 6  • D i sta l transect ion .  An endosta p ler  i s  i nserted i nto 
the 1 2-mm port and used to d iv ide the s igmo id  co lon d ista l to 

• If an end-to-end co lorecta l anastomosis w i l l  be con-

structed, a bowe l c l amp  and  pu rse-str ing device a re a p

p l i ed to the descend ing  colon,  wh ich is d iv ided to permit 

remova l of the s igmoid co lon .  The anv i l  for a s ize 3 1 -m m  

end-to-end anastomosis (E EA) sta p ler  i s  p laced i n  t h e  de

scend ing  colon and the p u rse str ing  i s  d rawn u p  snug ly  

and  t ied .  
• If a s ide-to-end a nastomos is  w i l l  be constructed, the de

scend ing  colon i s  transected between c l amps; the anv i l  

of the EEA stap le r  device is  i nserted through the open 

d i sta l  end of the co lon and  the anv i l  (with a spear at

tached to it) i s  de l ivered through the a nt i mesenter ic  as

pect of the descend ing  colon approximately 5 em from 

the opened d ista l end. The d i sta l  end i s  c losed with a 

l i near  sta p ler. 

the rectos igmo id  j u nct ion .  • The s igmo id  co lon is removed from the f ie ld .  

CREATING AND TESTING THE 

ANASTOMOSIS 

• The co lon end with the anv i l  i n  p l ace is d ropped back 

i nto the abdomen and the fasc i a l  i nc i s ion i s  c losed . l nsuf- • 

f lat ion with C02 is re in it iated . 
• With l aparoscop ic  v isu a l i zat ion,  an E EA sta p ler  is i nserted 

through the ana l  can a l  and i nto the rectum .  When the 

sta p ler  reaches the p roxi ma l -most port ion of the rectum,  

the sp ike i s  advanced through the recta l wa l l  adjacent to 

the stap le  l i ne .  
• A g rasper is used to remove the sp ike from the sta p ler  

shaft .  The sp ike must be ca refu l l y  p laced i n  a u n iform 

locat ion in order to avoid los i ng it with i n  the per itonea l  

cavity. Us ing  g raspers, the sp ike and  anv i l  a re then mar

r ied (FIG 1 7A) and  the EEA sta p ler  is c losed a n d  dep loyed 

(FIG 178) .  The sta p ler  is  then removed from the a n a l  

can a l  and  t h e  anastomotic don uts a re i nspected .  Two 

i ntact donuts shou ld  be observed .  The sp ike is removed 

from the abdomen .  

To test for  leakage, the anastomosis is  covered with  ster

i l e  sa l i ne  and the prox ima l  co lon is gently com pressed.  A 

r ig id  or flexi b le  s igmoidoscope is i nserted through the 

anal  cana l  and  i nto the rectum, i nsufflati ng  the rectum 

with a i r  unt i l  it esca pes the ana l  cana l .  The stap le  l i ne  i s  

carefu l ly  inspected for evidence of a i r  bubb les (FIG 1 8) .  

When no a i r  bu bb les a re seen,  the rectum is  desufflated 

and the s igmoidoscope i s  removed . Air bubb les wou l d  in 

d i cate a n  anastomotic leak and wou ld  necessitate either 

revis ion of the a nastomosis and/or performance of a prox

ima l  d ivert ing ostomy, depend ing  on the severity of the 

leak as wel l  as on patient and operative c i rcumstances. 
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A B 

FIG 1 7  • l ntracorporea l sta p led a nastomosis :  A s ide-to-end  sta p led EEA is constructed .  Us ing  g raspers, the sp ike (recta l s ide) 
and  anv i l  (co lon s ide) a re ma rr ied (A) and  the EEA sta p ler  is c losed and  dep loyed (B), creati ng  the a nastomosis .  

WOUND CLOSURE 

• Port sites a re c losed at the sk in  i n  the p referred manner. 
• The u m b i l i ca l  fascia c losure is inspected and  comp leted 

if necessa ry. S u bcutaneous tissue is  i r r igated with ster i l e  

sa l i n e  and  sk in  i s  c l osed as  des i red.  

PEARLS AND PITFALLS 

FIG 1 8  • Ai r  leak test. The com pleted co lorecta l 
a nastomosis is tested u nder  water. A i r  bubb les identif ied 
d u r i ng  in suffl at ion of the anastomosis i nd i cate an 
a nastomotic leak.  
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Preoperative p l a n n i n g  • F o r  any neop last ic  les ion,  u s e  o f  preoperative co lonoscop ic  tattoo c a n  he lp  to avo id  resect i ng  t h e  
i ncorrect c o l o n  seg ment.  

IMA d iv is ion 

• This  p ractice i s  part icu la r ly i m porta nt for l aparoscop ic  resect ion as the colon ca nnot be pa l pated pr ior  
to the fi rst d ivis ion .  

• The nerve p lexus adjacent to the IMA takeoff i s  associated with  sexua l  funct ion i n  ma les .  Therefore, 
the d i ssect ion shou ld  p roceed d i rect ly beneath the pedic le  and extend l atera l ly. 

• Patients shou ld  be i nformed p reoperative ly that even with g reat ca re, it is  possi b le  to i n ju re the 
nerves, wh ich may lead to i m p a i red sexua l  funct ion .  
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Anastomos is  • I n  some cases, mob i l izat ion for a tens ion-free anastomosis wi l l  be fac i l itated with extra port p lace-
ment. For exa m p le, a n  add i t iona l  suprapub ic  5-mm port can g reatly ass ist v i sua l izat ion d u r i ng  the 
mesenteric d issect ion toward the sp len i c  f lexure. 

• If the descend ing  co lon is i n  spasm or  if it i s  d iffi cu lt to i n sert a s ize 3 1 -m m  stap ler  anvi l ,  the bowel can 
be relaxed with a d m i n istrat ion of 0 .5  to 1 mg i ntravenous g l ucagon i n  the a bsence of hypotens ion .  

• Carefu l attent ion to the locat ion of sp ike p lacement i s  of utmost i mportance. The most common site 
for p l acement is  the left g utter j u st d i sta l  to d i ssect ion .  The sp ike shou ld  be removed from the a bdo
men prior to the air leak test. 

Avo id i ng  u retera l i n ju ry • The u reters must be ca refu l l y  v i sua l ized after the i n it i a l  mesentery d iv is ion and  aga in  d u ri ng  d iv i s ion 
of the l atera l per itonea l  attachments. If  there i s  a concern for u retera l  in ju ry, i ntravenous i n d igo  
carm ine  shou ld  be a d m i n istered, fo l l owed by  a search fo r  extravasat ion of  b l ue  dye. 

POSTOPERATIVE CARE 

• The orogastric tube and any ureteral stents should be re
moved prior to awakening the patient from anesthesia. Within 
24 hours of surgery, the urinary catheter should be removed. 

• Persuasive evidence indicates that an enhanced recovery 
program of limited intraoperative intravenous fluids, early 
postoperative ambulation, early feeding, and minimization 
of narcotic pain medication can lead to a more rapid recov
ery and earlier discharge. Such early discharge has not been 
associated with increased risk for readmissions . 

OUTCOMES 

• Functional outcomes after laparoscopic sigmoid colectomy 
may include reduced pain and spasms prior to bowel move
ments if the patient suffered from an obstructive or inflam
matory diagnosis. 

• Although many patients report defecatory urgency and increased 
frequency in the 30-day postoperative period, in most cases the 
urgency resolves and frequency declines after 4 to 6 weeks. 

COMPLICATIONS 

• Peroneal nerve injury (positioning) 
• Ureteral injury 

• Postoperative bleeding 
• Wound infection 
• Anastomotic leak 
• Anastomotic stenosis 
• Sexual dysfunction 
• Bowel dysfunction (urgency and frequency) 
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Chapter 2 1  Hand-Assisted Laparoscopic 
Sigmoidectomy 
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Daniel A Anaya Daniel Alba 

DEFINITION 

• A sigmoidectomy is the resection of the sigmoid colon to the 
level of the rectosigmoid junction. The extent of the lymph
adenectomy will be determined by the indication (benign vs. 
malignant disease) .  

• Focal segmental sigmoid resection for benign disease can be 
accomplished by dividing the vessels close to the bowel wall, 
without the need for a high pedicle transection. A complete 
sigmoidectomy (described in this chapter) includes transec
tion of the inferior mesenteric artery (IMA) at its origin and 
resection of the proximal superior hemorrhoidal artery (SHA) 
and sigmoidal branches. 

• A hand-assisted laparoscopic (HAL) sigmoidectomy ap
proach uses a hand access port to aid with the dissection 
and resection. This approach increases the use of minimally 
invasive surgery, reduces conversion rates, and decreases op
erative times while maintaining all the short-term outcome 
advantages when compared to conventional laparoscopic 
surgery. 

DIFFERENTIAL DIAGNOSIS 

• Indications for sigmoidectomy include the following: 
Sigmoid colon polyps and cancer 
Diverticular disease ( i .e . ,  complicated diverticulitis, perfo
ration, fistulae, etc . )  
Other indications include sigmoid volvulus, ischemic or 
infectious colitis, and trauma. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients with sigmoid pathology can be asymptomatic, with 
abnormalities found during screening colonoscopy. 

• The most common symptoms are bleeding (occult/anemia or 
overt) ,  obstruction, and pain. 

• The initial history should include the following: 
Time course of presenting symptoms, including bleeding, 
constipation, and pain 
Presence/absence of rectal incontinence 
History of sexual function (erection and ejaculation for 
males, dyspareunia for females ) 
Information regarding associated urologic symptoms such 
as recurrent urinary tract infections, dysuria, pneumaturia 
and/or fecaluria, which suggest a possible fistula with the 
urinary tract 
Presence of systemic symptoms such as fever and weight loss 
Previous surgical history, specifically regarding abdominal 
and/or pelvic surgery 
Personal and/or family history of prior colon cancer/polyps, 
inflammatory bowel disease, diverticular disease 

• The physical exam should include the following: 
Focused abdominal exam, including notation of abdomi
nal scars 
Digital rectal exam, focused on assessment of sphincter 
function 

Rigid proctoscopy, for all patients with sigmoid polyps or 
cancer reported by endoscopy to be within 20 em from 
the anal verge. This will allow for confirmation of the site 
of the lesion, which oftentimes may not coincide with the 
endoscopy report. This information may alter the surgical 
and oncologic approach. 
Rigid proctoscopy should not be performed in patients 
presenting with acute diverticulitis or perforation to avoid 
worsening of a microperforation by air insufflation. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• A complete colonoscopy should be performed to rule out 
synchronous disease. 

• For cancer and/or polyps, a tattoo must be placed just distal 
to the lesion at three different points within the circumfer
ence to allow for intraoperative localization of the target. 

• A computed tomography (CT) of the abdomen and pelvis is 
obtained to rule out adjacent organ involvement, to evaluate 
for extraluminal complications (e .g . ,  abscess, fistula) ,  and to 
rule out metastatic disease in patients with cancer. A CT of 
the chest completes the metastatic workup. 

• A carcinoembryonic antigen ( CEA) level is obtained in all 
cancer cases. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• An informed consent, including discussion of the need for a 
possible ostomy, is obtained. 

• We do not routinely ask patients to complete a formal bowel 
preparation. Fleet enemas are prescribed to facilitate the per
formance of the anastomosis. 

• All patients should receive preoperative prophylactic antibio
tics, following published guidelines .  We administer 1 to 2 g 
of ertapenem within 1 hour of surgical incision. 

• Pharmacologic deep vein thrombosis (DVT) prophylaxis 
should be given to patients perioperatively, based on current 
recommendations and guidelines .  

Patient Positioning and Operating Room Setup 

• Proper patient position and operating room (OR) setup is 
critical for successful performance of minimally invasive 
surgery ( FIG 1 ) .  

• The patient i s  placed i n  a modified lithotomy position using 
Yellofin stirrups with the heels firmly planted in the stirrups. 

• Pressure-bearing areas in the calf and lateral legs are padded 
to prevent DVT and lateral peroneal nerve injury. 

• The patient's toes, knee, and contralateral shoulder are aligned. 
• The thighs are placed parallel to the ground to prevent con

flict with the surgeon's arms. 
• The patient's buttocks are placed at the edge of the table to 

allow for smoother introduction of the end-to-end anasto
mosis (EEA) stapler at time of reconstruction. 
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• The surgeon stands at the patient's right lower side, with the 
assistant to his or her left side and the scrub nurse to his or 
her right side ( FIG 2 ) .  

• Two monitors are placed i n  front o f  the team a t  eye level on 
the patient's left side. 

FIG 1 • Patient and O R  setup .  The patient i s  p l aced in a modif ied 
l ithotomy posit ion with the th ighs para l le l  to the f loor and  the 
arms tucked.  The patient is  secu red to the OR bed us ing  a chest 
ta pe-over-towe l techn ique .  

• Both arms are tucked at  the sides, with padding added to 
protect against nerve injuries. 

• The patient is taped to the table across the chest over towels 
to avoid slipping. 

• All laparoscopic elements (C02 line, camera, light cord) exit 
through the right upper side. All energy device cords exit 
through the upper left side. This allows for a clutter-free 
working space for the operative team. 

Team Positioning and Draping 

• The patient is prepped with chlorhexidine and draped to 
facilitate easy access to the perineum. 

PORT PLACEMENT 

• I nsert the Ge i Port through a 5- to 6-cm Pfan nenst ie l  

i nc i s ion .  Th is  inc i s ion  wi l l  be a lso used for spec imen ex

tract ion .  It resu lts in better cosmesis, lowers the inc idence 

of wound i nfect ions  and hern ias, and a l l ows for more 

work ing space between the hand and the i nstruments. 
• Ports: I n sert a 5-mm worki ng port i n  the r ight upper  

quadrant  (RUQ), a 1 2-mm work ing  port i n  the r ight lower 

quadra nt, and a 5-mm ca mera port a bove the u m b i l icus .  

These three ports a re tr ia ngu l ated, with the camera port 

at the apex of the t r iang le .  Th is  setup avoids confl ict 

between i nstruments and  camera and  prevents d isor ien

tation (avo ids  "work ing  on  a m i rror") (FIG 3) .  

FIG 3 • Port p lacement.  The hand  port i s  i nserted through 
a 6-cm Pfa nnenst ie l  inc i s ion at the p rojected extract ion s ite. 
A 5-mm camera port is  i n serted supra u m b i l i ca l ly. A 5-m m 
and  a 1 2-mm work ing  port a re i nserted in the r ight upper  and  
r ight lower quadra nts, respective ly. 

Assistant 
Monitor 

Su rgeon Monitor 

FIG 2 • Team and mon itor setup .  The su rgeon sta nds at the 
patient's r ight  lower s ide with the ass istant to h i s  or  her  left and 
the scrub n u rse to h i s  or  her  r ight. The mon itors a re p laced in 
front of the tea m at eye leve l .  

1 2mm 

Cephalad 

5mm 
.--. 
\_I 

Hand Port 
. . 
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OPERATIVE STEPS 

• O u r  HAL s igmo idectomy operat ion is h i g h ly sta ndard i zed 

and cons ists of n i ne  steps: 
• Tra nsect ion of the i nfer ior  mesenter ic  ve i n  ( IMV) 
• Tra nsect ion of the IMA 
• Media l  to l atera l d i ssect ion of the descend ing  

mesoco lon  
• S igmo id  co lon mob i l izat ion off the pelv ic i n l et 
• Descend ing  co lon mob i l izat ion 
• Mob i l izat ion of the sp len i c  f lexure 
• l ntracorporea l d i sta l  tra nsect ion 
• Extracorporea l p roxi m a l  transect ion 
• l ntracorporea l a nastomosis  

Step L Transection of the Inferior Mesenteric Vein 

• This  is the critica l " po i nt of entry" in th i s  operation .  We 

favor it over sta rti ng  at the IMA level due  to the IMV's 

consta ncy in location, the ease of its v isua l ization by the 

FIG S • Step 1 :  The su rgeon holds the IMV (A) a nter ior ly 
with h is  or  her  r ight hand and  transects it cepha lad  of the left 
co l i c  a rtery (B) with a 5-mm energy device. 

l i gament of Tre itz, and  the absence of structu res that can • Pick u p  the IMV with the r ight  hand .  I nc ise the perito

neum u nder  the IMV and d issect i n  front of Gerota's 

fascia with endoscop ic  scissors, sta rt ing  at the level of the 

l i gament of Tre itz. Proceed with the d issect ion cau d a l ly 

towa rds the IMA.  The ass ista nt p rovides u pward cou nter

tract ion with a g rasper. 

be ha rmed a round it (no i l iac  vesse l s  or left u reter nearby) . 

Th is  wi l l  be the on ly  t ime d u ri ng  the operation when a 

v i rg i n  tissue p lane is entered. Every step wi l l  set up the fol

lowing ones, open ing  the tissue p lanes seq uentia l ly. 
• The patient is p laced on a steep Trende len b u rg posit ion 

with the left s ide  up.  Us ing the r ight hand, move the • Tra nsect the I MV (FIG S) cepha lad  of left co l i c  a rtery, 

wh ich moves away from the IMV and  toward the sp len i c  

f lexure of the co lon ,  with  the 5-mm energy device, thus  

p reserv ing  i ntact the l eft-s ided m a rg i n a l  a rter ia l  a rcade, 

and p reserv ing  the blood supply to the a nastomosis .  

• 

• 

sma l l  bowel i nto the RUQ and  the transverse co lon  and  

omentum i nto the u pper abdomen .  If necessa ry, p lace 

a lapa rotomy pad to hold the bowe l out of the f ie ld  

of view, especia l ly i n  obese patients. Th i s  pad can a l so 

be used to d ry up the f ie ld  and to c lea n the scope t ip  

i ntracorporea l ly. Make su re the c i rcu lat ing n u rse notes 

the lapa rotomy pad in the abdomen on  the wh ite board .  
Identify t h e  cr it ica l anatomy: IMV, l i gament o f  Tre itz, a n d  

left co l i c  a rtery (FIG 4) .  

If there a re attach ments between the duodenum/root 

of mesentery a n d  mesoco lon,  tra nsect them with lapa ro

scop ic  scissors. Th is  w i l l  a l l ow for adequate exposure of 

m i d l i n e  structu res. 

FIG 4 • Step 1 :  Key a natomy. L igament of Treitz (A). IMV (B). 
Left co l i c  a rtery (C) as it sepa rates from the IMV and  goes 
toward the sp len i c  fl exu re of the co lon .  The left u reter (D) 
i s  l ocated fa r from the IMV tra nsect ion point (dotted lines). 

Step 2. Transection of the Inferior Mesenteric Artery 

• Identify the cr it ica l a natomy: the " l etter T" formed be

tween the I MA and its left co l i c  and super ior  SHA term ina l  

branches (FIG 6) .  

FIG 6 • Step 2 :  Cr it ica l  a natomy. Identify the letter T formed 
between the IMA (A) and its left co l i c  a rtery (B) and SHA 
(C) term i n a l  branches .  
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FIG 7 • Step 2: The letter T  d issected :  IMA (A), left col ic a rtery (B), 
and SHA (C). Notice the left u reter (D) i n  the retroperitoneum. 
The IMA takeoff is just cepha lad from the aortic bifurcation 
(dotted lines). The thumb and i ndex f inger a re l ifting the SHA 
off the g roove located anter ior to the r ight common i l i ac  a rtery. 

• Us ing  the hand ,  the aorta is identif ied and  tracked down 

FIG 9 • Step 3 :  Med ia l  to l atera l d issect ion of the descend ing  
mesoco lon .  The  su rgeon's hand  i s  ho ld i ng  the descend ing  
mesoco lon and  co lon  a nter ior ly (A), sepa rati ng them from 
Gerota 's fascia and other retroper itonea l  structu res (B) . The 
d issect ion proceeds a long  the transit ion between the two 
d ist i n ct fat p la nes (arrows). 

to the l evel of its b ifurcatio n .  The IMA w i l l  o r ig i nate 1 to • Alternative ly, the vascu l a r  tra nsect ion can be done at 

the ta keoff of the SHA and  s igmo ida l  vesse l s  (FIG 8, 

solid line), preservi ng the IMA and  left co l i c  i ntact and  

ensu r i ng  prograde b lood  f low i nto the descend ing  colon 

seg ment that wi l l  be eventua l ly used for the anasto

mosis .  The d rawback i s  that th i s  makes the med i a l  to 

l atera l d issect ion step somewhat more cha l l eng i ng,  be

cause the IMA w i l l  keep the mesoco lon tethered to the 

retroperitoneum.  

• 

• 

• 

2 em proxim a l  to th i s  leve l .  

H o l d i n g  t h e  SHA u p  with t h e  r i g h t  h a n d ,  d i ssect t h e  p lane 

a long the pa lpab le  g roove between the SHA and  the left 

i l i ac a rtery us ing laparoscopic  scissors. After scor ing the 

peritoneum under the SHA, use a 5-mm energy device to 

d i ssect (by gently push i n g  downward toward the retro

peritoneum) a long the avascu l a r  p lane located between 

the meso-descend ing  colon, a nter iorly, and the retroperi

toneum, poster iorly. Th is  avascu la r  plane can be identified 

by the transit ion between the two d isti nctive fat p lanes. 
Preserve the sym pathetic nerve tru n k  i ntact i n  the retro

peritoneum.  Identify the left u reter, located in front of 

the left i l i ac  a rtery and  psoas m usc le  and  med i a l  to the 

gonadal  vesse ls, before transect ing  any structure .  

You can now visual ize the d issected letter "T" (FIG 7). Dissect 

with your  thumb and index f inger around and beh ind the 

IMA and transect the IMA at its origin with a vascu lar  load 

stapler (FIG 8, dotted line) or energy device. This ensures 

excel lent lymph node harvest and g reat exposure for step 3 .  

FIG 8 • Step 2 :  The IMA is  now comp letely enc i rc led and  
w i l l  be transected at i t s  or ig i n  (dotted line) with  a sta p ler  or  
energy device. Alternatively, the vascu l a r  tra nsect ion can be 
done at the takeoff of the SHA and s igmo ida l  vesse l s  (solid 
line), preserv ing the IMA and  l eft co l i c  vesse l s  i ntact and  
ensu r i ng  prograde b lood  f low i nto the descend ing  co lon .  

Step 3 .  Medial to Lateral Dissection of the 
Descending Mesocolon 

• The su rgeon's r ight  hand  and  the ass istant's g rasper 

ho ld  the descend ing  mesoco lon  u p, creat ing  a work ing  

space between the mesoco lon  and  the retroperitoneum 

(FIG 9) .  The p lane  between the mesoco lon  and  G erota's 

fasc ia ,  rea d i ly identif ied by the trans it ion between the 

two fat p lanes, i s  d i ssected by gent ly push ing it down

ward with the 5-mm energy device. 
• D i ssect ca uda l ly toward the pelv ic i n l et; th i s  w i l l  g reatly 

fac i l itate performa nce of step 4.  
• D i ssect l atera l ly unt i l  you reach the latera l abdom i n a l  

wa l l ; th i s  w i l l  g reatly fac i l itate performance o f  step 5 .  
• D i ssect cepha lad ,  under  the sp len i c  f lexure of the colon,  

unt i l  reach i ng  the i nfer ior  border of the pancreas. Th is  

i s  cr it ica l  for a n  easy mob i l izat ion of the sp len ic  f lexure 

du r i ng  step 6 .  

Step 4. Sigmoid Colon Mobilization off the Pelvic Inlet 

• The su rgeon p u l l s  the s igmo id  co lon med i a l ly, expos ing  

the latera l s igmo id  co lon attachments (FIG 1 0A) . Tra n

sect the attachments between the s igmo id  and  the pelv ic 

i n let with l aparoscop ic  scissors i n  your left hand, stay ing 

med i a l ly, c lose to the s igmoid and  mesos igmoid ,  to avo id  

i nj u r i ng  the u reter/gonada l  vesse ls .  
• 

• 

D i ssect ca uda l ly unt i l  reach i n g  the entrance to the left 

pelvic i n l et .  

The left u reter and  gonada l  vesse ls, d i ssected i n  step 3, 

shou ld  be vis i b le  (FIG 1 08) .  
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FIG 1 0  • Step 4. Pa ne l  (A) : Med ia l  tract ion on the s igmo id  
exposes i t s  l atera l attachments to the pe lv i c  i n l et .  Pane l  

FIG 1 2  • Step 6 :  Mob i l izat ion of  the sp len i c  f lexure.  The 
surgeon retracts the sp len i c  f lexure of the co lon (A) downward 
and med i a l ly, expos ing  the attachments of the f lexure to the 
spleen (B) . The phrenoco l i c  (C) and sp lenoco l i c  (D) l i gaments 
a re transected in a n  i nfer ior  to super ior  and l atera l to med ia l  
d i rect ion .  The gastroco l i c  l igament (E) i s  transected i n  a 
med i a l  to latera l d i rect ion,  u nt i l  both p la nes of d i ssect ion 
meet and  the sp len i c  f lexure is  fu l ly mob i l ized . 

(B) : After the s igmo id  mob i l izat ion is comp leted, the left Step 6. Splenic Flexure Mobilization 
u reter is v i sua l ized as it crosses over the left i l iac  a rtery. 

Step 5 .  Descending Colon Mobilization 

• Retract the descend ing  colon med i a l ly with you r  left 

hand .  Tra nsect the wh ite l i n e  of To ldt u p  to the sp len i c  

f lexu re us ing  endoscop ic  scissors. You shou ld  rea d i ly 

enter the retroperitonea l  d i ssect ion p l ane  d i ssected d u r

i ng  step 3 (FIG 1 1 ) .  

FIG 11  • Step 5 :  Tra nsect ion of the latera l descend ing  
co lon  attachments. Notice that  the hand  has  entered the  
retroper itonea l  d issect ion p l ane  previous ly d issected du r i ng  
step 3 .  

• P lace the patient on reverse Trende lenburg posit ion with 

the l eft s ide up to help d i sp lace the sp len i c  f lexure down 

out of the l eft upper quadra nt .  
• 

• 

• 

• 

We use a two-way a pproach to the sp len i c  fl exu re mob i 

l izat ion, with  a n  u pwa rd latera l d issect ion and  a med i a l  

t o  l atera l d i ssect ion meet ing  a r o u n d  the s p l e n i c  f lexure 

(FIG 1 2) .  

Now, turn  your attent ion med ia l ly. With  the assista nt 

p u l l i n g  the transverse co lon  downward with a g rasper, 

the surgeon l ifts the stomach up with h i s  or her  left hand  

and  transects the gastroco l i c  l igament i n  between the  

stomach and  transverse co lon  us ing  a 5-mm energy de 

v i ce  th rough  the RUQ port site (FIG 1 3A) .  Th i s  a l l ows for 

entrance i nto the lesser sac and provides for an exce l lent 

v iew of the sp len ic f lexure.  

Transect the gastroco l i c  l i ga ment (from med i a l  to latera l)  

with the 5-mm energy device, stay ing c lose to the trans

verse co lon  and  avo id i ng  the spleen.  Proceed l atera l ly 

towa rd the sp len ic  f lexure. 

Because the med i a l  to latera l d i ssect ion performed in 

step 3 comp letely sepa rated the sp len i c  f lexure of the 

co lon from the retroperitoneum,  the su rgeon can now 

s l i de  h i s  or her  r ight hand  under  the sp len i c  fl exu re, con

nect ing  the two p la nes of d issect ion around the fl exu re, 

with the i ndex f inger  " hooked " u nder  the sp lenoco l i c  

l igament.  Th is  a l l ows for  a n  easy tra nsect ion of the sp le

noco l i c  l i ga ment with a n  energy device (FIG 138) .  The 

l eft co lon shou ld be now fu l ly mob i l ized to the m i d l i ne .  
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A 

B 

FIG 1 3  • Step 6: Mob i l izat ion of the sp len i c  f lexure. Pa ne l  
(A) : The part ia l ly transected gastroco l i c  l i ga ment is v is i b le  
between the tra nsverse co lon (A) and  the stomach (B). Notice 
the exce l lent v iew of the lesser sac latera l l y  toward the sp len i c  
fl exu re of the co lon (C) and  the sp leen (D) . Pa ne l  (B) : The 
su rgeon is  " h ugg i ng"  the sp len i c  fl exu re with  h i s  or  her  r ight  
hand  and  i s  " hook ing"  h i s  o r  her  i ndex f inger  u nder  the 
sp lenoco l i c  l i ga ment, a l l owing  for a n  exce l l ent exposu re and 
tra nsect ion of th i s  l i gament with a n  energy device. 

Step 7. Intracorporeal Distal Transection 

• D i ssect the rectos igmoid  j u n ct ion c i rcumferent ia l ly. The 

rectos igmo id  j u nction can be identif ied by the sp lay ing 

of the ten iae col i .  Tra nsect the u p per  mesorectum with 

the 5-mm energy dev ice at the leve l  of the p rojected 

d i sta l  bowel tra nsect ion .  
• Whi le  p u l l i n g  on the s igmo id  u pward with the left hand, 

transect the bowel i ntracorporea l ly j ust d i sta l to the 

rectos igmo id  j unct ion with a l i near  Endo G IA  sta p ler  

device (FIG 14) .  
• At th i s  po int, tra nsect the mesoco lon  between the s ig

moid and  left co l i c  vesse l s  with the 5-m m energy device. 

Sta rt at the stap led IMA stu m p  on the spec imen s ide, a n d  

move u p  toward the c o l o n  wa l l ,  tra nsect i ng  the left co l i c  

a rtery (at its o r i g i n ,  off the IMA stu m p) a n d  the marg i n a l  

a rtery (close t o  the c o l o n  wa l l) .  

Step 8.  Extracorporeal Proximal Transection 

• Del iver the s igmoid  and  descend ing  co lon through the 

Pfa n nenst ie l  inc i s ion site with the Alexis wound p rotector 

FIG 1 4  • Step 7 .  The i ntracorporea l d i sta l  transect ion i s  
performed with a l i near  stap ler  j ust d ista l to the rectos igmo id  
j u nction .  

that cou l d  lead to troub lesome b leed i ng  may occu r. If  

there i s  tens ion d u ri n g  the extract ion  phase, com p letely 

m o b i l ize the sp len i c  f lexure if you have not done so 

a l ready. 
• Tra nsect the co lon between Kocher c l amps between the 

s igmo ida l  and  left co l i c  vesse l d istr ibut ion ,  at the point 

where the mesoco lon was previous ly transected i ntracor

porea l ly du r i ng  the prev ious step .  Send the spec imen to 

the patholog ist for eva l uat ion .  
• Now p lace the a nvi l of a 29-mm EEA sta p le r  device i nto 

the descend i ng  co lon a n d  exter ior ize it th rough  the 

ant imesenter ic border with the sp i ke a pproximately 

5 em p roxi m a l  to the open end of the co lon .  C lose the 

d ista l end of the descend i ng  co lon with a l i near  stap le r  

cartr idge .  
• Rei ntroduce the descend ing  co lon with the anv i l  i n  

p lace i nto t h e  abdomen i n  preparation f o r  t h e  anasto

mosis .  C lose the hand  access port and re insufflate the 

pneumoperitoneum.  

Step 9. Intracorporeal Colorectal Anastomosis 

• You a re now ready to perform the i ntracorporea l s ide-to

end co lorecta l a nastomosis  (FIG 1 S) .  
• The assista nt i ntrod uces the 29-mm EEA sta p ler  device 

i nto the rectum and opens the spear through the recta l 

stu m p, a nter ior to the sta p le  l i ne, under  d i rect lapa ro

scop ic  v i sua l izatio n .  
• Mak ing  su re the mesentery is fac ing med i a l ly and  that 

there a re no twists i n  the bowe l,  the two ends  of the 

sta p ler  a re brought together and  the sta p ler  is  c losed, 

wh i l e  avo id ing  any add it iona l  tissue to s l i p  in between 

the two ends .  Once fu l ly c losed, the stap ler  i s  fi red and  

the EEA ca refu l ly p u l led back  out of  the rectum .  

i n  p l a ce  to protect the wound  from oncolog ic/i nfect ious  • To ensure that the a nastomosis is i ntact, we check for 

the two don uts to be comp lete and subseq uently test the conta m i nat ion .  
• There shou ld  be a bsol utely no tens ion d u r i n g  the ex

tract ion of the speci men .  Otherwise, mesente r ic  tea rs 

a nastomosis  by i nsuffl ati ng it under  water, ensur ing  that 

it i s  a i rt ight  (FIG 1 6) .  
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WOUND CLOSURE 

• The Pfa n nenst ie l  i nc i s ion  is c losed us ing  no .  1 polyd ioxa

none (PDS) suture in a r unn i ng  fash ion .  Al l  skin inc i s ions  

a re c losed with 4-0 PDS su bcuticu l a r  sutures. Derma bond 

i s  app l ied to sea l off a l l  wounds .  
• We do not rout ine ly  use dra ins  for th i s  operatio n .  

B 

FIG 1 S  • Step 9. An i ntracorporea l s ide-to
end co lorecta l a nastomosis  i s  performed with 
a 29-mm EEA stap le r. The spear i s  brought out 
a nter ior to the recta l stu m p  sta p le  l ine (A), i s  
connected with the anv i l  previous ly  p laced in 
the descend ing  co lon (B), and  the anastomosis 
i s  comp leted by f ir ing the sta p ler  (C) . 

FIG 1 6  • The comp leted co lorecta l  a nastomosis is tested 
under  water. Air bubb les identif ied du r i ng  i nsuff lat ion of 
the a nastomosis i nd icate an a nastomotic leak .  
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PEARLS AND PITFALLS 
I nd i cat ions • For ben ign  cases, a seg menta l s igmoid resect ion ,  with vascu l a r  transect ion c lose to the bowe l wa l l ,  may 

be enough .  
• For m a l i gnant cases, a comp lete s igmo idectomy, w i th  a h i g h  vascu l a r  ped i c l e  transect ion i s  necessa ry to  

ensure adequate lymphadenectomy. 

Posit ion ing  • Secu re the patient to the tab le  wh i l e  p rotect i ng  a l l  p ressu re-bea r ing  a reas. 
• Make su re that a l l  anesthes ia l i nes and mon itors a re work ing  appropr iately after posit ion ing  the 

patient; there wi l l  be l i m ited access to the arms d u ri ng  the p roced u re .  
• Avoid  unnecessa ry c l utter of cab les/l i nes; open u p  the work ing  space for the operat ing  team .  

Port p l acement • Tria ngu late a l l  ports. 
• Place the hand  access port in a Pfa nnenst ie l  l ocat ion .  

Vascu l a r  tra nsect ion • Tra nsect ion of the IMV is  the safest poi nt of entry for th i s  operation .  
• A h i g h  IMA transect ion fac i l itates the med i a l  to l atera l d i ssect ion and  ensures a n  exce l l ent 

lymphadenectomy. 
• It i s  essent ia l  to ident ify the left u reter a bove pr ior  to IMA transect ion .  

Mesenteric d i ssect ion • A comp lete media l  to l atera l d i ssect ion of the mesentery i s  cr it ica l to fac i l itate a l l  su bsequent steps of 
th i s  operation .  

D i sta l  tra nsect ion • The d i sta l transect ion i s  eas ier  to perform i ntracorporea l l y  than  extracorporea l ly. 
• The d i sta l tra nsect ion i s  performed j u st d ista l to the rectos igmo id  j unct ion,  identif ied by the sp lay i ng  of 

the ten iae co l i .  

l ntracorporea l 
anastomosis 

• Make su re the a nastomosis i s  tens ion-free and that both ends a re adequately perfused . 
• Always test the i nteg r ity of the a nastomos is  and  be ready to repa i r  or redo it if a leak is ident if ied .  

POSTOPERATIVE CARE 

• Fast-track or enhanced recovery after surgery (ERAS) pro
grams have shown to expedite postoperative recovery and 
to minimize postoperative complications following colon 
surgery. No postoperative antibiotics are used. DVT prophy
laxis with heparin products is used routinely. 

• We do not use a nasogastric tube. 
• Remove the Foley catheter on the first postoperative day. 
• Encourage early ambulation, minimize postoperative use of 

narcotics and promote early feeding as tolerated. 
• Patients usually meet criteria for discharge on postoperative 

days 3 to 4. 

OUTCOMES 

• The outcomes following HAL sigmoidectomy are excellent. 
• HAL colectomy is associated with all the short-term outcome 

benefits of conventional laparoscopic surgery over open 
surgery, including less postoperative pain, earlier return of 
bowel function, and shorter length of stay. 

• HAL colectomy is associated with a higher usage rate and a 
lower rate of conversion to an open approach (2% to 6 %  vs. 
20% to 25 % )  when compared to conventional laparoscopic 
colectomy. 

• Postoperative complications are equivalent for HAL and 
conventional laparoscopic sigmoid colectomy. 

• HAL sigmoidectomy for cancer yields similar long-term 
oncologic outcomes compared to open surgery. 

COMPLICATIONS 

• Surgical site infection 
• Anastomotic leak 
• Postoperative bleeding 

• Postoperative small bowel obstruction 
• Urinary retention 
• Dehiscence/hernia 
• Medical complications: DVT/pulmonary embolism (PE), 

urinary tract infection, myocardial infarction, and so forth 
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DEFINITION 

• Single-incision laparoscopic sigmoidectomy is a minimally 
invasive technique in which a sigmoid colectomy is performed 
laparoscopically through a single-port device. The entirety of 
the procedure is accomplished using one sole incision through 
which all the laparoscopic instruments are placed. 

• Reduced port single-incision laparoscopic sigmoidectomy 
is a modified technique in which the single-port device is 
placed through a Pfannenstiel incision and an additional 
port is placed through the umbilicus. This technique is also 
called " single plus one" sigmoidectomy1 and is used to 
facilitate operative exposure, avoid instrument conflict, and 
benefit from the Pfannenstiel incision-diminished infection, 
dehiscence, and hernia rates. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Single-incision laparoscopic sigmoidectomy is safe and feasi
ble for essentially all benign and malignant sigmoid diseases 
requiring resection.2-4 The most common indications include 
diverticular disease, cancer, and polyps. 

• Patients with diverticular disease typically present with re
current episodes of diverticulitis or complications such as 
perforation or obstruction. Left lower quadrant pain and ten
derness are commonly encountered and may be accompanied 
with nausea, vomiting, and fever. Lower gastrointestinal (GI) 
bleeding is rarely present. 

• Cancer and polyps of the sigmoid colon are frequently diagnosed 
incidentally during screening colonoscopy. Those with large 
polyps or malignancy may present with hematochezia, bowel 
obstruction, perforation, or lower abdominal or pelvic pain. 

• Single-incision laparoscopic sigmoidectomy is contraindi
cated in patients who cannot tolerate major abdominal sur
gical procedures, such as those with severe hemodynamic 
instability, recent myocardial infarction, or severe thrombo
embolic event. 

• History of prior abdominal surgery may lead to a prolonged 
procedure due to extensive lysis of adhesions; nonetheless, 

A 

it is not an absolute contraindication to the use of the single
incision approach. 

• The procedure may be performed in patients with high body 
mass index (BMI) .  However, the high complexity and high 
conversion rates make this a less ideal scenario for single
incision sigmoidectomy. In patients with high BMI, conven
tional multipart or hand-assisted laparoscopic technique 
may be more suitable. 

• Large, bulky tumors may require further incision lengthening 
during the procedure, losing pneumoperitoneum, thus hinder
ing the ability to complete the case with the single-incision tech
nique. Nevertheless, some single-port devices allow incision 
lengthening without compromising the pneumoperitoneum. 

• Surgeons without experience with single-incision colectomy 
may encounter technical difficulties. Before offering this 
approach, competency with conventional multipart and/ 
or hand-assisted laparoscopic techniques is recommended. 
Additionally, it is suggested that the surgeon becomes profi
cient in single-incision sigmoidectomy in those with benign 
disease prior to performing oncologic resections. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Regardless of the procedure indication, all patients neces
sitate appropriate preoperative evaluation with endoscopic 
and radiologic studies. 

• For patients with diverticular disease, colonoscopy or flex
ible sigmoidoscopy is warranted to assess the length of the 
affected bowel, to determine resection levels, and to confirm 
the diagnosis. Furthermore, a computed tomography ( CT) 
scan of the abdomen and pelvis is mandatory to evaluate 
the severity of the pericolonic disease. Some patients with 
severe active disease demonstrated on the CT scan may ben
efit from a course of antibiotics or even abscess drainage 
prior to the procedure. 

• If the indication for the sigmoidectomy is a colonic polyp or 
malignancy, endoscopic tattooing of the lesion is required to en
sure proper location during the laparoscopic procedure (FIG 1 ) .  

B 

FIG 1 • Tattoo ing the les ion i n  at least th ree quadra nts of the bowe l wa l l  du r i ng  co lonoscopy (pa ne l  A) fac i l itates proper location of the 
pathology dur ing the l aparoscopic approach (pane l  B).  
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• For malignant cases, a complete oncologic workup is man
datory. A multidisciplinary approach involving surgeon and 
medical oncologist is preferable. Lymph node and distant 
organ involvement are evaluated with the CT scan of the ab
domen and pelvis and positron emission tomography (PET) 
scan. Patients with lower tumors in the rectosigmoid junc
tion may need magnetic resonance imaging (MRI) to evalu
ate tumor local progression into the pelvis and lymph node 
status . 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Bowel preparation is traditionally achieved through a poly
ethylene glycol-based laxative solution and oral antibiotics. 
This practice has recently been called into question. An 
accepted alternative is the use of a modified bowel prepara
tion with preoperative enema to clear out the distal stool. 

• In the operating room and under anesthesia, rigid proctosig
moidoscopy is recommended to ensure the level of the lesion 
is above the rectum and to ensure that the bowel is clean of 
fecal rna tter. 

• For noncontaminated cases, prophylactic antibiotics are 
administered according to the Surgical Care Improvement 
Project (SCIP) measures. 

• If the cases involve active infection such as those with recur
rent diverticulitis or perforation, broad-spectrum antimicro
bials with gram-negative and anaerobe bacterial coverage 
are chosen. 

Positioning 

• The patient is placed in a modified lithotomy position 
with both arms tucked at the patient's side. The patient is 
secured with adhesive tape over the chest, without com
promising chest expansion ( FIG 2 ) .  Antislip rubber pads 
may be used to further secure the patient to the operating 
room table. It is imperative to ensure proper and secured 

FIG 2 • Patient posit ion i ng .  The patient i s  p laced in a mod ified 
l ithotomy, 25- to 30-deg ree th igh  f lexion, and with moderate 
th igh  abduct ion to a l low adequate su rgeon maneuvera b i l ity, 
avo id ing  confl ict with the patient's th ighs  wh i l e  afford i ng  proper 
per i nea l  access. It i s  i m perative to further secu re the pat ient 
to the tab le-we use adhesive tape over the chest, avo id i ng  
compromis ing  chest expa ns ion .  

positioning, as later in the procedure, Trendelenburg posi
tion will be required. 

• The optimal modified lithotomy position is achieved with 
a 25- to 30-degree thigh flexion and with moderate thigh 
abduction ( FIG 2 ) .  This positioning allows adequate surgeon 
maneuverability, avoiding conflict with the patient's thighs 
while affording proper perineal access. 

• For abdominal entry, laparoscopic exploration, and lysis of 
adhesions, the patient is in supine position. In this portion of 
the procedure, the surgeon and assistant are located on the 
right and left side, respectively. 

• Thereafter, the patient is placed in Trendelenburg position 
with the left side elevated. The surgeon and assistant are 
located on the right side of the patient with the laparoscopic 
monitor on the left ( FIG 3 ) .  

F I G  3 • Operative room patient/surgeon confi g u rat ion for 
s ing le- inc i s ion l aparoscop ic  s igmo id  colectomy. 
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INCISION AND PORT PLACEMENT 

• Typica l ly, a 2 . 5-cm vert ica l  u m b i l ica l  sk in  inc i s ion is per

formed (FIG 4) .  The u m b i l i ca l stu m p  is d iv ided, afford i ng  

fasc ia l  lengthen ing  to 4 em without mod ify ing  the sk in  

inc i s ion  (FIG 4) .  Fol lowi ng entry i nto the abdom i n a l  cav-

ity, the s i ng le-port device i s  p laced.  • 
• An a lternative approach is the abdomina l  entry us ing a 4-cm 

Pfannenstie l  i ncis ion (FIG S). This mod ification improves 

cosmetic outcomes wh i le  decreas ing wound i nfection and 

A 

c 

A 

hernia rates. This approach is cha l leng ing, as the i nstru

ments a re i n  c lose proxim ity with the target operative field, 

l im it ing maneuverab i l ity. Thus, when this approach is used, 

we favor a s ing le plus one techn ique using a Pfannenstie l  

inc is ion with an  add itiona l 5-mm inc is ion for the camera in 

order to avoid i nstrument confl ict (FIG 5) .  

Pr ior  to port p lacement, a surg ica l  sponge may be i ntro

duced i nto the abdom i n a l  cavity to fac i l itate retract ion 

l ater i n  the proced u re .  

B 

B 

FIG 4 • U m b i l i ca l  i nc i s ion .  A. The sk in  
inc i s ion  i s  2 . 5  em i n  length, but after d iv is ion 
of the u m b i l ica l  stu m p  (B and  C),  the fasc ia l  

D i nc i s ion  s ize is l engthened to 4 em (D) . 

o-- s mm 

FIG 5 • A. Pfa n nenst ie l  inc i s ion port config u rat ion for s ing le- inc i s ion l aparoscopic s igmo id  colectomy. B. " S i ng l e  p l u s  one"  
tech n i q ue: The add it ion of  a 5-mm camera port i n  the u m b i l icus fac i l itates steps d u ri ng  the p roced u re and  m i n i m izes i n strument 
and  su rgeon/ass i sta nt confl ict .  
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• Port p l acement varies depen d i n g  on the s i ng le-port de- • 

vice used.  Once the port is p l aced, pneu moper itoneum is  

created and  the l aparoscop ic  camera and  i n struments a re 

i ntrod uced.  
• A 30-deg ree camera and  trad it iona l  stra ight  l aparoscop ic  

i nstruments a re used .  Alternative ly, a rt icu l ated i n stru

ments may be emp loyed .  

EXPLORATION AND LYSIS OF ADHESIONS • 

• The abdom i n a l  cavity is thorough ly exa m i ned to assess 

the d i sease p rocess a n d, in onco log ic  cases, to eva luate 

the p resence of metastat ic d isease. 

DEVELOPMENT OF THE PRESACRAL 

PLANE 

• With the patient i n  Trende lenb u rg posit ion and  the left 

s ide e levated, the sma l l  bowe l loops a re retracted su per i

or ly and  to the r ight  to expose the ta rget operative f ie ld .  

The surg ica l  sponge fac i l itates sma l l  bowel retract ion .  
• The s igmoid  a n d  rectos igmoid  j u nct ion a re identif ied 

• 

A 

and  retracted a nter ior ly and  l atera l ly (FIG 6) .  • 

The sacra l promontory is identif ied and  the peritoneum 

is  i nc ised med i a l ly w ith  e i ther  a monopo lar  o r  b ipo la r  

energy device (FIG 6) .  An avascu l a r  presacra l  p l ane  i s  • 

created and  further deve loped us ing  b l u nt and  sharp 

Rectosigmoid 

I n  order to afford maxi m a l  operative reach and to avo id  

i nterna l  and  externa l  i nstru ment confl i ct, bar iatr ic  and  

sta ndard l ength  i n struments may be used s i m u ltane

ous ly. Moreover, a r ig ht-ang le  l i g ht cord adaptor may be 

used to further  decrease confl i ct .  

If requ i red, lys i s  of ad hes ions may be safe ly performed 

laparoscop ica l ly. 

d i ssect ion with a b ipo la r  t issue-sea l i n g  device (FIG 6) .  

Dur ing  th i s  d i ssection,  a natom ic  l andma rks i nc lude  the  

sacra l promontory, super ior  recta l a rtery, left u reter, left 

gonada l  ve in ,  and  left i l iac  vei n .  The concept of s ing le

inc i s ion tr ia ngu lat ion i s  used.  I n  this techn iq ue, one i n 

strument e levates the t issue a nter ior ly wh i l e  the other

from the surgeon's domi nant hand-performs d i ssect ion 

i n  a "hand-over-fist fash ion . "  

The  d i ssect ion p l ane  i s  deve loped without excess ive deep 

d i ssect ion to avo id  pelvic p lexus i n ju ry. Fu rthermore, it i s  

i m perative to identify and  to preserve the left u reter. 

Once the p resacra l p l ane  is fu l l y  deve loped, attent ion i s  

then d rawn to the identif icat ion of the l eft co l i c  a rtery. 

B 

FIG 6 • Presacra l p l ane  deve lopment.  A. The rectos igmo id  is retracted latera l ly and  a nter ior ly; the sacra l promontory i s  
identif ied as l andmark pr ior  to the per itonea l  inc i s ion .  B. The peritoneum i s  i ncised i n  a med ia l -to- l atera l fash ion .  (continued) 
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Superior rectal artery 

Left ureter Left i l iac vein 

c D 

FIG 6 • (continued) C. The presacra l  d issect ion cont in ues and  the super ior  recta l a rtery is ident if ied.  D. The p lane  is further  
deve loped us ing a tr ia ngu lat ion techn ique  with one i nstrument e levat ing  the t i s sue wh i l e  the other  i nstruments carry ing  out 
the d issect ion .  Addit iona l  cr it ica l  structu res a re identif ied and  p reserved, i n c l ud ing  the left u reter and  left i l i ac  ve i n .  

DEVELOPMENT OF THE RETROPERITONEAL 

PLANE 

• Once identif ied, the left co l i c  a rte ry is g rasped and  e l 

evated .  A peritonea l  inc i s ion  i s  made med ia l  to the vessel 

and the retroperitonea l  p l ane  i s  created us ing  e ither a 

monopo lar  or b ipo la r  energy device (FIG 7) .  

• The retroperitonea l  p l ane  is further deve loped, mak ing  

use  of  the tr i angu l at ion tech n ique  descr ibed previous ly. 

The d issect ion i s  carr ied out a nter ior to Gerota's fascia, 

a long  the i nfer ior  border of the pancreas, and movi ng  

l atera l ly towa rd the wh ite l i n e  of  To ldt .  The  super ior  por

t ion of the l eft u reter is identif ied and  preserved .  

FIG 7 • The left co l i c  a rtery i s  g rasped and  e levated .  
A peritonea l  inc i s ion i s  made med ia l  to the vessel and  the 
retroper itonea l  p lane  i s  created and  fu rther  deve loped 
using a tr ian g u lat ion tech n ique .  The d i ssect ion i s  ca rr ied out 
a nter ior to Gerota 's fascia and  toward the wh ite l ine of To ldt .  

HIGH VASCULAR DIVISION

THE EAGLE SIGN 

• At th i s  poi nt, the l eft co l i c  and  super ior  recta l a rteries 

a re iso l ated and e levated to rea d i ly ident ify the i nfer ior  

mesenter ic  a rtery ( I MA). Th i s  maneuver resu lts i n  the ex

posure of the "eag le  s i g n . "  The " body" of the "eag le"  

i s  the I MA, the super ior  "wi n g "  the left co l i c  a rtery, and 

Left colic artery 

the i nfer ior  w ing  the super ior  recta l a rtery (FIG 8) .  The 

identif icat ion of th i s  s ign fac i l itates a ppropr iate vascu l a r  

identif icat ion a n d  d iv i s i on .  The  IMA i s  now safely d iv ided 

at its or ig in with a b ipo la r  energy device o r  l i near  sta

p ler. The i nfer ior  mesenter ic  ve i n  i s  then identif ied a n d  

d iv ided .  I n  those with ben ign  d i sease, a h i g h  l igat ion 

tech n ique  is  not req u i red a n d  d iv i s ion takes p lace at the 

l evel of the su per ior  recta l a rtery. 

1093 



1094 

A 

P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

Left colic artery 

IMA 

Superior rectal 
artery 

B 

FIG 8 • A. The eag le  s ign :  The body of the eag le  is the i nfer ior  mesenter ic  a rtery ( I MA), the super ior  w ing  the l eft co l i c  a rtery, 
and  the i nfer ior  wing the super ior  recta l a rtery. B. The IMA is now safe ly d iv ided at its or ig i n  with a b ipo la r  energy device or l i near  
sta p ler. 

LATERAL ATTACHMENTS AND SPLENIC 

FLEXURE TAKEDOWN 

• Some cases may req u i re sp len i c  f lexure mob i l izat ion to 

afford a tens ion-free a nastomosis .  Th is  is ach ieved by 

detach i n g  the gastroco l i c  l i gament at the level of the d i s

ta l transverse co lon,  a l lowi ng entry to the l esser sac.  At 

th i s  leve l ,  the sp lenoco l i c  l i ga ment is rea d i ly taken down, 

afford i ng  a com plete sp len i c  fl exu re mob i l izat ion .  
• The latera l attachments of the descend ing  co lon  a re 

taken down from the pelvic br im to the sp len i c  f lexure. 

The descend ing  co lon i s  g rasped and retracted med i a l ly 

wh i l e  the attachments a re released with a b ipo la r  t issue

sea l i n g  device (FIG 9) .  
• I n  order to fu l l y  mob i l ize the left co lon,  add i t iona l  rec

tos igmo id  pelv ic attachments a re taken down.  Th is  a l so 

ach ieves proper upper  rectum mobi l izat ion, which is 

benefi c ia l  for the spec imen d iv i s ion .  

BOWEL DIVISION 

FIG 9 • Latera l -to-med i a l  d i ssect ion .  The l atera l attachments 
of the s igmoid  and descend ing  co lon a re taken down in a n  
i nfer ior-to-super ior  d i rect ion from t h e  pelv ic b r i m  t o  the 
sp len ic  flexu re, which is  read i ly mob i l ized if req u i red .  

norma l  a natom ic  posit ion and  it is  d iv ided tangenti a l l y  

us ing  a l aparoscop ic  l i near  stap le r. 
• The rectos igmo id  is f l i pped in a med ia l -to-l atera l d i rec- • The i n struments and  s ing le-port device a re removed 

and the speci men is  exter ior ized.  The level of the 

prox ima l  d iv i s ion is  chosen and the bowe l i s  d iv ided 

extracorporea l ly (FIG 1 0) .  

t ion and  its mesentery is  d iv ided (FIG 1 0) .  A window is  

created i n  the mesentery through which the l i near  sta-

p ler  w i l l  be p laced . The rectosigmoid  is  then p l aced i n  
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A B 

c D 

FIG 1 0  • A. The rectos igmo id  is fu l ly mob i l ized and  ready for d iv i s ion .  B. A window is created i n  the mesentery to i ntroduce the 
sta p ler  i n  preparat ion for spec imen d iv is ion .  C. Rectos igmoid  d iv is ion with a l i near  sta p ler. D. Extracorporea l mob i l izat ion of the 
bowel  for p roxi ma l  d iv i s ion and  preparat ion for bowel  anastomosis .  

ESTABLISHMENT OF BOWEL CONTINUITY 

• An end-to-end  a nastomosis is performed with a c i rcu l a r  • 
sta p ler  i n  a trad i t iona l  fash ion .  

• We prefer to use a c i rcu l a r  sta p l i n g  device of 29-mm s ize .  • 
Sma l l e r  s izes are prone to resu l t  i n  str icture format ion 

and  should be avoided,  and  l a rger  s izes may resu l t  in  

tea r ing  of the bowel wa l l .  
• The anv i l  of the stap ler  is i ntroduced i nto the prox ima l  

bowel and  i s  secured w i th  a pu rse-str ing suture (FIG 1 1 ) .  

The bowel i s  i ntrod uced back  i nto the per itonea l  cavity 

and  the pneumoperitoneum is  reesta b l i shed .  

The ass ista nt i n serts the stap le r  hand le transa n a l ly and 

adva nces it to the leve l  of the sta p le  l i ne .  

The anv i l  and  the hand le  of the stap le r  a re a l i g ned and 

the sta p ler  i s  c losed under  d i rect lapa roscop ic  visu a l iza

t ion (FIG 1 1 ) .  Before perform ing  the anastomosis, it i s  

i m porta nt to ensure that the bowe l i s  not twisted .  Once 

proper bowel a l i g n ment i s  corroborated, the stap ler  is  

fi red and  then removed transan a l ly. 
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A B 

FIG 1 1  • End-to-end co lorecta l a nastomosis .  A. The anv i l  of the sta p ler  is i ntrod uced and  secured i nto the p roxim a l  bowel with a 
pu rse-str ing suture.  B. After the bowe l is re i ntrod uced i nto the a bdomen.  the anv i l  and  the hand le  of the sta p ler  a re a l igned and  the 
stap ler  is  c losed under  d i rect l aparoscop ic  v i sua l ization .  

A 

• Confi rmation of a proper a nastomosis is performed i n  

th ree stages.  Proctoscopy i s  performed t o  v i sua l ize the i n 

teg r ity and  v iab i l ity of  the a nastomosis .  The  a nastomotic 

r ings (don uts) a re exam i ned to ensure they a re intact c i r

cu mferent i a l ly (FIG 1 2) .  F i na l ly, an a i r  i nsufflat ion test 

B 

is then performed to confi rm that the a nastomosis  i s  

a i rt ight  (FIG 1 2) .  If the a nastomosis i s  fou n d  to be in

adeq uate, mod ificat ions  may be req u i red as wel l  as  con

s iderat ion of d ivers ion of the feca l stream, depend i ng  on 

the cha racteristics of  the i nd iv id u a l  case. 

FIG 12 • Anastomotic confi rmation .  A. The anastomotic r ings a re inspected to conf irm that they a re i ntact. B. An air insuffl at ion 
test i s  performed to confirm the a bsence of anastomotic leak .  
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BOWEL DIVERSION 

• For cases i n  which it is unsafe to perform a pr imary end

to-end  co lorecta l anastomosis, s igmoid  resect ion with 

end colostomy or, a lternatively, a nastomosis with a pro

tective loop i leostomy may be performed.  

TECHNICAL ALTERNATIVES 

• S ing le- inc i s ion l aparoscopic  s igmoidectomy may be a lso 

performed with a l atera l-to-med ia l  d i ssect ion approach .  
• We favor the med ia l -to-latera l  approach because it a l l ows 

identif ication of crit ica l structu res such as the left u reter, 

fac i l itat ing its preservation .  Fu rthermore, we be l ieve that 

i s  a more " natura l "  approach, as the i nstruments a re 

located i n  the m i d l i ne, s imp l ify ing the proced u re .  

PEARLS AND PITFALLS 

• For the l atera l-to-med ia l  a pproach, the procedure i n it i 

ates with the release of the latera l attachments of the 

descend ing  co lon,  estab l i shment of the retroperitonea l  

p lane, fo l l owed by vascu l a r  identificat ion and  d iv i s ion .  

Once the s igmo id/l eft co lon i s  mob i l ized, the extracor

porea l i zat ion,  bowel d iv is ion,  and anastomosis a re per

formed as  described previous ly. 

I nd icat ions  • S igmoid d ivert i cu l itis, co lon cancer, l a rge co lon polyps, i nf l ammatory bowe l d i sease 

Preoperative eva l u at ion • Colonoscopy with les ion tattoo ing  for po lyps and  cancer 
• Abd o m i nopelv ic  CT scan 
• PET scan selective ly 

I nc i s ion • 2 . 5-cm u m b i l i ca l or  4-cm Pfa nnenst ie l  
• S ing le  p l u s  one techn ique :  4-cm Pfa nnenst ie l  a n d  5-mm u m b i l ica l  port for camera port 

Tech n ique  • Media l-to-l atera l d issect ion .  Ea r l y  identif i cation  and  p reservat ion of  the left u reter. 
• Vascu l a r  d i ssect ion to v isua l ize the eag le  s ign  and  h i g h  IMA l igat ion i n  ma l i gna ncy 
• Specimen d iv is ion with end-to-end  a nastomosis with 29-mm c i rcu l a r  stap le r  
• Proper a nastomosis  confirmed with  proctoscopy, eva l u at ion of  a nastomotic r ings, and  a i r  

i nsuff lat ion test 

Postoperative care • Patients benefit from the use of a fast-track per ioperative p rotoco l .  

POSTOPERATIVE CARE 

• Postoperative care following minimally invasive colorectal 
surgery is enhanced with use of a standardized fast-track 
protocol.5 

• Orogastric or nasogastric tube is avoided, and diet is 
resumed with clear liquids 8 to 12 hours after the procedure 
and advanced with resumption of bowel activity. 

• Bladder catheter is removed on postoperative day 1 .  
• Ambulation i s  achieved the first night o f  surgery. 
• Postoperative analgesia is accomplished with a combined 

modality to reduce opioid use. Local infiltration with a 
long-acting anesthesia can be accomplished with liposomal 
bupivacaine. Intravenous acetaminophen and nonsteroidal 
antiinflammatory drugs can be given in a staggered fashion. 
Use of opioid can be limited to breakthrough pain, and alvi
mopan can be used to eliminate the effects of opioids in the 
GI tract. 

OUTCOMES 

• Most patients following sigmoid colectomy managed with a 
fast-track perioperative protocol have an average length of 
hospital stay of 3 days.2•4 

• Complications may warrant longer hospital stays and should 
be managed on an individual basis. 

• Hernia rates can be reduced by use of the Pfannenstiel inci
sion versus the umbilical incision. 

• Those with malignancies should be placed on oncologic 
surveillance protocols. 

COMPLICATIONS 

• Vascular injury with intraperitoneal bleeding 
• Ureteral injury 
• Sexual and/or urinary dysfunction secondary to autonomic 

nerve injury 
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• Prolonged postoperative ileus 
• Wound complications (e .g . ,  hematoma, seroma, infection, 

and dehiscence) 
• Anastomotic dehiscence 
• lntraabdominal abscess 
• Hernia formation 
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Scott E. Regenbogen 

DEFINITION 

• Diverticulitis is acute or chronic inflammation and/or infec
tion caused by perforation of a colonic diverticulum. Acute, 
simple diverticulitis results from localized, contained con
tamination, without features of complex disease, and is typi
cally amenable to medical therapy alone. 

• Complicated diverticulitis includes free perforation with 
peritonitis,  abscess formation, fistula, or stricture and will 
typically require operation. Chronic or recurrent diverticu
litis may be an indication for resection if the episodes are 
frequent, incur substantial morbidity, or fail to resolve with 
medical therapy. 

DIFFERENTIAL DIAGNOSIS 

• Diverticulitis is often a clinical diagnosis. The syndrome of 
left lower quadrant pain, fever, and abdominal tenderness 
may also be consistent with irritable bowel syndrome, gas
troenteritis, stercoral perforation, appendicitis, inflamma
tory bowel disease, urinary tract infection, aortic dissection 
or aneurysmal rupture, nephrolithiasis, pelvic inflammatory 
disease, ovarian torsion, and a variety of other causes of 
acute abdominal pain. 

• When diverticulitis is identified on computed tomography 
(CT) of the abdomen as segmental colon inflammation as
sociated with diverticulosis, it must be distinguished from 
other causes of segmental colitis, including perforated neo
plasm, ischemia, and Crohn's disease. Details of clinical his
tory, family history of colorectal cancer, and previous colon 
evaluation are helpful in excluding the latter two. 

• Except in the emergency setting, malignancy must be 
excluded, either by endoscopic evaluation or other means, 
because the principles of oncologic resection, including wide 
lymphadenectomy and en bloc resection, are typically vio
lated in surgery for benign diverticular disease. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with diverticulitis typically present with abdominal 
pain and fever. Because more than 90% of diverticulitis oc
curs in the sigmoid colon, the symptoms will typically local
ize to the left lower quadrant. 

• Free perforation may present as generalized peritonitis and/ 
or sepsis. 

• In the presence of colovesical fistula, the patient may have 
irritative urinary symptoms or even pneumaturia or fecal
uria, and there may be air or enteral contrast visible in the 
bladder. Occasionally, patients with colovesical fistula may 

not report a preceding episode of acute diverticulitis; rather, 
their initial presentation may be with symptoms of the fis
tula itself. Passage of urine per rectum is not common with 
colovesical fistulae from diverticulitis. 

• The clinical history should focus on the presence or absence 
of repeated episodes and symptoms suggesting fistulizing 
disease-gas or stool in the urine or per vagina. 

• In consideration of the differential diagnosis, the examiner 
should elicit any history consistent with inflammatory bowel 
disease or ischemic colitis and assess the patient's risk fac
tors for colorectal cancer ( age, personal and family history 
of cancer or polyps, and whether any previous colorectal 
cancer screening evaluations have been performed) . 

• Physical examination in the acute setting will reveal local
ized or generalized abdominal tenderness. Focal guarding 
in the left lower quadrant is typical. Diffuse rebound ten
derness suggests generalized peritonitis from free feculent 
perforation or purulent peritonitis from abscess rupture. 
Abdominal wall erythema may suggest incipient colocutane
ous fistula.  In the chronic setting, patients may have fullness 
or a palpable mass. 

• Traditional recommendations for elective colon resection 
after two episodes of uncomplicated diverticulitis have 
generally been abandoned. Instead, elective colectomy is 
recommended on a case-by-case basis, depending on age, 
comorbidity, severity and frequency of attacks, and the suc
cess of medical therapy. 

• Elective resection is often advised after recovery from an 
episode of complicated diverticulitis managed with medical 
therapy and/or percutaneous drainage. 

• Urgent operation may be indicated for free perforation with 
sepsis. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Typical findings on CT scan of the abdomen include seg
mental colonic inflammation and pericolonic fat stranding 
within an area of diverticulosis. There may be extraluminal 
air or fluid or a contained abscess. Intravenous and oral con
trast administration is helpful, although not essential. Rectal 
contrast is generally unnecessary, except to help with delin
eating a fistula .  

• CT is the most sensitive test for diagnosing colovesical fis
tula ( FIG 1 ) .  Other options include contrast enema ( FIG 2 ) ,  

CT or  fluoroscopic cystography, cystoscopy, colonoscopy, or 
oral administration of undigested material (e .g. ,  charcoal, 
poppy seeds) to be observed for in the urine. In some cases, 
colovesical fistula may be a clinical diagnosis based on the 
presence of pneumaturia and/or fecaluria alone. 
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Sigmoid colon i 
diverticulosis 

Fistu la track 
air and fluid 

FIG 1 • Sag itta l  CT image demonstrati ng s igmoid d iverticu l it i s  
with a f istu la  track and a ir  i n  the b ladder consistent with coloves ica l  
fistu la .  

• Colonoscopy (FIG 3 ) is advisable for evaluation of diverticu
litis and colovesical fistula in order to exclude a perforated 
malignancy, which can have similar clinical presentation 
and radiographic appearance. The presence of malignancy 
would warrant an oncologic mesenteric lymphadenectomy 
and en bloc resection of involved bladder wall, whereas the 
fistula may simply be divided in cases with benign inflamma
tory etiology. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• When patients present with diffuse peritonitis and sepsis, ur
gent operation may be required. Broad-spectrum antibiotics 
should be administered and the patient should be well resus
citated with intravenous fluid prior to surgery. 

• Every effort should be made before surgery to mark accept
able sites on the abdominal skin for stoma creation bilaterally. 

Fistula track 
with air and fluid 

Bladder with 

FIG 2 • Bar i um enema demonstrat ing  s igmo id  d ivert i cu los i s  
with a f istu l a  track and  contrast fi l l i n g  the b ladder. 

FIG 3 • Colonoscop ic  image of co lon i c  d ivert i cu los i s .  

Consideration may be given to placement of ureteral stents 
preoperatively if it can be performed without undue delay. 

• Decision making should be centered on the patient's clini
cal condition, the severity of pelvic sepsis, the suitability for 
colorectal anastomosis, and the ability to safely resect the 
inflammatory segment. 

• Options for surgical approach in the emergency setting 
include 

Proximal diversion without resection 
Resection with end colostomy and rectal stump closure 
(Hartmann procedure) 
Resection with primary anastomosis, with or without di
verting loop ileostomy 
Laparoscopic lavage and drainage 

• Complete colonoscopy in the elective setting should be per
formed in order to exclude a perforated malignancy that pre
sented as perforated diverticulitis or synchronous malignancy. 

• Cystoscopy and urine cytology may be considered in cases of 
colovesical fistula if there is suspicion for a primary bladder 
malignancy. 

• Consideration should be given to prophylactic placement of 
ureteral catheter( s )  to assist with identification of the ureter, 
if it appears to be involved with the inflammatory segment. 

• Laparoscopic approaches to complex diverticular disease 
and colovesical fistula are appropriate in hemodynamically 
stable patients among surgeons with adequate laparoscopic 
colorectal surgery skills and training. Hand-assisted and 
straight laparoscopic techniques have similar short- and 
long-term reported outcomes. 

• If inflammation is severe and there is intention to perform 
a Hartmann procedure with end colostomy or a colorec
tal anastomosis with diverting loop ileostomy, the patient 
should undergo preoperative evaluation and counseling by 
an enterostomal therapist, including marking suitable loca
tions for a stoma on the abdomen, either unilaterally or bi
laterally, if the operative plan will depend on intraoperative 
findings. 

• Mechanical bowel preparation with or without oral antibi
otics is a controversial topic. There is no definitive evidence 
for or against bowel preparation. However, if there is in
tention to use a circular end-to-end stapling device placed 
per anus, mechanical bowel preparation or rectal enema 
should be administered to clear stool from the rectum. If 
a colorectal anastomosis and diverting loop ileostomy is 
planned, mechanical bowel preparation is recommended to 
avoid leaving a column of stool between the ileostomy and 
the downstream anastomosis. 
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• Prophylactic antibiotics to cover skin flora, enteric gram 
negatives, and anaerobic bacteria should be administered 
before making the incision. 

• Appropriate pharmacologic and/or mechanical prophylaxis 
for venous thromboembolism is recommended. 

Positioning 

• The patient is placed in modified lithotomy position (FIG 4A) 

or supine with legs abducted on a split-leg table ( FIG 48) to 
provide access to the anus. 

A 

FIG 4 • A. Mod if ied l ithotomy posit i on .  Ca re is taken to ensure 
that p ressure is kept off of the peronea l  ne rve, a n d  the h i ps a re not 
excess ively extended (dotted lines show the a ppropr iate h i p  a n g le) .  

• If a laparoscopic approach is used, consideration may be 
given to a position-assisting device, such as a beanbag, to 
prevent the patient from sliding during extreme positioning 
changes. 

• If stoma markings were performed preoperatively, these 
should be redrawn with a marker that will remain visible 
after skin preparation. 

B. Sup i ne  posit ion with legs abducted on a sp l it- leg tab le .  B 

LAPAROSCOPIC ELECTIVE SIGMOID 

COLECTOMY, BLADDER REPAIR 

Abdominal Access and Port Placement 

• The abdomen may be accessed via a percutaneous Veress 

needle o r  an open Hasson can n u l a  techn ique .  
• Typica l  port p lacement is dep icted i n  FIG S. A 1 2-mm 

camera port i s  p laced at the u m b i l i cus .  Th ree work ing  

ports a re i n serted, i nc l ud ing  a 5-mm port i n  the r ight  

upper  quad ra nt, a 1 2-mm port i n  the r ight  lower quad

rant  (preferab ly at a potent i a l  d ivert ing  loop i leostomy 

s ite), and a 5-mm port in the left l ower quadra nt (prefer

ab ly  at a potenti a l  colostomy site) .  

Isolation and Division of the Inferior Mesenteric 
Artery Pedicle 

• In order to ga i n  access to the prox ima l  i nfer ior  mesenteric 

a rtery ( IMA), the gastroco l i c  omentum is  e levated over the 

tra nsverse colon, i nto the u pper a bdomen, with the pa

t ient i n  steep Trende lenburg posit ion, with the operat ing 

tab le  t i lted toward the r ig ht. The sma l l  bowel is  brought 

to the r ight u pper quadrant and  out of the pelv is .  

• 

• 

• 

E levat ion of the rectos igmoid  mesentery with a g rasper 

through the left lower quadra nt port towa rd the left 

l ower quadra nt, demonstrates the IMA as a r idge i n  the 

s igmoid co lon mesentery and  exposes a p lane between 

the mesentery and the retroperitoneum on the med i a l  

peritonea l  fo ld  o f  the mesentery. With cautery attached 

to Endo Shears brought through the r ight  lower quad

rant  port, a long inc i s ion i s  made i n  the med i a l  peritonea l  

fo ld  of the mesentery a long  a c lear  space seen between 

the IMA and the retroperitoneum (FIG 6) .  

Through  th i s  i nc i s ion,  the left u reter, gonada l  vesse l s, 

and  retroperitonea l  t issues a re identif ied and  d i ssected 

down off of the vesse l and the mesentery (FIG 7A) .  If 

the left i l i ac  a rtery and/or left psoas m uscle a re exposed, 

the p lane  of d i ssect ion must be brought more a nter ior ly. 

The left u reter is identif ied defi n itively by visua l i z i ng  

per ista ls i s .  

Once the left u reter has been identif ied and  protected 

in the retroperitoneum,  the IMA is  enc i rc led .  The IMA 

and  i t s  term ina l  branches, the left co l ic a rtery, and  the  

super io r  hemorrho ida l  a rtery form what  appears to be 

a " l etter T, " fac i l itat ing  the identif icat ion of these cr it i 

ca l  vascu l a r  structures (FIG 78) .  The IMA is  then d iv ided.  
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5 mm 
0 

1 2 mm 
.. -... 
• .. _l 

1 2 mm 
...... � 
• .. _ .. ' 

5 mm 

FIG 5 • Laparoscopic port placement for s igmoid colectomy. 
A 1 2-mm camera port is p laced at the umb i l icus. Th ree working 
ports a re inserted, inc lud ing a 5-mm port i n  the r ight upper 
quadrant, a 1 2-mm port i n  the r ight lower quadrant (preferably 
at a potentia l  d ivert ing loop i leostomy site}, and a 5-mm port in 
the left lower quadrant (preferably at a potential  colostomy site) . 

I prefer a b ipo la r  vessel-sea l i n g  device (FIG SA) but choices 

inc lude vascu l a r  c l i ps, endoscopic  stap lers (FIG 88}, o r  en

do loops.  When us ing a n  energy device for d iv is ion,  it is  

advisab le  to have endo loops ava i l ab le  i n  the room as a 

backup to control b leed i ng  from the d iv ided ped ic le i n  

case o f  device fa i l u re .  

Mesentery 

Inferior ~ mesenteric 
artery 

Ureter� 

Gonadal 
vessels 

Sacral 
promontory 

Psoas muscle 

Common 
i l iac artery 

Sacral 
promontory 

FIG 6 • The s igmo id  co lon  is e levated, p lac ing  tens ion on the 
IMA pedic le, and  a n  inc i s ion i s  made i n  the med i a l  per itonea l  
fo ld  dorsa l to the IMA (dotted line). 

Mobilization of the Descending Colon and Splenic 
Flexure 

• 

B 

The " m e d i a l -to- latera l "  d i ssect ion  of the mesoco lon  i s  

perfo rmed by e levat i ng  the d iv ided vasc u l a r  ped ic le, 

ident ify ing  the  l i n e  of sepa rat ion  between the  poste r ior  

s ide  of the co lon  mesentery ventra l l y  a n d  G erota 's fas

cia over ly i ng  the k id ney and retroper itoneum dorsa l l y  

FIG 7 • A. The  mesenteric vesse l s  a re isol ated by  
sweep ing  the retroperitonea l  t i ssues, i n c l ud i ng  the left 
u reter and  gonada l  vesse ls, poster ior ly off the mesentery 
of the s igmoid  co lon .  The left u reter is identif ied as it 
crosses under  the co lon  mesentery and  is p rotected in the 
retroperitoneum .  B. The IMA a n d  its  term ina l  branches 
the left co l i c  a rte ry, and  the su per ior  hemorrho ida l  a rter; 
(SHA) form what appears to be a " l etter T, " faci l itat ing  the 
identif icat ion of these cr it ica l  vascu l a r  structu res. 
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A 

• 

Vessel-seal i n g  

device 

U reter 

Colon 

Mesentery 

Grasper 

(FIG 9A,B) .  The retroper itonea l  t i ssues a re swept down 

(dorsa l ly) with a com b i n at ion  of cautery and b l u nt d i s

sect ion .  Th i s  d i ssect ion  cont i n ues l atera l ly to the ab

d o m i n a l  s ide  wa l l  a n d  su per ior ly  to the i nfe r io r  border 

of the  pancreas and the su per ior  edge of the  d i sta l 

tra nsverse co lon  a n d  sp len i c  f lexure .  Th i s  wi l l  g reatly 

fac i l itate the m o b i l izat ion of the sp l en i c  fl exu re later • 

d u r i n g  the case.  

The l atera l d i ssect ion is then performed by retract ing 

the co lon med i a l ly and  d ivid ing  the wh ite l i ne  of To ldt 

from the pelvic brim to the sp len ic  flexu re (FIG 1 0) .  As 

the d i ssect ion cont in ues super iorly, the patient's posit ion 

Colon 

Mesentery 

Divided 
inferior 

mesenteric 

artery 
Kidney 

B 

B 

FIG 8 • The IMA is enc i rc led at its base and  d iv ided with a 
(A) b ipo la r  vessel-sea l i n g  device or (B) endoscop ic  sta p ler, 
ensur ing  that the u reter is not ensnared d u ri ng  the d ivis i on .  

i s  gradu a l ly a ltered, go ing  from steep Trende len burg 

toward s l i ght reverse Trende lenburg position .  The r ight

ward t i l t  i s  ma inta ined .  If the med ia l  d i ssect ion has been 

performed comp letely, there shou ld  be only a s i ng le  t is

sue layer to d iv ide before meet ing the med ia l  p lane of 

d i ssect ion .  

At th i s  poi nt, the sp len i c  fl exu re i s  mob i l ized.  It i s  often 

he lpfu l  to access the l esser sac fi rst by transecti ng  the 

gastroco l i c  l i ga ment with a t issue-sea l i n g  device from 

the d i sta l tra nsverse co lon (FIG 1 0) .  The sp len ic  f lexure 

i s  then ful ly mob i l ized by transecti ng the sp lenoco l i c  a n d  

ph renoco l i c  l i ga ments su perolatera l to the c o l o n  with 

FIG 9 • A,B. A med ia l -to-latera l  d i ssect ion of the mesoco lon 
i s  performed by e levat ing  the d iv ided vascu l a r  ped ic le  and  
sweep ing  the Gerota 's fascia a n d  retroper itoneal  t issues 
dorsa l ly, latera l ly to the abdom i n a l  wa l l ,  and superior ly to 
the ta i l  of the pancreas a n d  poster ior  to the sp len i c  f lexure 
of the co lon .  



1104 P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

FIG 1 0  • Mob i l izat ion of the sp len ic  f lexure. The p h renoco l i c  
(C), sp lenoco l i c  (D), and  gastroco l i c  l i gaments (E) a re transected 
in order to separate the sp len i c  f lexure (A) from the sp leen (B). 

ca utery o r  a t issue-sea l i n g  device (FIG 1 0) .  To check for 

adequate length,  hea lthy descend ing  co lon  a bove the 

a rea of inf lam mation shou ld  be ab le  to reach to the pe l 

v is  without any tens ion .  

Mobilization of  the Rectosigmoid, Separation, and 
Repair of the Fistula 

• The s igmo id  co lon  typica l ly has attachments to the left 

s idewa l l  at the pelv ic i n let. These can be i n c ised with 

cautery after the u reter has been reidentif ied, cross i ng  

the l eft common i l i ac  a rtery at the level of  the left pelv ic 

i n let (FIG 1 1 ) .  Peritonea l  inc is ions down each s ide of the 

rectos igmoid  to the leve l  of the u p per  rectum wi l l  a l l ow 

FIG 1 1  • Mob i l izat ion of the s igmo id  of the pelv ic i n l et .  The 
left u reter ca n be seen cross ing  the left common i l i ac  a rtery at 
the level of the l eft pelvic i n l et .  

• The u pper rectum is then d iv ided d i sta l  to the coa lescence 

of the ten iae co l i  by b l u nt ly creat ing  a window between 

rectum and  mesorectum .  The mesorectum is d iv ided at 

this level us ing  a t issue-sea l i n g  device. The upper  rectum 

is  then transected e i ther  with  a n  endoscop ic  stap le r  v ia  

the r ight  lower quadrant  port site o r  through the extrac

tion inc i s ion .  

Extraction Incision, Colon Division, and 
Anastomosis 

• The spec imen may be extracted through a lower abdomi 

na l  inc i s ion of  cho ice .  I prefer a sma l l  Pfa n nenst ie l  i n ci 

s ion  with  a transverse cu rv i l i near  fasc ia l  i nc i s ion .  
• The spec imen is exter iorized through the extract ion 

inc i s ion .  
• Before d iv i s ion of the bowe l,  I p refer to c l amp the mar

g i n a l  a rtery d i sta l ly, then d iv ide it sharp ly  with i n  the 

mesentery, at a point on the descend ing  co lon p roxi ma l  

to the a rea of  inf lam mation,  j ust beyond the i ntended 

point of d iv i s ion .  The p resence of a rteria l  b leed i ng  from 

the p roxi ma l  end i nd i cates adequate b lood supply for 

the future anastomosis .  

i dentif icat ion of the u pper mesorectum .  • The co lon is then d iv ided, e ither with a l i near  stap le r  or a 

pu rse-str ing app l icat ion device . • 

• 

• 

The fistu la  is d iv ided with a comb i nat ion of sharp d is-

sect ion and cautery. If it can n ot be safe ly ach ieved lapa- • 

roscopica l ly, the extract ion inc i s ion may be made at th i s  

t ime and  separat ion accomp l ished by f inger  fracture .  

Once the co lon a n d  b ladder  a re separated, the b ladder  

may be repa i red with  one o r  two l ayers of a bsorba b le  • 

sutu re mater ia l  if a fu l l -th ickness defect is exposed .  The 

c losu re can be leak tested by i rr igat ion through the u ri 

na ry catheter w ith  methy lene b l ue  dye to enhance v isu

a l i zat ion of a potenti a l  u r i na ry leak .  

A c losed suct ion dra in  may be left i n  the pelv is  if the 

b ladder  repa i r  is  extens ive; but often, the actua l  ho le  i n  

the b l a d d e r  i s  q u ite d ifficu l t  t o  ident ify defi n it ively a n d  

d r a i n a g e  is  n o t  req u i red f o r  most cases. 

A 3 1 -Fr  a nvi l of a n  end-to-end  a nastomosis  (E EA) device 

i s  sewn i nto the d iv ided end of the colon, and ca re shou ld  

be taken  to be su re that  the mesentery i s  not  twisted as 

the anvi l  i s  brought to the pelv is  . 

The hand le  of the stap le r  is adva nced transana l ly, up to 

the recta l stap le  l i ne, a n d  an end-to-end  sta p led EEA 

co lorecta l anastomosis i s  performed (FIG 1 2A) .  The re

sected "don uts" should be exa m ined .  The i nteg rity of 

the a nastomosis i s  tested by i n suffl at ing it under  water. 

The presence of an a i r  leak wou l d  i nd icate an anasto

mot ic  d i s rupt ion and wou l d  req u i re repa i r  or  rev is ion 

of the a nastomosis, with o r  without proxi m a l  d ivers ion 

(FIG 128) .  
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Closure • The extract ion inc i s ion  is c losed in layers. The l a rge l a pa

roscop ic  ports may be c losed from the outs ide or  with the 

use of a lapa roscop ic  sutu re passer. The smal l  ports a re 

c losed at sk in  level on ly. 

• If the omentum can be mob i l ized to the pelv is, it i s  

p l aced between the a nastomos is  and  the b ladder  repa i r  

as a vascu l a r ized soft t issue f lap .  

A 

B 

HARTMANN PROCEDURE 

Abdominal Entry, Containing Contamination 

• 

• 

I n  an emergency sett ing ,  a lower m i d l i n e  lapa rotomy, oc

cas iona l ly with extens ion a bove the u m b i l i cus, fac i l itates 

rap id  a n d  amp le  exposu re .  

I n  case of puru lent or  fecu lent  periton it is, conta m ina

t ion shou ld  fi rst be evacuated and  i r r igated c lea n .  Often, 

there w i l l  be a conta ined co l l ect ion  or  ph legmon overly

ing a necrotic perforat ion .  B l u nt f inger  fractu re w i l l  pro-

FIG 12 • The co lorecta l anastomosis .  
A. A sta p led EEA co lorecta l  anastomosis 
i s  performed.  B. The i nteg rity of the 
a nastomosis  is  tested by i nsufflat i ng it under  
water. The presence of  a n  a i r  leak wou l d  
i nd i cate a n  a nastomotic d i s rupt ion and  
wou l d  req u i re a rev is ion of  the anastomosis .  

v ide exposure of the perfo rat ion,  then contam i nat ion 

should again be conta ined rap id ly. 

Colon Mobilization and Resection 

• Mob i l izat ion shou ld  be kept to the m i n i m u m  necessa ry. 

U n l i ke in e l ective s igmo idectomy for d ivert icu l it is, it i s  

not essent ia l  to resect the rectosigmoid  j u nction or  to 

mob i l ize the sp len i c  f lexure .  Rather, the goa l  shou ld  be 

to resect the g rossly perforated colon seg ment, d iv ide 

the co lon  proxi m a l  and  d i sta l to the acutely inf lamed 

1105 
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• 

segment, a n d  m a i nta i n  as m uch vascu l a r  supp ly  as pos

s ib le  for the future colostomy ta kedown . 
The descend ing  colon shou ld  be mob i l ized o n ly as much 

as  i s  req u i red for  the d iv ided co lon  to reach the abdomi 

n a l  wa l l  w ithout  tens ion  at the i ntended colostomy ap-

the pelv is  should be m i n i m ized i n  order to preserve t i ssue 

p lanes for the potenti a l  future colostomy c losure .  

Abdominal Closure and Stoma Creation 

erture .  Excessive mob i l izat ion on ly  exposes add it iona l  • The colostomy a perture is typ i ca l ly created in the left ab

domen,  idea l ly at a s i te  marked preoperatively. t issue p lanes i nto which conta m i nat ion may extend a n d  

estab l i sh a future a bscess. • The abdomen is c losed in layers. Depend ing  on the extent 

of conta m inat ion,  the skin inc i s ion may be closed pr imar

i ly, c losed i n  a de layed pr imary fash ion ,  c losed over gauze 

wicks, or  left open to hea l  by secondary i ntent ion .  

• The rectos igmoid  may be left i n  p lace, and  the d iv ided 

co lon/recta l stu m p  marked with a permanent suture.  

The status of the super ior hemorrho ida l  a rtery shou ld  

be documented i n  the operative report and  d i ssect ion i n  • The colostomy is matured i n  a sta ndard fash ion .  

LAPAROSCOPIC LAVAGE AND DRAINAGE 

Abdominal Access and Port Placement 

• The abdomen may be accessed via a percutaneous Veress 

need le  or an open Hasson cannu l a  tech n ique. Port p lace

ment is  then chosen, depend ing on the location of perfora

tion and presence of ad hesions to the anterior abdomina l  

wa l l .  A typ ica l port d istri bution i s  depicted i n  FIG 13 . 

Identification and Control of the Perforation 

• After l aparoscop ic  assessment, sharp ad hes io lys i s  is per

formed with scissors and  ca utery to free ad hes ions to the 

a nter ior abdom i n a l  wa l l .  
• Puru lent f l u id  is asp i rated and  a sa mp le  obta ined for 

aerobic and a naerobic  bacter ia l  cu l ture .  
• B l u nt d i ssect ion is used to sepa rate omentum and  sma l l  

bowe l from the perforated s i gmo id  co lon,  expos ing  locu

l ated f lu id co l lect ions .  

5 mm 
0 

5 mm 
0 

5 mm 
0 

5 mm 

FIG 1 3  • La paroscop ic  port p lacement for l aparoscopic 
lavage and  dra inage .  Four  5-mm ports a re i nserted as shown. 

• Copious i rr igat ion (4 L or more) with ster i l e  sa l i ne, with 

or  without d i l ute iod ine  a n d/or ant ib iot ics, i s  used to 

c lear  any resid u a l  conta m inat ion .  
• If a sma l l  perforation is identified, it may be sutu red c losed 

with a bsorbab le  Lembert sutures. It i s  des i rab le  to buttress 

th i s  c losure with a patch of omentum or  ep ip lo ic  a ppend

age, if easi ly mob i l ized, to cover the perforation (FIG 14) .  

Drain Placement and Closure 

• 

• 

Two l a rge c losed suction d ra i ns a re p l aced through the 

lapa roscop ic  port inc is ions a n d  left to res ide i n  the pelv is  

near  the site of perforat ion .  

The lapa roscop ic  i nc is ions a re c losed with  su bcuticu l a r  

sutu re, and  the dra ins  a re sutured to the sk in  and  con

nected to bulb suct ion .  

Epiploic appendage\ 

Perforation 

Lembert sutures 

FIG 14 • Laparoscop ic  lavage and dra inage .  If a sma l l  
perforat ion i s  identif ied, it may  be sutured c losed with 
a bsorba b le  Lembert sutu res. It i s  des i rab le  to buttress th i s  
c losure with a patch of omentum or  ep ip lo i c  appendage, if 
easi ly mob i l ized, to cover the perforat ion .  
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PEARLS AND PITFALLS 
I nd icat ions  • Trad it iona l  recommendat ions for e l ective resect ion afte r two uncompl icated ep i sodes of 

d ivert icu l it i s  have genera l ly been abandoned.  
• Resect ion i s  i nd i cated after nonoperative management of compl i cated d ivert icu l it is, i n c l ud i ng  free 

perforation, a bscess, and fistu l a .  
• Free perforation w i th  c l i n i ca l  sepsis i s  a n  i nd icat ion fo r  u rgent operat ion .  

Preoperative p l a n n i n g  • Stoma sites s h o u l d  be marked preoperatively, if  there i s  a poss i b i l ity o f  colostomy or  i l eostomy. 
• U retera l stent(s) shou ld  be cons idered in cases i n  which severe retroperitonea l  inf lam mation is  

suspected based on preoperative imag i ng .  
• I n  e lective cases, co lonoscopy shou ld  be performed preoperatively to exc lude  a perforated 

neoplasm . 
• Mechan ica l  bowel preparat ion i n  e lective cases rema in s  a controvers i a l  topic, left to the d iscret ion 

of the su rgeon, except i n  cases i n  which co lorecta l a nastomos is  and  p roxi ma l  d ivert ing  i leostomy is  
p l an ned; i n  which case,  bowel  preparat ion should be a d m i n istered to em pty the d iverted co lon .  

• Appropriate ant ib iot ics and  venous thromboembo l i sm prophylaxis  shou ld  be a d m i n istered 
per ioperative ly. 

Cho ice of operat ion • Proxi ma l  d ivers ion without resect ion 
• Resect ion with end colostomy and  recta l stu m p  c losure (Hartma n n  p rocedu re) 
• Resect ion with p r imary a nastomosis, with or  without d ivert i ng  loop i l eostomy 
• Lapa roscopic  lavage and dra inage 

Postoperative management  • Postoperative ant ib iot ics are not req u i red i n  e lective cases and  a re l eft to su rgeon d i scret ion i n  
emergency cases with puru lent o r  fecu lent per iton it is .  

• Cystogram may be used to verify repa i r  of b ladder f istu l a  pr ior to remova l of u r i na ry catheter. 

POSTOPERATIVE CARE 

• Postoperative care should include combined analgesia with 
acetaminophen, nonsteroidal antiinflammatory medica
tions, narcotics, and/or regional or epidural anesthesia. Me
chanical and/or pharmacologic prophylaxis against venous 
thromboembolism should be provided.  Early mobilization 
and early enteral feeding are both associated with shorter 
duration of postoperative ileus and should be encouraged. 
Routine postoperative nasogastric intubation is not recom
mended. 

• Duration of urinary catheterization should be minimized 
to reduce the risk of urinary tract infection. After repair of 
colovesical fistula, however, an indwelling urinary catheter is 
typically left in place for 5 to 10 days, depending on the com
plexity of the bladder repair. A cystogram may be performed 
to confirm an intact repair before Foley catheter removal. 

• Antibiotics are not given postoperatively after elective resec
tion for colovesical fistula but may be continued for a vary
ing duration after urgent operations for frank perforation 
with purulent or feculent peritonitis .  

OUTCOMES 

• The likelihood of recurrent diverticulitis after elective resec
tion is determined largely by the level of anastomosis-less 
than 5% with a colorectal anastomosis but more than 12% 
with a colosigmoid anastomosis. 

• Complication rates after Hartmann procedure are high. The 
most common complications are wound infection, sepsis, 
stoma necrosis, and intraabdominal abscess. 

• Less than half of patients who undergo emergency Hart
mann procedure go on to have their colostomy reversed. 

• After laparoscopic lavage, about 6% of patients will require 
early reoperation for clinical deterioration. About half of the 

remaining patients will eventually require elective resection, 
and the remainder recover without further operative inter
vention. 

COMPLICATIONS 

• Anastomotic leak 
• Abscess 
• Ureteral injury 
• Bowel obstruction 
• Hemorrhage 
• Stoma complications (necrosis, dehiscence, obstruction) 
• Bladder leak 
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DEFINITION 

• Total abdominal colectomy is defined as the removal of the 
entire colon, following which the distal ileum is anastomosed 
to the rectum or an end ileostomy is created. 

DIFFERENTIAL DIAGNOSIS 

• Inflammatory bowel disease ( IBD ) 
• Severe acute colitis (various etiologies) 
• Polyposis syndromes, including familial adenoma taus polyposis 

(FAP) and hereditary nonpolyposis colorectal cancer (HNPCC) 
• Slow-transit constipation 
• Malignancy 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Specific history and examination findings will depend on the 
indication for total abdominal colectomy. 

• History of previous abdominal surgery is important, par
ticularly in the setting of IBD. If the patient has had multiple 
small bowel resections and is at risk of short-gut syndrome, 
then total abdominal colectomy is contraindicated.  

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Endoscopy: Colonoscopy is required to diagnose the disease 
for which total colectomy is required, and an up-to-date 
flexible sigmoidoscopy is needed to assess the state of the 
rectum and ensure it is disease/polyp-free. 

• Patients with IBD also require small bowel imaging (pref
erably computed tomography [CT] or magnetic resonance 
imaging [MRI] enteroclysis) to ensure that the small bowel 
is free of diseased segments. 

• Patients with severe constipation require a colonic transit 
study to confirm functional colonic disease. 

• Patients with malignancy require a staging CT scan of the 
chest/abdomen/pelvis. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The surgeon obtains informed consent from the patient, 
explaining the procedure, expected recovery, and risks and 
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INCISION AND ACCESS 

• A generous m i d l i n e  l aparotomy is performed.  
• A su itab le  lapa rotomy retractor is i n serted .  
• After genera l  i nspect ion,  the sma l l  bowel is packed with 

moist, l a rge swa b packs i nto the upper abdom i n a l  cavity. 

benefits of the operation. Consent should also be obtained 
for a stoma should this be required.  

• The patient's nutritional status should be optimized prior to 
surgery. 

• A suitably qualified nurse should carry out preoperative 
stoma marking. 

• Blood crossmatching is performed (at least two units 
available ) .  

• A preoperative sodium phosphate enema i s  administered. 
• Enhanced recovery after surgery (ERAS) perioperative care 

protocols are applied. 1 •2 
• A midthoracic epidural should be inserted preoperatively.3 
• An indwelling Foley catheter is inserted preoperatively. 
• Appropriate intravenous antibiotic prophylaxis is given on 

induction.4 
• Consideration should be given to intravenous steroid sup

plementation if the patient is steroid-dependent. 
• Subcutaneous low-molecular-weight heparin is given on 

induction. 
• Calf compression stockings are applied. 
• Note: Mechanical bowel preparation is not recommended. 5  

Positioning 

• The patient should be placed on a supine position with the 
arms out. Ensure that the arms are not hyperabducted to 
avoid brachial plexopathy. 

• The patient should be as far down the bed as possible 
(to provide access to the anus) .  Ensure that the buttocks re
main well supported on the bed. 

• The legs should be placed in lithotomy braces with adequate 
padding. Ensure that there is no pressure on the common 
peroneal nerves bilaterally. 

• A strap should be placed across the pelvis to hold the patient 
on the bed. 

• Once the patient is positioned, a digital rectal examination 
and proctoscopy should be performed to ensure that there is 
no rectal abnormality. 

• The patient's skin is prepped and draped from the xiphister
num to the pubis, ensuring access to the anus. 

• The surgeon stands on the patient's left side, and the first 
assistant stands on the opposite side. 

-
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ASCENDING COLON MOBILIZATION 

• The ascend ing  co lon is mob i l ized by med ia l  tract ion 

and  d issect ion a long  the r ight  paraco l i c  g utter us ing  

d i athermy (FIG 1 ) .  

• Care is taken to ident ify, a n d  avo id  d a m a g e  to, 

the r i g ht g o n a d a l  vesse l s, the r i ght  u rete r, a n d  the  

duoden u m .  

Right colon 

Right paracolic gutter 

FIG 1 • Ascend ing  co lon mob i l izatio n .  The su rgeon retracts the ascend i n g  co lon med ia l ly. D issect ion proceeds a long  
the r ight paraco l i c  g utter. 

TRANSVERSE COLON MOBILIZATION 

• The hepat ic f lexure is mob i l ized by d iv i d i ng  ad hes ions 

between the g a l l b ladder  and  l ive r. Gent le tract ion on the 

hepatoco l i c  l i gament exposes the hepatoco l i c  l i gament, 

wh ich is then transected with e lectroca utery (FIG 2) .  
• The gastroco l i c  l i gament is exposed as the assista nt 

retracts the g reater omentum su per ior ly wh i l e  the su r

geon retracts the transverse co lon a ntero i nfer ior ly. 

FIG 2 • Hepatic fl exu re mob i l izat ion .  Gent le tract ion on the 
hepat ic f l exu re of the colon exposes the hepatoco l i c  l i gament, 
which i s  then transected with e lectroca utery. 

• 

• 

D iathermy is used to sepa rate the g reater omentum from 

the a nter ior leaf of the transverse mesoco lon .  

The  sp lenoco l i c  l i g a ment i s  d iv ided as c lose to the co lon  

as feas ib le, avo id i ng  undue  tract ion on  the sp leen .  The 

sp lenoco l i c  l i ga ment needs  to be approached f rom both 

s ides to fac i l itate ease of mob i l izat ion of the sp len i c  

f lexure. Once the gastroco l i c  l i gament has  been com

p letely transected, tra nsect ion of  the latera l per itonea l  

Hepatocolic l igament 
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FIG 3 • Sp len i c  f lexure mob i l i zation .  After med i a l  and  latera l 
mob i l izat ion of the sp len i c  f lexure attachments, the su rgeon 
hooks h i s  or  her  r ight  i ndex f inger  under  the sp lenoco l i c  
l i gament, provid i n g  good exposu re and  a l lowing for a safe 
tra nsect ion of th i s  l i gament.  

attachments a l l ows for mob i l izat ion of the sp len i c  fl ex

u re .  At th i s  po int and  from the r ight  s ide of the ta b le, 

the surgeon hooks the sp lenoco l i c  l i gament a nter ior ly 

Left colon Splenocolic 
l igament 

with his o r  her r ight  i ndex f inger, expos ing  the l i gament 

adequately for the ass istant to transect it us ing e l ectro

ca utery (FIG 3) .  

PROXIMAL DIVISION • The i leoco l i c  ped ic le  (a nd r ight  co l i c  ped ic le, if p resent) 

• The term i n a l  i l eum is mob i l ized by d iv i s ion of su rround-

i ng  ad hes ions proceed i ng  with the d i ssect ion toward the • 
root of the mesentery. 

FIG 4 • I l eoco l i c  pedicle d ivis ion. The i leoco l ic  vessels a re transected 
between c lamps and wi l l  be subsequently l igated with heavy s i l k  
sutures. SMA, superior mesenteric artery. 

is identif ied and  c lam ped with heavy a rtery forceps by 

creat ing  windows on e ither s ide with d i athermy (FIG 4) .  

The  ped ic le  i s  d iv ided between the a rtery forceps and  

l i gated p roxi m a l ly and  d i sta l ly w i th  a bsorba b le  bra ided, 

s ize 0 t ies .  

I leo-colic 
pedicle 

Superior 
mesenteric 
artery 
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• 

• 

Alternat ive ly, if the  s u rgeon  is certa i n  of the  a bsence • 

of m a l i g n a n cy, then  the  m esenter ic  b lood s u p p ly 

to the  prox i m a l  seg ment  can  be taken c lose to the  
bowe l  wa l l .  • 

The term i n a l  i l e u m  is transected with a s i ng l e  f i r i ng  of a 

l i near  stap ler, such as gastroi ntest i na l  a nastomosis  (G IA) • 

60-3 . 5  stap le r  or G IA  60-4.8 if the i l e u m  is th ickened or  

i nf lamed (FIG 5) .  

F IG 5 • Proxi ma l  d iv i s ion .  T h e  term i n a l  i l eum is  transected with 
a l i near  sta p ler. 

The ascend ing  co lon  mesentery is d iv ided, p roceed i ng  

from proxi ma l  to  d i sta l  unt i l  the m idd l e  co l i c  ped ic le  i s  

encou ntered . 

The m idd le  co l i c  ped ic le  is c l am ped with heavy a rtery for

ceps by creat ing  windows on e ither s ide with d iathermy. 

The pedic le  is d iv ided between the a rtery forceps and  

l igated proxi m a l ly and  d ista l l y  w i th  a bsorba b le  bra ided,  

s ize 0 t ies .  

DESCENDING COLON MOBILIZATION • Care is taken to identify, and  avoid damage to, the left 

gonada l  vesse l s  and  left u reter (FIG 7) .  
• The descend ing  co lon is mob i l ized by med i a l  tract ion and  • 

d i ssect ion a long the left paraco l i c  g utter us ing  d i athermy 

(FIG 6) .  

D i ssect ion i s  stopped at the rectosigmo id  j u nct ion .  

Left colon mesentery Left colon 

FIG 6 • Descend ing  co lon mob i l izat ion .  With the descend ing  co lon retracted med ia l ly, the l atera l peritonea l  attachments a re 
transected with e lectroca utery a long  the left paraco l i c  g utter. 
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Left ureter 
FIG 7 • I dentif icat ion of l eft u reter. After fu l l  mob i l izat ion of the descend i ng  colon,  the l eft u reter i s  exposed in the 
retroperitoneum.  The surgeon is retract ing  the descend ing  co lon  med i a l ly. 

DISTAL DIVISION 

• The i nfer ior  mesenter ic ped ic le  is identif ied and  c lam ped 
with heavy a rtery forceps by creat ing windows on e ither 
s ide with d iathermy. 

• The ped ic le  is d iv ided between the a rtery forceps and  
l i gated p roxi m a l ly and  d i sta l l y  w i th  a bsorbab le  bra ided, 
s ize 0 t ies (FIG 8) .  

• 

• 

• 

Alternative ly, if the su rgeon is certa i n  of the a bsence of 
ma l i gna ncy, then the mesenteric b lood supp ly to the d is
ta l  segment can be taken c lose to the bowel wa l l .  
T h e  rectos igmoid  j u nct ion is t h e n  d iv ided with a l i near  
stap le r  ( such  as a thoracoa bdom ina l  [TA] 60-4.8 stap le r; 
FIG 9) .  
The speci men i s  removed and  sent  to the l aboratory i n  
form a l i n .  

Inferior mesenteric pedicle 
FIG 8 • I nfer ior  mesenteric a rtery ( I MA) d ivis ion .  The IMA is  tra nsected between c l amps and w i l l  s ubsequently be l igated with 
heavy s i l k  sutures. 
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FIG 9 • Di sta l  d iv i s ion .  D i sta l tra nsect ion,  at the leve l  of the 
rectos igmo id  junct ion,  i s  performed with a l i near  TA stap le r  
device. Rectosigmoid junction 

I LEORECTAL ANASTOMOSIS 

• The d ista l i l eum is inspected to ensure adequate blood sup
ply and length for a tension-free i leorecta l anastomosis . 

• An enterotomy is made with d i athermy on the a ntemes
enter ic border of the d i sta l  i l eum,  2 em proxi ma l  to the 
d iv is ion stap l e  l i ne. 

• 

• 

• The anvi l  of a c i rcu lar  stap ler (e.g., end-to-end anastomosis • 

• 

[E EA]4.8 stapler), the size of which can be establ ished with 
anal sizers, is i nserted into the enterotomy and secu red with 
a pu rse-str ing sutu re (nonabsorbable, monofi lament size 0). 
The c i rcu l a r  sta p le r  is i n serted through the a n us, and  the 
troca r i s  pushed out through the rectum anter ior to the 
stap le  l i ne. 

The troca r and  anv i l  a re jo i ned, ensur ing  that the sma l l  
bowe l mesentery i s  not  twisted and  the anastomosis i s  
tens ion-free (FIG 1 0) .  The sta p le r  i s  then fi red, creat ing  a 
s ide-to-end i leorecta l a nastomosis .  
An underwater a ir  leak test i s  performed by pour ing 
warm water i nto the pe lv i s  and  insufflat i ng  a i r  f rom the 
below with a proctoscope. 
Consideration is g iven to a protecting, d ivert ing loop i leos
tomy if the a i r  leak test is positive, if the patient is ma lnour
ished or acutely unwel l ,  or if there a re any technica l  issues 
with the anastomosis. I n  more extreme cases, where an 
anastomosis i s  undesirable or not poss ib le, an end i leostomy 
can be fash ioned, leaving a closed rectal stump in the pelvis. 

Rectum 

Ileum 
FIG 10 • l l eorecta l a nastomosis .  
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CLOSURE 

• Mass fasc i a l  c losure is performed with s ize 1 a bsorba b le, 
monofi l ament suture.  

• The sk in  inc i s ion is c losed with sta p les .  
• No i ntraabdom i n a l  or recta l d ra ins  a re used.  

PEARLS AND PITFALLS 
B leed ing  from the 
sp leen 

Diffi cu lt  sp len i c  f lexure 
mob i l izat ion 

Identif ication of the 
u reters 

Management of the 
recta I stu m p  

• M i n i m iz i ng  tract ion on t h e  sp len i c  f lexure i s  cr it ica l  t o  red uc ing t h e  i nc idence o f  s p l e n i c  tears. If the 
sp leen i s  torn, hemostat ic  agents (such as  ce l l u lose sheets o r  f ib r in  powders) can be used i n  the fi rst 
i nsta nce with a swa b app ly ing pressu re for 5 m i n  in an attem pt to ach ieve hemostas is .  U lt imately, 
however, if b leed i ng  ca nnot be stopped, then a sp lenectomy may be req u i red .  

• I t  may be eas ier  to mob i l ize the sp len i c  f lexure by stand i ng  between the patient's legs rather  than  on 
the patient's r ight s ide .  Approach ing  the sp len i c  f lexure proxi m a l ly and  d i sta l ly repeated ly unt i l  it i s  
freed further  he lps the d i ssect ion .  

• On both s ides, the u reters a re identif ied by  d i rect visua l i zat ion to avo id  i nju ry. I n  the i r  norma l  a natomic  
posit ion, they a re located i n  front of  the psoas musc le just latera l to the tra nsverse sp inous  processes, 
and then they pass over the bifu rcat ion of the common i l iac a rteries to lie anter ior to the sacro i l iac 
jo i nts, turn ing underneath the vas deferens (uter ine a rter ies i n  fema les) to enter the b ladder. The r ight 
co l i c, i l eoco l i c, and  gonada l  vesse l s  cross the r ight u reter. The left co l i c, gonada l ,  and  s igmoid  vesse l s  
cross the left u reter. With  loca l  i nvas ion or  severe inf lam mation, the u reters can be i n  a nona natomic  
l ocat ion and  be more d iffi cu lt  to identify, i n  wh ich case, preem ptive u reter ic stents (with or  without 
l i g ht ing)  can help avo id  i njury. 

• I n  the event that an anastomosis ca nnot be performed and  an end i leostomy and  c losed recta l 
stum p  a re fash ioned,  it may be des i rab le  to sutu re the recta l stu m p  to the i nfer ior aspect of the 
m id l i n e  wound  fasc ia .  Th i s  is  because if the recta l stu m p  leaks, a m ucous f istu l a  (rather  than fra n k  
i ntraper itonea l  conta m i nat ion) w i l l  be t h e  resu lt .  

POSTOPERATIVE CARE 2. Lassen K, Coolsen MM, Slim K, et al. Guidelines for perioperative 
care for pancreaticoduodenectomy : Enhanced Recovery After Sur

gery ( ERAS®) Society recommendations. Clin Nutr. 2012 ;3 1 ( 6 ) :  
8 1 7-830 .  

• ERAS perioperative care protocols is applied. 1 •2 

COMPLICATIONS 
• Anastomotic leak (4 .4 % )6 
• Pelvic abscess 
• Intraabdominal bleeding 
• Adhesive small bowel obstruction (30  %f 
• Postoperative ileus 
• Wound infection 
• Cardiopulmonary complications 
• Urinary tract infection 
• Failure of treatment in IBD ( 1 7% to 2 6 % )6 
• Overall reduced quality of life compared to general population8 
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Chapter 25 Total Abdominal Colectomy: 
Laparoscopic Technique 

. --------------------------------------- 1----------------------------------------------------- � 

Ma tthew G. Mutch 

DEFINITION 
• Total abdominal colectomy (TAC) is the removal of the 

abdominal colon, which extends from the cecum to the 
top of the rectum. The upper rectum is an intraperitoneal 
structure and the top of the rectum can be identified as the 
point where the teniae coli splay out. After resection, an 
end ileostomy or ileorectal anastomosis can be created. 
The determination to perform an ileostomy versus an anas
tomosis is based on the diagnosis and indication for the 
resection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• There are several indications for a laparoscopic TAC: 

Ulcerative colitis or Crohn's colitis 
Refractory to medical management 
Complications 

Acute colitis 
Stricture 
Perforation 
Dysplasia 
Neoplasm 

Colon cancer 
Synchronous cancers 
Colon cancer in a patient younger than age 40 years 

Familial adenomatous polyposis (FAP) with rectal 
sparing 
Colonic inertia 

• A thorough history and physical examination are necessary 
prior to surgery. Prior abdominal surgery is not an absolute 
contraindication for the laparoscopic approach. 

• In colitis patients, the extent of medical management is 
dependent on previous regimens with immunomodulators 
and response to intravenous steroids. Typically, failure to 
respond after 7 days of intravenous steroids is considered 
failure of medical management. 

• Patients with acute colitis can be safely approached laparo
scopically. However, if they have peritonitis or are showing 
signs of hemodynamic instability, the laparoscopic approach 
should not be attempted. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Each indication for surgery has unique or specific evalua

tions that are necessary to determine the optimal treatment. 
Acute colitis 

Endoscopic examination of the colon is necessary to 
confirm the diagnosis. 
For patients that are hospitalized for acute colitis, stool 
cultures to rule out Clostridium difficile and cytomega
lovirus ( CMV) infections are very helpful. 

Colon cancer 
Pathologic confirmation of adenocarcinoma is necessary. 
Review of the colonoscopy report to confirm the num
ber and locations of the lesions. Ideally, the lesion(s )  are 
tattooed with a vital dye to mark the location. It is best 
to inject the ink distal to the most distal lesion and in at 
least three different locations around the circumference 
of the lumen. 
Preoperative staging is completed with a computed 
tomography scan of the chest, abdomen, and pelvis and 
a serum carcinoembryonic antigen (CEA) level. 
Patients younger than age 50 years and/or with a strong 
family history of colorectal cancer should be considered 
for genetic counseling. 

FAP 
Endoscopy and pathology: confirming the presence of 
more than 100  adenomatous polyps 
Genetic testing confirming the diagnosis of FAP is de
sirable, but not all patients with endoscopic findings 
consistent with FAP will have an identifiable mutation. 
If the patient is going to be considered for a rectal spar
ing procedure, the rectum needs to be examined and 
cleared of all polyps. If there are 10 or fewer polyps 
in the rectum that can be removed or destroyed, rectal 
sparing can be considered. 

Colonic inertia 
Normal bowel function ranges from three bowel move
ments a day to one bowel movement every 3 days. 
These patients give a long history of constipation that is 
no longer responsive to laxatives. When the patient gets 
to the point where his or her abdominal complaints and 
bowel function are not responsive to laxatives and their 
symptoms become intolerable, surgery management 
should be considered. 
A total colon exam is necessary to rule out a mechanical 
cause of the patient's constipation. 
A colonic transit study is necessary to confirm the diag
nosis of colonic inertia. The patient ingests a capsule with 
25 radiopaque markers and the patient is not allowed to 
use laxatives during examination period. Plain abdomi
nal x-rays are obtained 3 and 5 days after ingestion. An 
abnormal exam is when five or more markers are retained 
in the colon after 5 days. The distribution of the markers 
is the diagnostic key: Markers scattered throughout the 
colon are consistent with colonic inertia, whereas accu
mulation of the markers in the rectum or distal sigmoid 
colon are suggestive of obstructed defecation. 
Patients should also be evaluated with either a video 
defecography or dynamic magnetic resonance imaging 
(MRI) to evaluate for obstructive defecation. If a patient 
demonstrates evidence of obstructive defecation, they 
should undergo biofeedback prior to discussing surgery 
as a definitive treatment option. 
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SURGICAL MANAGEMENT 
Preoperative Planning 

• Depending on the operative plan, patients should be marked for 
a diverting or end ileostomy. The patient needs to be assessed 
in the supine, sitting, and standing positions. The stoma should 
rest on the apex of skin fold and be of adequate distance from 
bony prominences, skin creases, and the waistline of their 
pants. The stoma should be brought through the rectus muscle 
to minimize the risk of developing a parastomal hernia. 

• The use of ureteral stems is left to the discretion of the surgeon. 

Positioning 

• A mechanical bed that is able to place the patient in the 
extremes of position is necessary. 

• The patient is secured to the bed with either a beanbag, a 
nonslip pad, shoulder braces, or foam pads. 

• The patient should be placed in the modified lithotomy 
position with Allen or Yellofin stirrups ( FIG 1 ) .  This allows 
access between the legs to assist with mobilization of the left 
colon and to the perineum for the anastomosis. 

• Both arms are tucked to the patient's side with the thumbs 
facing up. This allows the surgeon, assistant, and camera 
driver plenty of room to maneuver during the case. 

PORT PLACEMENT AND TEAM SETUP 

FIG 1 • Pat ient posit ion ing .  The patient is p laced on a l ithotomy 
position with the h i ps s l i ght ly f l exed and the legs i n  Ye l lofi n 
st i rrups .  The th ighs  a re p laced para l l e l  to the ground to avo id 
i nterference with the surgeon's arms and  i n struments. 

• A monitor should be placed off the patient's right shoul
der during the mobilization of the right and transverse 
colon. 

• A monitor should be placed off the patients left shoulder for 
the mobilization of the left colon and splenic flexure. 

• There a re severa l  options  for port p lacement and  they 
depend on whether a tota l lapa roscopic  surgery or hand
ass isted l aparoscop ic  su rgery (HALS) i s  go ing  to be used.  

x iphoid p rocess and the pubic sym physis 
(FIG 2A) .  The camera shou ld  be p l aced at the 
a pex of the pneumoperitoneum so the widest 
f ie ld  of view can be obta ined .  
Work ing ports-There are two work i ng  ports 
on the r ight s ide and  two ports on the l eft s ide .  
They shou ld  be centered on  the ca mera port, 

• Stra ight  l aparoscop ic  a pproach 
Camera port-The port i s  p laced i n  the per i
u m b i l i ca l  area i n  equal  d i stance between  the 

5 mm 5 mm 
5 -1 2  mm • 

0 

1 2 mm 5 mm 
0 • 

A 

1 2  mm 
0 

B 

5 -1 2  mm 
0 

Gel port 

5 mm 
• 

FIG 2 • Port p l acement.  A. Port p lacement for a conventiona l  l aparoscopic tota l co lectomy. 
B. Port p lacement for a hand-ass isted lapa roscop ic  tota l colectomy. 
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• 

l atera l to the rectum muscle,  and  g reater than  
a hand 's w idth  apart. 

HALS approach 
Hand port-The hand port i s  p laced i n  the su
prapub i c  posit ion via e ither a m i d l i n e  or  Pfa n
nenst ie l  inc i s ion (FIG 28) .  
Camera port-The camera i s  p laced i n  t h e  su
p ra u m b i l i ca l  posit ion so that the port does not 
i nterfere with sk i rt of the hand port. 
Work ing ports-There is one worki ng  port 
p l aced on the r ight and  left s ides .  They a re 
p laced i n  equa l  d istance between the hand  
port and  the camera and  latera l  to the rectum 
m usc le .  

• Tea m  setup 
• For the HALS app roach to the r i ght and  transverse 

co lon ,  the su rgeon stands  on the pat ient's left 
s ide  with h i s  or he r  l eft hand  p laced i n  the hand  
port and  w i th  h i s  o r  he r  r ight  hand  on  the energy 

• 

• 

sou rce. 
Dur i ng  the mob i l izat ion of the left colon, the su r
geon stands on the patient's r ight s ide, r ight hand  
i n  the abdomen and  l eft hand on the energy sou rce 
(FIG 3) .  The camera operator sta nds to the head 
s ide of the surgeon.  
The operative steps descri bed i n  the chapter a re the 
same whether the p roced u re i s  be ing performed 
stra ight  l aparoscop ica l ly or  as  HALS. For the pu rpose 
of this cha pter, the HALS a pproach to the tota l col
ectomy operation w i l l  be descr ibed .  

MOBILIZATION OF THE RIGHT COLON 

• Once the abdomen has been accessed and  inspected, the 
pat ient i s  p laced i n  steep Trende lenburg pos it ion to pack 
the smal l  bowel  i n  the r ight upper  quadrant (RUQ) .  The 
poster ior  approach wi l l  be descr ibed for the mob i l izat ion 
of the r ight co lon .  The specif ic steps of operat ion a re the 
same for media l  to l atera l ,  latera l to med ia l ,  and  super ior  
to i nfer ior, but the order of the steps i s  d ifferent depend
i ng  on the a pproach .  

• 

• 

The goa l s  of the operation a re to access the retroper i 
tonea l  p la ne, identify and  sweep the duodenum out 
of the way, mob i l ize the r ight co lon mesentery, d iv ide 
the latera l attachments and  omentum, and  l i gate the 
vascu l ature .  
For the poster ior  approach, the sma l l  bowel  i s  p l aced in 
the RUQ and  the base of the ascend ing  co lon  mesentery 
is exposed from the th i rd port ion of the duodenum to 
the cecum (FIG 4) .  The i l eoco l i c  vesse ls ( ICV) a re seen as  
they cross over the th i rd port ion of the duode n u m .  The 
patient i s  not t i lted so that the sma l l  bowel wi l l  stay in 
the RUQ .  

• The m idd l e  f inger  and  thumb  g rasp the I CV off the 

Anesthesiolog ist 

FIG 3 • Operati ng tea m setup .  For the HALS approach to the 
r ight and  transverse co lon,  the surgeon sta nds on  the patient's 
l eft s ide with h i s  or her  l eft hand  p laced i n  the hand  port and  
w i th  h i s  or  her  r i ght  hand on the energy source.  D u ri ng  the  
mob i l izat ion of  the l eft co lon ,  the surgeon w i l l  stand  on  the  
patient's r i ght  s ide, r i ght  hand  i n  the abdomen and  l eft hand  
on the energy sou rce. The camera operator sta nds to the head 
s ide of the su rgeon .  

FIG 4 • Root of the ascend ing  co lon mesentery: key anatomy. 
The base of the ascend ing  co lon mesentery is exposed from 
the th i rd port ion of the duodenum to the cecum. The I CV a re 
seen as they cross over the th i rd port ion of the duoden u m .  
T h e  d i ssect ion p l a n e  w i l l  be i n it iated a l o n g  t h e  dorsa l aspect 
of the ICV (dotted line). 

the I CV from the duodenum a l l  the way down to the 
cecu m .  

retroper itoneu m .  T h e  i ndex f inger  t h e n  sweeps under  • Once the  retroper itoneum is accessed, the duodenum 
i s  i dent if ied and  swept poste r ior ly. After the  retroper i 
toneum has  been accessed, the  hand i s  p l aced unde r  

the mesentery to  expose the th i rd port ion of the duo
denum (FIG 5) .  The per itoneum is then scored dorsa l  to 
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FIG S • I n it iat ion of the med ia l  to latera l mob i l izat ion .  With 
the su rgeon ho ld i ng  the ICV a nter ior ly, the per itoneum is  
scored dorsa l  to the ICV from the duodenum a l l  the way down 
to the cecum (dotted line). Tl ,  term i n a l  i l e um .  

the  mesentery, pa lm  down, a n d  the  asce n d i n g  co lon 
mesentery i s  e l evated off the retroperitoneum (FIG 6) 
th rough  a med i a l  to l ate ra l d i ssect ion a pproach .  The 
retroper itoneum i s  b l u nt ly swept down with a n  energy 
device .  

FIG 6 • Media l  to l atera l mob i l izat ion of t he  ascend ing  co lon .  
With  the su rgeon's hand  retract i ng  the co lon a nter ior ly, the 
ascend ing  mesoco lon  is sepa rated from the retroperitoneum 
(Gerota 's fascia) by  sweep ing  the retroper itonea l  t issues 
dorsa l l y  with a 5-mm energy device. Th i s  d i ssect ion i s  carr ied 
a long the trans it ion between the two d ist i n ctive fat p la nes of 
the mesoco lon and  Gerota 's fascia (dotted line). 

MOBILIZATION OF THE TRANSVERSE 

COLON 

• The key to mob i l i z i ng  the transverse co lon is access ing  
the l esser sac .  Th i s  is  accomp l i shed by e i ther  d ivi d i ng  the 
lesser omentum and  tak ing  the omentum with the spec i 
men or  preserv ing the omentum by separat ing  it from 
the transverse colon and its mesentery. 

• Th i s  med ia l  to latera l d issect ion is carr ied out beyond  the 
co lon from the m idtransverse co lon,  out to the hepatic 
f lexu re, and down the ascend ing  co lon  to the cecum .  The 
more extensively the d issect ion ca n be carr ied late ra l ly, 
the eas ier  the latera l d i ssect ion w i l l  be .  

• Tens ion is the key to fac i l itat ing  an easy d i ssect ion as th i s  
i s  a n  avascu l a r  p l ane  than can be effort less ly d i ssected 
with adeq uate tens ion .  The motion shou ld  a l m ost be a 
swi m m i ng-type motion i n  which tens ion is created, the 
t issue i s  swept down, tens ion is recreated, and  the t i ssue 
i s  swept down, over and  over. 

• Now a l l  that rema in s  is the latera l  attachments, wh ich 
a re tra nsected with a n  energy dev ice u p  a long  the r ight 
g utte r (FIG 7) .  At th i s  po i nt, the pat ient i s  i n  a i rp l ane  
posit ion w i th  the r i ght  s ide  u p  so the sma l l  bowe l w i l l  
fa l l  to  the l eft u pper quad rant (LUQ) .  Th i s  exposes t he  
late ra l  attachments o f  the r i gh t  co l on  and  the hepatic 
f lexure.  

• 

• 

At th i s  po i nt, the  hand  may get i n  the  way so it can  
be removed a n d  i n st ruments can be passed th rough  
the  h a n d  port .  Wi th  a g rasper  i n  the r i ght  hand ,  the  
cecum i s  g rasped a n d  retracted med i a l ly, a n d  the  en 
e rgy  sou rce i n  the  l eft hand  i s  passed th rough  the  
h a n d  port .  
Once the cecum is adequately mob i l ized, the hand  i s  
p l aced back i nto the abdomen.  The left hand i s  p laced 
under  the right colon mesentery and lateral to the co lon 
to expose the latera l attachments, wh ich a re d iv ided 
under tens ion by the fi rst ass istant.  

• The r ight  co lon and  its mesentery a re e levated to expose 
the retroperitoneum and d i ssect a ny rema i n i ng  retroper
itonea l  attachments. Th i s  d i ssect ion is carr ied a l l  the way 
up to the hepatic f lexure.  

FIG 7 • Latera l  mob i l izat ion of the ascend ing  co lon .  The 
wh ite l ine of To ldt i s  tra nsected a long the r ight paraco l i c  
g utter (dotted line). The med ia l  to latera l  d i ssect ion p l ane  
p revious ly d i ssected i s  rea d i ly entered, g reatly fac i l itati ng th i s  
step of the operat ion .  

• To resect the omentum, the latera l  d issect ion of the r ight  
co lon i s  conti nued u p  to the hepatic f lexure .  The co lon 
i s  ro l led med ia l l y  and  the latera l cut edge of the lesser 
omentum or  hepatoco l i c  attachments a re e levated with 
a lapa roscop ic  i nstrument. The hepatoco l i c  l i ga ment 
is then transected with a n  energy device (FIG 8) .  This  
p lane between the omentum, mesentery, and  d uode
n um/stomach i s  deve loped, ensur ing the duodenum and  
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FIG 8 • Mobilization of the hepatic flexure. The hepatocolic 
ligament is transected with an energy device. FIG 9 • Mobilization of the transverse colon. The gastrocolic 

ligament is transected from right to left, toward the splenic 
flexure of the colon, with an energy device. 

stomach are swept free; this step is greatly facilitated 

by the previous medial to lateral dissection step, which 

already separated the hepatic flexure from the duode-

num and the head of the pancreas. • 

• The gastrocolic ligament is then divided from right to left 

with an energy device (FIG 9). This can be a very tedious 

dissection, as the entire plane tends to be fused, but 

with good exposure, tension, and patience, the lesser sac • 

is entered. The lesser sac opens up toward the middle 

of stomach. Care must be taken to not dissect into the 

transverse colon mesentery. Once in the lesser sac, the 

TRANSECTION OF THE MESENTERIC 

VASCULATURE 

• The ICV pedicle is first isolated. The ileocolic pedicle, 

easily identified because it has been dissected off the 

retroperitoneum already, is lifted anteriorly. With the 

ICV pedicle adequately isolated, it can be transected 

with an energy device (FIG 10). Transection of the 

FIG 10 • Transection of the ICV. The ICV are transected with 
the energy device at their origin as they cross over the third 
portion of the duodenum. 

• 

• 

dissection should be carried as far toward the splenic 

flexure as possible. 

There may be residual attachments of the mesentery 

to the antrum of the stomach that are taken down 

by elevating the stomach and pushing the mesentery 

down. 

With the lesser omentum divided and the lesser sac com

pletely open, the ICV and right colic and middle colic 

vessels will be easily isolated when it comes time for 

them to be transected. 

ICV as they cross the third portion of the duodenum 

ensures that the ICV are transected at their origin 

without compromising the superior mesenteric ves

sels, which are located medially at the root of the 

mesentery. 

Next, the transverse colon is elevated to expose the 

medial or inferior aspect of the mesentery (FIG 11A). 

The surgeon elevates the proximal transverse colon 

and passes his or her left hand through the mesen

teric defect of the ileocolic pedicle, into the lesser sac, 

anterior to the pancreas, and encircles the middle colic 

vessels. The first assistant stands between the legs and 

via the right left quadrant (RLQ) port elevates the dis

tal transverse colon and its mesentery. With the middle 

colic vessels elevated, the base of the mesentery and a 

bare area should be seen near the ligament of Treitz 

(FIG 118). 
With the transverse colon mesentery elevated, the 

peritoneum is incised from the bare area on the left 

(by the ligament of Treitz) to the previously cut edge 

of the mesentery on the right (FIG 118). This allows 

the individual middle colic vessels to be safely isolated 

and transected with an energy device. Because of the 

mobilization and separation of the omentum from the 

transverse colon mesentery, the vessels can be safely 

transected without fear of injury to the omentum or 

stomach. 
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ICV"" 

A B 

FIG 11 • Tra nsect ion of the m idd l e  co l i c  vesse ls .  A. With the transverse co lon  tented upward, the vascu l a r  a natomy at the root 
of the mesentery i s  identif i ed .  The m idd l e  co l i c  vesse l s  (MCV) a re seen as  they or ig i nate from the su per ior  mesenter ic vesse l s  
(SMV) .  B. Tra nsect ion of the MCV. The root of the mesentery i s  i n c ised from the bare a rea on  the left (by the l i gament of Treitz) 
to the p revious ly cut edge of the mesentery on the r ight .  Th i s  a l l ows the i nd iv idua l  m idd l e  co l ic vesse ls to be safe ly i so lated and  
transected w i th  a n  energy device. The dash line represents the l i n e  fo r  i n c i s i ng  the peritoneum over the m idd l e  co l i c  vesse l s .  

MOBI LIZATION OF THE LEFT COLON 

• The su rgeon now moves to the patient's r ight s ide, p laces 
his o r  her right hand  in the hand port, and with his o r  her  
l eft hand ,  he  or  she wie lds  the energy device. 

TRANSECTION OF THE INFERIOR 

MESENTERIC ARTERY 

• The patient is p laced i n  a steep Trende lenburg posit ion 
and  i n  a i rp l ane  posit ion with the left s ide up  to use g rav
ity to p lace the sma l l  bowel in the RUQ and  the omentum 
i n  the upper  abdomen to expose the transverse co lon 
and sp len ic f lexure.  Th is  he lps to expose the i nfer ior  • 
mesenteric a rtery (IMA) at its o r ig i n  off the aorta and  
the i nfer ior  mesenteric ve i n  (IMV) at the level of  the l iga
ment of Tre itz. 

• The surgeon's r ight hand  is p laced through the hand  
port and  a n  energy sou rce i s  p laced th rough  the RLQ 
work ing port .  

• The retroper itoneum is accessed at the leve l  of the 
sacra l promontory. The super io r  hemorrho ida l  a rtery 
(SHA) is g rasped a n d  e l evated (FIG 12A), expos i ng  the 
IMA and  i t s  term i n a l  branches, the  SHA, a n d  l eft co l i c  
a rte ry. A wide i nc i s ion  i s  made  i n  the  per itoneum dor
sa l  to th i s  a rte ry (FIG 1 2 8); the  w ider  the i n c i s ion ,  the  

more the a rtery ca n be more e l evated to obta i n  bet
ter exposu re .  Because of the cu rve of the pe lv i s  at th i s  
po i nt, the  s i gmo id  mesentery cu rves u p  and  away from 
the visual fi e l d .  Therefore, the retroper itonea l  p l ane  
i s  h i g h e r  than  expected, so the  more mob i l e  the  a rte
r i a l  ped i c l e  is, the eas ie r  it i s  to v i sua l ize the correct 
p l ane .  
Identif icat ion of  the left u reter i s  necessa ry before the  
IMA can be l igated (FIG 13) .  The  fo l lowi ng text i s  a fou r
step a lgor ithm to identify the l eft u reter. 
• Mob i l izat ion of the super ior  recta l a rtery is as 

descr ibed ear l i e r  and  the u reter i s  ident if ied .  
• At the  l eve l of the  IMV: The  IMV is g rasped a n d  

e l evated .  The per i to n e u m  i s  i n c i sed do rsa l  to t h e  
IMV a n d  the  retro per i to n e u m  i s  accessed .  T h e  
retrope rito neum i s  f l a t  i n  t h i s  a rea a n d  i s  often 
more eas i ly  a ccessed .  O n ce i n  the  correct p l a ne,  
the  d i ssect ion  i s  car r ied  i n  a ca udad  fash ion  to 
meet up with the i n it i a l  p l a n e  u n d e r  the super io r  
recta l a rte ry. 
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A B 

FIG 1 2  • Identif icat ion of IMA and  its branches .  A. G rasp ing the SHA a nter ior ly he l ps identify the " letter T" formed 
between the IMA (A) and its l eft co l i c  a rtery (B) and SHA (C) term i n a l  branches. The IMA takeoff i s  j ust cepha lad  from the 
aort ic  b ifu rcat ion .  The thumb and i ndex f inger  a re l ift i ng  the SHA off the g roove located a nter ior  to the r ight com mon 
i l i ac  a rtery. B. Inc i s ion  a long  the dorsa l  aspect of both  the left co l i c  vesse l s  (B) and  the SHA (C) a l l ows for  safe entry i nto 
the retroperitonea l  space, he lp i ng  iso l ate the IMA (A) at its o ri g i n .  

• If the u reter is sti l l  not identif ied, the s igmo id  and  
left co lon  i s  mob i l ized i n  a l atera l to med ia l  fash ion .  

• F i n a l ly, the top of the  hand  port can be removed 

neum a long  the cou rse of the IMA. This motion cont in
ues unt i l  the bare a rea i s  exposed cepha lad  to the IMA 
and  med ia l  to the IMV. 

a n d  the  l eft u reter ca n be located v ia  an open • It is i m portant to sweep down the retroper itonea l  t is
sue i n  this a rea to help preserve the sym pathetic p l exus 
around the IMA. Once the IMA is  safe ly iso lated and the 
l eft u reter i s  c lear ly out of harm's way, the IMA can be 
transected at its o r ig i n  from the aorta with a l i near  vas
cu l a r  stap le r  (FIG 14) or with an energy device. 

fash ion .  
• After the left u reter is identif ied and  swept i nto the 

retroper itoneum,  the IMA can be iso lated at i ts  or ig i n .  
T h e  i ndex f inger  e l evates t h e  super ior  recta l a rtery and  
the m idd l e  f i nge r  i s  used to  sweep down the retroper ito-

FIG 13 • Identif icat ion of the left u rete r. After the IMA 
(A) and  SHA (B) have been l i fted off the retroperitoneum,  the 
left u reter (arrows) ca n be identif ied and  preserved i ntact. 
Identif icat ion of the left u reter at th i s  stage  i s  cr it ica l in order 
to avo id  in jur ing the u reter dur ing the IMA tra nsect ion .  

FIG 14  • Tra nsect ion of the IMA. With  the left u reter 
safely d issected away i nto the retroper itoneum,  the IMA is  
transected with a l i near  vascu l a r  sta p le r  at its  or ig in of the 
aorta .  The surgeon's hand i s  ho ld ing the SHA a nter ior ly. 

112 1 
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TRANSECTION OF THE INFERIOR 

MESENTERIC VEIN 

• The IMV cou rses pa ra l l e l  to the  l eft co l i c  a rte ry. The 
p rev ious IMA d i ssect ion  p lane i s  car r ied ceph a l a d  
w i t h  Endo  Shea rs a n d  5 -mm ene rgy device (sweep
ing the  retroper i tonea l  t i ssues do rsa l ly) unt i l  the  l eft 
co l i c  a rtery sepa rates from the  IMV as it cou rses to
wa rd the  sp l en i c  f lexure at the  leve l  of the l i g a ment  of 
Tre itz .  

• Now that the IMV is e l evated off the retroperitoneum,  it 
i s  i so lated at the i nfer ior  border of the pancreas and near  
the l i gament of  Treitz (FIG 1 5) .  I t  can be iso lated with the 
same tech n ique  used for  the IMA: The i ndex f inger  and 
thumb e l evate and  create tens ion on the IMV, and  the 
midd le f inger  and/or d issect ing  i n strument sweeps the 
retroper itoneum dorsa l ly a long the cou rse of the ve i n .  

• A bare a rea is then created near  the i nfer ior  border 
of the pancreas that a l l ows the IMV to be safe ly iso lated. 

• Once iso l ated, it can be safe ly transected with an energy 
device (FIG 1 6) .  

Mobilization of  the Left Colon 

• The left co lon  mesentery is now d i ssected off the retro
peritoneum us ing a med ia l  to latera l d i ssect ion approach 
(FIG 1 7) al l  the way out to the latera l abdom ina l  wa l l .  

• The hand is p l aced pa l m  down under  the mesentery to 
e levate it as a fan-type retractor. The p l ane  is d issected 
b l unt ly with an energy device from the s igmo id  co lon up  
to  the sp l en i c  f lexure. The further  l atera l ly and  super ior ly 
the d i ssect ion i s  carr ied, the eas ier  the latera l d i ssect ion 
and  sp len i c  f lexure mob i l izat ion wi l l  be later  dur ing the 
case. Care m ust be taken dur i ng  mob i l izat ion near  the 
i nfer ior  border of the pancreas, as  it i s  very easy to carry 
the d i ssect ion deep to the pancreas. 
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FIG 1 5  • Identif icat ion of the IMV. The IMV can be identif ied 
at the root of the mesotransverse co lon at the level of the 
l i ga ment of Tre itz. At th i s  leve l ,  the IMV has  sepa rated from 
the left co l i c  a rtery (wh ich cou rses away from the IMV and 
toward the sp len i c  f lexure of the co lon) and  from the left 
u reter. 

FIG 1 6  • IMV transect ion .  The IMV is t ransected at the level 
of the l i gament of Tre itz with a n  energy device. 

• Al l  that rema in s  at th i s  po int a re the latera l attachments. 
The hand i s  used to depress the s igmo id  colon and l at
era l  per itoneum is  i n c ised (FIG 18) .  It i s  not uncom
mon for the hand to get i n  that way at th i s  poi nt, so 
it may be necessa ry to pass the energy sou rce through 
the su rgeon's f ingers o r  the hand  may be taken out and 
a n  i nstrument can be passed through the hand  port to 
beg i n  the d i ssect ion .  

• Once the med ia l  p l ane  of d i ssect ion is accessed, the hand  
can be passed i n  the open i ng  and  the l atera l attachments 
a re e l evated and  exposed .  At th i s  poi nt, the su rgeon 
uses a g rasper for exposure and  the fi rst assistant uses 
the energy sou rce th roug h the l eft lower quadrant (LLQ) 
port to transect the rest of the latera l colon attachments, 
movi ng toward the sp len i c  f lexure. 

FIG 17 • Med ia l  to latera l  d i ssect ion .  With the surgeon ho ld ing  
the mesoco lon anterior ly (notice the stap led transected IMA 
stum p  in between the surgeon's f ingers), the retroperitonea l  
tissues a re swept downward (dorsa l ly) with an  energy device. 
The d i ssect ion prog resses a long the transition of the two fat 
p l anes: mesoco lon and Gerota 's (arrows). 
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MOBILIZATION OF THE SPLENIC FLEXURE 

• The mob i l izat ion of the sp len i c  f lexure is g reatly faci l i 
tated by  the p revious tra nsect ion of  the gastroco l i c  l iga
ment and  the p revious med ia l  to latera l  mob i l izat ion of 
the descend ing  co lon .  

FIG 1 8  • Latera l  mob i l izat ion of  the s igmo id  and  descend ing  
co lon .  The wh ite l i n e  of  To ldt (dotted line) i s  transected with 
a n  energy device. The med i a l  to latera l  d issect ion p l ane  i s  
read i l y  entered,  g reatly faci l itati ng  the latera l mob i l izat ion of 
the descend ing  co lon .  

• 

• 

The sp len i c  f lexure is g rasped l atera l ly with the hand  and  
med i a l ly with a g rasper. The  co lon  i s  pu t  on stretched 
and pu l led down and med i a l  to ident ify the next level of 
attachment between the sp len i c  f lexure of the colon and  
the  d i a ph ragm and  sp l een .  The  sp lenod i aph rag matic 
and  sp lenoco l i c  l i ga ments a re then transected with an 
energy device (FIG 1 9) .  

Al l  that  rema ins  a re the poster ior  attachments to the  
i nfer ior  border of  the pancreas. D iv i s ion of  these attach
ments to the m i d l i n e  a l l ows for a fu l l  mob i l izat ion of the 
sp len ic  f lexure .  Th i s  ensures adequate reach of the p roxi
mal co lon  for a tens ion-free anastomosis .  

FIG 19 • Mob i l izat ion of the sp len i c  f lexure. The surgeon retracts 
the sp len i c  f lexure of the co lon (A) downwa rd and  med ia l ly, 
exposi ng  the attachments of the sp len i c  f lexure to the sp leen (B). 
The ph renoco l i c  (C) and  sp lenoco l i c  (D) l i gaments a re transected 
in an i nfer ior to super ior  and l atera l to med ia l  d i rection,  meeti ng  
the p revious ly tra nsected gastroco l i c  l i gament (E) d issect ion p l ane  
a round  the sp len i c  f lexure. 

RECTAL TRANSECTION 

• Depend i ng  on the approach, the rectum ca n now be pre
pared for d iv i s ion .  
• HALS 

Once the colon is com p letely mob i l ized and free, 
it can be extracted through the hand port and 
the rectum can be div ided i n  an  open fash ion .  
The co lon  is extracted by pass ing the sma l l  bowel 
underneath the colon and its mesentery. The sur
geon stays on the patient's r ight s ide and the left 
colon is e levated wh i le  the prox ima l  sma l l  bowel 

is fed under  the colon and its mesentery. The pa
tient is then p laced i n  a i rp lane position left s ide 
down to fac i l itate m ig ration of the sma l l  bowel 
i nto the LUQ. Once the entire sma l l  bowel is 
passed under the colon, the cecum is g rasped 
and brought out through the hand port. This 
a l l ows the sma l l  bowel to be positioned in the 
left side of the abdomen, with the cut edge 
of the sma l l  bowel stra ight and fac ing to the 
patient's right side. It is i n  the correct or ientat ion 
for a n  i leostomy or i leorecta l anastomosis. 

1123 
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• Stra ight  l aparoscop ic  a pproach 
The top of the rectum is  identif ied by the sp lay
i ng  out of the ten iae co l i .  
T h e  mesorectum is  scored a t  a r ight a n g l e  at 
the point of d ista l transect ion .  A window is  cre
ated between the poster ior  wa l l  of the rectum 

ILEORECTAL ANASTOMOSIS/END 

ILEOSTOMY 

• The site of the speci men extract ion w i l l  depend on  
whether a n  a nastomosis or  a n  end i leostomy is  go ing  to  
be created .  

• l l eorecta l a nastomos is  
• HALS 

The colon ca n be extracted via the hand port 
and  the rectum and  term ina l  i l eum can be 
d iv ided i n  an  open fash ion .  
Once  the anv i l  has  been  p laced i n  the term ina l  
i l eum,  a s ide-to-end,  or  a n  end-to-end anasto
mosis  (E EA), i l eorecta l  anastomosis i s  created i n  
a n  open  fash ion  by  d i rect v isua l izat ion through 
the hand port or  lapa roscop ica l ly (FIG 20) .  
The ent i re cut  edge of  the sma l l  bowe l mes
entery must be v isua l ized to face the patient's 
r ight s ide to ensure there is no twist i ng .  

F IG 20 • Stap led i l eorecta l a nastomosis .  A s ide-to-end  EEA 
stap led i l eorecta l anastomosis is constructed.  

• 

• 

CLOSURE OF THE ABDOMEN • 

• Al l 1 0-mm ports shou ld  be c losed.  The 5-mm ports do not 
need to be c losed.  

and  the mesorectu m .  The rectum i s  d iv ided 
with a n  endoscopic  sta p le r. 
The mesorectum is then l i gated with the energy 
sou rce of choice .  
The colon is then extracted v ia  a n  LLQ or  supra
pubic extract ion port .  

The a nastomosis i s  tested under water (a i r  leak 
test) i n  sta ndard fash ion  v ia the open hand 
port s ite. 

• Stra ight  l aparoscop ic  a pproach 
A Pfannenstie l  or an LLQ incis ion can be used as 
the extraction site. lf the rectum has been d ivided, 
the extraction i ncision is made and the colon is 
extracted, starti ng with the d istal transected end.  
The term i n a l  i lea l  mesentery is d iv ided .  
The term ina l  i leum is  d iv ided and  a pu rse str ing  
i s  p l aced so a n  EEA can be created .  
The i l eum is d ropped back i nto the abdomen 
and  the extract ion s i te  is  c losed.  
La paroscopica l ly, the stap l i ng  cartr idge is passed 
transana l ly up to the top of the recta l stump .  
The anv i l  i s  reassemb led ensur ing the sma l l  
bowel mesentery i s  not  twisted .  
The a nastomosis can be tested with  e ither an  
a i r  l eak  test o r  endoscop ic  v isua l ization .  

End  i leostomy 
• HALS a pproach 

The co lon i s  resected and the stoma i s  cre
ated via the open inc i s ion of the hand port as 
descr ibed e l sewhere i n  this textbook. 

• Stra ight  lapa roscop ic  a pproach 
The co lon can be extracted through the i l eos
tomy site, but care must be taken when th i s  
approach i s  used .  

I f  the co lon i s  d i l ated, fu l l  of  stool ,  or  s ig
n if icantly i nf lamed, avo id  us ing the stoma 
s i te  as a n  extract ion s ite. 
If the stoma is  going to be permanent, rea l 
ize that i n  order  to get the spec imen out, 
the stoma site may need to be made b igger 
than usua l .  Th is  may i ncrease the r isk of the 
pat ient deve lop ing a parastoma l  hern ia .  

The co lon can be extracted v ia  a n  LLQ or  a per i 
u m b i l i ca l  posit ion .  Once the co lon i s  extracted 
and the term ina l  i l eum is d iv ided, it can be 
d ropped back i nto the abdomen and brought 
out of the stoma s ite .  

The i leostomy is  then matured i n  a B rooke i l eostomy 
fash ion  with a bsorbab le  sutu res as described e l sewhere 
i n  this textbook. 

The hand port o r  extract ion site can be c losed with e ither 
i nterrupted o r  runn i ng  st itch of no .  1 suture.  



PEARLS AND PITFALLS 
Options for r ight co lon/mesoco lon 
mob i l izat ion 

R ight co lon mob i l izat ion :  poster ior  
approach 

R ight co lon mob i l izat ion :  media l  to 
l atera l approach 

R ight co lon mob i l izat ion :  superior to 
i nfer ior  approach 

Transect ion of the m idd l e  co l i c  
vesse ls 

Opt ions for mob i l izat ion of the left 
co lon/mesoco lon  

Four  ways of  identify ing the left 
u reter 

Mobi l i zat ion of the sp len i c  f lexure 

POSTOPERATIVE CARE 
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• Poster ior  approach :  under  the sma l l  bowel mesentery 
• Med ia l  to l atera l :  through the r ight co lon mesentery, caudad to the i l eoco l i c  ped ic le  
• Latera l  to media l :  i nc ise l atera l ly at the cecu m and  ro l l  it med i a l ly 
• Super ior  to i nfer ior :  enter the retroperitoneum by fi rst d iv id ing  the lesser omentum 

a long hepatoco l i c  l i ga ment 
• If it is d iffi cu l t  to e l evate the r ight co lon  mesentery and  expose the fou rth port ion of 

the duodenum,  sta rt the d i ssect ion at the level of the cecum and  work i n  an i nfer ior  to 
super ior  d i rect ion to mob i l ize the r ight co lon mesentery. 

• The further  the mob i l izat ion of the r i ght co lon can be carr ied out l atera l ly, the eas ier  
the latera l  and  hepatic f lexure mob i l izat ion wi l l  be .  

• When try ing  to enter the lesser sac,  ro l l  the r ight co lon  med i a l ly and  e levate the latera l  
cut edge of the lesser  omentum with the g rasper. Th i s  wi l l  a l low for d i rect v isua l izat ion 
of th i s  avascu l a r  p la ne, which can be eas i ly  d i ssected i n  a b l u nt fash ion .  

• With  the lesser sac  comp letely opened  and  the stomach free of  the tra nsverse co lon 
mesentery, the m idd l e  co l i c  vesse l s  a re free to be safe ly l igated. 

• When enc i rc l i ng  the m idd l e  co l i c  vesse l s, confi rm that your hand i s  on  top of the 
pancreas and  ensure that the l ine of d iv is ion of the midd le co l i c  vesse ls sta rts a bove 
the i l eoco l i c  ped ic le, as th i s  ensures that the super ior  mesenter ic a rtery w i l l  not be 
i nj u red .  

• Med ia l  a pproach :  Th is  can be done at the leve l  of the sacra l promontory or  at the level 
of the IMV. 

• Latera l  approach 
• A fou r-step tech n ique  was descr ibed ear l i e r. Do not spend a lot of t ime with one 

approach if you a re having d ifficu lty, as  the other  steps descr ibed a re necessa ry to 
comp lete the case. Therefore, a lternati ng your approach to identify ing  the u reter a lso 
he lps to comp lete the other steps of the p roced u re .  

• Comp let ing  the med i a l  to  latera l  d issect ion makes it eas ier  to  mob i l ize the sp len i c  
f lexure. 

• Be patient when enter ing  the lesser sac.  Inc ise the per itoneum fus ing the omentum to 
the transverse co lon and d issect the omentum off the backs ide of the mesentery one 
layer  at a t ime .  

• The patient can begin a liquid diet on the day of surgery. The 
diet can be advanced as tolerated. Solid food can be safely 
provided before the resumption of bowel function. 

is 25 % .  This high risk is also found in patients younger than 
age 40 years without a documented mutation in a mismatch 
repair gene. Therefore, treatment options include segmental 
resection with annual colonoscopy versus TAC with annual 
proctoscopy. 

• A urinary catheter should be removed within 24 hours of 
surgery unless it is needed to assess patient volume status. 

• Patients can begin ambulation as early as the day of surgery 
and by postoperative day 1; they are to be encouraged to 
spend more time out of bed than in bed. 

• Venous thromboembolism (VTE) prophylaxis is important 
because of the magnitude of the operation. Low-molecular
weight heparin (LMWH),  subcutaneous heparin, or pneu
matic compression boots are all acceptable methods. There 
is data supporting the use of LMWH for 21 days postopera
tively to decrease the risk of VTE. 

• For patients with ileostomies, it is important to provide exten
sive stoma teaching. Points that need to be covered are diet, 
expected output, measuring of output, and pouching issues. 

OUTCOMES 
• Laparoscopic TAC for acute colitis is safe, with improved 

short-term outcomes and no increase in morbidity. 
• For patients with hereditary nonpolyposis colorectal cancer 

(HNPCC) ,  the risk of a developing a metachronous cancer 

• Patients with a strong family history of colorectal cancer or 
documented HNPCC have a significantly lower risk of de
veloping a metachronous colorectal cancer after a more ex
tensive resection compared to those patients who underwent 
a segmental resection. 

• HALS and straight laparoscopy have equivalent short-term 
outcomes for patients undergoing TAC. There was no differ
ence in pain scores, length of stay, return of bowel function, 
and narcotic usage, but the operative time for the HALS ap
proach was 57 minutes shorter. 

• TAC with ileorectal anastomosis provides an excellent func
tional outcome and improved quality of life for patients with 
medically refractory constipation due to colonic inertia. 

COMPLICATIONS 
• Bleeding 
• Anastomotic leak 
• Rectal stump leak 
• Parastomal hernia 
• Pelvic abscess 
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• Wound infection 
• Postoperative ileus 
• VTE 
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Chapter 26 Total Abdominal Colectomy: 
Hand-Assisted Technique 

. --------------------------------------- 1----------------------------------------------------- � 

Daniel Albo 

DEFINITION 
• Total abdominal colectomy (TAC) is the removal of the 

abdominal colon, which extends from the cecum to the top 
of the rectum, following which the distal ileum is anasto
mosed to the rectum or an end ileostomy is created. 

• Hand-assisted laparoscopic surgery (HALS) is a minimally 
invasive surgical approach that uses conventional laparo
scopic-assisted (LA) surgery techniques with the addition 
of a hand-assist device (placed in the projected specimen 
extraction site ) ,  which allows for the introduction of a hand 
into the surgical field. HALS in colorectal surgery retains 
all of the same advantages of conventional LA surgery over 
open surgery, including less pain, faster recovery, lower in
cidence of wound complications, and reduction of cardio
pulmonary complications, especially in the obese and in the 
elderly. 

• Advantages of HALS over conventional LA colorectal sur-
gery include the following: 

Reintroduces tactile feedback into the field 
Shorter learning curves; easier to teach 
Shorter operative times and lower conversion to open rates 
Higher usage rates of minimally invasive surgery 

DIFFERENTIAL DIAGNOSIS 
• Indications for HALS TAC are as follows: 

Inflammatory bowel disease ( IBD ) 
Severe acute colitis (various etiologies) 
Polyposis syndromes, including familial adenomatous 
polyposis (FAP) and hereditary nonpolyposis colorectal 
cancer (HNPCC) 
Slow-transit constipation 
Malignancy 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Most patients with colon tumors generally present after an 

incidental finding during screening colonoscopy or with 
occult bleeding and iron deficiency anemia.  

• A thorough history and physical examination should include 
the following: 

Previous surgeries (does not preclude a laparoscopic 
approach) 
Presence of obstructive symptoms 
A detailed personal and family history of colo rectal cancer, 
polyps, and/or other malignancies 
In IBD, the extent of previous medical management, 
including use of immunomodulators and steroids and 
response to therapy, is important. 
Routine abdominal examination, noting any scars 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• A colonoscopy with documentation of all polyps should be 

performed. Suspicious lesions should be tattooed to facili
tate localization during surgery. 

• A computed tomography (CT) of the chest, abdomen, and 
pelvis evaluates for potential metastases in cancer patients. 
In IBD, a CT of the abdomen/pelvis allows evaluation for pos
sible strictures, abscesses, fistulae, and/or active inflammation. 

• In IBD, CT or magnetic resonance (MR) enterography and push 
enteroscopy may help evaluate the extent of small bowel disease. 

• Patients with severe constipation require a colonic transit 
study to confirm functional colonic disease. 

• A preoperative carcinoembryonic antigen level should be 
obtained in cancer patients. 

SURGICAL MANAGEMENT 
Preoperative Preparation 

• Patients in which an ileostomy is possible should undergo 
stoma marking by an enterostomal therapist. 

• Clinical trials have shown no need for mechanical bowel 
preparation. 

• Intravenous cefoxitin is administered within 1 hour of skin 
incision. 

• Use hair clippers if needed and chlorhexidine gluconate skin 
preparation is used. 

• A preoperative time-out and briefing is performed. 
• Ultrasound-guided bilateral transversus abdominis plane 

(TAP) block reduces the need for postoperative narcotics. 

Equipment and Instrumentation 

• 5-mm camera with high-resolution monitors 
• 5-mm and 12-mm clear ports with balloon tips-they hold 

ports in the abdomen and minimize their intraabdominal 
profile during surgery. 

• Laparoscopic endoscopic scissors and a blunt-tip 5-mm 
energy device 

• 60-mm linear reticulating laparoscopic staplers with vascu
lar and tan cartridges 

• We use the GelPort hand-assist device due to its versatil
ity and ease of use. This device allows for the introduction/ 
removal of the hand without losing pneumoperitoneum and 
allows for insertion of multiple ports through the hand-assist 
device if necessary. It also allows for the introduction of lap
arotomy pads into the field and is very useful in retracting 
bowel/omentum in obese patients. 

Patient Positioning and Surgical Team Setup 

• Place the patient on a modified lithotomy position ( FIG 1 ) ,  
with the arms tucked and padded ( to avoid nerve/tendon 
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injuries ) .  The patient is taped over a towel across the chest, 
without compromising chest expansion. 

• Place the legs on Allen stirrup with the heels firmly planted 
on the stirrups to avoid pressure on the calves and the lateral 
peroneal nerves. 

• Keep the thighs parallel to the ground to avoid conflict 
between the thighs and the surgeon's arms/instruments. 

• The coccyx should be readily palpable off the edge of the table. 
• The surgeon starts at the patient's right lower side, with the 

assistant to his or her left side and with the scrub nurse to his 
or her right or in between the patient's legs ( FIG 2). 

FIG 1 • Patient posit ion i ng. The patient is on a mod if ied 
l ithotomy posit ion, with the thighs para l l e l  to the g round  to 
avo id  confl i ct with the surgeon's e l bows/i nstru ments. The arms 
a re tucked .  The pat ient  i s  secured to the tab le  by tap i ng  across 
the chest over a towe l .  A l l  p ressure poi nts a re padded to avo id 
neurovascu la r  i nj u ries .  

• Align the surgeon, ports, targets, and monitors in straight 
lines. Place monitors in front of the surgeon and at eye level 
to prevent lower neck stress injuries. 

• Avoid unnecessary restrictions to potential team movement 
around the table. All energy device cables exit by the pa
tient's upper left side. All laparoscopic (gas, light cord, and 
camera) elements exit by the patient's upper right side. 

• The energy instruments are placed in a plastic pouch in front 
of the surgeon to avoid unnecessary instrument transfer dur
ing the operation (FIG 2). 

Anesthesiolog ist 

FIG 2 • Tea m  setu p .  The su rgeon stands to the patient's r ight 
s ide, with the assistant to h i s  or  her  l eft, and  the scru b n u rse to 
his or  her r ight or  in between the patient's legs. The team,  ports, 
targets, and  mon itors a re a l i gned .  Notice the energy devices 
p laced i n  a pouch i n  front of the su rgeon to m i n i m ize i n strument 
transfer. 
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PORT PLACEMENT AND OPERATIVE FIELD 

SETUP 

• 

• 

Insert the Ge l  Port through a 5- to 6-cm Pfannenst ie l  inc i 
s ion (FIG 3) .  Th i s  inc i s ion wi l l  be a lso used for spec imen 
extract ion .  It provides a better cosmetic resu lt and  lowers 
the i nc idence of wound  i nfect ions and i n c i s iona l  hern ias .  
It a l so a l l ows for more worki ng space between the hand 
and  the i n struments. Alternative ly, the G e i Port can a lso 
be i n serted in the ep igastr ium,  if access to the m idd l e  
co l i c  vesse ls i s  o f  concern .  
Ports: Insert a 5-mm work i ng  port i n  the r ight  upper  
quadrant (RUQ), a 1 2-mm work ing  port i n  the r ight lower 
quadra nt, and a 5-mm camera port a bove the u m b i l icus .  
These th ree ports a re tr ia ngu l ated, with the camera port 
at the a pex of the tri ang le .  Th i s  setup avo ids  confl i ct be
tween the i nstruments and the camera and p revents d is
or ientation (avo ids  "working  on a m i rror" ) .  A th i rd 5-m m 
work ing port is i nserted i n  the left a nter ior f l ank  of the 
abdomen for the mob i l izat ion of the r ight  co lon ;  it can 
a l so be va luab le  for the mob i l izat ion of the sp len ic  f lex
u re in patients with deep l eft upper  quadra nts. 

OPERATIVE STEPS 

• Our  HALS TAC operation is h i gh ly standard ized and con
s ists of 13 steps. After the i n it ia l  point of entry, every step 
w i l l  expose the necessa ry p lanes of d i ssect ion for the fo l
lowi ng steps, ensur ing that no truly v i rg i n  tissue p lanes a re 
encountered anymore, thus g reatly red uc ing the comp lex
ity of th i s  operat ion .  These steps, in order, a re as fo l l ows: 
• Transect ion of the i nfer ior mesenter ic ve i n  (IMV) 
• Tra nsect ion of the i nfer ior  mesenter ic a rtery (IMA) 
• Med ia l  to latera l  d i ssect ion of the descend i ng  

mesoco lon  
• Latera l  mob i l izat ion of the s igmo id  and  descend i ng  

co lon 
• Mobi l i zat ion of the sp len i c  f lexure and  transverse 

co lon 
• Mobi l i zat ion of the hepat ic f lexure 
• Supramesocol i c  transect ion of the m idd le  co l i c  vesse ls  
• Tra nsect ion of the i l eoco l i c  ped ic le  
• Med ia l  to latera l mob i l i zation of the ascend ing  co lon 
• Latera l  mob i l izat ion of the ascend i ng  co lon 
• l ntracorporea l d i sta l tra nsect ion 
• Extracorporea l  mob i l ization and prox ima l  transect ion 
• l ntracorporea l i l eorecta l a nastomosis  

Step 1 .  Transection of the Inferior Mesenteric Vein 

• This is the critica l " point of entry" i n  th is  operat ion .  We 
favor it over sta rt ing d i ssect ion at the IMA leve l due to the 
IMV's constancy i n  locat ion, the ease of its v isua l ization 

5 mm 
0 

1 2 mm 

5 mm 
0 

Gel port 

5 mm 
• 

FIG 3 • Port p l acement.  The Ge l  Port is p laced through a 5- to 
6-cm Pfa n nenst ie l  i nc i s ion .  Alternative ly, the Ge i Port can be 
p laced on an  ep igastric locat ion .  A 5-mm per i u m b i l ica l  camera 
port s ite is i n serted .  Work ing ports a re i nserted in the RUQ, 
r ight lower quadrant (RLQ), and  left a nter ior f l ank  of the 
abdomen.  A l l  ports a re tr i angu l ated.  

• 

• 

• 

• 

• 

by the l igament of Tre itz, and the absence of structures 
that can be i nj u red a round it (no i l iac vesse ls  or left u reter 
nea rby) . This w i l l  be the only time du r ing the operation 
when a virgin tissue plane is entered . Every step wi l l  set up 
the fo l lowing  ones, open ing  the tissue p lanes sequent ia l ly. 
The patient i s  p laced on a steep Trende lenburg posit ion 
with the l eft s ide up .  Us ing  the r ight ha nd,  move the 
smal l  bowel  i nto the RUQ and  the transverse co lon and 
omentum i nto the upper  abdomen.  If  necessa ry, p lace a 
l aparotomy pad to ho ld  the bowel out of the f ie ld of 
view, especi a l ly i n  obese patients. Th i s  pad can a l so be 
used to d ry up  the field and to clean the scope t ip  i ntra
corporea l ly. Make su re that the c i rcu lat ing n u rse notes 
the l aparotomy pad in the abdomen on the wh ite board.  
Identify the cr it ica l  a natomy: IMV, l i ga ment of Tre itz, and  
l eft co l i c  a rtery (FIG 4) .  
I f  there a re attachments between the duodenum/root 
of mesentery and  mesoco lon,  transect them with l aparo
scop ic  scissors. This w i l l  a l low for adequate exposu re of 
m id l i n e  structures 
Pick up  the IMV with the right hand .  D i ssect under  (dor
sa l )  the IMV and  in front of Gerota 's fascia with endo
scop ic  scissors, sta rt ing  at the l evel  of the l i gament of 
Tre itz and  proceed ing  with the d i ssect ion cauda l ly to
ward the IMA. The assista nt p rovides upward cou nter
tract ion with a g rasper. 
Transect the IMV (FIG 5) cepha lad  of left co l i c  a rtery, 
wh ich moves away from the IMV and  toward the sp len i c  
f lexure of the co lon,  w ith  the 5-mm energy device. 
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FIG 4 • Step 1 :  transect ion of the IMV. Key a natomy. L igament 
of Tre itz (A) . IMV (B). Left co l i c  a rtery (C) as  it sepa rates from 
the IMV and goes towa rd the sp len i c  f lexure of the co lon .  The 
l eft u reter (D) i s  l ocated fa r from the IMV projected transect ion 
(dotted lines). 

FIG 5 • Step 1 :  transect ion of the IMV. The su rgeon ho lds  the 
IMV (A) a nter ior ly with h i s  or  her  r ight hand and  transects i t  
cepha lad  of the left co l i c  a rtery (B) with a 5-mm energy device. 

Step 2.  Transection of the Inferior Mesenteric Artery 

• Identify the cr it ica l  anatomy: the " l etter T" formed be
tween the IMA and its l eft co l i c  and super ior  hemor-

• 

rho ida l  a rtery (SHA) term i n a l  branches (FIG 6) .  • 
• Us ing  the r ight hand,  the aorta is identif ied and  tracked 

down to the l evel of its bifu rcation .  The IMA w i l l  or ig i 
nate 1 to 2 em proxi ma l  to th i s  l eve l .  

• Ho ld i ng  the SHA up with the r ight hand ,  d issect the p lane  
a long  the pa lpab le  g roove between the SHA and  the left 
i l iac a rtery us ing lapa roscop ic  scissors. A wide i n ci s ion i s  
made i n  the per itoneum dorsa l  to the SHA; the wider  the • 
i nc i s ion,  the eas ier  the SHA can be e levated to obta i n  
better exposure .  After scor ing  the peritoneum unde r  
the SHA, u se  a 5 -mm energy device to  d issect by  gent ly 
push i ng  the retroper itonea l  t issues downward (dorsa l ly) 
a long  the avascu l a r  p l ane  located between the meso
descend ing  co lon,  a nter ior ly, and the retroperitoneum, 

poster ior ly. Th i s  avascu l a r  p l ane  can be identif ied by the 
trans it ion between the two d ist i n ct ive fat p lanes of the 
mesoco lon  and  Gerota's fasc i a .  
Preserve the sym pathetic nerve tru n k  i ntact i n  the 
retroper itoneum.  Th i s  avo ids  autonomic dysfu nct ion 
postoperative ly. 
Identify the l eft u rete r (FIG 7), located in front of the left 
i l iac a rtery and  psoas m usc le and  med ia l  to the gonada l  
vessels, before transect ing a nyth i ng .  If you a re d i rect ly 
on the psoas m uscle, chances a re that you left the left 
u rete r attached to the dorsa l  su rface of the mesoco lon;  
br ing  it down i nto the retroper itoneum gently us ing 
b l unt d i ssect ion with the energy device. 
If you ca nnot identify the u reter, try d i ssecti ng  super ior  
to i nfer ior, sta rt i ng  from the IMV p lane of d i ssect ion and 
movi ng cauda l l y  beh ind the IMA. If  you sti l l  ca nnot f ind 
i t ,  perform a latera l to media l  mob i l izat ion of the s ig
moid co lon  towa rd the m i d l i ne .  In th i s  latter scena rio, 
you w i l l  encou nter the left gonada l  vesse l s  fi rst, l atera l 
to the left u reter. 

FIG 6 • Step 2: cr it ica l a natomy. Identify the " l etter T" formed between the IMA (A) and  its l eft co l i c  a rtery (B) and  SHA (C) 
term ina l  branches .  The IMA takeoff is j ust cepha lad from the aort ic  bifu rcat ion .  The thumb and  i ndex f inger  a re l ift i ng  the SHA 
off the g roove located a nter ior to the r ight common i l iac  a rtery. 
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F IG 7 • Step 2 :  identificat ion of  the l eft u reter and  gonada l  
vesse ls .  After the IMA (A) and  SHA (B) have been  l ifted off 
the retroper itoneum,  the left u reter (solid arrows) can be 
identif ied and  p reserved i ntact. Identif icat ion of the left 
u reter at th i s  stage is cr it ica l i n  order to avo id  i n ju r ing  it 
du r i ng  the IMA transect ion .  D i sta l to the takeoff of the IMA, 
the l eft gonada l  vesse l s  can be identif ied late ra l  to the left 
u reter (dotted arrow). 

• 

• 

Dissect with you r  thumb and  i ndex f inger  around and  
beh i nd  the IMA and  aga i n  v i sua l ize the l etter "T"  formed 
between the IMA, the left co l i c  a rtery, and the SHA 
(FIG 8) .  
With the left u reter safely preserved i n  the retroper ito
neum,  tra nsect the IMA at its or ig i n  with a vascu l a r  load 
sta p le r  (FIG 9) or energy dev ice .  Th i s  ensu res exce l lent 
lym ph  node ha rvest and  a l l ows g reat exposure for the 
fo l l owing step .  

FIG 8 • Step 2 :  c i rcumferent ia l  d i ssect ion of  the IMA. 
After the left u reter has  been identif ied, the IMA (arrow) i s  
c i rcu mferent i a l ly d i ssected at its  or ig in of the aorta .  Aga i n, 
the " l etter T" formed between the IMA and  its term i na l  
branches, the left co l i c  a rtery (A), and  the SHA (B) can  be  
c lear ly ident ified .  

FIG 9 • Step 2 :  tra nsect ion of  the IMA. With  the l eft u reter 
safe ly d i ssected away i nto the retroper itoneum,  the IMA is 
transected with a l i near  vascu la r  sta p le r  at its or ig in of the 
aorta .  The surgeon's hand  i s  ho ld ing the SHA a nter ior ly. 

Step 3 .  Medial to Lateral Dissection of the 
Descending Mesocolon 

• 

• 

The surgeon's r ight hand  and  the ass istant's g rasper 
ho ld  the descend i ng  mesoco lon  up, creat ing  a work i ng  
space between the mesoco lon and  the retroperitoneum 
(FIG 10) .  The p l ane  between the mesoco lon and  Gerota's 
fascia, rea d i ly identif ied by the trans it ion between the 
two fat  p la nes, i s  d issected b l unt ly i n  a downwa rd d i rec
t ion toward the retroper itoneum with the 5-mm energy 
device. 
D i ssect latera l l y  unt i l  you reach the latera l a bdomina l  
wa l l ,  ca uda l ly towa rd the pelv ic i n l et, and  cepha l ad  unt i l  

FIG 1 0  • Step 3 :  med ia l  to latera l mob i l izat ion of the 
mesoco lon .  With the surgeon ho ld ing the mesoco lon  
a nter ior ly, the retroperitonea l  t issues a re swept downwa rd 
(dorsa l ly) with an energy device. The d issect ion prog resses 
a long  the trans it ion of the two fat p la nes (dotted arrows): 

mesoco lon  (anter ior ly) and  Gerota's fascia (poster iorly). Notice 
the sta p led IMA stum p  and left u reter i n  the retroperitoneum.  
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you sepa rate the sp len i c  f lexure from the ta i l  of the pan- • The left u reter and  gonada l  vesse ls, d i ssected i n  step 3, 
shou ld  be read i l y  v is i b l e  i n  the retroper itoneu m .  creas. Comp let i ng t h i s  step w i l l  g reatly fac i l itate perfor

mance of steps 4 and  5. 

Step 4. Lateral Mobilization of the Sigmoid and 
Descending Colon 

• The su rgeon pu l l s  the s igmoid  co lon med ia l ly, expos ing  
the l atera l s igmo id  co lon  attachments (FIG 1 1 A) .  Tra n
sect the attachments between the s igmo id  and  the pelv ic 
i n l et with lapa roscop ic  scissors i n  you r l eft hand ,  stay ing 
med ia l ly, c lose to the s igmoid and  mesos igmoid ,  to avo id  
i nju r i ng  the u reter/gonada l  vesse ls .  

• Dissect cauda l ly unt i l  reach i ng  the entrance to the left 
pelv ic i n l et .  

• Retract the descend i ng  co lon med i a l ly with you r  hand 
to expose the wh ite l i n e  of To ldt .  The ass ista nt ho lds  the 
omentum/bowe l out of way. 

• Tra nsect the wh ite l i n e  of To ldt up to the sp len i c  fl ex
u re us ing endoscop ic  scissors or  energy device (FIG 1 1 8} .  
You shou ld  read i ly enter the med ia l  to latera l  d issect ion 
p l ane  d i ssected d u ri ng  step 2, g reatly fac i l itat i ng  th i s  lat
era l  mob i l izat ion of the descend ing  co lon .  

• Dissect i n  a cepha lad  d i rect ion unt i l  reach ing  the sp len i c  
f lexure of the co lon .  

A 

B 

FIG 1 1  • Step 4: latera l  mob i l izat ion of the s igmo id  and  
descend i ng  co lon .  A. The wh ite l i n e  of  To ldt (dotted line) i s  
transected with a n  energy device .  B. The media l  to latera l  
d issect ion p lane i s  rea d i ly entered, g reatly fac i l itati ng the 
l atera l mob i l izat ion of the descend ing  co lon .  

Step 5 .  Mobilization of  the Splenic Flexure and 
Transverse Colon 

• The patient is now p laced on a reverse Trende lenburg 
posit ion with the left s ide  up to a l low the sp len i c  f lexure 
of the co lon to come down i nto the surgical f ie ld .  

• The mob i l izat ion of the sp len i c  f lexure is best accom
p l i shed by a comb inat ion med ia l  to latera l  and latera l to 
med ia l  d i ssect ion approaches.  The key to an easy sp len i c  
f lexure mob i l izat ion i s  to have comp leted the separat ion 
of the splenic f lexure off the retroper itoneum dur i ng  the 
media l  to latera l  mob i l izat ion (step 3) .  

• The med ia l  to latera l phase of the sp len i c  f lexure mo
b i l izat ion i s  started by enter i ng  the lesser sac at the 
m i d l i ne .  The transverse co lon i s  retracted downwa rd 
and  the stomach i s  retracted super ior ly, expos i ng  the 
gastroco l i c  l i g ament. The gastroco l i c  l i g ament i s  then 
transected med i a l ly with a n  energy dev ice  unt i l  the 
lesser sac i s  entered.  

• Tra nsect ion of the gastroco l i c  l i gament  then p roceeds 
a long  the transverse colon in a med ia l  to late ra l d i rect ion 
unt i l  the sp len i c  f lexure i s  reached (FIG 1 2A) .  Care must 
be taken to avo id  i nadvertent i n ju ry to the co lon .  

• At th i s  poi nt, a super ior  to i nfer ior  and  latera l  to me
dia l  d i ssect ion around the sp len i c  f lexure i s  performed 
(FIG 1 28) .  The surgeon inserts h i s  or  her  r ight hand be
h i nd  the sp len i c  f lexure (poss i b l e  due to the prev ious 
med i a l  to latera l  mob i l izat ion step) and  hooks h i s  or  
her  i ndex f inger  under  the sp lenoco l i c  l i gament, gent ly 
p u l l i n g  the splenic f lexure down and expos ing  the sp le
noco l i c  l i gament fu l ly, wh ich i s  then transected with an 
energy device (FIG 1 2C} . 

• Attachments of the sp len i c  f lexure to the pancreas a re 
transected and  the sp len i c  f lexure is now fu l ly mob i l ized 
to the m id l i ne .  

Step 6. Mobilization of  the Hepatic Flexure 

• The patient is kept in a reverse Trende lenburg posit ion 
but with  the ta b le  now rotated with the r ight s ide up  to 
a l low the hepat ic  f lexure to come down i nto the f ie ld .  

• Stand ing  at the l eft s ide of the ta b le, the surgeon re
tracts the transverse co lon downward with his o r  her l eft 
hand and  com p letes the transect ion of the gastroco l i c  
l i gament unt i l  reach i ng  the hepatic f lexure of  the colon 
us ing a 5-mm energy device .  

• 

• 

At th i s  poi nt, the hepatoco l i c  l i gament is read i l y  v i s ib le  . 
S l i de  you r l eft i ndex f inger  under  it, ho ld  it u pward, and  
transect it with a 5 -mm energy device (FIG 1 3) .  
Proceed i n g  on  a super io r  to i nfe r io r  d i ssect ion ,  and 
retract i ng  the  hepat ic  f lexure  downward with your  
hand ,  sepa rate the  h e pat ic  f l exure  form the  secon d  
port ion  of the  d u o d e n u m  a n d  the  head  o f  the  p a n 
creas w i t h  the  5-m m ene rgy device b y  gent ly  teas i n g  
the  retroper ito nea l  t i s sues d own . Ta ke c a r e  t o  avoid 
avu l s i ng  the  ga stroco l i c  venous  t ru n k  of H e n l e  and i ts  
t r i butar i es, which can l ead  to severe b l eed i n g  that i s  
d iffi cu l t  to contro l .  



C h a p t e r  26 TOTAL ABDOMI NAL COLECTOMY: Hand-Assisted Technique 

A 

B 

c 
FIG 1 2  • Step 5: mob i l izat ion of the sp len i c  f lexure. A. The lesser sac, between the transverse co lon (A) and  the stomach (B), 
is entered . The gastroco l i c  l i ga ment is transected with an energy device from r ight to l eft, towa rd the sp len i c  f lexure of the 
colon (C) unt i l  the sp leen (D) i s  reached .  B. The surgeon retracts the sp len ic  f lexure of the co lon (A) downward and  med i a l ly, 
expos i ng  the attachments to the sp leen (B). The ph renoco l i c  (C) and  sp lenoco l i c  (D) l i gaments a re transected in an i nfer ior  to 
super ior  and latera l  to med ia l  d i rect ion,  meeti ng  the p revious ly transected gastroco l i c  l i gament (E) d i ssect ion p l ane  around the 
sp len ic  f lexure .  C. With the su rgeon "hugg i ng"  the sp len ic  f lexure with h i s  or  her  r ight hand ,  the i ndex f inger  is  hooked under 
the sp lenoco l i c  l i ga ment, which i s  then transected with a n  energy device. 

Step 7. Transection of the Middle Colic Vessels 
(Supramesocolic Approach) 

• Dissect ion and  transect ion of the m idd l e  co l i c  vesse l s  
can be one of the most daunt ing  maneuve rs i n  co lorec
tal surgery. Trad i t iona l ly, these vesse l s  a re a pproached 

FIG 13 • Step 6 :  mob i l izat ion of the hepatic f lexure.  S l i de  
your left i ndex f inger  under  the hepatoco l i c  l i ga ment, ho ld  i t  
upward, and  transect it w i th  a n  energy device . 

i nfra mesoco l i ca l ly by d i ssect i ng  the root of the meso
transverse co lon  at the i ntersect ion with the root of the 
mesentery, where the venous anatomy is extremely va r i 
ab le and  comp lex. The super ior mesenter ic ve i n  and its 
branches and the gastroco l i c  venous tru n k  of Henle and  
its branches surround the m idd l e  co l i c  vesse ls .  Venous 
tea rs tend to trave l  d ista l ly to the next major tr ibuta ry. 
In terms of the SMV and  the gastroco l i c  t ru n k  of Hen le, 
th i s  next "tr ibutary" is the porta l ve i n  confl uence, wh ich 
l ies i n  a retroperitonea l  p l ane  for wh ich you do not have 
control at th i s  t ime .  

• In order to p revent potenti a l ly devastat ing  b leed i n g  com
p l icat ions du r i ng  the d i ssect ion and transect ion of the 
midd le co l i c  vessels, we have deve loped a supramesoco l i c  
a pproach to  these vesse ls .  The hand-assisted tech n ique  
g reatly fac i l itates the performa nce of  th i s  tech n ique  and  
makes it very safe . 

• The super ior  aspect of the transverse mesoco lon is now 
rea d i ly v i s ib le, with the m idd le  co l i c  vesse l s  eas i ly  pa l 
pab le  as they cross the th i rd port ion of the duodenum 
i n  the m idtransverse co lon  (FIG 14) .  With the assista nt 
pu l l i n g  down on the tra nsverse colon downward with a 
g rasper, the su rgeon " p icks up"  the m idd l e  co l i c  vesse ls  
supramesoco l i ca l l y  with h i s  o r  her  l eft thumb and  i ndex 
f inger. Us ing  h i s  or her  r ight hand,  the surgeon now 
d i ssects under  the m idd l e  co l i c  vesse l s  with the 5-m m 
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FIG 1 4  • Step 7: su pramesoco l i c  tra nsect ion of the m idd l e  
co l i c  vesse l s  (MCV) . W i th  the tra nsverse co lon  retracted 
cauda l ly, the MCV a re read i ly v i sua l ized at th i s  po int  through 
a su pramesoco l i c  approach as they cross over the th i rd port ion 
of the duodenum .  Th i s  a l l ows for  a safe d i ssect ion and  h i gh  
transect ion (dotted line) with a 5 -mm energy device without 
r i sk i ng  i nj u ry to the SMV and  gastroco l i c  venous trun k  of 
Hen le .  

F IG 15  • Vascu l a r  anatomy after transect ion of  the m idd l e  
co l i c  vesse ls  (MCV) . Wh i l e  pu l l i ng  upwa rd on the tra nsverse 
co lon,  the transected stu m p  of the MCV is  observed . The ICV, 
with its r ight co l i c  vesse ls  (RCV) branch,  can be read i l y  identif ied 
as they cross over the th i rd port ion of the duode n u m .  

mesentery and  the super ior  mesenter ic ve in ,  u s i n g  hot 
scissors. 

energy device, comp l etely enc i rc l i ng  the m idd l e  co l i c  ves- • A wi ndow is created under  the i l eoco l i c  ped ic le  i n  the 
avascu l a r  p l ane  that sepa rates the ped ic le  f rom the 
retroper itoneum.  

se ls  w i th  the thumb and  i ndex f inger. With  g reat expo
sure and control, now the surgeon transects the m idd le  
co l ic vesse l s  w i th  the 5-mm energy device (FIG 14) .  • The i l eoco l i c  ped ic le  is i so lated and  d iv ided c lose to its 

or ig in  off the super ior  mesenter ic  vesse l s  us ing an energy 
device (FIG 1 6C) .  

• Dur ing  th i s  approach, the transverse mesoco lon  sepa
rates the m idd l e  co l i c  vesse l s  from the SMV and the 
gastroco l i c  venous tru n k  of Hen le  from sh ie ld i ng  them 
and thus g reatly red uc ing the potentia l  r i sk of ser ious ve
nous in jur ies .  It a l so a l lows for a very h i gh  tra nsect ion of 
the m idd l e  co l i c  vesse ls  and therefore a g reat lym phat ic 
noda l  capture .  

• After transect ion of the m idd l e  co l i c  vesse l s, the i l eoco l i c  
vesse ls (ICV) ca n now be rea d i ly identif ied as they cross 
over the th i rd port ion of the duodenum (FIG 1 5) .  

Step 8:  Transection of  the Ileocolic Pedicle 

• P lace the patient on a Trende lenburg posit ion with the 
r ight s ide up  to fac i l itate exposure to the ICV. P lace the 
hepatic f lexure back i n  the RUQ.  Move the transverse 
co lon and the omentum i nto the upper  abdomen .  Move 
the sma l l  bowel i nto the left lower quadrant (LLQ) to ex
pose the duodenum and the root of the mesoascend ing  
co lon .  In obese patients, a lapa rotomy pad may g reatly 

Step 9: Medial to Lateral Mobilization of the 
Ascending Colon 

• The retroper itoneum is now exposed by the su rgeon 
p u l l i n g  upwa rd (a nter ior ly) on  the d i sta l  transected ICV 
stu m p  wh i l e  the assistant retracts the mesoascend ing  
co lon  upward (anter ior ly) w i th  a g rasper. 

• Us ing  b l unt d i ssect ion with a 5-mm energy device, the 
ascend i ng  mesoco lon  i s  mob i l ized off the retroper ito
neum by gent ly sweep ing  the duodenum and Gerota's 
fasc ia  down (dorsa l ly), us ing a med ia l  to latera l d i ssec
t ion approach .  

• As the d issect ion p roceeds from med ia l  to l atera l, and  
to fac i l itate exposu re, the su rgeon's l eft hand  shou ld  be  
pronated and  p laced underneath the mesoco lon ,  g iv
i ng  u pward tract ion for the retroperitonea l  d i ssect ion 
(FIG 1 7) .  

ass ist i n  retract ing  the bowe l .  • Mobi l i zat ion of the r ight mesoco lon is carr ied out later
a l ly to the abdom i n a l  wa l l ,  super ior ly to the hepatore-• G ra b  the ICV as they cross over the th i rd port ion of the 

duodenum with you r thumb and  i ndex f inger  and  p u l l  
t h e m  up  a nter ior ly (FIG 1 6A) .  

• With the ICV on stretch, a para l l e l  inc i s ion is made with • 
hot scissors on the per itonea l  layer u nderneath (dor
sa l )  the ped ic le  (FIG 1 68) extend ing  to the root of the 

na l  recess and  med i a l ly exposi ng  the th i rd port ion of the 
duodenum and  the head of  the pancreas. 
At this po int, cr it ica l structures i n c l ud i ng  the r ight u reter, 
the r ight gonada l  ve in ,  and  the duodenum a re identif ied 
and preserved i ntact i n  the retroperitoneu m .  
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FIG 1 6  • Step 8: transect ion of the ICV. A. Key 
a natomy. The base of the ascend ing  colon mesentery 
is exposed from the th i rd port ion of the duoden um 
to  the  cecum.  The  ICV a re seen as they cross over the  
th i rd port ion of  the duoden u m .  The  d i ssect ion p l ane  
w i l l  be i n itiated a long the  dorsa l aspect o f  the  ICV 
(dotted line). B. In it iat ion of the med ia l  to latera l 
mob i l izat ion .  With the surgeon ho ld ing  the ICV 
a nter ior ly, the peritoneum is scored dorsa l  to the ICV 
from the duoden um a l l  the way down to the cecum 
and the term ina l  i l eum (TI) (dotted line). C. The ICV 
a re transected at the i r  o r ig in  with an energy device. 

FIG 17 • Step 9 :  med ia l  to latera l mob i l izat ion of the 
ascend ing  mesoco lon .  The su rgeon, wh i l e  retract ing  the 
ascend ing  mesoco lon u pwa rd (anter ior) with the hand 
fu l ly p ronated and  fac ing  u pward, sepa rates the ascend ing  
mesoco lon from the retroperitoneum by  d i ssect ing  a long  
the trans it ion of  the two d i st i nct fat  p l anes (dotted 

line). The r ight u reter ca n be rea d i ly identif ied in the 
retroper itoneum and i s  p reserved i ntact. 

STEP 1 0: LATERAL MOBILIZATION OF THE 

ASCENDING COLON 

You shou ld  read i l y  enter the retroco l i c  space p revious ly 
created by the med ia l  to latera l mob i l izat ion of the as
cend i ng  mesoco lon .  

• 

• 

The base of cecum is g rasped and  retracted a nter ior ly to
ward the abdomina l  wa l l .  
With t h e  i l e u m  on stretch b y  t h e  ass ista nt, a perito
neal inc i s ion i s  created from the cecum med i a l ly a long  
the root of  the term i n a l  i l eum mesentery (FIG 1 8A) .  

• The r ight u reter and  the r ight gonada l  ve i n  a re most eas
i ly identif ied at this phase of the operation cours ing over 
the r ight i l i ac vesse ls  and  i nto the pelv is  (FIG 18B) .  Lat
era l  and a nter ior to the psoas musc le, the latera l femora l  
cutaneous nerve i s  a l so freq uent ly identifi ed .  
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A B 

FIG 1 8  • Step 1 0 : latera l mob i l izat ion of the ascend ing  co lon .  A. With the surgeon p u l l i n g  on the cecum med ia l l y  and  
super ior ly, a per itonea l  i n c i s i on  i s  created from the cecum med i a l ly a long the root of  the term ina l  i l ea l  mesentery. B. After 
mob i l izat ion of the cecum, the r ight u reter i s  read i l y  identif ied i n  the retroperitoneum.  Tl, term ina l  i l eum 

• 

• 

The wh ite l i n e  of To ldt is i ncised, d iv id i ng  the on ly re
ma i n i ng  attachments of the ascend ing  co lon if the me
d i a l  to latera l d issect ion was carr ied out adequately 
du r i ng  the previous step .  
The  ent i re co lon  i s  now fu l ly mob i l ized and  ready for 
transect ion .  

Step 11:  Intracorporeal Distal Transection 

• Dissect the rectos igmoid  j unct ion c i rcu mferent ia l ly. The 
rectos igmoid  j u nction can be identif ied by the sp lay ing 
of the ten i ae  col i .  Tra nsect the upper  mesorectum with 

rectos igmoid  j unct ion with a l i near  Endo GIA sta p le r  
device (FIG 1 9) .  

Step 12:  Extracorporeal Mobilization and Proximal 
Transection 

• The ent i re co lon and  the term i n a l  i l eum a re de l ivered ex
tracorporea l l y  through the Pfa n nenst ie l  inc i s ion site with 
the Alexis wound protector i n  p lace to prevent i nfect ious 
and/or onco log ic  so i lage of the wound  (FIG 20) .  There 
shou ld  be a bsol utely no tens ion dur i ng  the extract ion of 
the speci men .  

the 5-mm energy device at the level of  the projected d i s- • The term i na l  i l eum is transected at a su i tab le  s ite 
between Kocher  c l amps.  The spec imen i s  sent to the 
patho log i st .  

ta l bowel transect ion .  
• Whi le  p u l l i n g  on the s igmo id  u pwa rd with the left hand, 

transect the bowe l i ntracorporea l ly j ust d i sta l to the 

FIG 19 • Step 1 1 :  i ntracorporea l d ista l transect ion .  The 
speci men i s  transected with a l i near  stap le r  j ust d i sta l  to 
rectos igmoid  j unct ion,  wh ich can be identif ied by the sp lay ing 
of the ten iae co l i .  

F I G  20 • Step 1 2 : extracorporea l mob i l ization a n d  transect ion .  
The ent i re co lon i s  extracted without a ny tension .  The d ista l 
i l eum w i l l  be transected a long the dotted line between Kocher 
c l amps.  
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STEP 13: INTRACORPOREAL ILEORECTAL 

ANASTOMOSIS 

• At th i s  poi nt, the anv i l  of a 28-Fr end-to-end  a nastomo
s i s  (E EA) stap le r  device i s  p laced through the open end 
of the term ina l  i leum and  i s  exter io r ized with a spear 
through the ant i mesenter ic border approxi mately 5 em 
from the open end  of the i l e um .  The open end  of the 
term i n a l  i leum i s  then c losed with a n  endoscopic l i near  
sta p le r  with  a 60-mm vascu la r  sta p le r. 

• The term ina l  i l eum,  with the a nv i l  in p lace, is rei ntro
duced i nto the abdom i n a l  cavity, the Ge lcap is rea pp l i ed, 
and  the pneumoperitoneum i s  re i nsuff lated. 

• The surgeon stands to the patient's r ight s ide, with the left 
hand through the Ge iPort and with the camera i n  his or 
her  r ight hand through one of the r ight latera l port s ites. 
The patient is p laced on a s l i ght Trende lenburg posit ion .  

• An exper ienced assistant i ntrod uces the 28-Fr EEA stap le r  
i nto the rectum and  de l ivers the spear anter ior to the 
recta l stu m p  sta p le  l i ne .  The E EA sta p le r  and  the anv i l  
a re mated (by the surgeon's l eft hand); the EEA stap le r  
i s  c losed and  then fi red, creat ing  a s ide-to-end i leorecta l 
a nastomosis (FIG 21 ) .  

• Two i ntact doug h n uts shou ld  be obta i ned .  The d ista l 
dough nut is sent for eva l uat ion as the d ista l marg i n .  The 
a nastomosis i s  inspected to ensure that it i s  tens ion-free 
and that it has exce l lent b lood supp ly. 

• F i na l ly, the a nastomosis  is i n suffl ated under  water to en
su re that  it is a i rt ig ht. The presence of a i r  bubb les wou l d  
i nd icate a n  a nastomotic d i s rupt ion and  s h o u l d  p rompt a 
rev is ion of the a nastomosis .  

PEARLS AND PITFALLS 

• Alternative ly, the d ista l  tra nsect ion and  i l eorecta l anas
tomosis can be constructed extracorporea l l y  through 
the open Pfannenst ie l  i n ci s ion s i te .  We f ind it eas ier  to 
perform the a nastomosis  i ntracorporea l ly, due  to the 
super ior  v i sua l izat ion and  exposure that l aparoscopy 
provides .  

FIG 21  • Step 1 3 : i ntracorporea l a nastomosis .  A s ide-to-end  
i leorecta l anastomosis i s  constructed w i th  a 28-Fr EEA sta p le r  
device. 

Setu p • Proper patient, team, port, and  i nstrumentat ion setup  is cr it ica l .  

1137 

Operative tech n ique  • Po in t  of  entry: IMV at the l i gament of  Tre itz. Idea l  due  to i t s  ease of  loca l izat ion and  the a bsence 
of cr it ica l  nea rby structu res that can be i nj u red .  

P itfa l l :  d i ssect i ng  a nter ior to 
the SHA 

P itfa l l :  f loppy s igmoid 
d iffi cu l t  to hand le  

P itfa l l :  cannot identify the  
left u reter du r i ng  SHAII MA 
d i ssect ion 

• The media l  to latera l  d i ssect ion steps set u p  a l l  other  steps. 
• Visua l ize the " l etter T" and h i g h  IMA l igat ion i n  ma l i gna ncy; ident ify the left u reter prior to IMA 

transect ion .  
• The supramesoco l i c  approach a l lows for  a much eas ie r  and  safer transect ion of  the m idd l e  co l i c  

vesse ls .  
• The I CV can be read i ly  identif ied by the th i rd port ion of the duodenum .  
• Di sta l transect ion and  a nastomosis :  Although  possib le  to  perform extracorporea l l y, it i s  eas ier  to  

do it i ntracorporea l ly (better v isua l i zat ion) .  
• Solut ion :  Identify "g roove" between l eft common i l i ac  a rtery and  SHA and  d i ssect i n  between 

the two vesse ls .  
• Use the back of the hand as a "she lf"  to ho ld  the s igmoid u p  whi le p ick ing up  the SHA with 

thumb and  i ndex f inger. 
• Extend the IMV d issect ion p l ane  on a super ior  to i nfer ior  d i rect ion beh ind  the I MA. 
• If sti l l  unab l e  to locate left u reter, mob i l ize the s igmo id  latera l  to med i a l .  D i sta l ly, the left u reter 

is l ocated med ia l  to the gonada l  vesse ls .  
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POSTOPERATIVE CARE 
• Postoperative care is driven by a clinical pathway that in-

cludes the following: 
Pain control: intravenous acetaminophen for 24 hours 
(start in the operating room) followed by intravenous 
ketorolac for 72 hours (if creatinine is normal) .  The TAP 
nerve block greatly reduces the need for narcotics. 
Deep vein thrombosis (DVT) prophylaxis with enoxapa
rin, starting within 24 hours of surgery 
No additional antibiotics; judicious use of intravenous fluids 
No nasogastric tube. Remove Foley catheter on postop
erative day 1 .  
Early ambulation, diet a d  lib, aggressive pulmonary toilet 
Targeted discharge: postoperative days 3 to 4 

OUTCOMES 
• HALS leads to improvements in short-term outcomes, in

cluding less pain, faster recovery, shorter hospital stay, and 
lower incidence of cardiac/pulmonary complications when 
compared to open surgery. 

• When compared to conventional laparoscopy, HALS results 
in higher usage rates of minimally invasive surgery, shorter 
learning curves, lower conversion rates, shorter operative 
times, and shorter hospital stays . 

• For cancer resection, minimally invasive surgery oncologic 
outcomes are at least comparable to those of open surgery. 

COMPLICATIONS 
• Wound infections and incisional hernias are markedly re

duced with the use of a Pfannenstiel extraction site. 

• Urinary/sexual dysfunction: important to preserve hypogas
tric nerves intact 

• Ureteral injury: critical to identify the ureters prior to vascu
lar transection 

• DVT: low risk with use of DVT prophylaxis 
• Cardiac and pulmonary complications: significantly reduced 

compared to the open surgery approach 
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Konstantinos I. Votanopou/os Jaime L. Bohl 

DEFINITION 
• Low anterior rectal resection (LAR) with total mesorectal 

excision (TME) is defined as the removal of the rectum en 
bloc with an intact perirectal fascial envelope distal to the 
cancer-bearing rectal wall. The visceral endopelvic fascia, 
also known as fascia propria or investing fascia of the me
sorectum, is identified by a thin, loose areolar tissue that 
circumferentially separates the rectum and mesorectum 
from surrounding pelvic structures. Removal of the rectum 
with an intact mesorectum ensures complete removal of all 
lymph nodes and lymphatics that drain the diseased rectum 
without oncologic contamination of the pelvis at the time of 
surgery. 

• Coloanal anastomosis is the attachment of a mobilized prox
imal colon segment to the anal canal while preserving the 
anal sphincter musculature with a negative distal margin. 

• This operation is performed primarily for distal rectal can
cer, when tumor location mandates rectal transection at the 
level of the pelvic floor ( levator ani and puborectalis ) .  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A detailed history should identify locally advanced rectal 

lesions that are causing bowel obstruction, bleeding, pseu
dodiarrhea, fecal incontinence, or excessive pelvic or anal 
pain. Nearly obstructed patients may require a temporary 
laparoscopic loop sigmoid colostomy prior to neoadjuvant 
chemoradiation. Patients with pain due to fixed tumors in 
the anal canal and sphincter are not candidates for coloanal 
anastomosis. 

• Prior colon and anorectal surgery, vascular surgery, or 
sphincter trauma during childbirth may have compromised 
the vascular supply to the planned colonic conduit or reduce 
the anal sphincter function. 

• Patients with poor functional status or poor fecal control 
prior to surgery are likely to have reduced quality of life and 
fecal soiling after surgery. These patients may be best served 
with a permanent colostomy rather than a sphincter-sparing 
coloanal anastomosis. 

• Digital rectal exam and rigid proctoscopy should be per
formed by the lead surgeon prior to the administration of 
neoadjuvant therapy. Anal sphincter, pelvic floor function, 
topography of rectal wall involvement, and distance of the 
distal aspect of the tumor from the dentate line determine 
the likelihood of sphincter salvage and method of reanas
tomosis. Submucosal tattooing distal to the rectal tumor 
identifies the location of clinically regressed tumors after 
neoadjuvant chemoradiation and is helpful for determining 
tumor clearance during pelvic dissection. 

• A detailed family history is necessary to identify risk of an 
inherited colon and rectal cancer syndrome as well as risk 
for metachronous colorectal cancer. We currently screen all 
young patients ( < 60 years of age) for Lynch syndrome and 
refer patients to genetic counseling when they have a posi
tive screen or if they have multiple affected relatives. 

• Past medical history should identify patients with cardiopul
monary, liver, or kidney disease not medically suitable for a 
physiologically demanding operation. 

IMAGING AND OTHER DIAGNOSTIC STIJDIES 
• A complete colonoscopy is obtained. 
• Preoperative staging with endorectal ultrasound (ERUS ) 

or magnetic resonance imaging (MRI) determines the need 
for neoadjuvant chemoradiation. ERUS has a higher sen
sitivity and specificity for tumor depth rather than lymph 
node involvement as compared to MRI. MRI allows for 
assessment of the circumferential margin at the mesorectal 
envelope . 1  

• Tumors located at  the distal two-thirds of the rectum with 
greater than or equal to T3 wall invasion or greater than or 
equal to Nl nodal status will be referred for neoadjuvant 
treatment to decrease the risk of locoregional recurrence.2 
Additionally, neoadjuvant therapy may lead to tumor shrink
age, increasing the likelihood of sphincter preservation while 
avoiding exposure of the small bowel, colonic conduit, and 
anastomosis to postoperative radiation. Postoperative radia
tion is associated with increased risk of anastomotic stric
ture and radiation enteritis .  3 

• We routinely order a contrast-enhanced computed to
mography ( CT) scan of the chest, abdomen, and pelvis to 
evaluate for distant metastatic disease. Selected patients 
with liver metastases will be treated with a combination of 
staged resections and chemotherapy, whereas patients with 
synchronous peritoneal carcinomatosis will be evaluated 
for cytoreductive surgery with hyperthermic intraperito
neal chemotherapy. Positron emission tomography (PET) 
for the initial staging of rectal cancer rarely alters disease 
management.4 

• Carcinoembryonic antigen ( CEA) levels are checked prior to 
the initiation of neoadjuvant chemoradiation, prior to resec
tion and prior to initiation of adjuvant chemotherapy. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Patients undergo preoperative counseling and stoma mark
ing by an enterostomal therapist. Counseling allows the pa
tient to understand ostomy care, optimizes stoma placement, 
and reduces stoma-related complications . 5  
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• Placement of ureteral stents can facilitate ureteral identifi
cation in the setting of large rectal tumors, inflammation, 
previous surgery and pelvic radiation, and also contributes 
to intraoperative identification of ureteral injuries. 

• Bowel preparation or enema removes the mechanical obstacle 
of bowel contents in a narrow pelvis and reduces the tension 
on an infra peritoneal anastomosis. 

• Parenteral antibiotic prophylaxis covering bowel flora is 
given prior to surgical incision. 

• Deep venous thrombosis prophylaxis via sequential com
pression devices (SCDs) and subcutaneous (SC) heparin or 
low-molecular-weight heparin (LMWH) prior to surgical 
incision is administered. 

• The surgical tray should include a lighted St. Mark's retractor 
with the longest available blades, a big bite surgical energy 
device, and laparoscopic cautery and suction. 

Positioning 

• LAR with coloanal anastomosis requires access to both the 
pelvis and the perineum. Therefore, patients are placed in 
a lithotomy position with the hips slightly flexed and the 
knees completely flexed in Yellofin stirrups. Extra padding 

LOW ANTERIOR RECTAL RESECTION WITH 

TOTAL MESORECTAL EXCISION 

Incision, Abdominal Exploration, and 

is applied on the fibular head and heels to prevent nerve 
injury and pressure ulcers. The buttocks are at the edge 
of the table with the tip of the coccyx accessible. The legs 
remain adducted during the pelvic dissection but will need to 
be abducted to allow perineal access during creation of the 
coloanal anastomosis ( FIG 1 ) .  

FIG 1 • The patient i s  on a l ithotomy position with the patient's 
h i ps s l ightly f lexed and the legs completely flexed in Ye l lofi n sti rrups. 

the per itonea l  ref lect ion or  wh ite l i n e  of To ldt .  Deve lop
i ng  a p lane at the exact edge of the wh ite l ine of To ldt 
has the potent ia l  of l ift i ng  the retroperitonea l  structures 
with subsequent u retera l  and nerve i nj u ry. 

Retraction of the Small Bowel • The sp lenoco l i c, ph renoco l i c, and  renoco l i c  attachments 
a re d iv ided at the sp len i c  f lexure. In patients with d iffi -

• A lapa rotomy i n ci s ion is made from the supra u m b i l ica l  
m id l i n e  to the pub i c  bone.  The fasc ia  is  opened between 
the rectus muscles .  As  the inc i s ion i s  opened to the level 
of the pub ic  bone, the b ladder  is  mob i l ized to the left of 
the inc i s ion .  

• 

• 

A ca refu l exp lorat ion of the  a bdom i n a l  a n d  pe lv ic  cav
ity i s  unde rtaken to assess for d i sta nt metastat ic  d i sease 
a n d/or u n resecta b l e  local  d i sease .  Attent ion shou ld  be 
g iven to the l iver, retroper itoneum,  aort ic  and exte rna l  
i l i a c  lym ph  nodes, as  we l l  as  per itonea l  su rfaces. Lo
ca l ly advanced d i sease may req u i re a d ivert i ng  co los
tomy fo l l owed by chemotherapy and rad iat ion pr io r  to 
resect ion .  
A fixed abdom ina l  retractor, s u ch  as a Bookwalter or  
Thompson retracto r, i s  used for exposure .  A l aparotomy 
pad wrapped around the sma l l  i ntesti ne  from the l iga
ment of Treitz to the term ina l  i leum wi l l  p revent loops of 
sma l l  i ntest ine  from m ig rat ing i nto the operative f ie ld .  
A m i d l i n e  inc i s ion that bare ly extends a bove the umb i 
l i cus a l lows for  tacki ng the sma l l  bowel under  the r ight 
abdom ina l  wa l l .  

Mobilization of the Left and Sigmoid Colon, 
Colonic Mesentery, and Splenic Flexure 

• The left co lon l atera l attachments a re i n c ised with a 
cepha lad  d i rect ion .  The a reo l a r  p l ane  between the left 
co lon i c  mesentery and  the retroperitoneum is identif ied 
and  opened. Th i s  p lane i s  a few m i l l i meters med ia l  from 

cu lt  v i sua l izat ion, the transverse co lon is retracted down
ward and the lesser sac is  entered over the m idtransverse 
co lon by inc i s ing  the gastroco l i c  l i gament. Deve lopment 
of th i s  p l ane  i n  a med ia l  to left l atera l d i rect ion detaches 
the omentum from the d ista l tra nsverse colon so that the 
med i a l  and latera l p l anes of d issect ion can be jo i ned to 
comp lete the sp len i c  f lexure mob i l izat ion (FIG 2) .  

• The sp len i c  f lexure and  prox ima l  l eft co lon mesentery a re 
sepa rated from the Gerota 's fasc ia .  I ncomp lete mob i l iza
t ion of the sp len i c  f lexure resu lts i n  a short co lon i c  con
d u it and  tens ion on the co lorecta l a nastomos is, which 
cou l d  then lead to a postoperative a nastomot ic  leak.  

Vessel Ligation and Left Ureter Identification 

• The separation of the left and  s igmo id  colon from the 
retroper itoneum is conti nued by revers i ng  d i rect ion to
ward the pelv is .  The left u reter i s  identif ied as it crosses 
over the l eft i l i ac a rtery and i nto the pelv is  in a way that 
prese rves the retroperitonea l  l ocat ion of the u reter but 
a lso identif ies the a reo l a r  p lane that med i a l ly extends to 
the super ior hemorrho ida l  vesse l s  (SHV) a rch (FIG 3) .  Lift
i ng  the mesosigmo id  and  p lac ing  the i ndex f inger  beh ind  
the SHV a rch a l l ows the surgeon to i ncise w ith  e lectro
cautery the r ight su rface of the per itoneum j ust u nder  
the dorsa l  su rface of  the SHV. Th i s  p l ane  of d i ssect ion 
a long  the dorsa l aspect of the SHV, as  it i s  ca rr ied over 
the promontory, leads i nto the presacra l t issue p l ane  
that  w i l l  be l a te r  deve loped dur i ng  the TME .  At  th i s  
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point, the mesentery i s  d iv ided i n  between the s igmoid  
and  descend ing  co lon ,  sta rt i ng  f rom the a nti mesenter ic 
border. The SHV a re l i gated at the level of their o r ig i n  
f rom the i nfer ior  mesenter ic a rtery ( I MA) i n  o rder  to pre-

FIG 2 • Mob i l izat ion of the sp len i c  flexure. The sp len i c  
f lexure of the co lon (A) i s  retracted med i a l ly to ident ify and  
re l ease the latera l  per itonea l  attachments. Ca re  i s  taken  to  
avo id i n ju ry to the sp l een  (B). The ph renoco l i c  l i ga ment (C), 
the sp lenoco l i c  l i ga ment (D), and  the gastroco l i c  l i ga ment (E) 
a re identif ied and  su bseq uent ly d iv ided .  Th is  d issect ion can be 
carr ied from med ia l  to latera l  as  we l l  as  latera l  to med ia l ,  unt i l  
both  p l anes of d issect ion meet around the sp leen .  

serve the l eft co l i c  ped ic le  i ntact. The co lon  itself i s  not • 

effort to prevent a nastomotic tens ion (FIG 4) .  The co l l at
era l  marg i n a l  a rtery that connects the m idd le  co l i c  a rtery 
and  the IMA and  runs c lose to the co lon p rovides b lood 
supp ly to the d i sta l  descend ing  co lon i n  these cases. 
Reidentif icat ion of the u reter prior to IMA or  SHV ped ic le  
l igat ion ensu res the left u reter i s  safe from i nj u ry. 
Addit iona l  length of the co lon i c  cond u it can be ach ieved 
by l igat i ng  the infer ior mesenter ic ve i n  j u st l atera l to the 
l igament of Tre itz. 

d iv ided .  This p revents the colon from d ropp ing  i nto the 
d issect ion field dur i ng  the operation and a lso a l lowing • 
for any b lood supp ly def ic ienc ies i n  the p roxi ma l  co lon 
to man i fest by the end of the d issect ion and  pr ior  to the 
a nastomosis .  

• I n  cases of coloa na l  a nastomosis, a h i g h  IMA transect ion 
at i t s  takeoff f rom the aorta i s  usua l ly performed, i n  a n  

,; � 
\, 1: 

Left 
Left common 

SHV 
ureter � 

i l iac vessel ---

/ 
( Cephalad 

FIG 3 • The s igmoid  co lon and  its mesentery have been 
sepa rated from the retroper itoneum to revea l  the left u reter 
as it crosses the left common i l i ac  vesse ls .  The per itonea l  
ref lect ion over the l eft s ide of the rectum and  mesorectum 
has been i n c ised dorsa l  to the SHV to a l l ow enc i rc l i ng  these 
vesse l s  prior to l igat ion .  

Inferior mesenteric pedicle 
FIG 4 • H i g h  IMA transect ion .  In co loana l  a nastomosis  cases, 
the IMA is transected at its or ig i n  between c l amps in order to 
obta i n  maxi ma l  mob i l izat ion of the co lon i c  condu it .  
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Posterior Mobilization of the Rectum and 
Hypogastric Nerve Identification 

• A l i g hted St. Mark's retractor is p laced poster ior ly to the 
l i gated SHV. By retract i ng  the rectum a nter ior ly, the p re
sacra l areo lar  space i s  exposed and d iv ided with e lectro
cautery. The hypogastric nerves a re identifi ab l e  at th i s  
l ocat ion pr ior  to d issect ing  the presacra l space (FIG S) .  
These nerves shou ld  be swept poster ior ly and  p reserved 
as they cou rse in a med ia l  to late ra l  d i rect ion a long the 
presacra l fasc ia .  

• The p resacra l d i ssect ion p l ane  is b lood l ess. Proper retrac
tion with the St. Mark's retractor ass ists the su rgeon i n  
fo l lowi ng t h e  a reo la r  p l a n e  between t h e  fascia propr ia 
a nter ior ly and the p resacra l fasc ia poster ior ly, down to 
the l evator m uscles and  pelv ic f loor (FIG 6) .  

• Fa i l u re to proper ly expose the presacra l space with the 
l i g hted St. Ma rk's retractor r i sks  d i ssect ing  to fa r poste
r ior ly and i nto the presacra l venous p lexus. Staying  on 
the a nter ior su rface of the a reo la r  p l ane  close to the 
mesorecta l bou ndary wi l l  a l l ow the su rgeon to stay i n  
the p resacra l space, thus  avo id i ng  catastroph i c  b leed ing  
f rom in ju red presacra l ve ins .  

• B l u nt d issect ion shou ld  be avo ided at a l l  ca use, because 
it ca n lead to v io lat ion of the mesorectum with the 

Hypogastric Presacral 
nerves space 

Rectum 

FIG S • Us ing  a l i g hted St. Ma rk's retractor, the rectum is 
retracted a nter ior ly, exposi ng  the presacra l space poster ior ly. 
The hypogastric nerves a re exposed and  shou ld  be swept 
poster ior ly and away from the mesorectu m .  This beg in s  the 
su per ior  and  poster ior  port ion  of the TME .  

Anterior 

Posterior 

P�acral 
ff�Jeia 

FIG 6 • Exposed with the a id  of a l i g hted St. Ma rk's retractor, 
the presacra l p l ane  of d i ssect ion shou ld  be fo l l owed down to 
the levator m uscles and  the pelv ic f loor. 

attendant i ncreased r isk of locoreg iona l  tumor  recu r
rence. It  i s  i m perative to adhere to a sharp d issect ion 
tech n ique  when d i ssect ing  around the mesorectu m .  

• As the poster ior  d issect ion conti nues  latera l ly, the su r
geon must p roceed on an a nterolate ra l  d i rect ion ,  or i n  
a sem ic i rcu l a r  fash ion ,  to  open  the late ra l p l anes .  Th i s  
he lps avo id i ng  penetrat i ng  through the endopelv ic fas
cia, wh ich ho lds  the hypogastric vein and its branches 
as we l l  as the parasym pathetic p l exus attached to the 
l atera l pe lv ic wa l l s .  I n  th i s  fash ion,  potentia l ly cata
stroph i c  b leed ing  and severe autonomic  dysfu nct ion can 
be averted .  

Division of Lateral Ligaments 

• The l atera l recta l l i ga ments can be taken with ca utery 
or with a n  energy device. It is not usua l l y  necessary to 
l i gate vesse l s  with i n  the latera l sta l ks with the except ion 
of the midd le  recta l vesse l va r ia nts. I dentif ication of the 
l atera l recta l l i gaments i s  ach ieved by p lac ing  the rectum 
on posterolatera l tract ion between the i ndex and  m idd le  
f ingers i n  the d i rect ion opposite of the l atera l recta l l iga
ment to be transected (FIG 7) .  

Anterior Mobilization of  the Rectum and 
Proximal Colonic Transection 

• Fo l l ow ing  the  a reo l a r  t i ssue c i rcu mferent i a l l y  a round  
the  rectum a n d  i n c i s i ng  the  a nter ior  per i tonea l  refl ec
t ion  con nects the r i ght  and l eft latera l  d i ssections .  
O n ce the  per itonea l  ref lect ion  i s  i nc i sed,  the  d i ssect ion  
cont i nues  b e h i n d  Denonv i l l i ers '  fasc ia ,  wh i ch  covers 
the sem i n a l  ves i c l es a n d  p rostate (F IG 7) .  D issect ion  
a nter io r  to Denonv i l l i e rs '  fa sc ia  i s  assoc iated with an 
noy i ng  b l eed i n g  a n d  with a n  i n creased r i sk  of pa ra 
sym pathet ic  n e rve damage .  Th i s  p lane  i s  i ntent iona l ly 
v io l ated o n ly i n  a nter ior  t umors that i nvade i nto the  
sem i n a l  ves i c l es o r  p rostate. I n  these cases, the  sem i n a l  
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F IG  7 • Transect ion of the latera l  recta l l igaments and anterior 
pelvic d issect ion .  Posterolatera l retract ion of the rectum a l l ows 
for good exposure of the lateral recta l l igament (the  r ight one 
is shown here), which can then be transected with cautery or  
with an  energy device. The a nterior d i ssect ion w i l l  then proceed 
beh ind Denonvi l l iers' fascia, in the space between the rectum, 
posterior ly, and the prostate and sem ina l  vesicles (B and C, 
respective ly), a nterior ly. 

ves i c l es a n d/or pa rt of the  prostate h ave to be resected • At this point, the colon is transected proxima l ly between the 
sigmoid and descending colon lymphovascu lar  d istri bution 
in  between Kocher c lamps. The transected end of the colon 
should reach the pubis with ease, ensuring adequate mobi
l i zation of the colon condu it for a tension-free anastomosis. 

en  b loc  with the rectum in order  to a ch i eve a c l ea r  
rad i a l  m a rg i n .  

• I n  women, the rectovag i na l  septum is more eas i ly  sepa
rated from the rectum a nter ior ly. 

COLOANAL ANASTOMOSIS: 

STAPLED TECHNIQUE 

• This  method is feas ib le  when there is at least 2 em of 
recta l stu m p  a bove the dentate l i ne .  

• The rectum is d iv ided a bove the levators with a contou red 
stap ler. The specimen,  i nc l ud ing  the ent i re rectum and  
mesorectum as  we l l  as the s i gmo id  co lon,  is now fu l ly d is
connected and i s  sent to the patholog ist. The pelvis i s  now 
em pty with good visua l i zation of the pelv ic f loor (FIG 8) .  

• The anv i l  of a 29mm end-to-end  a nastomosis (E EA) i s  
p l aced i n  the open end of the descend ing  co lon and  a 
pu rse str ing  is p l aced around its shaft .  

• A 29-mm E EA stap l i ng  device is i ntrod uced gently i nto 
the recta l stu mp .  

F IG  8 • After resect ion of  the rectum,  the pelv is  i s  em pty, 
with good visua l i zat ion of the pelv ic f loor. 

• The troca r is b rought  out th rough  the  recta l stu m p .  The 
e l ected s ite of the  recta l drum penetrat ion  depends  
so le ly  on  creat i ng  a n  exit a n g l e  su i ta b l e  to accept  the  
anv i l  w i thout  the  need for fu rthe r  maneuver i ng  of the 
sta p l i n g  dev ice  itse lf .  Any repos it i on i ng  of the  sta p l e r  
post exodus  of the  troca r runs  the r i sk  of late ra l  tea r 
and  i n com p l ete recta l stu m p  d o n ut .  A long  pack i ng  
forceps i s  u sed  to push  the  recta l stu m p  a round  the  
troca r penetrat ion  po int  to avo id  l atera l tea r i ng  of the  
recta l  stu m p  (F IG 9), which  cou l d  lead to a n  a nasto
m ot i c  l eak .  

Incomplete rectal 
donut 

FIG 9 • O nce the troca r i s  dep loyed, it i s  cr it ica l  to avo id  any 
movement on the E EA stap l i ng  dev ice to avo id  l atera l tea r ing  
of the recta l stu m p, which cou l d  lead to a n  anastomotic leak .  
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• The anv i l  a n d  the  EEA sta p l e r  a re then  m ated a n d  
f i red,  creat i ng  a tens ion -free co loa n a l  ana stomos i s  
(FIG 1 0A) .  Two co m p l ete doug h n uts s h o u l d  be ob
ta i n ed ;  the  d i sta l doug h n ut s hou l d  be  sent to the  pa
tho log ist for a frozen sect ion  eva l uat ion  to en su re the 

tested by i n suffl at ion  under  water (FIG 108) .  A i r  b u b
b le s  wou l d  i n d icate a n  a n astomot ic  l eak, necess itat i ng  
e i ther  a rev i s ion  of the  a nastom os i s, i n  a d d it ion  to a 
prox i m a l  d ivert i n g  loop  i l eostomy (depend i n g  on the  
m a g n itude  of the  l eak) .  

d i sta l m a rg i n  i s  negative f o r  cancer. A pos it ive m a rg i n  • The patient is a lways d iverted with a loop i l eostomy 
to protect the anastomosis, and a 1 9-Fr round  d ra i n  i s  
p l aced i n  the pelv is  for no more than 2 to 3 days. 

may necessitate convers ion  to an abdom i noper i nea l  
resect ion  (APR) .  The i nteg r ity of the  ana stomos i s  i s  

B 

FIG 1 0  • Stap led co loana l  anastomosis .  A. An EEA is created with a 29mm EEA stap le r. B. The comp leted co lorecta l anastomosis 
i s  tested under water. A i r  bubb les identif ied du r i ng  insuff lat ion of the a nastomosis i nd icate a n  a nastomot ic  leak.  

COLOANAL ANASTOMOSIS: HAND-SEWN 

TECHNIQUE 

Placement of Self-Retaining Anal Retractor 

• Evers ion of the ana l  ca na l  with a se lf-reta i n i n g  Lone Sta r 
ana l  retractor (FIG 1 1 ), or with two Ge lp i s, can fac i l itate 
su rgeon visua l i zat ion .  

Injection of Local Anesthetic with Epinephrine 

• The dentate l i n e  is identif ied and  the subm ucosa l p l ane  
i s  i njected c i rcu mferent ia l l y  w i th  a loca l  anesthetic con
ta i n i ng  ep inephr ine .  Th i s  decreases b leed i ng  and loss of 
v isua l ization .  The d i sta l rectum is  d iv ided fu l l  th i ckness 
sharp ly transendoa na l l y  above the dentate l i n e  (FIG 1 1 ) .  
The d ista l marg in  shou ld  be sent to the patho log i st for a 
frozen sect ion eva l uat ion to ensure that it is negative for 
cancer. A posit ive marg in  may necessitate convers ion to 
an APR.  

Anal Verge Sutures Placed in Four Quadrants 

• The 3-0 Vicryl sutu res a re p l aced in a l l  fou r  quad ra nts 
through the ana l  m ucosa and  a sma l l  port ion of the in 
terna l  sph incter (outs ide- in  p l acement) .  The need les a re 
kept in p lace and  the sutu res a re tacked down to the 
Lone Sta r retractor to keep them secured .  These sutures 
w i l l  eventua l ly be p laced through the d i sta l colon seg
ment to comp lete the coloa na l  a nastomosis .  

FIG 11 • A Lone Star retractor i s  used to evert the anal  ca na l  
and  to  expose the dentate l i n e  (arrow). The  rectum w i l l  be  
transected transendoa n a l ly above the dentate l i ne .  

Colonic Conduit Delivery 

• A purse-str ing suture is p laced in the open end of the 
descend ing colon around an  insufflated Foley catheter. The 
descend ing colon stump is l ubricated and is then del ivered 
to the peri neum by slowly pu l l i ng  the Foley catheter 
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F IG  1 2  • A pu rse-str ing suture i s  p laced i n  the open  end of 
the descend i ng  co lon around an in suffl ated Fo ley catheter. 
The descend ing  co lon stu m p  is l u br icated and  is then de l ivered 
to the per i neum by slowly p u l l i n g  the Fo ley catheter through 
the open d i sta l recta l stu mp .  

through the  open d i stal recta l stump (FIG 12) .  The  assis
tant gu ides the colon ic  condu it through the pelvis ensur
ing adequate colon length, lack of tension on the co lon ic  
condu it's b lood supp ly, and or ientation without twist ing .  

• The co lon i c  condu it  shou ld  eas i ly  emerge from the a n a l  
cana l  s o  the su rgeon c a n  s e e  the pu rse stri ng .  T h i s  e n 
su res there w i l l  be a tens ion-free a nastomosis a t  the l evel 
of the dentate l i n e  and a l lows the su rgeon to assess the 
b lood supp ly  of the co lon i c  cond u it as it passes through  
the ana l  cana l .  Occas iona l ly, it is  necessa ry to c lean a por
t ion of mesenteric fat and  append ix ep ip lo icae to p revent 
its i nc l us ion in the coloa na l  a nastomosis and to debu l k  a 
l a rge  cond u it as it passes through  the ana l  ca na l .  

Colon Anchored with Anal Canal Sutures 

• The pu rse str ing  i n  the d i sta l co lon is amputated, the 
Fo ley catheter i s  removed, and  the previous ly p laced 
fou r-q uadrant d i sta l sutu res a re now p laced fu l l  
th ickness through t h e  open d i sta l co lon wa l l  (outs ide- in  
p lacement). The co lon i c  condu it  i s  pushed back u p  i nto 

FIG 13 • The prox ima l  co lon i s  opened and anchored to the 
ana l  ca na l .  The previous ly p laced fou r-q uadrant d i sta l  sutures 
have now been p l aced fu l l  th ickness through the open d ista l 
co lon wa l l  (arrows). P lac ing fu l l -th ickness sutures i n  between 
these  four-quadrant sutu res (a long the dotted lines) wi l l  
comp lete the a nastomosis .  

the anal  cana l  when surg ica l knots a re p l aced to secu re 
the anchor ing sutu res (FIG 1 3) .  The anchored sutu res a re 
kept long and  secured with a hemostat outs ide the ana l  
ca na l  to ma i nta i n  or ientat ion of  the co lon i c  condu it and  
to  gu ide  comp let ion of the co loana l  anastomosis .  

Completion of Circumferential Anastomosis 

• An ana l  retractor such as a H i l l  Ferguson or standard 
Fans ler  retractor can then be p laced through the ana l  
ca na l  and  d i sta l  co lon .  P l a c i ng  i nterrupted 3 -0  Vicryl fu l l 
th ickness sutu res through the colon and  anus  ( ins ide-out 
p l acement) comp letes the a nastomosis (FIG 1 3) .  

En Bloc Removal of the Rectal Specimen 

• If a m o re d i sta l resect i on  is req u i red  or if the  s u r
geon  p refers to perform a pe r i nea l  a n o recta l  resec
tion en  bloc with the recta l d i ssect ion ,  the s u rgeon  
can  beg i n  the  per i nea l  d i ssect i on  i n  the  i nters p h i nc
ter i c  p l a n e, l ocated betwee n  the i n te rna l  and exter
n a l  a n a l  s p h i ncters .  Th i s  d i ssect i on  ca n beg i n  at the  
d entate l i ne  o r  with i n  the  i ntersph i n cter i c  g roove at  
the  a n a l  verge .  The  i nters p h i n cter i c  d i ssect ion  p ro
ceeds p roxi m a l ly to the  leve l  of the  puborecta l i s  s l i n g  
o f  the  levators .  An a bdom i n a l  ass i stant ca n g u i d e  t h e  
p e r i n e a l  s u rgeon  to then  d i ssect i nto the  pe lv i s  a n d  
con n ect the  two d i ssect i on  p l a nes .  The  en  b loc  rec
tal and i n te rn a l  a n a l  s p h i ncter d i ssect i on  can then  
be passed off the  f i e l d .  The  co loa n a l  a nasto mos i s  i s  
fas h i oned a s  prev ious ly  descr ibed at the  leve l  where 
the  i nters p h i n cte r i c  d i ssect i on  beg a n .  I n  cases whe re 
the  i ntern a l  a n a l  s p h i ncter is exc ised,  the  d i sta l a n as
tomos i s  s h o u l d  i n c l u d e  a n a l  m u cosa and pa rts of the  
exte rna l ana l  s p h i n cte r 6 The  resected spec i m e n  shou ld  
show a n  i ntact mesorect u m  with  n o  tape r i ng  o n  the  
d i st a l  e n d  (F IG 14) .  
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PEARLS AND PITFALLS 

Loop Ileostomy Creation and Pelvic Drain Placement 

• Creat ion of a loop i l eostomy through a p revious ly 
marked r ight lower quadrant location d iverts stoo l  from 
the coloa na l  anastomosis and p rotects the a nastomosis .  
A 1 9-Fr  round  d ra i n  i s  p l aced behind the a nastomosis .  

FIG 14  • The exc ised rectum has  a smooth poster ior  su rface 
when the mesorectum is  excised i ntact, with no  d i sta l  taper ing 
of the mesorectum observed .  

Mob i l i z ing  the left co lon  • Dissect the p l ane  a few m i l l i meters med ia l  to the wh ite l i n e  of To ldt .  

Left u reter identif ication • Complete mob i l izat ion of the s igmo id  co lon mesentery from the retroperitoneum a l l ows 
identif icat ion of the l eft u reter d u ri ng  p rox ima l iMA l igat ion .  

Mob i l izat ion of  co lon i c  condu i t  • H i g h  tra nsect ion of the IMA and  tra nsection of the IMV latera l to the l i ga ment of Tre itz 
e longate the co lon i c  condu it for a tens ion-free anastomosis .  

Poster ior  mesorecta l d i ssect ion • Dissect i ng  the a reo l a r  p lane beh i nd  the mesorectum req u i res the surgeon to l ift the rectum 
a nter ior ly w i th  a l i g hted St .  Mark's retractor. D i ssect ion poster ior  to th i s  p l ane  r i sks entry i nto 
the p resacra l venous p lexus, wh ich can lead to exsangu i nat ing hemorrhage .  

Anter ior  recta l d i ssect ion • Keep d i ssect ion beh ind  Denonvi l l i e rs' fascia u n less a n  a nter ior ly located tumor  necessitates 
exc i s ion to obta i n  a negative rad i a l  ma rg i n .  

Co lon ic  condu i t  de l ivery for 
a nastomosis 

• Proper ly or ient the co lon i c  con d u it so there i s  no  mesenteric twist ing  or  undue  tens ion as  it 
i s  de l ivered though the ana l  ca n a l .  Mesenter ic fat can be removed from the d ista l colon to 
fac i l itate p lacement through the cana l ,  but too much d i ssect ion can comprom ise the b lood 
supp ly of co lon and  the proxi ma l  port ion of the a nastomosis .  

Sta p led a nastomos is  • Avoid maneuver ing of the c i rcu lar  stapler after deployment of the trocar. A latera l recta l drum tear 
extending to the stapler r im wil l result i nto an incomplete d i stal donut and an  anastomotic leak. 

POSTOPERATIVE CARE 
• Prophylactic LMWH is initiated the day of the operation. 
• Physical therapy for ambulation is involved on postopera

tive day (POD) 1 .  
• Early feeding with clear liquids can increase patient comfort 

and stimulate return of gastrointestinal motility. 
• Bladder dysfunction following deep pelvic dissection is com

mon. We routinely keep a Foley catheter in place for 5 days. 
• Although patients wait for return of intestinal function, they 

can be taught the basics of ileostomy care. 
• Patients should be advised that drainage from the rec

tum could occur despite fecal diversion. A single episode 
of bloody rectal discharge while the patient is ambulating 
between PODs 5 and 7 is often an indicator of evacuation 
of a pelvic fluid collection through the stapler line and does 
not require further imaging unless the patient shows signs of 
infection. Persistent rectal drainage that is purulent or bloody 
should prompt workup for a postoperative complication. 

OUTCOMES 
• Survival from rectal cancer after multimodality treatment 

is dependent on disease stage. Overall, 5 -year survival is 

approximately 90% for stage I, 74 % to 65% for stage II, 
and 8 1 %  to 3 3 %  for stage III of disease. Development of 
distant metastasis occurs in less than 1 0 %  in patients with 
stage I disease but increases up to 2 8 %  and 50% in patients 
with stages II and III rectal cancer, respectively_? 

• Local pelvic recurrence of rectal cancer is also dependent on 
tumor and nodal stage. Local recurrence is less than or equal 
to 5% for patients with stage I rectal cancer but increases to 
1 5 %  for stage II disease and 22% for stage III disease.7  If a 
pelvic recurrence can be treated with a margin-negative sur
gical resection, 5-year survival can approach 40 % .  Often, 
this requires a pelvic exenteration which demands a multi
specialty surgical approach. 8 

COMPLICATIONS 
• Complications can occur in up to one-third of patients un

dergoing TME and coloanal anastomosis with 1 5 %  of pa
tients experiencing major complications.9 

• Rectal cancer patients who have received neoadj uvant 
chemoradiation and who undergo a coloanal anastomosis 
with a colonic conduit that depends on collateral blood 
flow, have multiple risk factors for anastomotic leak. Fecal 
diversion with loop ileostomy after coloanal anastomosis 
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reduces the clinical consequences of an anastomotic 
leak. 10• 1 1 

• Most patients have defecatory dysfunction after removal 
of the rectum. In the native state, the rectum functions as 
a distensible organ to store stool until the patient initiates 
evacuation. Proctectomy patients loose this storage capac
ity and have more frequent bowel movements. They typi
cally complain of a defecation pattern termed " low anterior 
syndrome, "  in which the patient senses a frequent defeca
tion urge. Treatment includes fiber supplementation to bulk 
up the stool, use of Imodium or Lomotil to slow intestinal 
transit, and enemas to assist with evacuation. Patients with 
a severe decrease in quality of life may elect to undergo con
version to a permanent end colostomy. 
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DEFINITION 
• Low anterior resection (LAR) is the full mobilization and 

resection of the rectum at the level of the levators, leaving 
behind only a short or no rectal stump. 

• LAR for rectal cancer requires a total mesorectal excision 
(TME) to ensure a radical resection with adequate radial 
and distal margin. The goal is to achieve an en bloc resec
tion of the cancer with complete dissection of the pararectal 
lymph nodes contained within the mesorectum. 

• Laparoscopic LAR is a minimally invasive approach to TME 
with significant short-term advantages when compared to 
open LAR, including less pain, faster recovery, lower mor
bidity, and shorter hospital stays, without compromising the 
oncologic safety of the operation. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• A full history and physical examination will allow the sur

geon to determine if a sphincter-sparing operation is pos
sible, whether a temporary ileostomy is likely, and will also 
aid in discussions regarding postoperative functional status. 

• History elements elicited should include baseline functional 
status, bowel incontinence, sexual and urinary dysfunction, 
as well as pain with defecation or tenesmus. Previous history 
of pelvic radiation and pelvic surgery should also be noted. 

• History of incontinence should prompt discussions regard
ing postoperative quality of life with a low anastomosis. 

• History of pain or tenesmus suggests involvement of the 
anal sphincter or a larger tumor. This will alter the course 
of treatment and a sphincter-sparing operation may not be 
possible in this subgroup of patients . 

• Physical examination should include a digital rectal exam 
(DRE) ,  vaginal exam, anoscopy, and a thorough abdominal 
exam. 

• DRE should assess tumor size, degree of fixation to rec
tal and pelvic wall, mobility, location (anterior/posterior/ 
lateral ) ,  distance from the anorectal ring, and anterior exten
sion into vagina/prostate. Anal sphincter involvement can 
also be determined by DRE in the majority of patients . 

• Anterior rectal tumors in female patients require a vaginal 
exam to rule out extension into the vagina. 

• Anoscopy for low rectal tumors may allow for better visual
ization of the tumor during the physical exam. 

• The abdominal exam should evaluate for liver metastasis. 
A bilateral groin exam should be performed to evaluate for 
potential inguinal lymphadenopathy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A colonoscopy with documentation of all polyps should be 

performed. Suspicious lesions should be tattooed to facili
tate localization during surgery. 
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• Staging with endorectal ultrasound or rectal magnetic reso
nance imaging (MRI) should be performed to determine the 
need for neoadjuvant therapy and to plan operative strategy. 
A computed tomography (CT) of the chest, abdomen, and 
pelvis evaluates for potential metastases. 

• A preoperative carcinoembryonic antigen level should be 
obtained. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Informed consent is obtained preoperatively. The patient has 
been informed of the potential necessity to perform a divert
ing ileostomy or end colostomy. 

• Potential ostomy sites are marked the evening before the 
intervention. 

• We follow the Society of American Gastrointestinal and En
doscopic Surgeons' (SAGES) bowel preparation guidelines. 

• Appropriate intravenous antibiotics are administered within 
1 hour of skin incision. 

Equipment and Instrumentation 

• 10-mm, 0-degree camera (30-degree camera is optional) 
with high-resolution monitors 

• Laparoscopic endoscopic scissors and a blunt tip, 5-mm 
energy device ( 1 0-mm can be useful in obese patients ) 

• Laparoscopic linear staplers 

Positioning and Port Placement 

Patient setup 
• Patient setup is a major operative step. 
• The patient should be adequately secured to the table. 
• Adequate padding is essential to prevent nerve and venous 

compressions. 
• The patient is placed in a supine position with a cushion 

placed underneath the left flank in order to obtain a moder
ate lateral decubitus, which will retract bowel loops toward 
the right part of the abdomen. 

• A rotation to the right and a caudal head tilt (Trendelenburg 
position) will help to retract bowel loops by means of gravity. 

• The patient's legs will then be spread apart in a semiflexion 
using adjustable leg supports to allow for a double abdomi
nal and perineal access. 

• One should control the perfect positioning of the buttocks at 
the distal edge of the table to allow for an easy access to the 
anal and perineal area. 

• The arms are padded and tucked. 
• An orogastric tube is inserted; it will be removed at the com

pletion of the surgery. 
• A Foley catheter is inserted; it will be left in place for 

24 hours . 

-
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FIG 1 • Team setu p .  Su rgeon (1). F i rst ass istant (2) . Second ass ista nt (3). Scrub n u rse (4) . Anesthes io log ist (5) . 

Team positioning 
• This procedure is performed with two assistants and a scrub 

technician. 

• The last port introduced in the suprapubic area (port E, 
12 mm in diameter) is used for pelvic retraction and for ex
posure of the sigmoid colon's root (FIG 2 ) .  

• During the abdominal part o f  the procedure ( FIG 1 ) , the sur
geon stands on the right flank of the patient, his or her first 
assistant lateral to the patient's right shoulder, and the second 
assistant in between the patient's legs. The scrub technician is 
then located to the right of the surgeon lateral to lower limbs. 

• During the perineal part of the procedure, the entire team 
shifts toward the extremity of the table once the perineum 
has been exposed. 

• The monitors are placed in front of the operating team and 
at eye level to improve ergonomics. 

Port placement 
• One 12-mm supraumbilical port (port A)  is introduced first 

using a mini-open technique. It will be used to accommodate 
the camera ( FIG 2 ) .  

• Two other ports, a 5-mm port i n  the right flank (port B )  and 
a 1 2-mm port in the right iliac fossa (port C) ,  are used as 
operating ports ( FIG 2 ) .  

• The fourth port i n  the left flank a t  the level o f  the umbili
cus is inserted through the rectus muscle (port D, 5 mm in 
diameter ) ,  where the colostomy will be performed ( FIG 2 ) .  

• Port fixation i n  the wall should b e  perfect i n  order t o  prevent 
any risk of parietal injury and to prevent increased operative 
times due to a loss in abdominal pressure. One should not 
hesitate to fix ports to the skin. 

• Additional ports may be used in case of difficulty in expo
sure . In this case, a port will be positioned in the right hy
pochondrium (port F) to retract the ileocecal area. This is 
particularly useful in obese patients ( FIG 2 ) .  

F IG  2 • Port p lacement.  Optica l port (A) . Work ing ports (B, C). 
Retract ing  ports (D,E). Addit iona l  retract i ng  port (F) . 

LAPAROSCOPIC LOW ANTERIOR 

RESECTION 

• Exposure is imp roved by p lac ing the patient i n  a Tren
de lenburg pos i t ion with the tab le  t i lted to the r ig ht. 

Exploration and Exposure 

• The i nte rvent ion is beg u n  by an exp lorat ion of the ab
domina l  cavity to locate the tumor  and  eva luate for  pos
s ib l e  metastases. It a l so a l lows to expose the pelv is  and  
to  eva l uate the length and  q u a l ity o f  the s i gmo id  loop, 
wh ich w i l l  a l low determ i n i n g  the type of mob i l izat ion of 
the left co lon and  of the sp len i c  f lexure.  

• The tumor's identif icat ion may be necessa ry and  espe
c ia l ly so for tumors located p roxima l ly. Combined en
doscopy may be req u i red i n  cases where a n  effect ive 
preoperative mark ing  cou l d  not be performed on the 
day before the i ntervent ion .  

• I n  women, exposu re of the poster ior  pelv is  and  of the rec
tovag ina l  (Doug las') pouch can be obta i ned by d i rect or 
i n d i rect suspens ion of the uterus by means  of the T'LiftTM 
(VECTEC, France) tissue retract ion device (FIG 3A,B) or 
suprapub ic  transpa r ieta l sutures (FIG 4A,B) .  

• Viscera l obes ity ( i n  ma le  patients) is more i n ca pacitat i ng  
than  subcutaneous obes ity ( in  fema le  patients) . The use 
of retractors i s  very he l pfu l .  

Primary Vascular Oncologic Approach to the 
Sigmoid Colon 

• As for any onco log ic  su rg i ca l  procedu re, a pr imary vascu
lar a pproach i s  the ru l e .  
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FIG 3 • T'LiftTM t issue retract ion system .  A. T'L iftTM t issue retract ion system passed through the round  l i ga ment.  B. Pelv ic 
exposu re i n  women after b i latera l uter ine  suspens ion with T'L iftTM t issue retract ion system .  

• I n  rectos igmo id  cancer, one  shou ld  a pproach the i nfer ior  
mesenteric vesse ls  at the i r  or ig in i n  order to perform an 
"en  b loc"  remova l of a l l  lymph nodes associated with 
the rectos igmo id  j unct ion (D3 resect ion) .  It  does not pre
c l ude  the potent ia l  preservat ion of the proxi ma l  i nfer ior  

aspect of the i nfer ior  mesenter ic  vascu l a r  sheath ( i .e . ,  the 
super ior  recta l a rtery at th i s  leve l ) .  Th i s  step i s  fac i l itated 
by the a nter ior tract ion on the mesoco lon ,  wh ich i nd uces 
the pneumod issect ion of the retrovascu l a r  space, thanks 
to i ntraabdom ina l  carbon d ioxide p ressu re .  

mesenteric a rtery ( I MA) and  of the l eft co l i c  a rtery (LCA) . • Dissect ion is carr ied on in contact with the vascu l a r  
sheath cra n i a l ly u nt i l  the or ig i n  of  the IMA on the aorta .  
The d i ssect ion i s  cont in ued from caudad to cepha lad  in 
contact with the a rtery, wh ich i s  ske leton ized over ap
prox imately 2 em i n  order to ach ieve l igat ion and  d iv i s ion 
1 o r  2 em away from the aorta (FIG SB) .  

• We a lways sta rt with a p r imary approach to the IMA . 
The i nfer ior  mesenteric ve i n  ( IMV) is then approached i n  • 

• 

order to p revent any venous over load related to the late 
l i gat ion of the I MA. 
Once the root of the s igmo id  mesoco lon  has  been ex
posed, the left retroperitonea l  space i s  opened by i nc is
i ng  the poster ior  per itoneum from the a nter ior aspect of 
the promontory up to the l eft border of the duodenoje
j una l  j unct ion ( l i ga ment of Tre itz) (FIG SA) .  

• Once the retroper itoneum has  been opened, d issect ion 
i s  i n it i ated opposite the promontory on  the poster ior  

FIG 4 • A. Tra nspa r ieta l suprapubic  sutures for uter ine  
suspens ion .  B. Exposu re of the pe lv i s  i n  women after 
transpa r ieta l suprapub ic  suture uter ine  suspens ion .  

FIG S • Dissect ion of the IMA.  A. Open ing  of the l eft 
retroperitonea l  space by inc i s ing  the poster ior  per itoneum 
from the a nter ior aspect of the promontory to the l i ga ment 
of Tre itz. B. The IMA has  been d issected 1 to 2 em from the 
aorta.  



C h a p t e r  28 LOW ANTERIOR RECTAL RESECTION :  Laparoscopic Technique 

FIG 6 • I MV tra nsection at the level of the l i gament of Tre itz. The IMA was p revious ly transected off the aorta .  The retroper itonea l  
structu res a re exposed .  

• This  techn i que  a l l ows preserv ing sym pathetic nerve p lex- • 
uses, which cou rse a long  the aorta on its r ight a nter ior 
aspect. 

The left u reter i s  identif ied d u ri ng  the d issect ion .  It i s  
l ocated between the aorta and  the gen ita l vesse l s, we l l  
protected b y  Gerota's fasc ia .  

• Div is ion of the IMA is performed with the L igaSureTM • 
vesse l-sea l i n g  device us ing  a l i gat ion with a loop on the 
IMA stu mp .  

Mob i l izat ion of  the s i gmo id  co lon  i s  com p leted with a 
d iv is ion of its l atera l attachments to the abdomina l  wa l l  
(FIG 8) .  

• 

• 

• 

Once the IMA has  been d iv ided, the ass ista nt stand i ng  
between the patient's l eg s  w i l l  g rasp the a rtery u s i ng  a n  
atra u matic forceps i ntrod uced i nto t h e  suprapub ic  port 
(port D) and  app ly a nter ior tract ion to idea l ly expose d is
sect ion p l a nes in contact with the l eft poster ior  and lat-
era l  aspects of the a rtery. 
It  he lps to p reserve the nerve p lexus in contact with the 
a rtery, and  nota bly the left sym pathetic tru n k  of the neu
rovegetative system that w i l l  be prog ressive ly freed and 
par ieta l ized . 
The next operative step w i l l  be to ident ify the I MV latera l  
to Tre itz's f lexure underneath the i nfe r ior  edge of the 
pancreas.  

• The IMV is then transected at the level of the l i ga ment 
of Tre itz with the L igaSurerM vesse l-sea l i ng  device or  in 
between c l i ps (FIG 6) .  

Mobilization of  the Left and Sigmoid Colon 

• Many a uthors p refer to sta rt with the mob i l izat ion of the 
sp len ic f lexure us ing a media l  poster ior transverse trans
mesoco l i c  approach .  We prefer to mob i l i ze the sp len ic  
f lexure at the end of the operation i n  order  to prevent 
excessive mob i l ization, which can be a cause of morbid ity. 

• Our  ma in  objective is to perform a med ia l  to l atera l mo
b i l izat ion of the mesoco lon .  

• A med ia l  to latera l mob i l izat ion of the s igmoid  co lon  
a l l ows fo r tract ion on the upper  rectum with  a perfect 
exposure of its a nter ior, poster ior, and  latera l aspects . 

• Mob i l izat ion of the mesoco lon  is performed us ing  a me
dia l  to l atera l approach (FIG 7A,B) by open i ng  the p l ane  
between To ldt's fascia a nter ior ly and  Gerota 's fascia 
poster ior ly. 

• 

• 

The d i ssect ion is carr ied l atera l ly unt i l  the poster ior  as
pect of the descend i ng  colon i s  reached latera l ly. 
Cauda l ly, the d i ssect ion i s  carr ied toward the pelv ic i n let . 
One  shou ld  be caut ious when in contact with the aorta 
as we l l  as with the left i l iac vesse ls where nerve ram i  of 
the super ior  hypogastr ic sym pathetic p lexus cou rses. 

Dissection of the Rectum According to the Total 
Mesorectal Excision (Heald's) Technique 

• The pr inc ip le  of TME re l ies on the study of the embryo
log ic  deve lopment of the pelv is  and  of organs located 
with i n  it .  A surg ica l  i ntervent ion ca nnot be envisaged 
without a deta i l ed knowledge of pe lv ic  and  fasc ia l  

FIG 7 • A,B. Med ia l  to latera l  mob i l izat ion of the mesoco lon .  
The mesoco lon i s  sepa rated from the retroperitoneum (Gerota's 
fasc ia) us ing a med i a l  to latera l  approach .  The l eft u reter and  
gonada l  vesse l s  a re v i sua l ized i n  the retroperitoneum.  IMA, 
i nfer ior  mesenteric a rtery; IMV, i nfer ior  mesenteric ve i n .  

115 1  
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FIG 8 • Late ra l mob i l izat ion of the s igmo id  loop by d ivi d i ng  the latera l attachments to the abdom ina l  wa l l  (dotted line). 

The left u reter and  gonada l  vesse l s  a re v isua l i zed i n  the retroper itoneum.  

anatomy (FIG 9A) that  i s  essentia l  to obta i n i n g  a ppropr i 
ate su rg ica l spec imens .  

• Hea ld 's pr inc ip les rely on the d i ssect ion of the space lo
cated between the fascia propria of the rectum and the 
p resacra l fascia poster ior ly, the latera l pe lv ic fasc ia  later
a l ly, and  Denonvi l l i e rs' fascia a nter ior ly. 

Posterior Dissection of the Rectum 

• Once the s igmo id  co lon has  been mob i l ized, a cran i a l  
and  a nter ior tract ion i s  exerted on the rectum i n  o rde r  to 

• 

• 

g rasper is used.  The tracts, wh ich cross the space, a re d i 
v ided  by means  of  a 2-mm e lectrode located at the t ip  of 
a L igaSure Advance 1M vesse l-sea l i ng  device. 
D i ssect ion shou ld  be conti nued toward the pelv ic f loor . 
When prog ress i ng  downward, d issect ion shou ld  con
t i nue  along the p resacra l  fascia u nt i l  it fuses with the 
fasc ia  propr ia (Wa ldeyer's fasc ia) .  
Dur ing th i s  d i ssect ion,  l eft and  r ight branches of the i n 
fer ior  hypogastric p lexuses ca n be observed .  The l atera l 
pelv ic fasc ia  p rotects them a long  the pelv ic s ide wa l ls .  

expose the poster ior  aspect of the upper  rectum .  
Lateral Dissections of  the Rectum 

• The presacra l space ( FIG 9B,C) is opened under  the effect 
of tract ion and  of pneumoperitoneum pressu re, a long  • 
with an atra umat ic a nter ior retract ion of the poster ior  
recta l wal l-a sma l l  swab at the t ip  of a n  atra umatic 

A 

Presacral 
fascia of the 
rectum 

Fascia propria 
of the rectum 

Parietal 
----- internal pelvic 

fascia 

fascia 
Perivesical fascia 

FIG 9 • Poster ior  d i ssect ion of the rectum .  A. Anatomy 
of pelv ic fasc ias  ( in male patients) . B. Presacra l holy 
p l ane  between the presacra l fascia and fascia propr ia 
of the rectum i n  a male pe lv is .  The d issect ion i s  carr ied 
a long the dotted lines. C. Su rg ica l  v iew of the p resacra l 
ho ly p lane .  

Cra n i a l  and  med ia l  retract ion i s  ma i nta i ned on the rec
tum in order to open the latera l  pelv ic space. Th i s  step is 
beg u n  on the r ight  s ide .  
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FIG 10 • Latera l  d i ssect ion of the rectum .  A. The recta l branches of the i nfer ior  hypogastr ic p lexus traverse a long the so
ca l l ed latera l  recta l l i ga ment .  B. The latera l  recta l l i gament on the r ight s ide  of the d i sta l  rectum has been ske leton ized.  
The recta l branches of the latera l i nfer ior  hypogastric p lexus can be seen and  wi l l  be se lectively transected (dotted lines) with 
the L igaSurerM device. 

• 

• 

• 

• 

The per itoneum is i n cised u nt i l  sem ina l  ves ic les a re • The p rostat ic  branches and  the p lexus trun k  a re pre
served i n  order to avo id u r i na ry and ejacu l atory a uto
nomic  dysfunct ion .  

reached .  Under  the effect of pneumoperitoneum pres
su re and of med ia l  retract ion,  the recta l branches of the 
i nfer ior  hypogastric p l exus traverse a long  the so-ca l l ed 
l atera l recta l l i ga ment (FIG 1 0A) .  
Par ieta l i zat ion of  the i nfer ior  hypogastric p lexus and es
pecia l ly of the sacra l branches (3rd and 5th sacra l ne rves, 
pa rasym pathetic nerves respons ib le  for ma le  erect ions) is 
carr ied on .  Care i s  taken to avo id v io lat ing the par ieta l  
endope lv ic fascia .  
Between th ree a n d  five n e rve branches can  be  o b -

Anterior Dissection of the Rectum 

• I n  order to open and  d issect the space between the a nte-
rior aspect of the rectum and Denonvi l l i e rs' aponeurosis, 
m i n i m a l  cra n i a l  and poster ior  tract ion shou ld  be ma in 
ta i ned on  the rectum;  Denonvi l l i ers' aponeurosis shou ld  
be retracted a nter ior ly . 

served cross i ng  the  space between  the  fasc ia a n d  the  • Retract ion is usua l ly easy to perform i n  fema le  pa
t ients. I n  male patients, espec ia l ly obese ones, this step 
i s  more d iffi cu lt .  We recommend the use of specif ic re
tractors deve loped by KARL STORZ (Endo-RetractorsTM) 
(FIG 1 1A,B) in order to reproduce the tech n ique  used 
in open su rgery with St. M ark's retractor. It  i s  the use 
of the th ree-d i rect iona l  retract ion described by Hea ld 's 

rectum (FIG 10B) .  These branches are  d iv ided after 
ske leton izat io n .  
T h e  least tra u matic d issect ion seems t o  be t h e  one per
formed by means  of the L igaSure AdvancerM device with 
a 2-mm monopo lar  e lectrode, a n  energy level of 1 5  Watts 
be ing cons idered suffic ient .  

FIG 11 • Anterior rectal d issection. A. H retractor accord ing 
to Leroy. B. Laparoscopic view of Denonvi l l iers' aponeurosis 
adequately exposed by anterior retraction of the prostate with 
the H retractor. C. The dissection can be carried either anterior 
(red arrow) or posterior (white arrow) to Denonvi l l iers' fascia. 
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(3-D retract ion), wh ich ensu res a safe d i ssect ion of the 
a nter ior aspect of the rectum .  

• The p lane  of anter ior d i ssect ion can be carr ied e ither ante
rior or  poster ior to Denonvi l l i e rs' aponeurosis (FIG 1 1 C) .  
I n  advanced recta l cancer, it may  be necessa ry to stay an
ter ior  to Denonvi l l i e rs' aponeurosis; i n  th i s  case, the r isk 

• 
• 

of gen ita l  nerve i n ju ry ( im potence) is m uch h igher. 
The d i ssect ion is then conti nued towa rd the pelv ic f loor . 
Poster ior ly, it is recommended to free the last attach-
ments of the lower rectum by d iv id ing  the sacrorecta l 
l i gament.  

• Once the per i recta l spaces have been d i ssected toward 
the pelvic f loor, the rectum is  free, su rrounded by its 
meso, and  the meso i s  entrapped with i n  its fasc ia .  

• Th i s  d i ssect ion techn i que  is the recommended standard 
tech n i q ue for onco log ic  su rge ry for cancer of the m idd l e  
and  l ower rectum and  i s  a lso becom ing  i ncreas i ng ly pop-
u l a r  for the upper rectum .  

Lower Rectum Division 

• 

• 

• 

• 

Div is ion of the lower rectum must be performed at least 
2 em away from the i nfer ior  border of the tumor. For 
les ions of the m idd l e  th i rd and  of the u pper rectum,  
respect ing  th i s  d i stance is not d iffi cu lt .  For the u pper 
rectum,  TME resect ion i s  becom ing  i ncreas i n g ly more fa
vora b le, a lthough theoretica l ly, a part i a l  resect ion of the 
mesorectum shou ld be suff ic ient-in that case ,  a cyl i nd ri 
ca l  d iv is ion as opposed to a con i ca l  d iv i s ion of the meso 
and of the rectum m ust be located at least 5 em away 
from the tumor. 
The d i sta l end of the rectum is a lways excl uded .  To do 
so ,  a l igature i s  performed under  the freed mesorectum 
by means  of  a n  extracorporea l  l igature (FIG 1 2A) .  The 
recta l stu m p  i s  then c leansed by means  of a Betad i ne  so
l ut ion accord i ng  to B a l l i 's tech n ique .  
D iv i s ion of  the rectum is  performed, d i sta l to  the l i ga
tu re, with a l i near  stap le r  (FIG 128; Endo G IATM with 
Tr i-Stap leTM tech no logy [Cov id ien ] ,  purple cartr idge, 
30- or 45-mm long ;  more rarely, 60-mm long) i ntrod uced 
through the r ight l ower quadrant port .  The l igature p re
vents the spread of the recta l stu m p  and  a l lows app ly ing 
u pward tract ion on the rectum for a better posit ion i ng  
of the stap le r. 
Once the d iv is ion has  been performed, an i ntact suture 
l ine shou ld  be v i sua l ized, and a patency test may a lso be 
performed by i nject ion of a co lored solution (Betad i ne) 
i nto the recta l stu mp .  

Mobilization o f  the Left Colon and Division o f  the 
Sigmoid Colon 

• The p roxi ma l  d iv is ion is performed e ither i ntracorpore
a l ly or  extracorporea l ly. 

• Extracorporea l d iv i s ion is performed after a n  atra u matic 
exter ior izat ion of the rectum through a suffic ient ly l a rge 
i nc i s ion protected by a p l astic sheath i n  order to prevent 
any r i sk of conta m i nat ion to the abdom ina l  wa l l .  

• We prefer an i ntracorporea l transect ion,  which a l lows 
red uc ing  the s ize of the suprapub ic  abdom i n a l  i nc i s ion .  

A 

8 

FIG 1 2  • Di sta l  recta l transect ion .  A. L igat ion of the d ista l 
rectum pr ior  to d iv i s ion .  8_ Div is ion of the rectum with a 
l i near  Endo G IATM sta p le r  i ntrod uced through the r ight lower 
quadrant port s ite. 

• 

• 

• 

• 

• 

• 

Div is ion of the s igmo id  mesoco lon  is performed at th i s  
moment of the i ntervent ion as  th i s  wi l l  a l low appreciat
i ng  the vascu la r izat ion of the p roxi ma l  co lon i c  segment 
later on after the left co lon  has been mob i l ized.  The d iv i
s ion with the L igaSurerM vesse l-sea l i ng  device, remov ing 
the vascu l a r  ped ic le  and  lym ph  nodes en  b loc .  
The mesoco lon  i s  d iv ided u nt i l contact i s  made with the 
prox ima l  co lon i c  segment chosen for the a nastomosis .  
Mob i l ization of the left colon is cont inued toward the 
splenic flexure. It is important to have a good knowl
edge of the d ifferent mob i l ization techn iques by means 
of latera l  and poster ior d iv is ion of the sp len ic  f lexu re 
attachments. 
In case of l i m ited mob i l izat ion of the sp len ic  f lexu re, 
we prefer to use a latera l approach by d iv id i ng  the pa
rietoco l i c  g utter  from ca udad to cepha lad,  and  then the 
ph ren icoco l i c  l i ga ment and  the colo-omenta l  l igament 
(FIG 1 3A), thereby open ing  the l esser sac .  Shou ld  it be 
necessa ry, the transverse mesoco lon  can be freed from 
the a nter ior aspect of the pa ncreas from latera l to med ia l .  
If a n  extens ive mob i l izat ion of  the sp len i c  f lexure i s  re
q u i red, we prefer us ing a med ia l  poster ior  transverse 
mesoco l i c  approach .  We open the transmesoco l i c  axis of 
the IMV of the l esser sac. Once the lesser sac has been 
opened, the root of the transverse mesoco lon  shou ld  
be d iv ided a nter ior ly to the pancreas unt i l  the ta i l  i s  
reached .  Late ra l attachments wi l l  be freed as descr ibed 
i n  the previous  paragraph (FIG 1 38) .  
Once the l eft co lon  has  been mob i l ized, the s i gmo id  
co lon can be d iv ided at the l eve l  p revious ly  chosen  d u r
i n g  the  d i ssect ion  of the mesoco lon .  If the  prox ima l  
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FIG 1 3  • Sp len i c  f lexure mob i l izat ion .  A. L im ited mob i l izatio n :  a latera l  a pproach, by d iv id i ng  the par ietoco l i c  g utter from 
caudad to cepha lad  and then the ph ren icoco l i c  l i ga ment and the colo-omenta l l igament (dotted lines), i s  used. B. Extens ive 
mob i l ization :  We prefer us ing  a med ia l  poster ior  transverse mesoco l i c  approach, l ift i ng  the mesoco lon  of the ta i l  of the 
pa ncreas from media l  to latera l (red arrow). The late ra l  co lon i c  attach ments and  the ph renoco l i c  and  gastroco l i c  l i gaments a re 
then d iv ided (dotted lines). 

co lon a ppears to be we l l -vascu l a r ized, d iv i s ion is • The proxima l  co lon i c  segment is then exter ior ized 
poss i b l e; othe rwise, a more p roxi m a l  d iv i s ion cou l d  be 
necessa ry. The d iv i s ion  i s  performed i ntracorporea l l y  
w i t h  a n  endoscopic l i nea r  sta p l e r  ( Endo G J ATM, Covi
d i en )  (FIG 14) .  

Specimen Extraction and Anastomosis 

• Spec imen extract ion is performed after the i ntroduct ion 
of a l a rge  p lastic bag (EndoCatchTM I I , Cov id ien)  through 

through  the suprapub ic  inc i s ion to eva l uate i t s  vascu l a r
izat ion pr ior  to the i ntroduction of the anv i l  of a conven
tional c i rcu l a r  stap le r  (DST PC E EATM), 28 m m  i n  d i ameter. 
The co lon is then rei ntroduced i nto the abdom i n a l  cavity 
with the a nvi l in p l ace.  

• Proper contact between  the anv i l  and  the recta l stu m p  
without tens ion s h o u l d  be feas ib le .  An i ntracorporea l 
end-to-end co lorecta l mechan ica l  c i rcu l a r  anastomosis  i s  
then performed (FIG 1 6A,B) .  

a Pfa n nenst ie l 's transverse suprapub i c  i n c i s i on  protected • If the co lon i c  segment does not reach the recta l stu m p  
b y  a p lastic sheath (Alexis® wound  retractor, Vi-Drape® without tens ion,  it may be necessa ry to comp lete the co-
or  Su rg i S leeveTM wound p rotector) (FIG 1 5) .  i on 's mob i l izat ion more proxi ma l ly. 

FIG 14 • l ntracorporeal  p roxim a l  transect ion .  
The descend i ng  co lon i s  transected with 
endoscopic l i near  sta p le r. 

FIG 1 5  • Doub le  par ieta l  p rotect ion for speci men extract ion us ing  
a l a rge  EndoCatchTM I I ,  i ntroduced through a suprapub i c  inc i s ion  
p rotected by a p lastic s leeve wound p rotector. 

FIG 1 6  • End-to-end  d ista l co lorecta l anastomosis .  A. Lapa roscopic  v iew of the connect ion between the anv i l  (p laced i n  the 
co lon i c  seg ment) and  the shaft of the c i rcu l a r  mechan i ca l  stap le r  (p laced through the recta l stu m p) .  B. Pelv ic v iew of a tens ion
free,  end-to-end  colorecta l a nastomosis .  
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FIG 1 7  • Endoscopic i nspect ion of an i ntact co lorecta l 
a nastomosis .  

• Two i ntact fu l l -th i ckness doug h n uts shou ld  a lso be 
obta ined .  The i nteg rity of the a nastomosis  w i l l  be 
eva l uated by means of a n  air test if the a nastomosis i s  
suff ic ient ly cran i a l  or  by means of a n  endoscop ic  exam i 
nat ion (FIG 1 7) .  

• A protective d ivert ing  loop i leostomy is recommended 
for very ca uda l  a nastomoses, especia l ly after i rrad iat ion 
and  i n  cases where r isk factors such as morb id obesity, 
smok ing ,  a rter iosc lerosis, u ndernou r ish ment, and  o ld  
age are p resent. Th is  i leostomy w i l l  be reversed after 2 
months .  

• The i ntervent ion is comp leted with a f i na l  control of the 
abdom i n a l  cavity. 

• A 1 4-Fr  B l ake d ra i n  is i nserted i nto the pelv is  through the 
port D's or if ice.  

FIG 18 • S ide-to-end co lorecta l anastomosis .  A. The anv i l  
(ex it ing through the a nt i mesenter ic border  of the co lon i c  
seg ment) has  been  mated w ith  the end-to-end a nastomos is  
(E EA) sta p le r  shaft (p laced through  the recta l stu m p) .  
B. l ntracorporea l  s ide-to-end a nastomos is  seen  wh i l e  f i r i ng  
the EEA stap le r. 

Alternative Anastomotic Techniques 

• S ide-to-end co lorecta l a nastomosis (FIG 1 8A,B) :  It is a 
fi rst-cho ice option for very d i sta l  anastomoses. It is s im
p le r  than J -pouch reservo i r  a nastomoses and  provides 
s im i l a r  funct iona l  resu lts . 

• 

• 

• 

J-pouch co lon i c  reservo i r  a nastomosis  (FIG 1 9A) :  poten
t ia l ly  used i n  very d ista l anastomoses (<4 em from the 
ana l  marg in ) .  The 5-cm ta l l  reservo i r  i s  fash ioned us ing  
the d ista l co lon retracted upon itself and  anastomosed 
via the ant imesenter ic border to the recta l stum p/a n us .  
The d ista l a nastomosis  may be performed by means  of a 
c i rcu l a r  sta p le r  or hand sewn us ing a transana l  route. 
The hand-sewn anastomosis i s  used for very d i sta l  tumors 
and may avo id  the need for an  abdomi noper inea l  resec
tion (APR) as  long as it i s  poss ib le  to obta i n  a negative 
d i sta l  and rad i a l  marg i n  of resect ion .  
The hand-sewn co loana l  anastomosis is performed with 
i nterrupted 3-0 fu l l -th ickness, reabsorbab le sutu res p laced 
throug h  the co lon i c  segment and through the internal  
anal  sph incter with the assistance of a Lone Sta r retractor 
for exposure (FIG 1 9B) .  

F IG 1 9  • J-shaped co lon i c  reservo i r  a nastomosis .  A. Sta p led 
a nastomosis .  B. Hand-sewn co loana l  a nastomosis with a Lone 
Sta r retractor p lace to a id  w ith  the exposu re .  
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PEARLS AND PITFALLS 
Anatomy and  embryology • Deta i led knowledge of the pelv ic fasc ia l  structu res and t issue p la nes i s  essentia l .  

Preoperative • Adequate stag i ng  with co lonoscopy and appropr iate imag ing  is im portant in determ i n i n g  the 
feas ib i l ity of a n  LAR.  

Setup • Precise operati ng room (OR), patient, and  tea m setup i s  cr it ica l  to success. 

Tech n ique  • Med ia l  to l atera l d issect ion of  the mesoco lon 
• High IMA transect ion 
• Pelv ic d i ssect ion :  

• Poster ior  fi rst (a long the presacra l " holy p lane" )  
• Latera l  d issect ion/transect ion of the latera l  recta l l i gaments: Avo id  i n ju ry to a utonomic tru n ks 

and  gen ita l  ne rve branches that wou ld  lead to a utonomic dysfunct ion postoperative ly. 
• Perform a c i rcu mferent ia l  d issect ion .  Avo id  "con ization"  of the speci men .  
• The speci men shou ld  have a n  i ntact mesorectum .  
• Anastomosis :  Cr it ica l  t hat  they have exce l l ent b lood  supp ly and  that  they a re tens ion-free .  
• There i s  no  need to routi ne ly perform J-pouch a nastomosis .  
• For very d ista l tumors, a hand-sewn coloana l  a nastomosis may avo id a n  APR as  long as  negative 

d i sta l  and rad i a l  marg ins  can be obta i ned .  

Postoperative care • Driven by a c l i n ica l  pathway 

POSTOPERATIVE CARE COMPLICATIONS 
• Postoperative care is driven by clinical pathways that m-

clude the following: 
Pain control: Intravenous acetaminophen for 24 hours 
( start in the OR) followed by intravenous ketorolac for 
72 hours (if creatinine is normal ) .  The transversus abdom
inis plane (TAP) nerve block greatly reduces the need for 
narcotics . 
Deep vein thrombosis (DVT) prophylaxis with enoxihep
arin, starting within 24 hours of surgery 
No additional antibiotics, judicious use of intravenous 
fluids 
No nasogastric tube .  Remove Foley catheter on postop
erative day 1. Remove pelvic drains on postoperative day 
2 or 3 .  
Early ambulation, diet a d  lib, aggressive pulmonary toilet 
Targeted discharge: postoperative day 3 or 4 

OUTCOMES 
• Laparoscopic LAR leads to improvements in short-term out

comes, including less pain, faster recovery, shorter hospital 
stay, and lower incidence of cardiac/pulmonary complica
tions when compared to open surgery. 

• For cancer resection, laparoscopic LAR oncologic outcomes 
are at least comparable to those of open surgery. TME with 
an intact mesorectum is critical to minimize locoregional 
treatment failures in distal rectal cancer. 

• Wound infections and hernias 
• Anastomotic leak: It is imperative that the anastomosis is 

tension-free and has excellent blood supply to prevent this 
complication. 

• Urinary/sexual dysfunction: It is important to preserve auto
nomic nerves intact. 

• Ureteral injury: critical to identify the left ureter prior to 
IMA transection 

• DVT: lower risk with use of DVT prophylaxis 
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Ma tthew G. Mutch 

DEFINITION 
• The hand-assisted laparoscopic surgery (HALS) technique 

uses a hand-assist device that allows the surgeon to insert 
his or her hand into the peritoneal cavity while maintaining 
pneumoperitoneum. The location of the hand port is vari
able and is placed at the expected site of specimen extraction. 

• HALS maintains all the short-term advantages of conven
tional surgery over open surgery. 

• By reintroducing tactile feedback into the field, HALS results 
in higher usage rates, lower conversion rates, and shorter op
erative times, when compared to conventional laparoscopic 
surgery. 

DIFFERENTIAL DIAGNOSIS 
• The main indication for a HALS low anterior resection is 

rectal cancer. Patients with diverticulitis with inflammation 
extending into the mesorectum may also require a low ante
rior resection. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history and physical examination are necessary 

prior to initiation of therapy for patients with rectal cancer. 
• It is important to identify the distance of the tumor from the 

anal verge. Digital rectal exam and rigid proctoscopy are 
used for this purpose and to determine whether the tumor is 
mobile, tethered, fixed, or involving the sphincter complex. 

• Prior abdominal surgery is not a contraindication to HALS 
approach. If the patient has had prior surgery, an incision 
can be made at the site of the hand port and if there are no or 
minimal adhesion, the hand port can be inserted. If the adhe
sions are prohibitive of the laparoscopic approach, the hand 
port incision can be extended into a full laparotomy incision. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• All patients with rectal cancer should have a complete colo

noscopy prior to surgery. If the patient has an endoscopically 
obstructing lesion, a computed tomography ( CT) colonogra
phy and contrast enema study are acceptable alternatives. 

• Preoperative staging of the tumor is paramount so the ap
propriate use of neoadjuvant therapy can be prescribed. 
This can be accomplished with either transrectal ultrasound 
(TRUS) or a rectal protocol magnetic resonance imaging 
(MRI ) .  Both studies have equivalent accuracy for determin
ing the T and N stages, which are 80% and 60%,  respec
tively. The TRUS is operator dependent and is limited to 
examining only those nodes adjacent to the tumor. MRI has 
the advantage of assessing the tumor encroachment of the 
mesorectal fascia . 
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• Based on the preoperative T and N staging, the need for 
neoadjuvant radiation or chemoradiation therapy is deter
mined. Typically, T3, T4, or N+ tumors receive neoadju
vant chemoradiation therapy. Surgical resection then occurs 
8 weeks after completion of neoadjuvant therapy. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Prior to taking the patient to the operating room, they should 
be marked for a possible diverting ileostomy. The patient needs 
to be assessed in the supine, sitting, and standing positions. The 
stoma should rest on the apex of skin fold and adequate dis
tance from bony prominences, skin creases, and the waistline 
of their pants. The stoma should be brought through the rectus 
muscle to minimize the risk of developing a parastomal hernia. 

• The use of ureteral stents is left to the discretion of the 
surgeon. 

Positioning 

• The use of a mechanical bed that is able to place the patient 
in the extremes of position is necessary. 

• There are many methods by which a patient can be secured 
to the bed. A beanbag, a nonslip pad, shoulder braces, or 
foam pads can be used for this purpose. 

• The patient should be placed in a modified lithotomy posi
tion with Allen or Yellofin stirrups ( FIG 1 ) .  This allows ac
cess between the legs to assist with mobilization of the left 
colon and to the perineum for the anastomosis. The thighs 

FIG 1 • Patient posit ion ing .  The patient is p laced on a l ithotomy 
posit ion with the h i ps s l i ght ly f lexed and the legs i n  Ye l lofi n 
st i rrups .  The th ighs  a re p laced para l le l  to the ground to avo id 
i nterference with the surgeon's arms and  i n struments. The 
patient i s  secured to the ta b le  with tape app l ied over a towe l 
across the chest. The arms a re tucked to the s ides .  A l l  pressu re 
poi nts a re padded to avo id  neu rovascu l a r  in ju r ies .  

-
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are placed parallel to the ground to avoid conflict with the 
surgeon's elbows. 

• Both arms are tucked to the patient's side with the thumbs 
facing up. This allows the surgeon, assistant, and camera 
driver plenty of room to maneuver during the case. 

PORT PLACEMENT AND OPERATIVE 

TEAM SETUP 

• There a re severa l  opt ions for the posit ion of the 
hand port :  

• 

• 

• The hand port can be p laced through e ither a Pfa n
nenst ie l  or  a m id l i ne  inc i s ion .  The suprapub i c  posi
t ion a l l ows for d i rect v i sua l izat ion i nto the pelvis .  
The hand port ca n then be used to fac i l itate the rec
ta l d i ssect ion ,  for d iv i s ion of the d i sta l  rectum,  for 
the performa nce of the anastomosis, and to add ress 
any pelv ic comp l icat ions such as b leed i ng  or anasto
motic fa i l u re .  

• The per i u m b i l i ca l  posit ion a l lows the su rgeon to 
put h i s  or  her  nondominant hand  through the 
hand port.  

• A left lower quadrant (LLQ) posit ion uses a musc le
sp l itt i ng  inc i s ion and  a l l ows for the r ight hand to 
be p laced i nto the abdomen to fac i l itate the latera l  
and  sp len i c  f lexure mob i l izat ions of the left co lon .  

For the pu rposes of  th i s  chapter, the suprapub i c  hand  
port posit ion i s  d iscussed (FIG 2) .  
T h e  5 - m m  or  1 2-mm camera port i s  p laced i n  t h e  supra
u m b i l ica l  posit ion .  The camera needs to be a bove the 

1 2 mm 

5-1 2 mm 
0 

Gel port 

FIG 2 • Port p lacement .  The Ge l  Port is  p l aced through a 5- to 
6-cm Pfan nenst ie l  i nc i s ion .  A 5- or 1 2-mm supraumb i l ica l port 
is used for the camera .  Two work ing  ports, a 1 2-mm RLQ and  
a 5 -mm LLQ ports, a re i n serted .  

• A monitor should be placed off the patient's left shoulder 
during the mobilization of the left colon and splenic flexure. 
During the pelvic dissection, a monitor should be placed off 
the patient's left foot for the surgeon and another should be 
placed off the patient's right foot for the assistant. 

Camera 
operator 

Surgeon 

Monitor 

Anesthesiologist 

Monitor 

Assistant 

FIG 3 • Operati ng tea m setup .  The su rgeon stands by 
the patient's r ight s ide with h i s  o r  her r ight hand p l aced i n  
t h e  hand port .  T h e  ca mera operator sta nds to t h e  left s ide 
of the surgeon.  The ass istant stands by the patient's l eft s ide .  
The scrub n u rse sta nds between the patient's legs .  A mon itor 
shou ld  be p laced off the patient's l eft shou lder  du r i ng  the 
mob i l izat ion of the left colon and sp len i c  f lexure.  Dur i ng  the 
pelv ic d issect ion,  a mon itor shou ld  be p l aced off the patient's 
l eft foot for the su rgeon and  a nother  shou ld  be p laced off the 
patient's r ight foot for the ass istant. 

u m b i l icus, as the wound  protector port ion of the hand 
port extends severa l  cent imeters beyond the edges  of  
the i nc i s ion .  

• The pr imary lapa roscop ic  worki ng port ( 1 2-mm port) is  
p l aced i n  the r ight lower quadrant (RLQ), at a n  equal d i s
tance between the hand port and  the camera port and  
l atera l to  the rectus m usc le .  

• 

• 

A 5-mm work ing port for the fi rst assista nt is p laced i n  
t h e  LLQ. T h i s  w i l l  a l low t h e  ass ista nt t o  he lp  with the 
l atera l and  sp len ic  fl exu re mob i l izat ion and  the pe lv ic  
d issect ion .  The l ower the port i s  p laced, the less  t ime the 
ass ista nt works i n  a reverse motion to the camera du r i ng  
the latera l and  sp len i c  f lexure mob i l izat ion .  
The su rgeon sta nds by the patient's r ight s ide with  h i s  or  
her  r ight hand  p laced i n  the hand  port .  The camera op
erator stands to the left s ide of the su rgeon .  The assista nt 
sta nds by the patient's l eft side (FIG 3) .  
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TRANSECTION OF THE INFERIOR 

MESENTERIC ARTERY 

• The patient is p laced i n  a steep Trende lenburg posit ion 
and i n  a i rp l ane  posit ion with the left s ide u p  to use g rav
ity to p lace the sma l l  bowel in the r ight upper  quad rant 
(RUQ) and  the omentum i n  the upper  abdomen to ex
pose the transverse co lon  and  sp len i c  f lexure.  Th i s  he l ps 
to expose the i nfer ior  mesenteric a rtery ( IMA) at its or i 
g in off the aorta and  the i nfer ior  mesenter ic  ve i n  ( I MV) 
at the level of the l i gament of Tre itz. 

• The su rgeon's r ight hand  is p l aced through the hand  
port and  a n  energy sou rce i s  p laced th rough  the RLQ 
worki ng  port .  

• The retroperitoneum is accessed at the level of the sacra l 
promontory. The super ior  recta l a rtery is g rasped and  
e levated (FIG 4) .  A w ide  inc i s ion i s  made i n  the perito-
neum dorsa l  to th i s  a rtery; the wider  the i nc i s ion ,  the FIG S • I dentif icat ion of the l eft u reter. After the IMA (A) 
more the a rtery can be more e levated to obta i n  better and su per ior  hemorrho ida l  a rtery (SHA) (B) have been l i fted 

off the retroperitoneum,  the left u reter (arrows) can be 
identif ied and p reserved i ntact. Identif ication of the left 
u reter at th i s  stage is cr it ica l in order to avoid i nj u r i ng  the 
u reter dur ing the IMA tra nsect ion .  

FIG 4 • Identification of  IMA and its branches. Identify 
the " l etter T" formed between the IMA (A) and its left co l i c  
a rtery (B) and super ior  hemorrhoida l  artery (SHA) (C) term ina l  
branches. The  IMA takeoff is just cephalad from the  aortic 
b ifurcat ion .  The thumb and index finger a re l ifting  the SHA off 
the g roove located anterior to the r ight common i l iac a rtery. 

exposu re .  Because of the cu rve of the pelv is  at th i s  poi nt, 
the s igmo id  mesentery cu rves up and  away from the v i 
sua l  f ie ld .  The refore, the retroperitonea l  p lane is h i ghe r  
than expected, so the more mob i l e  the a rter ia l  ped i c l e  is, 
the eas ier  it i s  to v isua l ize the correct p lane .  

• I dentif icat ion of the left u reter is necessa ry before the 
IMA can be l i gated (FIG S) .  The fo l lowing  text i s  a fou r
step a lgor ithm to identify the left u reter. 
• Mob i l izat ion of the super ior  recta l a rtery is as de

scr i bed ear l ier and  the u reter i s  ident if ied .  
• At the level of the I MV: The I MV is g rasped and  

e l evated .  The per itoneum is  i n c ised dorsa l to the  
IMV and  the retroperitoneum is  accessed .  The ret
roperitoneum is flat in th i s  a rea and  i s  often more 
easi ly accessed .  Once i n  the correct p l ane, the d i ssec
tion i s  carr ied in a caudad fash ion  to meet up with 
the i n it i a l  p l ane  under  the super ior  recta l a rtery. 

• If the u reter is sti l l  not identif ied, the s igmo id  and  
left co lon  i s  mob i l ized i n  a l atera l to med i a l  fash ion .  

• F i na l ly, the top of the hand port can be removed and  
the left u reter can be located v ia a n  open  fash ion .  

• After the left u reter is identif ied and  swept i nto the 
retroper itoneum,  the IMA can be i so lated at i ts  or ig i n  
(FIG 6) .  T h e  i ndex fi nger  e levates t h e  super ior  recta l 
a rtery and  the m idd l e  f inger  is used to sweep down the 
retroper itoneum a long  the cou rse of the IMA.  Th i s  mo
tion conti n u es u nt i l the bare a rea is exposed cepha lad  to 
the IMA and med ia l  to the IMV. 

• It is im portant to sweep down the retroperitonea l  t is
sue i n  this a rea to help preserve the sym pathetic p lexus 
around the I MA. Once the IMA is  safe ly i so lated and the 
left u reter i s  c lear ly out of harm's way, the vascu l a r  ped
ic le  ca n be l igated at i ts  or ig i n  from the aorta with the 
su rgeon's energy sou rce of choice o r  with a l i near  sta p le r  
w ith  a vascu l a r  cartr idge (FIG 7) .  
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FIG 6 • C i rcu mferent ia l  d i ssect ion of the I MA.  Afte r the l eft 
u reter has been identif ied, the IMA (arrow) is c i rcu mferent ia l ly 
d i ssected at its or ig i n  of the aorta .  Aga i n, the " l etter T" 
formed between the IMA and  its  term ina l  branches, the left 
co l i c  a rtery (A) and  the super ior  hemorrho ida l  a rtery (SHA) (B) 
can be c lear ly identified .  

TRANSECTION OF THE INFERIOR 

MESENTERIC VEIN 

• 

• 

The IMV cou rses para l l e l  to the l eft co l i c  a rtery. The p revi
ous  IMA d i ssect ion p l ane  i s  carr ied cepha lad  with Endo 
Shears and  5-mm energy device (sweep ing the retroper i 
tonea l  t issues dorsa l ly) u nt i l  the left co l i c  a rtery sepa rates 
from the I MV as it cou rses towa rd the sp len i c  f lexure at 
the level of the l i ga ment of Tre itz. 
Now that the IMV is  e levated off the retroperitoneum,  
it is i so lated at the i nfer ior  border  of the pancreas and 

FIG 8 • Identification of the I MV. The I MV can be identif ied 
at the root of the mesotransverse co lon at the level of the 
l i gament of Tre itz. At th i s  level ,  the I MV has separated from the 
left co l i c  a rtery (which cou rses away from the IMV and  toward 
the sp len ic  fl exu re of the colon) and from the left u reter. 

FIG 7 • Tra nsect ion of the I MA. With the left u reter safe ly  
d issected away i nto the retroperitoneum,  the IMA is  tra nsected 
with a l i near  vascu l a r  stap le r  at its or ig in  of the aorta . The 
su rgeon's hand is ho ld ing  the super ior hemorrho ida l  a rtery 
(SHA) a nter ior ly. 

• 

• 

near  the l i gament of Tre itz (FIG 8) .  It can be isol ated with 
the same tech n i que  used for the I MA: The i ndex f inger  
and  thumb e l evate and  create tens ion on the I MV and  
the m idd l e  f inger  and/or d issect ing  i nstru ment sweeps 
the retroperitoneum dorsa l l y  a long  the cou rse of the 
ve in (FIG 9) .  
A bare a rea i s  then created near  the i nfer ior  border of 
the pancreas that a l lows the IMV to be safe ly iso lated . 
Once i so lated, the IMV can be safe ly transected with a n  
energy device (FIG 1 0) .  T h e  IMV s h o u l d  be transected 
cepha lad  to the left co l i c  a rtery in order to preserve 
the marg i na l  a rtery b lood supp ly to the descend i ng  
co lon  i ntact. 

FIG 9 • Dissect ion of the I MV. With the surgeon ho ld i ng  the 
IMV a nter ior ly, the retroper itonea l  t i ssues a re swept down 
(dorsa l ly) . 
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MOBI LIZATION OF THE LEFT COLON 

• The left co lon  mesentery is now d i ssected off the retro
peritoneum us ing a med ia l  to latera l d i ssect ion approach 
(FIG 1 1 ) al l  the way out to the latera l abdom i n a l  wa l l .  

• The hand  is p l aced pa l m  down under  the mesentery to 
e levate it as a fan-type retractor. The p l ane  is d i ssected 
b l unt ly with an energy device from the s igmo id  co lon u p  
t o  t h e  sp len i c  f lexure.  T h e  further l atera l ly and  super ior ly 
the d i ssect ion i s  carr ied, the eas ier  the latera l d i ssect ion 
and  sp len i c  f lexure mob i l izat ion wi l l  be later  d u ri ng  the 
case .  Care  m ust be taken dur ing mob i l izat ion near  the 
i nfer ior  border of the pancreas, as it i s  very easy to ca rry 
the d i ssect ion deep to the pancreas. 

FIG 10 • IMV transect ion .  The I MV is transected with an 
energy device at the level of the IMV, cepha lad  of the l eft co l i c  
a rtery. Th i s  preserves i ntact the marg i na l  a rtery of  Drummond 
and  ensu res exce l l ent b lood supp ly  to the descend ing  co lon 
seg ment for the a nastomosis .  

• 

• 

Al l  that rema in s  at th i s  point a re the latera l attachments . 
The hand is used to depress the s igmo id  co lon and  lat
eral per itoneum is  i n c ised (FIG 1 2A) .  It i s  not u ncommon 
for the hand  to get i n  that way at th i s  poi nt, so it may 
be necessa ry to pass the energy sou rce through the su r
geon's fi ngers or the hand may be taken out and  an i n 
strument can be passed th rough  the hand port to beg i n  
the d issect ion .  
Once the med ia l  p l ane  of d i ssect ion i s  accessed, the hand 
can be passed i n  the open i ng  and  the latera l attachments 
a re e levated and  exposed (FIG 128) .  At th i s  po i nt, the 
su rgeon uses  a g rasper for  exposu re and  the fi rst ass is
tant uses the energy sou rce through the LLQ port .  

FIG 11 • Med ia l  to latera l d i ssect ion .  With the su rgeon 
ho ld i ng  the mesoco lon  a nter ior ly (not ice the sta p led 
transected IMA stu m p  i n  between the su rgeon's f ingers), the 
retroperitonea l  t i ssues a re swept downward (dorsa l ly) with an 
energy dev ice .  The d issect ion prog resses a long  the tra ns it ion 
of the two fat p la nes:  mesoco lon  and  Gerota's (arrows). 
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A B 

FIG 1 2  • Late ra l mob i l izat ion of the s igmo id  and  descend i ng  co lon .  A. The wh ite l i n e  of To ldt (dotted line) is transected with 
an  energy device. B. The med ia l  to latera l d i ssect ion p l ane  i s  rea d i ly entered, g reatly fac i l itat i ng  the latera l  mob i l izat ion of the 
descend ing  co lon .  

MOBI LIZATION OF THE SPLENIC FLEXURE 

• As the  sp l en i c  f lexure is reached,  a tra ns i t ion  to sepa
rate the  omentum from the  t ransverse co lon m ust be 
made .  The s u rgeon 's hand  reflects the colon d own
ward a n d  the  g rasper  e l evates the  omentum i n  a ve r-

The co lon is put on stretch and  p u l led down and  me
d i a l  to identify the next level  of attachment between  
the sp len i c  f lexu re of  the co lon  and  the d i a p h ragm 
and  sp leen .  The sp lenod i a p h rag mat ic  and  sp lenoco l i c  
l i g a ments a re t hen  tra nsected w i th  a n  energy device 
(FIG 14) .  

t ica l fash i o n .  O n ly the  per i toneum i s  d iv ided movi n g  • Al l  that rema in s  a re the poster ior  attachments to the i n 
fer ior  border of  the pancreas. D iv is ion of  these attach
ments to the m i d l i n e  a l l ows for a fu l l  mob i l izat ion of the 
sp len ic  f lexure .  Th i s  ensu res adequate reach of the p roxi
mal co lon  for a tens ion-free anastomosis .  

a l o n g  the  tra nsverse co l o n .  Eventu a l ly, the  lesser sac 
i s  entered . 

• Once the  per i toneum atta ch i ng  the  omentum to the  
transverse co lon has  been d iv ided to the  extent of the  
d issect ion ,  the  next l ayer  of attachments of the  omen
tum a n d  the  tra nsverse co lon mesentery can be d i 
v i d e d .  The gastroco l i c  l i g a ment i s  tra nsected i n  th i s  way 
med i a l  to l atera l un t i l  the sp l en i c  flexure i s  reached 
(FIG 1 3) .  

• Retu rn i ng  to the sp l en i c  f lexu re, the co lon  is g rasped 
l atera l ly with the hand and med ia l ly with a g rasper. 

FIG 1 3  • Tra nsect ion  of the  gastroco l i c  l i g a ment .  After 
ente r i ng  the lesser sac (between the  stomach and the 
transverse co lon) ,  the gastroco l i c  l i g a ment i s  transected 
from med ia l  to l atera l (towa rd the sp l en i c  f lexure of the 
co lon)  with a n  energy device .  

FIG 14 • Mob i l izat ion of the sp len ic f lexure.  The su rgeon 
retracts the sp len ic  f lexure of the co lon (A) downward and 
med ia l ly, expos ing  the attachments ofthe sp len i c  f lexure to the 
sp leen (B). The ph renoco l i c  (C) and  sp lenoco l i c  (D) l i g aments 
a re transected in an i nfer ior  to super ior  and latera l to med ia l  
d i rect ion,  meet i ng the p revious ly transected gastroco l i c  
l igament d i ssect ion p l ane  a round  the sp l en i c  f lexure.  
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THE PELVIC DISSECTION AND DISTAL 

RECTAL TRANSECTION 

• 

• 

• 

• 

• 

The pelv ic d i ssect ion can be performed with e ither the 
hand used as a retractor, stra ight  l aparoscopica l ly, or  
open through the suprapub ic  hand port .  
Conceptua l ly, the rectum and  mesorectum form a 
cyl i nder  with i n  the cyl i nder  of the pelv is .  Th i s  means  the 
l i nes of d i ssect ion are c i rcu l a r  and  the a b i l ity to p rovide 
360-deg ree exposure i s  necessa ry. 
The d i rect ions of retract ion a re a nter ior, poster ior, me
dia l ,  and  latera l ,  with the goa l  be ing to make the p lane  
of d i ssect ion perpend i cu la r  to the energy source. Avo id  
p u l l i ng the rectum and mesorectum out of  the pelvis, as 
th i s  does not opti m ize the exposu re and  space with i n  
t h e  pelvis .  
The poster ior d i ssect ion i s  performed fi rst. The su rgeon 
sta nds on the patient's r ight s ide with his or  her  r ight hand 
p laced i n  the abdomen .  With  the thumb rotated med i a l ly 
and the pa lm  u p, the mesorectum is e levated and the pre
sacra l p l ane  i s  entered (FIG 1 5A) . Care is taken to identify 
and preserve the r ight and left hypogastric nerves i ntact. 
As the hand  moves deeper i nto the pelv is, the f inger
t ips  are ab l e  to determ ine  and  expose the proper l i n e  
of d i ssect ion .  The  mesorectum shou l d  be retracted an -

c 

A 

B 

• 

• 

• 

• 

• 

ter ior ly and  not p u l led out of the pelv is .  The goa l  is to 
make the p l ane  of d issect ion perpend i cu l a r  to the energy 
sou rce that i s  d iv id ing  the t i ssue .  
As the d issect ion p roceeds on  the r ig ht, poster ior, and 
left, the hand subtly rotates the mesorectum to keep the 
p lane of d i ssect ion perpend i cu l a r. 
Ear ly  on in the d issect ion,  it is im porta nt to i n c ise the per i 
toneum latera l to the rectum and  mesorectum (Doug las  
pouch) .  The d iv i s ion shou ld  be carr ied a l l  the way down 
to the per itonea l  ref lect ion .  This he l ps to fac i l itate the 
l atera l d i ssect ion and avo id  carry ing  the latera l d issect ion 
too wide ,  m i n i m iz i ng  the r i sk of i n ju ry to the parasym pa
thetic nerves. 
The latera l d i ssect ion fo l l ows, with tra nsect ion of the lat
era l  recta l l i gaments (FIG 1 58) .  
The poste r ior  and  late ra l  d issect ions a re carr ied out  
down to the pelv ic f loor. A l l  fat needs  to be c lea red off 
the l evator m uscles at the pelv ic f loor. 
The a nter ior per itonea l  ref lect ion is i nc ised, with the 
hand retract ing  the uterus and  cervix o r  prostate an 
ter io r ly. For the a nter ior d issect ion,  the fi rst ass ista nt 
retracts the rectum poster ior ly and rotates the d i rect ion 
of retract ion as the d i ssect ion p roceeds a long  Denonvi l 
l i ers' fasc ia and  behind the prostate/sem ina l  ves ic les in  
men (FIG 1 5) or  the vag i n a  i n  fema les .  Once again ,  the 

B 

FIG 1 5  • Pelv ic d i ssect ion .  A. The poster ior  d issect ion i s  
performed fi rst, and  it i s  carr ied i n  between the p resacra l fascia 
poster ior ly (A), the i nvest ing fascia of the mesorectum a nter ior ly 
(B), and  the endopelv ic  fasc ia l atera l ly (C). B. Tra nsect ion of 
the latera l recta l l i ga ments fo l l ows. D issect ion of the space 
between the rectum (A) and  the l atera l pe lv ic wa l l  (B) a nter ior 
to the recta l l i ga ment exposes the left latera l  recta l l igament 
(C), which can then be eas i ly  transected with the energy device. 
C. The a nter ior d issect ion is carr ied l ast. I n  men,  the d issect ion i s  
carr ied between the rectum poster ior ly (A) and  the prostate (B) 
and  sem i n a l  ves ic les (C) a nter ior ly. 
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assista nt should avoid p u l l i n g  the rectum out of the pe l 
v i s ,  as th i s  does not opti m i ze exposu re and  space with i n  
t h e  na rrow confines o f  t h e  pelv is .  • 

• For a tumor  of the upper  rectum,  a tumor-specific me
so recta l exc i s ion can be performed with a 5-cm d ista l 

EXTRACORPOREAL PROXIMAL 

TRANSECTION 

• The rectum and  colon can then be extracted through the 
hand port and  the proxi ma l  s i te of d iv i s ion of the co lon  
can be se lected .  For recta l ca ncer, the l igated IMA ped ic le  

ANASTOMOSIS 

• If an end-to-end anastomosis (E EA) w i l l  be constructed, 
a pu rse str ing  i s  then created, and the EEA stap l i ng  anv i l  
i s  p laced i n  the open p roxi ma l  co lotomy. If a s ide-to-end  
a nastomosis w i l l  be constructed, the E EA anv i l  i s  i ntro-

• 

• 

• 

duced through the open end of the descend i ng  colon and  • 
is exter ior ized with the spear through an a nt i  mesenter ic 
l ocat ion i n  the descend i ng  colon approxi mately 5 em 

A 

c 

B 

D 

marg i n .  For a tumor  of the m id  to lower rectum,  a tota l 
mesorecta l exc i s ion shou ld  be performed .  
The rectum can then be sta p led and  d iv ided with a l i near  
sta p le r  through the open hand  port .  Th i s  a l l ows the rec
tum to be d iv ided with a s i ng le  f i r i ng  of the sta p le r. 

shou ld  be resected with the speci men to ensure an ad
equate lym ph  node ha rvest. 
The colon is d iv ided prox ima l ly atthe des ired level between 
c lamps.  The spec imen is now com pletely d isconnected .  
Once the speci men i s  removed, it shou ld  be inspected and 
the qua l ity of the mesorecta l exc i s ion (comp lete, near  
comp lete, i n comp lete) shou ld  be noted and documented . 

p roxi ma l  to the open end of the co lon .  The open end of 
the colon is then closed with a l i near  stap le r. 
The type of reconstruct ion of the neorectu m is left up to 
the d iscret ion of the su rgery. Options i nc l ude  a co lon i c  
J-pouch, co lop lasty, Baker-type a nastomos is, and  stra ight  
co lorecta l/co loana l  anastomosis .  
Once the stap l i ng  cartr idge i s  passed tra nsa n a l ly to 
the top of the recta l stu m p, the sp ike i s  dep loyed and  
the a nvi l i s  reassemb led .  Th i s  c an  be performed e ither 
l aparoscopica l l y  (FIG 16A-D) or open through  the 

FIG 1 6  • An i ntracorporea l s ide-to-end colorecta l a nastomosis .  A. The a nvi l of the E EA stap le r  is  i n  
a nt i  mesenteric locat ion i n  the d ista l descend ing  co lon .  The  spear o f  the E EA sta p le r  can be seen p rotrud i ng  
th rough  the recta l stu mp .  B. The anv i l  and  the spea r  of  the EEA stap le r  have been  mated . C. Wh i l e  the EEA 
sta p le r  i s  fi red, ca re  i s  taken to avo id  gett ing  the b l adder  (o r  vagi na) trapped i n  the sta p le r. D. The comp leted 
s ide-to-end co lorecta l a nastomosis i s  tens ion-free and has exce l lent b lood supp ly. 

1 1 65 



1 1 66 P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

hand port. As the anv i l  is c inched down, ensure that the 
poster ior  wa l l  of the vag i n a  or  anter ior t issue i n  a male i s  

l eak  test (FIG 1 7) or  endoscop ic  v i sua l izat ion of the 
a nastomosis .  

free from the stap le r. • A d ra i n  may be p laced to d ra in  whatever b lood or f l u id  
accu mu l ates i n  the pelv is  to m i n i m ize f ib ros is  of  the  
neorectum .  

• The a nastomosis shou ld  be assessed by  inspect ing  
the a nastomotic doug h n uts and  by perform ing  a n  a i r  

CLOSURE OF THE ABDOMEN 

FIG 1 7  • Ai r  leak  test. The anastomosis is tested under  
water. The presence of a i r  bubb les wou l d  i nd icate an  
anastomotic d i s rupt ion and  shou ld  t r i gger  a revis ion of  the  
anastomosis .  

• The hand  port ca n be c losed with e ither i nterrupted o r  
r unn i ng  stitch of  no .  1 polyd ioxanone (PDS) suture.  

• Al l  1 2-mm port fasc ia l  s ites shou ld  be c losed.  The 5-mm • The i nd ication fo r a d ivert i ng  stoma is l eft at the d iscre-
port fasc i a l  s ites do not need to be c losed . Sk in  inc i s ions  t ion of the su rgeon .  
a re c losed with su bcuticu l a r  c losure .  

PEARLS AND PITFALLS 
I nd i cat ions 

P lacement of the 
hand port 

Access i ng  the 
retroper itoneum 

Identif ication of  
the left u reter 

Mob i l izat ion 
of the sp len i c  
f lexure 

Pelv ic d issect ion 

• A complete h istory and review of preoperative staging is necessary to determ ine the need for neoadjuvant therapy. 
• The d i stance of the tumor to the anorecta l r ing needs to be c lear ly determ ined and documented. 
• T4 tumors, or  those where there i s  concern for involvement of the c i rcu mferent ia l  marg in ,  shou ld  not be ap

proached l aparoscopica l ly. 
• The suprapubic  posit ions offers many advantages such as access to the pelvis to he lp  with the d issect ion, d ivi

s ion of the rectum, performance of the anastomosis, or  management of bleed ing  or  anastomotic comp l ications .  
• D ifferent opt ions  i nc lude  a med ia l  approach, e ither at the level of the sacra l promontory or  at the IMV (by 

the l i gament of Tre itz), or  a lternatively, a late ra l  approach can be used.  
• A fou r-step tech n i que  was descr ibed a bove . Do not spend a lot of t ime with one approach if you a re having 

d ifficu lty, as the other steps descr ibed a re a nyway necessa ry to comp lete the case. Therefore, a lternati ng 
your approach to identifyi ng  the u reter a l so he lps comp lete other  steps of the procedure .  

• The  more extens ive the med i a l  to  latera l  d i ssect ion of  the mesoco lon i s ,  the eas ier  it i s  to mob i l ize the sp len i c  
f lexure.  

• Be patient when enter ing  the lesser sac.  
• I nc ise the peritoneum fusing the omentum to the transverse co lon and d i ssect the omentum off the backs ide 

of the mesentery one layer at a t ime .  
• It i s  usefu l to a lternate d i ssect ion between the latera l and med ia l  aspects of the sp len ic  f lexure dur ing  th i s  step .  
• Creat ing  space i n  the pelv is  can be cha l l eng i ng .  As a resu lt, it is  a natura l  react ion to pu l l  the hand  out of the 

pelv is .  The exact opposite i s  necessa ry. The hand needs to be deeper i n  the pe lvis; exposu re i s  created by fl ex
i ng  the f ingers and  leavi ng  the pa lm in p lace .  

• Sma l l  changes i n  the d i rect ion of tens ion  a re vita l for  i ncreas i ng  exposure and  eff ic iency of the d i ssect ion .  
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POSTOPERATIVE CARE 
• The patient can begin a liquid diet on the day of surgery. The 

diet can be advanced as tolerated. Solid food can be safely 
provided before the resumption of bowel function. 

• A urinary catheter should remain in place for 3 to 4 days 
postoperatively to minimize the risk of urinary retention. 

• Patients can begin ambulation as early as the day of surgery 
and by postoperative day 1; they are to be encouraged to 
spend more time out of bed than in bed. 

• Venous thromboembolism (VTE) prophylaxis is important be
cause most patients have rectal cancer and underwent a pelvic 
dissection. Low-molecular-weight heparin (LMWH),  subcuta
neous heparin, or pneumatic compression boots are all accept
able methods. There is data supporting the use of LMWH for 
21 days postoperatively to decrease the risk of VTE. 

• The drain can be removed on postoperative day 4 regardless 
of the volume of the output, unless it is draining urine, stool, 
or pus. 

OUTCOMES 
• There are currently three published trials of laparoscopic ver

sus open resection of rectal cancer. The Conventional versus 
Laparoscopic-Assisted Surgery in Colorectal Cancer ( CLAS
ICC),  COlorectal cancer Laparoscopic or Open Resection 
(COLOR II) ,  and Comparison of Open versus laparoscopic 
surgery for mid or low REctal cancer After Neoadjuvant 
chemoradiotherapy (COREAN) trials have demonstrated 
equivalent outcomes for two approaches with regard to 
margins, lymph node harvest, recurrence, and survival.  

• When HALS is compared to conventional laparoscopic
assisted colectomy, multiple prospective randomized trials 
have demonstrated no difference in short-term outcomes 
including length of stay, return of bowel function, or pain 
scores. Furthermore, HALS has been shown to decrease the 
operative time for a left colectomy by 33 minutes and a total 
abdominal colectomy by 57 minutes and the risk of con
version over straight laparoscopy as well as to significantly 
decrease conversion rates. 

• Oncologically, recent studies have demonstrated comparable 
short-term outcomes, lymph node harvest, and margin status 
when HALS is compared to straight laparoscopic proctectomy. 

COMPLICATIONS 
• Bleeding 
• Anastomotic leak 
• Wound infection 
• Pelvic abscess 
• Ureteral injury 
• Urinary and/or sexual dysfunction 
• Incomplete mesorectal dissection 
• VTE 
• Incisional hernia 
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DEFINITION 
• Low anterior resection (LAR) is most commonly performed 

for patients with mid to low non-sphincter-invading rectal 
adenocarcinoma. A simple surgical definition of LAR is full 
mobilization and division of the rectum at the level of the 
levators, leaving behind only a short or no rectal stump. 

• LAR for rectal cancer requires a total mesorectal excision 
(TME) to ensure a radical resection with adequate radial 
margins.1  The goal is to achieve an en bloc resection of the 
cancer with complete dissection of the pararectal lymph 
nodes contained within the mesorectum. 

• Robotic-assisted laparoscopic LAR is a novel surgical 
technique that allows for a minimally invasive approach to 
TME. Robotic LAR can be performed via totally robotic 
or laparoscopic/robotic hybrid techniques. Our preferred 
method is a hybrid approach involving a laparoscopic 
medial to lateral mobilization of the colon and of the splenic 
flexure followed by a robotic TME. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A full history and physical examination will allow the sur

geon to determine if a sphincter-sparing operation is pos
sible, whether a temporary ileostomy is likely, and will also 
aid in discussions regarding postoperative functional status. 

• History elements elicited should include baseline functional sta
tus, bowel incontinence, sexual dysfunction, urinary dysfunction 
as well as pain with defecation or tenesmus. Previous history of 
pelvic radiation and pelvic surgery should also be noted. 

History of incontinence should prompt discussions regard
ing postoperative quality of life with a low anastomosis. 
History of pain or tenesmus suggests involvement of the 
anal sphincter or a larger tumor. This will alter the course 
of treatment, and a sphincter-sparing operation may not 
be possible in this subgroup of patients . 

• Physical examination should include a digital rectal exami
nation (DRE), vaginal examination, anoscopy, and a thor
ough abdominal examination. 

DRE should assess tumor size, degree of fixation to rec
tal and pelvic wall, mobility, location (anterior/posterior/ 
lateral ) ,  distance from the anorectal ring, and anterior 
extension into vagina/prostate . Anal sphincter involvement 
can also be determined by DRE in the majority of patients . 
Anterior rectal tumors in female patients require a vaginal 
examination to rule out extension into the vagina. 
Anoscopy for low rectal tumors may allow for better visu
alization of the tumor during the physical examination. 
The abdominal examination should evaluate for liver me
tastasis. A bilateral groin examination should be performed 
to evaluate for potential inguinal lymphadenopathy. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The physical examination in conjunction with endoscopy 

and imaging modalities will aid in the preoperative surgical 
evaluation and staging. This preoperative workup will dic
tate the best surgical approach, the need for temporary 
diversion, and the need for neoadjuvant therapy. 

• Colonoscopy must be performed in all patients with rectal 
cancer. 

This will allow for assessment of tumor location and 
pathology. 
It will also serve to rule out and possibly remove any syn
chronous colonic lesions. Malignant synchronous lesions 
have been reported in 2% to 8% of cases and benign syn
chronous polyps in 1 3 %  to 62% of cases.2-4 
If a colonoscopy has already been done by another provider, 
it is our preference to perform a flexible sigmoidoscopy in 
all patients for documentation of the size, location, and 
distance of the tumor from the anal sphincter complex. 

• The use of preoperative tattoos in rectal cancer patients 
undergoing anterior resection is unnecessary and unreliable to 
determine distal margins. The best assessment of the margin 
is obtained via frequent and thorough digital examinations, 
intraoperative flexible endoscopy, and adherence to the best 
TME surgery criteria .  

• Accurate staging of rectal cancer should be able to determine 
depth of invasion, presence of lymph node metastases, and 
resectability of locally advanced tumors. 

Endorectal ultrasound has an overall 80% to 95% staging 
accuracy.5 

The ability to visualize the layers of the bowel wall 
allows for accurate T staging ( FIG 1 ) .  

T1 stage i s  associated with 8 8 %  sensitivity and 9 8 %  
specificity. 
T2 stage is associated with 8 1 %  sensitivity and 96% 
specificity. 
T3 stage is associated with 96% sensitivity and 9 1 %  
specificity. 
T4 stage is associated with 95% sensitivity and 9 8 %  
specificity.5 

Detection of lymph node metastasis is associated with 
73 % sensitivity and 76 % specificity.6 

High-resolution pelvic magnetic resonance imaging (MRI) 
delineates the layers of the bowel wall in T2 weighted 
images. It is associated with 93% to 97% sensitivity for 
T staging and 77% sensitivity for lymph node metastasis .7•8 
Computed tomography (CT) scan of chest, abdomen, 
and pelvis should be obtained for preoperative evalua
tion metastases as per National Comprehensive Cancer 
Network (NCCN) guidelines.9 It is associated with 40% 
to 8 6 %  accuracy in  staging rectal cancers.8 • 10 • 1 1  
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FIG 1 • Endoscopic u ltrasound (EUS) depicts the bowel wa l l  layers: 
A i nd icates bal loon i nterface, M i nd icates mucosa/muscu laris mucosa, 
SM i nd icates submucosa, and MP i nd icates muscu lar is propria .  
Th i s  patient has an  anteriorly located tumor with invasion of the 
peri rectal fat but no d i rect extension into the prostate (EUS T3). 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Surgical decision is based on rectal cancer staging. As per 
NCCN guidelines, neoadjuvant chemotherapy and radiation 
therapy (CRT) should be considered for all N + positive tumors 
based on preoperative imaging. The use of neoadjuvant CRT in 
T3NO tumors is somewhat controversial. Proximal T3 tumors 
with no involvement of the circumferential resection margin 
(i .e. , posterior lesions surrounded by abundant mesorectum) 
can selectively undergo radical resection without CRT.9 

LAPAROSCOPIC MEDIAL TO LATERAL 

DISSECTION OF COLON 

• 

Port Placement 

• Neoadjuvant CRT has been shown to reduce the local 
recurrence rate and increase the chances of sphincter-sparing 
surgery.9 

• The decision for neoadjuvant chemotherapy should stem 
from a multidisciplinary discussion amongst the surgeon, 
oncologist, radiation oncologist, and patient. 

• An enterostomal therapist should be involved for counseling 
and for potential stomal marking prior to operation. 

• Despite the debate regarding bowel preparation, we routinely 
use mechanical bowel preparation at our institution for eas
ier manipulation of the bowel during surgery. Our institu
tion's standard bowel preparation is 5 1 0  mg of MiraLAX® 
in 128  oz of Gatorade®. 

• Rectal irrigation via saline solution is performed in all patients. 
• A Foley catheter is placed in all patients after induction for 

bladder decompression. 
• Prophylactic ertapenem (Invanz®) antibiotic is administered 

prior to induction of anesthesia. 
• Sequential compression devices are placed in all patients . 

However, the use of pharmacologic deep vein thrombosis 
(DVT) prophylaxis is not routinely used. The benefit of 
chemical prophylaxis remains controversial. 12• 13 

Positioning 

• The patient is placed in a modified lithotomy position with 
attention placed to correct technique to minimize injury: 

The patient is ideally placed on a large high-density visco
elastic foam mat to prevent sliding. 
The patient is brought to the edge of the table and the legs 
are placed into Yellofin® or Allen® stirrups with the hips 
slightly flexed and abducted, the feet flat within tlte stirrups, 
and pressure avoided along the lateral aspects of the legs. The 
ankle, knee, and contralateral shoulder should be aligned. 
A Velcro belt is strapped over the chest to prevent 
side-to-side sliding. 

• The perineum is prepped if a transanal extraction and or 
hand-sewn anastomosis is anticipated. 

Lapa roscop ic-assisted (L) ports (FIG 2) :  
• L 1 is a 5-mm troca r i n serted i n  the MCL  a bout 1 2  em 

su per ior  to R 1 . 
• L2 is a 5-mm port inserted ha lfway between MCL 

and  m id l i ne  about  12  em super io r  to L 1 . 
• Pneu moperitoneum is esta b l i shed v ia a Veress need le  at 

Pa lmer's po int  (1 to 2 em be low the left costa l border i n  
t h e  m idc lavicu l a r  l i n e  [MCL] ) .  

• Both su rgeon and  ass ista nt stand  on the r ight s ide  of 
patient (FIG 3) .  

• 

• 

• 

The ports a re tr ia ngu l ated and  p laced at a m i n i m u m  of 
one handbreadth apart (FIG 2) .  
The  camera (C) port i s  p l aced ha lfway between the  
x ipho id  process and  sym physis pub i s .  
Three robotic (R )  ports w i l l  be p laced as  fo l l ows (FIG 2) :  
• 

• 

• 

R1 is a 1 2-mm trocar i n serted i n  the MCL ha lfway i n  
between C and  t h e  r ight a nter ior super ior  i l i ac sp ine  
(AS IS) .  Th i s  port can be used  for  i leostomy p l ace
ment at the end of the su rgery. 
R2 is a n  8-mm troca r i n serted as a m i rror image 
of  R 1 . 
R3 is an 8-mm troca r i n serted 8 to 1 0  em latera l to 
R2, usua l ly d i rect ly a bove the left AS IS .  

• R 1 ,  L 1 ,  L2, and  C ports a re used du r i ng  the lapa roscop ic  
sect ion .  

Laparoscopic Transection of the Inferior 
Mesenteric Vein 

• 

• 

• 

• 

The per itonea l  cavity is exp lored for evidence of meta
stat ic d i sease. 
The patient i s  p laced i n  a Trende lenburg posit ion with 
the left s ide  e levated .  
The sma l l  bowe l i s  swept out of the pe lv i s .  Nontra u matic 
bowel g raspers a re used to avo id  i n ju ry. 
The d issect ion is beg u n  at the i nfer ior  mesenteric ve i n  
( IMV), latera l  t o  t h e  l i gament o f  Tre itz (FIG 4) .  
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FIG 2 • Placement of the l aparoscopic ports. The ports a re 
tri angu lated and  p l aced at a m i n i m u m  of one handbreadth 
apart .  C denotes ca mera port; L 1 and L2 denote the l aparoscop ic  
ports; and  R 1 ,  R2, and  R3 denote the three robotic ports. 

• The IMV is identif ied and  d i ssected from its attachments 
to the l eft mesoco lon .  

• The per itoneum is scored with monopo lar  e lectroca utery. 
• B l u nt d i ssect ion is used to ske leton ize the vesse l .  Once 

th i s  i s  ach ieved, the vesse l is  c l i pped and  d iv ided v ia ves
sel sea ler  device just be low the pancreas. Th i s  ca n a l so be 
accomp l ished with an Endo GIA vascu l a r  stap le r. 

• Transection of the IMV wi l l  serve as a lengthen ing maneu
ver, which i n  turn w i l l  decrease tens ion on the anastomosis . 

FIG 3 • Room setup with the robot docked from the left hip and 
surgeon and assistant surgeon on the right s ide of the patient. 

FIG 4 • The IMV is  v i sua l ized l atera l to the l i gament of Treitz 
and is ske leton ized .  The I MV w i l l  then be tra nsected just 
be low the pancreas (dotted line). 

Laparoscopic Transection of the Inferior 
Mesenteric Artery 

• The s igmoid  mesoco lon  is retracted towa rd the a nter ior 
abdom ina l  wa l l ,  and  the par ieta l  per itoneum media l  to 
the r ight common i l iac a rtery at the sacra l promontory i s  
i nc ised.  

• U pward tract ion is ma i nta ined by the assistant and  b l u nt 
d i ssect ion is used to enter the avascu l a r  retroper itonea l  
p l ane .  Th i s  p l ane  is deve loped under  the super ior  hemor
rho ida l  a rtery (FIG S) .  

• The left u reter and  the hypogastric nerve a re identif ied 
and swept poster ior ly (FIG S) .  

• Th i s  d issect ion is cont i n ued to the or ig in  of the i nfer ior  
mesenteric a rtery ( I MA) at the aorta .  

• The IMA is skeleton i zed us ing monopo lar  cautery. The 
ju nct ion of left co l i c  a rtery and super ior  hemorrho ida l  at 
the IMA can be v isua l i zed in a l etter "T" config u rat ion 
(FIG 6A) .  

• The IMA is c l i pped and  d iv ided at its o r ig in  from the 
aorta with a vesse l sea ler  dev ice (FIG 68) .  This  can a l so 
be accomp l ished via Endo G IA  vascu l a r  stap le r. 

• The l eft co l i c  a rtery is d iv ided at its or ig i n  from the IMA 
(FIG 68) .  

• Care is taken to avo id  damage  to the sma l l  ne rve 
f ibers of the  preaort i c  sym pathet ic/super io r  hypogastr ic  
p lexus .  

FIG S • The retroperitonea l  p lane dorsa l to the su per ior  
hemorrho ida l  a rtery i s  d i ssected .  The IMA is  identif ied and  left 
u reter and  hypogastric nerve a re swept poster ior ly. 
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Superior hemorrhoidal artery 

A I nferior mesenteric artery B 

FIG 6 • A. The T config u rat ion formed between the IMA (A) and  its term ina l  branches, the left co l i c  (B), and  the super ior  
hemorrho ida l  a rtery (C) i s  visua l ized.  Notice the left u reter (D) d issected poster ior ly i n  the retroperitoneum .  B. The IMA is  
c l i pped and  d iv ided at its  or ig in from the aorta with a vesse l sea ler  device .  The left co l i c  a rtery wi l l  be transected at its  o r ig i n  
f rom the IMA a l so w i th  a vesse l sea ler  device. 

Laparoscopic Mobilization of the Left Colon and 
Splenic Flexure 

• The ass ista nt su rgeon retracts the co lon med ia l ly, and  
w i th  a comb inat ion of  cautery and  b l unt d i ssect ion,  the  
l atera l per itonea l  reflect ions a re d i ssected .  

FIG 7 • Mob i l izat ion of the sp len i c  f lexure.  The ph renoco l i c  
(C), sp lenoco l i c  (D), and  gastroco l i c  (E) l i ga ments a re tran
sected .  A, sp len ic f lexure of the co lon;  B, sp leen .  

• 

• 

The embryo log ic  t issue p l ane  between the descend i ng  
co lon  mesentery and  the retroperitoneum is  entered . 
Th i s  b lood less a reo la r  t issue p l ane  is d i ssected toward the 
sp len ic  f lexure.  
The latera l d issect ion i s  conti nued cephalad by d iv is ion of 
ph renoco l i c  and  sp lenoco l i c  l i ga ments (FIG 7) .  

• The lesser sac is entered and  the d issect ion is ca rr ied to 
the base of the mesentery (FIG 8) .  

• Care is taken to avo id i n ju ry to the ta i l  of the pancreas i n  
t h i s  locat ion .  

• The left and  prox ima l  transverse co lon a re now d i ssected 
free of the i r  attachments. 

FIG 8 • Tra nsect ion  of the gastroco l i c  l igament  a l l ows 
for entry i nto the l esser sac d u r i n g  the sp l en i c  f lexure 
m o b i l izat i on .  The d i ssect ion  i s  ca rr ied to the  base of the 
mesentery. 

1 1 7 1 
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ROBOTIC TOTAL MESORECTAL EXCISION 

Robot Setup and Docking 

• The patient is kept i n  a Trende lenburg posit ion .  A four
arm da Vinc i  robot i s  docked from a left h i p  approach 
(FIGS 3 and 9) .  Th i s  w i l l  a l low for easy access to the anus  
d u r i ng  the case. 

• A 0-degree scope is i nserted i n  port C.  
• Robotic arms a re docked as fo l l ows (FIG 1 0) :  

• Arm 1 is docked in R 1 . A hook cautery or monopo lar  
scissors wi l l  be i nserted i n  R 1 . 

• Arm 2 is docked in R2 .  A b ipo la r  g rasper w i l l  be 
p laced i n  R2 .  

• Arm 3 is docked i n  R3 .  A " p rograsper" w i l l  be p l aced 
i n  R3 .  

• The ass ista nt su rgeon w i l l  stay on the r ight s ide  of the 
pat ient and  wi l l  use L 1 and  L2 to assist i n  retract ion and 
suct ion/i rr igat ion .  

Surgeon at console 

Anesthesiolog ist 
FIG 9 • The robot is docked from a left h i p  approach.  
A. I l l u strat ion .  B. Photog raph .  

FIG 1 0  • Confi gu rat ion of  robotic a rms  after dock i ng .  

Robotic Total Mesorectal Excision 

• The fo l l owing  pr inc ip les shou ld  be adhered to du r i ng  a 
robotic TM E :  
• 
• 

M i n i m a l  m a n i p u lat ion of the rectum 
Identif ication of embryologic t i s sue  p la nes 

• Oncolog ic  resect ion with negative rad i a l  and  d is
tant marg ins  without v io lat ion of the mesorecta l 
envelope 

• The surgeon at the robot's console w i l l  sta rt d issect ion 
at the sacra l promontory dorsa l to the super ior  hem
orrho ida l  a rtery, fo l lowing  th i s  p l ane  d i sta l l y  over  the 
promontory and  i nto the presacra l space. 

• Arm 3 is used for retract ion,  whereas arms 1 and  2 
deve lop a p l ane  of d i ssect ion with i n  the avascu l a r  presa
cra l space between the presacra l fasc ia ,  poster ior ly, and  
the mesorecta l fasc ia ,  a nterior ly. 

• Arm 2 of the robot ( left hand of the surgeon) shou ld  avo id  
g rasp ing the mesorectum for  the strong robotic arm may 
tea r the mesorectum, which wou ld  cause b l eed i ng .  

• Monopolar scissors a re preferred for rapid development of 
the p lane of d issection with m in ima l  use of e lectrocautery. 

• The pelv ic d issect ion proceeds poster ior ly fi rst, then lat
e ra l ly, and then a nterior ly. 
• Poster ior  exposure is ach ieved with the ass ista nt re

tract i ng  the s igmo id  co lon cepha lad  and a nter ior ly 
(FIG 1 1 ) .  Wa ldeyer's fasc ia (rectosacra l  fasc ia) is  en
tered d i sta l l y  at approxi mately the leve l  of  53 .  Th i s  
d i ssect ion is carr ied cauda l l y  to the leve l  of levator 
m uscles (FIG 1 2) .  

• Latera l ly, the hypogastric nerves are identif ied and  
p reserved .  The  latera l  d i ssect ion p l ane  i s  carr ied an 
ter io r  and  med ia l  to these  nerves (FIG 1 3A) .  The 
nerve f ibers a re ca refu l ly d issected toward the pelv ic 
s idewa l l  (FIG 138) .  
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Anterior 

Posterior 
FIG 1 1  • The poste r ior  pelv ic d i ssect ion i s  carr ied out with i n  
t h e  p resacra l space, stayi ng between t h e  p resacra l fasc ia ,  
poster ior ly, and the mesorecta l fasc ia ,  a nter ior ly. 

• For the  a nter ior  pe lv ic  d i ssect ion ,  exposu re i s  
ach ieved by the assistant retract i ng  the rectum pos
ter ior ly and i n  a cepha l ad  d i rect ion ,  as  arm 3 a nter i 
or ly retracts the vag i na  ( i n  fema l es) o r  the p rostate/ 
sem i n a l  ves ic les (in ma l es) . The Denonvi l l i e rs '  fascia/ 
pouch of Doug las  (rectoves ica l/rectovag i n a l  pouch) 

Mesorectum 

-- Right pelvic 
side wall 

FIG 12 • The poster ior  pelvic d issect ion is carr ied ca uda l ly to 
the level of the levator musc les .  

i s  ente red by i nc i s i ng  the per itonea l  reflect ion  
between the a nter ior  wa l l  of the rectum and  the 
poster ior  wa l l  of vag i n a  or  the prostate/sem i n a l  
ves ic les  (FIG 14) .  I n  case o f  l a rge  a nter ior  tumors, 
Denonvi l l i e rs' fascia i s  resected en  b loc with the 
rectum .  

Hypogastric nerve --

A Presacral space B 

FIG 1 3  • Latera l  d i ssect ion of the mesorectum off the r ight pelv ic s idewa l l :  transect ion of the r ight latera l recta l l igament (A) . 
B. The hypogastric nerve can be seen posterolatera l to the p l ane  of the d i ssect ion .  

1 1 73 
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Prostate 

Rectum 

DIVISION OF RECTUM AND CREATION OF 

ANASTOMOSIS 

Division of Rectum 

• 

• 

• 

DRE or f lexi b l e  s igmoidoscopy under  robotic v i s ion is per
formed to estab l i sh the proper level of recta l d iv i s ion .  
I n  cases when the tumor  i s  at least 2 to 3 em from the 
anorecta l r ing ,  the d i sta l rectum i s  transected with an  
a rt i cu lat ing l i near  sta p le r. 
• An Endo G IA  stap le r  is p laced through the R1 port 

or i n  the lower ass ista nt port (converted to a 1 2-mm 
port to accom modate the sta p le r) .  

• The stap le r  is fi red seq uent ia l ly. Care is taken to 
avoid cross ing  sta p le  l i nes d u ri ng  the seq uenti a l  f i r
i ng  of stap le r  cartr idges (FIG 1 S) .  

For  tumors that  a re less than  2 to 3 em from the ano
recta l r ing ,  a n  i ntersph i ncter ic  resect ion w i th  hand-sewn 

Rectum 

FIG 1S • The d ista l rectum is  transected with a n  Endo G IA. 
The stap le r  i s  fi red seq uent ia l ly. Care i s  taken to avo id  cross i ng  
stap le  l i nes d u r i ng  the seq uenti a l  f i r i ng  of  sta p le r  cartr idges .  

FIG 14 • Anter ior  pelv ic d issect ion .  Exposure i s  ach ieved by 
the ass istant retract ing the rectum (A) poster ior ly and  i n  a 
cepha lad  d i rect ion,  as a rm 3 a nter ior ly retracts the prostate/ 
sem ina l  ves i c les (B,C), respective ly. The a nter ior  p l ane  of 
d i ssect ion is ca rr ied a long  Denonvi l l i e rs' fasc ia ,  between 
the rectum poster ior ly (A) and  the p rostate (B) and  sem i n a l  
ves ic les (C) a nter ior ly. 

co loana l  a nastomosis ca n be used (descr ibed i n  Part 4, 
Cha pters 27 and  3 1 ) . 

Specimen Extraction 

• 
• 

Once the spec imen is d iv ided, the robot is u ndocked.  
The tra nsected rectum and the  cont iguous  s i gmo id  
a n d  desce n d i n g  co lon are extracted th rough  a 4 - to  
S-cm Pfa n nenst i e l  i n c i s i on  w i th  a wound p rotector i n  
p l ace to p rotect the wou n d  f rom potent i a l  onco log i c  
conta m i nat ion a n d  so i l age .  The prox ima l  transect ion  i s  
then  performed with a l i nea r  sta p l e r  between the  s ig 
mo id  a n d  the  desce n d i n g  co l on .  The spec imen ,  i n c l ud 
i n g  the  rectum a n d  s i gmo id  co lon ,  i s  now com p l ete ly 
d i sco n n ected and i s  sent to the  patho log i st for eva l u 
a t i o n .  The spec imen  s hou l d  i n c l ude  the  I M A  ped ic le  
a n d  a n  i ntact mesorectum without  any d i sta l taper i ng  
(FIG 1 6) .  

F IG  1 6  • The ext ra cted spec imen  demonstrates the  I M A  
p e d i c l e  a n d  a n  i n tact mesorecta l enve lope without  any  d i sta l 
taper i n g .  
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Anvil 

A B Colon 
FIG 17 • A.B. l ntracorporea l l aparoscop ic  a nastomosis .  The descend i ng  co lon i s  anastomosed to the recta l  stum p  with a 
29F EEA c i rcu l a r  sta p le r. 

FIG 1 8  • Assessment of anastomotic i ntegrity by s igmoidoscopy. 
The completed colorecta l anastomosis is tested underwater. 
A i r  bubb les identified dur ing i nsufflation of the anastomosis 
ind icate an  anastomotic leak. 

PEARLS AND PITFALLS 

• The anv i l  of a 29F end-to-end  a nastomosis (E EA) stap le r  is se
cu red with a pu rse-str ing suture in the descend i ng  colon and  
the co lon  i s  retu rned i nto the abdomen .  A co lon i c  J pouch 
can be created at th i s  po int  if preferred .  

Creation of Anastomosis 

• Once the co lon is returned i nto the abdomen,  an end-to-end  
sta p led a nastomosis w i th  a c i rcu l a r  29F EEA stap le r  i s  created 
J aparoscopica l ly (FIG 1 7A,B) .  

• A flexi b le  s igmo idoscopy is then performed to assess the 
a nastomosis  i ntegr ity and  to test for a n  a i r  leak .  I f  there i s  
a n  a i r  leak, th i s  i nd icated the presence of an  anastomotic 
leak (FIG 1 8) .  In this s ituation, and at the d i scret ion of the 
su rgeon, the decis ion i s  made to either redo the a nastomosis  
or  rei nforce it with sutures. 

• A round  B l ake d ra in  is rout ine ly p l aced with i n  the pelv is  
near  the a nastomosis .  

Creation of lleostomy 

• A temporary d ivert ing  loop i l eostomy is created based on 
su rgeon preference and  pat ient  factors. However, it i s  gen
era l ly recommended for low a nastomoses. 

Preoperative worku p • Obta i n  a comp lete and  thorough  h i story of u r i na ry and  bowe l i ncont i nence and  sexua l  
dysfunct ion .  

• Perform own endoscopy and  ver ify the location of tumor. 

Port p lacement • Ma inta in  tr iangu l at ion .  
• For na rrower pe lv i c  i n let, cons ider  more med ia l  robotic ports. 

D iv is ion of JMA • Visua l ize the T confi gu rat ion to assu re h i gh  l igat ion .  
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Robotic TME • Avoid  us ing  arm 2 (su rgeon's l eft hand)  to g rasp mesorectum .  
• D issect ion shou ld  be with i n  the avascu l a r  p l ane  of  the presacra l space. 
• Avoid  i n ju ry to hypogastric nerves latera l ly. 
• I dentify b i l atera l  u reters pr ior  to proceed i ng .  

D iv i s ion of  rectum • Dur ing  repeated sta p le r  f i r i ngs, do not cross over p revious tra nsect ion po i nts. 

Anastomosis  • Visua l i ze a nastomos is  v ia endoscope to assure good b lood supp ly and  i nteg r ity. 

POSTOPERATIVE CARE 
• The Foley catheter should be continued for 48 to 72 hours 

given the high likelihood of postoperative urinary retention 
after low pelvic surgery. 

• The pelvic drain is discontinued prior to discharge. 
• Stoma teaching is performed by the enterostomal nurse prior 

to discharge. 

OUTCOMES 
• Given improved surgical technique and adjuvant therapy, 

overall survival rates of rectal cancer have improvement over 
the recent decades . 14•15 

Overall 5-year survival for patients undergoing curative 
resection is 80% with 1 0 %  local recurrence rates. 16 

• Robotic TME is comparable to laparoscopic TME in retro
spective reviews of this technique. However, studies report 
lower conversion rates to open surgery compared to conven
tional laparoscopyY-21 

COMPLICATIONS 
• Symptomatic anastomotic leaks after LAR have been reported 

to occur in 12% to 1 8 %  of patients with an associated risk of 
mortality of 1 5 % . 16·22-26 

• Patients may complain of anorectal, sexual, and urinary dys
function postoperatively. This may be due to dissection dur
ing surgery and/or secondary to pelvic radiation. 

• LAR syndrome may occur and refers to a combination of 
symptoms including increased bowel frequency, fecal incon
tinence, and urgency. 
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Chapter 3 1  Total Mesorectal Excision 
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Laparoscopic Technique 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..-

John H Marks Elsa B. Valsdottir 

DEFINITION 
• Total mesorectal excision with coloanal anastomosis via a 

transanal abdominal transanal proctosigmoidectomy (TATA) 
is defined as the complete removal of the embryologic tissue 
block of the rectum, leaving the sphincter muscles intact and 
thus avoiding a permanent stoma. Neoadjuvant chemora
diotherapy is an essential component to successful sphincter 
preservation. The abdominal part of the procedure can be 
performed with laparoscopic technique. 

DIFFERENTIAL DIAGNOSIS 
• Several conditions, both benign and malignant, can have 

similar presentation to rectal cancer. These include ad
enomatous polyps, solitary rectal ulcer, radiation injury, 
carcinoid tumor, and squamous cell carcinoma. Hence, a 
tissue biopsy confirming the diagnosis of rectal cancer is 
imperative. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Careful patient selection is crucial for successful sphincter 

preservation in rectal cancer. A detailed history and physi
cal examination are mandatory. Contraindications include 
inability to receive neoadjuvant chemoradiation therapy 
for distal rectal cancers, either because of comorbidities or 
previous radiation to the pelvis, previous radical surgery 
on rectum, distance of tumor from the dentate line, inva
sion of tumor into the sphincter muscles after completion of 
neoadjuvant chemoradiation therapy, and fecal incontinence 
on presentation. 

• Detailed past medical history is obtained, emphasizing 
fecal continence, bowel habits, personal and family his
tory of cancers and current medications and allergies, 
previous radiation to the pelvis, and previous abdominal 
surgeries .  

• Prior radiation therapy for other cancers in the pelvis, such 
as cervical or prostate, is usually a contraindication. It is, 
however, helpful to review the previous records with regard 
to the dose and field treated and make decisions on indi
vidual basis. 

• A detailed family history of cancers can help identify in
creased risk for other types of cancer as well as identify 
family members who are at an increased colon cancer risk. 
Recommendations should be given to first-degree relatives 
with regard to screening. 

• Patient age, nodal status, or tumor size are not contraindica
tions for sphincter preservation as long as the patient is a 
reasonable surgical candidate and negative margins (distally 
and circumferentially) can be obtained. 

• Physical examination must include a thorough abdomi
nal exam, including palpation of inguinal lymph nodes 
bilaterally. Most importantly, a careful digital rectal 
exam and a rectoscopy or flexible sigmoidoscopy are 
performed. 

• The location of the tumor (anterior, posterior, or lateral ) ,  
distance from the anorectal ring, size, fixity, circumference, 
configuration, and ulceration of the tumor need to be docu
mented. This is imperative in preoperative planning as well 
as allowing for assessment of response to neoadjuvant treat
ment later ( FIG 1 ) .  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• All patients require preoperative staging of the disease with 

regard to the tumor, lymph node status, and distant spread, 
both clinically and radiographically. 

• The most accurate way to determine size, length, and depth 
of the tumor invasion as well as any enlarged lymph nodes 
is with magnetic resonance imaging (MRI) or endoscopic 
rectal ultrasound (ERUS) ( FIG 2 ) .  

• A computed tomography ( CT) o f  the abdomen and chest 
should be obtained to evaluate for distant spread of the dis
ease to the liver or lungs. 

• Preoperative blood work should include a hemogram, 
blood chemistries, and a carcinoembryonic antigen ( CEA) 
level. 

• Full colonoscopy is needed to evaluate the entire colon 
for other pathology and synchronous malignant lesions or 
polyps. 

• Histologic assessment with biopsy of the primary 
tumor is necessary and usually obtained at the time of 
colonoscopy. 

FIG 1 • Recta l cancer before (left) and  after (right) neoadjuvant 
chemorad iat ion .  Th is  patient had a good response to treatment. 
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FIG 2 • Pre-neoadjuvant treatment M R I  of a recta l cancer 
su itab l e  for TATA. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Neoadj uvant chemoradiotherapy is the key to success
ful sphincter preservation. The radiation therapy is 
a high-dose, long-term treatment to maximize tumor 
downstaging. Preferred radiation dose is 5 ,5 8 0  cGy, with 
4 ,500 cGy to the entire pelvis with a boost to the presa
cral area and tumor location, delivered over the course 
of 5 weeks. Concurrent chemotherapy based on 5-fluoro
uracil ( 5 -FU) either orally or intravenously increases the 
sensitivity of the tissues to radiation, enhancing efficacy 
( F IG 3 ) .  

• Neoadjuvant chemoradiation apoptotic effect occurs only 
at cell division. Maximum cytotoxic effect is 8 to 12 weeks 
after completion of treatment. Extending the interval between 

completion of radiation therapy and surgery up to 8 to 
12 weeks therefore gives the patient the fullest benefit of the 
treatment, maximizing downstaging and extending the op
tions for sphincter preservation. 

• Decision regarding sphincter preservation should be 
based on the status of the cancer after completion of 
chemoradiotherapy. All patients, except those whose cancers 
remain fixed at or below the 3 -cm level are offered sphincter 
preservation. 

• Accepting a distal margin of resection from the cancer as 
small as 5 mm is necessary for very low tumors . This does 
not adversely affect outcome. Dissection is started transa
nally to assure a known distal margin. This is particularly 
helpful in the postirradiated rectal cancer where there is 
often only a small scar left, making decisions as to where a 
stapler would be placed from above difficult. 

• The patient should receive a bowel preparation the day 
before surgery. 

• Perioperative antibiotics and deep vein thrombosis prophy
laxis should be given. 

Positioning 

• The operation has both an abdominal part and perineal 
part. The surgeon and first assistant stand between the 
legs during the perineal part. For the abdominal part, 
which is performed laparoscopically, they stand at the pa
tient's right side. It is important that the surgical team is 
free to move around the patient. The laparoscopic equip
ment and energy sources are positioned to patient's left 
( F IG 4 ) .  

• The patient i s  placed i n  the lithotomy position with the 
buttocks extending 2 em over the padded table edge. Both 
arms are padded and tucked. The chest is taped to the 
table to further prevent slipping of the patient as the table 
is  maneuvered.  The Foley catheter is  taped over the right 
thigh. The abdomen is prepped with Betadine and the 
perineum with povidone-iodine. In women, the vagina is 
prepped with povidone-iodine. 

Rectal Cancer 

SELECTION SCHEME 
Prospective Stag ing 

Tumor Distance to Anorectal Ring 

t 
• U nfavorable: All Levels; Favorable s 6cm-0.5 em 

CATS 
LAR 
TATA 

4500-7000 cGy 

Chemo- 5 FU CVI 

I nterval 4-1 2 weeks 

Sph i ncter Preservation Surgerv 

FTLE 
0-6 cm 

(Selective) 

FIG 3 • Author's treatment a l gor ithm for low recta l  ca ncers (d i sta l  3 em of the true rectum) .  cGy, centiG ray; 5-FU, 5-fl uorourac i l ;  CVI, 
cont inuous  venous i nfus ion; CATS, com b i ned abdom i n a l  trans-sacra l recta l resect ion;  LAR, low a nter ior resect ion;  TATA, transa na l  
transabdom ina l  recta l resect ion;  FTLE, fu l l -th i ckness l oca l  exc i s ion .  
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Anesthesiologist 

Third back 
table 

Anesthesiologist 

I Lap tower 
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Back table for 
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Scrub 
nurse Surgeon 

Laparoscopic 

Perineal 

Back table for 
perineal part 

2nd assistant 
Perineal 

8 

Scrub 
nurse 

Third back 
table 

FIG 4 • A.B. Operati ng room setup .  

TRANSANAL, INTERSPHINCTERIC 

RESECTION OF RECTUM 

• P lace a sponge soaked i n  pov idone- iod i ne  in the ana l  ca na l  
or  i r r igate it w i th  povidone-iod ine .  I n  o rder  to m i n i m ize the  
poss i b i l ity of  d i s lodg i n g  tumor  ce l ls, avo id  d i g ita l i z i ng  the  
ca na l  after th i s .  

• 

• 

• 

• 

To a l low visua l i zat ion of the dentate l i ne, Al ice-Ada i r  c l amps 
a re p laced c i rcumferent ia l ly a round the a n a l  ca na l  to evert 
the ana l  t issue (FIG S) .  
T h e  dentate l i n e  i s  i n cised c i rcu mferent i a l ly with e lectrocau
tery through  the mucosa. thus  defi n i n g  the d ista l resect ion 
marg i n .  Th i s  i s  a cr it ica l step to avo id  rad i a l  tea r ing  l ater in  
the d i ssect ion (FIG 6) .  
The  Metzenbaum scissors a re spread postero l atera l ly and  
s l i ght ly off the m i d l i ne, perpend i cu l a r  to the ax i s  of  the  
a n us, to ente r  i nto the p l ane  between the tra nsected upper  
ha l f  of  the i nterna l  sph incter and  the u nder ly ing puborecta
l i s .  This p l ane  i s  deve loped c i rcu mferent ia l ly (FIG 7) .  
Al ice-Ad a i r  c l amps a re app l ied to the transected d ista l por
t ion of the rectum to fac i l itate retract ion .  One never app l ies 
more than fou r  c l amps at a t ime, as th i s  i s  usua l ly too b u l ky. 

The sh i ny, g l i sten i ng  wh ite aspect of the puborecta l i s  i s  
identif ied us ing the scissors. Visua l izat ion of th i s  wh ite 
tissue i s  the key to ensur ing that the d i ssect ion i s  carr ied 
out i n  the proper p lane (FIG 8) .  Plac ing a sma l l  Deaver 
retractor a l l ows deve lopment of the p l ane  between the 
rectum and the levator ani comp lex. Once the proper 
p lane i s  entered, the d issect ion i s  essent i a l ly b lood less. 

• The sharp d i ssect ion is brought around a nter ior ly (FIG 9) .  

• 

In women, a f inger  i n  the vag i na  a l l ows pa lpat ion of the 
vag i na l  wa l l ,  and  it is  genera l ly not a prob lem to avo id 
th i s  structure .  I n  men,  one has  to be ca refu l when pro
ceed i ng  a nter ior ly to avoid tak i ng  the d i ssect ion a nte
rior to the p rostate. The length of d i ssect ion cepha lad  
i s  u p  to the sem i n a l  ves ic les i n  men and  to the cervix i n  
women .  T h i s  d issect ion i s  carr ied c i rcu mferentia l ly u nt i l  
the rectum is fu l ly mob i l ized (FIG 10) .  
The rectum is  oversewn i n  a watert ight fash ion  w i th  a 
0-Vicryl stitch, tu rn i ng  the edges i nward to avo id  poten
t ia l  s p i l l i ng  of feces or  tumor ce l l s dur ing the abdom ina l  
part o f  the p roced u re .  The  pe lv is  i s  i r r igated from be low 
with sa l i ne; a sponge is p laced through the anus  with a n  
occ lusive d ress i ng  i n  t h e  per i neum .  
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Anterior 

Posterior 
FIG S • To a l l ow visu a l i zat ion of the dentate l i ne, A l i ce-Ad a i r  
c l amps a re p l aced c i rcumferent ia l ly a r o u n d  the ana l  ca n a l  to 
evert the ana l  t issue.  

Puborectalis 

Anterior 

Posterior 
FIG 6 • L ine  of inc i s ion of the m ucosa at the dentate l i ne .  

Transected upper 
internal sphincter, 
d istal margin of 
transection at the 
dentate l ine 

FIG 7 • The Metzenbaum scissors a re spread s l i ght ly off the m i d l i ne, perpend i cu l a r  to the axis of the a n us, to enter i nto 
the p l ane  between the transected upper  ha l f  of the i nterna l  sph incter and the u nder ly ing puborecta l is .  Th i s  defi nes the 
c i rcu mferent i a l  resect ion marg i n .  

Puborectalis 
muscle 

FIG 8 • The sh i ny, g l i sten i ng  wh ite aspect of the puborecta l i s  is  identif ied us ing  the scissors. Visua l izat ion of this wh ite t issue 
i s  the key to ensur ing  that the d i ssect ion i s  carr ied out i n  the proper p lane .  
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FIG 9 • The d rawi ng  shows the l i nes of pelv ic d i ssection .  

F IG  1 0  • The  d ista l rectum is fu l ly mob i l ized.  

ABDOMINAL LAPAROSCOPIC 

PROCTOSIGMOIDECTOMY 

• 

• 

The patient's knees a re lowered from fu l l  l ithotomy so that 
they are flat to the abdomen to a l low Japaroscopic access to 
the abdomen and particu larly the sp len ic flexure. The surgi
cal team changes gowns and g loves. F ive ports a re p laced 
as fo l lows: ( 1 )  5-mm port 20 em above the pubic symphysis; 
(2) 1 2-mm port at the he ight of the umb i l icus latera l to the 
rectus sheath; (3) 1 2-mm port i n  the r ight fossa, a hands 
width above the pubic tubercle; (4) 5-mm port suprapubi
cal ly; and (5) 5-mm port i n  the left fossa (FIG 1 1) .  
A ca refu l exp lorat ion i s  carr ied out to ru le  out metastat ic 
d i sease.  

• 

• 

The patient is p l aced i n  reverse Trende lenburg posit ion 
of 15  deg rees with  the r ight s ide down 10 degrees. The 
mon itor i s  p l aced at the left shou lder  and  the su rgeon 
and  assista nt sta nd at the patient's r ight s ide (FIG 4) .  
The  fi rst operative step i s  re leas ing  the sp len i c  f lexure.  
The su rgeon works with a bowel g rasper i n  the l eft hand  
i n  port 2 and  a L igaSure i n  the r i ght  hand  i n  port 3 .  The 
5-mm ca mera i s  i n  port 1 .  The gastroco l i c  l i ga ment i s  
identif ied and  opened at the leve l  of the midd le  ep ip lo i c  
perforat i ng  a rtery to enter  the lesser sac .  The gastro
co l i c  l i ga ment i s  d iv ided latera l ly towa rd the lower po le  
of the sp leen (FIG 1 2) .  Next, the latera l attachments of  
the f lexure a re taken down,  us ing  the ep ip lo i c  to retract 
the co lon med ia l ly. The sp lenoco l i c  l i gament is d iv ided 
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Cephalad 

1 
0 

2 
() 

3 4 , .... , • .. _ .. ' 0 
20cm 

5 
0 

Caudad 
FIG 11 • Port p lacement for the abdom ina l  ( l apa roscop ic) 
phase of the operat ion .  Five ports a re p l aced as fo l l ows: 
(1) 5-mm port 20 em a bove the pub i c  symphysis; (2) 1 2-mm 
port at the he ight of the u m b i l i cus latera l to the rectus sheath; 
(3) 1 2-mm port i n  the r ight fossa, a hands width a bove the 
pub ic  tu bercle; (4) 5-mm port suprapub ica l ly; and  (5) 5-mm 
port i n  the l eft fossa .  

and  the ta i l  of pancreas ident if ied .  F i na l ly, a n  inc i s ion i s  
made i n  the per itonea l  sheath of the mesentery of the 
transverse co lon 1 em be low the i nfer ior  border of the 
pa ncreas (FIG 1 3) .  The avascu l a r  space between the fas
cia of To ldt and Gerota's fascia i s  entered and the co lon i c  
mesentery i s  pee led  off the Gerota 's fasc ia .  The sp len i c  

Transverse colon 

Line of dissection 
FIG 12 • The gastroco l i c  l igament i s  identif ied and  opened 
at the level of the m idd l e  epip lo ic  a rtery to enter the l esser 
sac.  The gastroco l i c  l i gament i s  d iv ided l atera l ly toward the 
lower pole of the sp leen .  

FIG 1 3  • An inc i s ion i s  made i n  the per itonea l  sheath of the 
mesentery of the tra nsverse co lon 1 em be low the i nfer ior  
border of the pancreas. 

• 

flexure is now fu l ly mob i l ized and  the retroper itonea l  
structures a re v i sua l ized (FIG 14) .  
The second step i s  reposit i on i ng  the  sma l l  bowel to  
g a i n  access to the pe lv i s  and  vascu lature .  The pat ient 
i s  p l aced i n  steep  Trende lenburg pos it ion (20 deg rees); 
the r ight  s ide  rem a i ns down.  The ca mera i s  changed to 
a 1 0-mm, 30-deg ree scope and  moved to port n u m ber  2 
and  the surgeon's r ight  hand  to port n u mber  1 .  The 
omentum is  p laced over the transverse co lon ;  the s m a l l  
bowel i s  swept o u t  o f  the pe lv i s  and  i s  p laced i n  t h e  
r i g h t  u p p e r  quad rant  to expose the l igament o f  Tre itz 
and  the i nfer ior mesenter i c  a rtery ( IMA) .  The j u n ct ion 
of the descend i ng  and  s igmo id  co lon  i s  ma rked with a 
sutu re to determ i n e  the level  of transect ion to be per
formed later. 

FIG 14 • Once the sp len i c  f lexure is fu l ly mob i l ized and  the 
co lon i c  mesentery i s  peeled off Gerota's fascia, the structu res 
of the retroperitoneum can be visua l i zed .  



C h a p t e r  3 1  TOTAL MESO RECTAL EXC IS ION WITH COLOANAL ANASTOMOSIS :  Laparoscopic Technique 

FIG 15 • Point of inc is ion at the sacra l promontory. The 
peritoneum i s  i nc ised at the level of the promontori u m  of the 
sacrum and  opened down to the r ight para recta l su l cus  and 
cepha lad  a long  the aorta toward the l i ga ment of Tre itz. 

• The th i rd step is a h i gh  l igat ion of the I MA. The r ight 
i l i ac  a rtery and  the left u reter a re recog n ized.  The per i 
toneum i s  i ncised at the level of the promontor i um of 
the sacrum and  opened to the r ight para recta l  su lcus 
d i sta l l y  and  then cepha lad  a long the aorta toward the 
l igament of Tre itz (FIG 1 5) .  B l u nt d issect ion is used 
to l ift the mesentery of the p roxi ma l  rectum off the 
retroperitoneum,  revea l i n g  the left u reter (FIG 1 6) .  The 
nerves of the hypogastr ic p lexus a re the key to the d i ssec
t ion .  They a re identif ied and p reserved i ntact under  the 
IMA and  gently pushed down toward the aorta .  The base 
of the IMA i s  ske letonized c i rcu mferent i a l ly and  the a r
tery is d iv ided with an energy device, c l i ps, or endovascu
lar stap le r  (FIG 1 7) . 

FIG 1 6  • B l u nt d i ssect ion is used to l i ft the mesentery of the 
p rox ima l  rectum off the retroperitoneum,  revea l i n g  the left 
u reter. 

FIG 1 7  • The nerves of the hypogastric p lexus a re the key to 
the d issect ion .  They a re identif ied under  the IMA and  gent ly 
pushed down toward the aorta and  p reserved .  The base of 
the IMA is ske leton ized c i rcu mferent ia l ly and the a rtery i s  
d iv ided a long  the dotted line. 

• 

• 

The fou rth step is the h i g h  l igat ion of the i nfer ior  mesen
ter ic ve i n  ( I MV) (FIG 1 8) .  The IMV is d i ssected and d iv ided 
at the l eve l of the l i ga ment of Tre itz, where it d ives under  
the duodenum to jo in  the sp len i c  ve i n .  The rema i n i ng  
mesentery o f  the descend i ng  and  s i gmo id  co lon  i s  then 
l ifted off the Gerota's fasc ia ,  com p let ing the med i a l  to 
latera l  mob i l izat ion of the co lon .  
The fifth step i s  the mob i l izat ion of  the l atera l attach
ments of the descend ing  and  s igmoid co lon .  Th i s  i s  re la
t ive ly easy as  the majo rity of the d i ssect ion has  a l ready 

FIG 18 • H i g h  I MV transect ion .  The I MV has  been l ifted u p  
a long with t h e  mesentery o f  t h e  descend ing  co lon and  i s  
transected (dotted lines) a t  t h e  l evel o f  t h e  l i ga ment o f  Tre itz. 
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FIG 1 9  • The per itoneum of the rectum is i ncised to open FIG 21 • The l atera l d issect ion i s  brought a round the left 
the box c i rcu mferent ia l ly, go ing  down the left and  r ight (shown here) and  r ight s ides .  
para recta l su l cus  and  a nter ior ly across the pouch of Doug las .  

• 

been done i n  a med ia l  to l atera l fash ion .  Sta rt ing  at the 
pe lv ic  br im,  the peritoneum i n  i ncised u p  to the previ
ous  mob i l izat ion of the sp len i c  f lexure and a connection 
made with the d issect ion from the med ia l  s ide .  
The s ixth step i s  the tota l mesorecta l  exc is ion (TM E) of 
the rectum .  To accomp l ish  th i s  l aparoscop ica l ly, a few 
key poi nts a re made .  F i rst, the rema i n i n g  per itoneum of 
the rectum is  i ncised to "open the box" c i rcu mferentia l ly, 
go ing  down the left and  r ight para recta l su l cus  and  an 
ter ior ly across the pouch  of  Doug las  o r  the rectovesica I 
fo ld  (FIG 1 9) .  I n  a nter ior ly based les ions, th i s  inc i s ion i s  
a cent imeter h i gher. The L igaSure i s  exchanged for Endo 
Shears with e lectroca utery attached to a l low for f iner 
d issect ion .  The d i ssect ion i s  carr ied poste r ior ly a long the • 
mesorecta l p l ane  fi rst (FIG 20), then brought around the 

r ight and  the l eft s ides (transect ion of the latera l rec
ta l l i gaments) (FIG 21 ), and  i s  then f in i shed a nter ior ly 
(FIG 22) .  Th i s  i s  repeated, a lternati ng s ides, as the d i ssec
t ion carr ies on  deeper i nto the pelv is .  To fac i l itate th i s, 
th ree-d imens iona l  retract ion is created by the su rgeon 
retract ing  the rectum and  ass istants app ly ing a nter ior 
and  latera l  retract ion from the two 5-m m ports (FIG 23) .  
The d issect ion is kept i n  the p l ane  outs ide the mesorecta l 
fasc ia ,  ta k ing care not to taper the speci men and  it i s  
cont i nued unt i l  it meets the previous per i nea l  d i ssect ion 
from be low. The sponge that was p laced p revious ly can 
be seen (FIG 24) .  The nerves a re fo l l owed to d i rect the 
d issect ion i n  the proper  p lane .  
The rectum is del ivered out  the pelvis and the completeness 
of the d issection checked as well as the hemostasis (FIG 2S) .  

FIG 20 • The d i ssect ion around the rectum i s  ca rr ied 
poster ior ly fi rst. FIG 22 • The dissection a round the rectum is f in ished anteriorly. 
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FIG 23 • To fac i l itate the d i ssect ion a round the rectum, th ree
d imens iona l  retract ion i s  created by the surgeon retract ing the 
rectum with the left hand and assistants a pply ing retract ion 
from the two 5-mm ports toward the s ides and a nterior ly. 

Anterior 

COLOANAL ANASTOMOSIS 

• 

• 

• 

The su rgeon moves back to the per i neum .  The patient's 
knees a re ra ised aga i n .  The sponge and  the per i nea l  
occ l us ive d ress i ng  a re removed from the a n us .  
The spec imen i s  p u l led through the anus  carefu l ly u nder  
d i rect lapa roscop ic  v isua l i zat ion to assu re or ientation 
and i s  transected at the mark ing  suture p revious ly p laced 
between the s igmo id  and descend ing  colon (FIG 26). 
The coloana l  anastomosis is  hand sewn .  Th i s  can be d i rect, 
or a co lon i c  pouch can be created if there is adeq uate 
length .  Sma l l  Deaver retractors a re used for exposu re .  

FIG 24 • The d i ssect ion i s  conti n ued u nt i l  it meets the 
p revious per inea l  d i ssect ion from be low and  the sponge that 
was p l aced p revious ly can be seen .  

F I G  25  • T h e  rectum is  de l ivered o u t  through t h e  pelv is 
and  the comp leteness of the d i ssect ion and hemostas is  a re 
checked. 

• 

• 

Fu l l -th ickness b ites a re taken through the descend i ng  
co lon  wa l l  and  the transected lower border of  the i nter
na l  sph incter, i n c l ud i ng  the over ly i ng  anoderm.  Four  cor
ner sutures a re p l aced at 1 2, 3, 6, and 9 o'clock posit ions 
and  left u nt ied u nt i l  one o r  two fu l l -th ickness b ites have 
been p l aced between each corner suture (FIG 27) . 

The a nastomosis  is e ither a d i rect co loana l ,  s ide-to-end  
or  a co lon i c  J-pouch, depend i ng  on the patient's body 
habitus and amount of fat (FIG 28) .  
D ig ita l  exa m inat ion i s  performed to ensure there a re no 
gaps and  the a nastomosis i s  patent. 
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Anterior 

r-------- Marking sutures 
previously placed 
intra-abdominal ly 

f'--------- Transection 
l ine 

FIG 26 • The spec imen is pu l led through the anus ca refu l ly  
under d i rect laparoscopic visua l ization to assure orientation 
and i s  transected a long the dotted line at the previously 
p laced marking suture. 

FIG 27 • The co loa n a l  anastomosis i s  hand 
sewn .  Th i s  can be d i rect or  a co lon i c  pouch  ca n be  
created if there  i s  adequate length .  Sma l l  Deaver 
retractors a re used for exposure .  Fu l l -th ickness 
b ites a re taken through the descend ing  co lon wa l l  
and  t h e  transected lower border o f  t h e  i nterna l  
sph incter, i n c l ud i ng  the over ly ing anoderm.  Fou r  
corner sutures a re p laced at 1 2, 3, 6 ,  and  9 o'c lock 
posit ions and  left u nt ied unti l  one or  two fu l l 
th ickness bites have been  p laced between each 
corner suture. 
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B 

FIG 28 • The anastomosis is e ither a d i rect coloa na l  (A), a s ide-to-end,  or a co lon i c  J-pouch (B) . 

CREATION OF STOMA 

• The last step is b r i ng ing  out a loop of i l e um  in prepa
rat ion for a d ivert i ng  loop i leostomy. A locked bowel 
g rasper i s  used to g rasp the i l eum about 20 em prox ima l  
to the term ina l  i l eum .  Th i s  loop i s  b rought  out at the site 
of port 3 or  at the i nfraumb i l i ca l  fat fold and a pin p laced 
underneath it . 

• The abdom ina l  part of the procedure is then conc luded .  
The i nsuff lat ion a i r  i s  evacuated through the trocars. The 
fascia at the 1 2-mm port sites i s  c losed with  1 -0 Vicry l  
sutu re and  a l l  sk in  i nc i s ion with 4-0 Vicryl . Ster i -Str ips  and 
d ress ings  a re app l i ed .  F i na l ly, the d ivert ing  loop i l eos
tomy is  matu red; stoma p late and bag app l ied (FIG 29) .  

F IG 29 • The abdomen after a l l  port sites have been  c losed 
and the d ivert ing  stoma has been matu red . 
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PEARLS AND PITFALLS 
Su rg ica l  dec is ion mak ing  • F i n a l  dec i s ion  o n  s p h i ncter p reservat ion based  on  post chemorad ia t ion  cancer  

cha racter i st i cs 

Pat ient se l ect ion • Pati ents whose cancer i s  not fixed to the levators i n  the d i sta l t h i rd of the rectum afte r 
chemorad iat ion a re offered sph incter preservat ion 

• Adequate base l i ne  conti nence 
• C l i n ica l  stag i ng  and  ca refu l documentation of tumor  locat ion and  s ize 

Preoperative p l ann i ng  • Stag ing  w i th  MR I/ERUS, CT, physica l exa m 
• F u l l  co lonoscopy 
• Neoadjuvant chemorad iat ion thera py 

l ntersph incter ic  d i ssect ion • I n c ise mucosa at dentate l i ne, mark ing d ista l marg i n  
• Stay i n  t h e  p l a n e  between t h e  i nterna l  sph incter and  t h e  puborecta l is s l i ng-identif ied 

by g l i sten i ng  wh ite of the puborecta l i s  
• Carry the d i ssect ion cepha l ad  to  the cervix i n  women  and  to  the sem ina l  ves ic les i n  men 

Rectosigmo id  resect ion • Wide mob i l izat ion of  the sp len i c  f lexure with free i ng  of the d i sta l  transverse mesoco lon  
f rom the retroperitoneum 

• F u l l  med ia l  to latera l mob i l izat ion of the left co lon  
• H i g h  transect ion of the IMA and  the I MV 
• TM E resect ion of rectum 
• Avoid  u reth ra or  ventu r ing  a nter ior to the p rostate i n  men 

Anastomosis • M a i nta i n  or ientation when de l iver ing  spec imen through the anus  
• Fu l l -th ickness b ites w i th  i nterrupted sutures 
• Can be co lon ic  J-pouch, s ide to end,  o r  d i rect co loana l  

POSTOPERATIVE CARE 
• No nasogastric tube is needed. Oral diet is resumed on the 

first postoperative day. Intravenous pain medications are 
given for the first 24 hours, transition to oral after that as 
tolerated. Antibiotics are continued for 10 days postopera
tively due to the poor vascularity of the radiated tissue and 
the ultralow anastomosis. 

• The diverting stoma is closed at 3 months postoperatively, 
after flexible sigmoidoscopy, digital exam, and barium enema 
show that the anastomosis is intact. If the patient needs adju
vant chemotherapy, stoma closure is usually postponed until 
after completion of therapy. 

• Close follow-up is mandatory for at least 5 years, with 
physical exam, flexible sigmoidoscopy, CT, and CEA mea
surements .  Physical exam is performed every 3 months 
for 24 months, then every 4 months for 24 months, 
and then every 6 months for 12 months .  Endoscopic 
evaluation ( flexible sigmoidoscopy) is performed every 
6 months for 24 months, then every 12 months for the 
next 3 years. 

OUTCOMES 
• Local recurrence is low and equivalent to best results after 

abdominoperineal resection, or 2 .5% (at the author's institute) 
to 7.0% .  The same holds for distant recurrence with metastasis 
( 8 %  to 10%) .  

• Five-year survival for all patients undergoing sphincter 
preservation surgery for rectal cancer at the author's insti
tution is 97%.  Others have reported numbers from 71 % 
to 8 2 % .  

• Sphincter preservation has been achieved i n  90% o f  patients 
who have been considered for the procedure. 

• Function is adequate in the majority of patients. In a survey 
among patients at the author's institute, more than half of 
patients report no or little inconvenience due to incontinence 
and 8 0 %  would not prefer to have kept their stoma. 

COMPLICATIONS 
• Infections 
• Bleeding 
• Anastomotic leak 
• Ischemic neorectum 
• Incontinence 
• Rectal prolapse 
• Bowel obstruction 
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Chapter 3 2  Abdominoperineal Resection: 
Open Technique 
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t Curtis J. Wray Stefanos G. Mil/as 

DEFINITION 
• The abdominoperineal resection (APR) refers to the opera

tion for surgical treatment of distal rectal cancer. The APR, 
as originally described by Ernest Miles, involves the en bloc 
removal of the distal sigmoid colon, rectum, mesorectum, 
and anal canal. The operation uses both an abdominal and 
perineal approach. 

• The APR requires a permanent end colostomy. 

DIFFERENTIAL DIAGNOSIS 
• This operation should be performed for those with a biopsy

proven diagnosis of malignancy (e .g. ,  rectal or anal cancer, 
anal melanoma) .  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patients can present with tenesmus, rectal bleeding, rectal 

pain, and/or obstructive symptoms.  Iron deficiency anemia 
is common at presentation and should always prompt a full 
colonoscopy in adult patients . Asymptomatic patients are 
typically diagnosed during screening colonoscopy. 

• A thorough history should be obtained to assess the patient's 
functional status and to ensure sufficient physiologic reserve 
to undergo a major abdominal operation. 

• A detailed family history is necessary to identify risk of an 
inherited colon and rectal cancer syndrome as well as risk 
for metachronous colorectal cancer. 

• Digital rectal examination and rigid proctosigmoidoscopy 
can be performed in the ambulatory office and provide an 
accurate measurement of tumor distance from anorectal ring 
when compared to a flexible sigmoidoscopy. It also allows 
for evaluation of potential tumor fixation to the anal sphinc
ter, pelvic side walls, sacrum, and/or urologic/gynecologic 
organs . 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A complete colonoscopy is obtained to evaluate for potential 

synchronous lesions that may have to be addressed at the 
time of surgery. 

• A computed tomography (CT) scan of the chest, abdomen, 
and pelvis with intravenous and oral contrast should be ob
tained to assess for the presence of metastatic disease and the 
extent of tumor involvement within the pelvis. 

• A magnetic resonance imaging (MRI) of the pelvis with intra
venous ( IV) contrast, or endorectal ultrasound performed by 
a qualified endoscopist, should be obtained for local tumor 
staging that will guide neoadjuvant chemotherapy and ra
diation as per National Comprehensive Cancer Network 
guidelines. Endorectal ultrasound has a higher sensitivity 
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and specificity for tumor depth rather than lymph node in
volvement as compared to MRI. MRI allows for a better 
assessment of the circumferential margin at the mesorectal 
envelope. 

• Laboratory blood work should include a complete blood 
count, serum electrolytes, liver function tests, and a carcino
embryonic antigen level as a baseline measurement that will 
be the reference for future cancer surveillance. 

SURGICAL MANAGEMENT 
• Although controversial, a margin less than 2 em between 

the tumor and the anorectal ring will typically require an 
APR to ensure adequate tumor clearance and a satisfactory 
functional outcome. 

• The patient may be placed in the lithotomy position and two 
surgical teams can work simultaneously. Alternatively, one 
team can perform both portions of the operation sequentially. 

Preoperative Planning 

• The patient should take a mechanical bowel preparation 
(GoLYTELY) the day before surgery. 

• Recent evidence suggests an oral antibiotic preparation re
duces postoperative surgical site infections. 

• The colostomy site should be marked preoperatively with 
the patient in a sitting and supine position to ensure skin 
folds and crevices do not interfere with the appliance. Ide
ally, this marking should be performed by a qualified en
terostomal therapist (wound, ostomy, and continence nurse 
[WOCN] ) .  

• The stoma i s  marked over the (left) rectus abdominus, typically 
below the level of the umbilicus, though it can be placed above 
the umbilicus to facilitate a large pannus or high belt line. 

• Tumor fixation by rectal exam is unreliable in determining 
whether or not a low rectal tumor is resectable. 

• Tumor fixation within the pelvis does not necessarily imply 
infiltration of tumor into surrounding structures. 

• Inflammatory adhesions within the pelvis does not portend 
a worse prognosis with respect to local recurrence or overall 
mortality. 

• Ultimate decision on whether to proceed with an APR is 
made at the time of laparotomy. 

Positioning 

• The patient is placed in a modified lithotomy position with 
Allen stirrups .  

• The thighs are level with the abdomen as this allows effi
cient placement of a self-retaining retractor without creating 
excessive pressure between the retractor and the patient's 
thighs ( FIG 1 ) .  

• The perineum i s  positioned flush with the edge o f  the 
operating room table. 

-
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0° angle 

FIG 1 • Patient posit ion i ng  on the operat ing tab le .  Note the 
hor izonta l position of the th ighs  to ensure free movement of 
su rgeon's arms and  hands .  The per ineum is  f lushed to the end 
of  the tab le .  

• The pelvis is  supported with a folded sheet to lift the entire 
perineum and facilitate exposure during the perineal dissection. 

• The arms are placed in a neutral position and supported 
with suitable armrests. 

• The anus is closed with a purse-string monofilament suture 
(0-Prolene with circle taper 1 [CT-1 ]  Ethicon needle, or 
equivalent) .  

• For the abdominal phase o f  the operation, the surgeon 
stands by the patient's right side, with his or her assistant 
standing at the patient's left side. A second assistant, if a vail
able, stands in between the patient's legs. The scrub nurse 
stands at the surgeon's right side, by the patient's right leg 

EXPOSURE 

• Exposure of the abdomen is obta ined with a l ower m id 
l i n e  i n c i s ion  from the u m b i l icus to the pub ic  sym physis .  
A wound p rotector may be inserted to protect the 
wound  from i nfect ious and onco log ic  so i l age (FIG 3) .  

• The abdomen shou ld  be fu l ly exp lo red for the presence 
of g ross metastatic d isease. 

• Care shou ld be taken to eva luate a l l  peritoneal surfaces, the 
entire gastroi ntest ina l  tract, the omentum, and the l iver. 

• Any concern ing l esions away from the pr imary tumor should 
be biopsied and eva l uated by i ntraoperative cryosect ion.  

• A self-reta i n i n g  retractor is posit ioned to opt im ize expo
su re of the pelv is .  
• Two short R ichardson attachments a re used to re

tract the abdomina l  wa l l  latera l ly, in a perpend icu l a r  
or ientation to the i n c i s i on  to avo id  undue  tract ion 
on the femora l  nerves at the pe lv i c  i n l et (FIG 4) .  

Scrub 
nurse 

Anesthesiologist 

FIG 2 • Team setup .  For the abdom ina l  phase of the operat ion, 
the su rgeon sta nds by the patient's r ight s ide with h i s  o r  her 
ass istant stand i ng  at the patient's l eft s ide .  A second assistant, if 
ava i l ab le ,  sta nds i n  between the patient's l egs .  The scru b n u rse 
sta nds by the su rgeon's r ight s ide .  

( FIG 2) .  The surgeon and the first assistant will switch sides 
as necessary during the pelvic dissection. 

• During the perineal phase, the surgeon and the first assistant 
will be situated in between the patient's legs, with the second 
assistant by the patient's right or left side . 

• A b ladder  b lade is pos it ioned at the i nfer ior  aspect 
of the inc i s ion to retract the b ladder  and uterus .  
A 2-0 s i l k, f igu re-of-e ight  suture through the fundus  
of the uterus can fac i l itate posit ion i ng  the uterus 
beh i nd  the b ladder  b lade .  

FIG 3 • P lacement of a wound p rotector p rotects the wound  
from i nfect ious and  onco log ic  so i lage .  
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FIG 4 • Exposure of the lower abdomen us ing  a Bookwalter 
retractor. Two short R ichardson attachments a re used to retract 
the abdom ina l  wa l l  l atera l ly, in a perpend i cu l a r  or ientat ion 
to the inc i s ion to avoid undue tract ion on the femora l  nerves 
at the pelv ic i n l et .  A b ladder  b lade i s  posit ioned at the i nfer ior  
aspect of the inc i s ion to retract the b ladder  and  uterus .  The 
smal l  bowel i s  packed i nto the upper  abdomen and  he ld  in 
p lace with ma l leab le  retractor. 

• The sma l l  bowe l is packed i nto the upper  abdomen;  
th i s  maneuver i s  fac i l itated by not extend ing  the 
inc i s ion beyond what i s  req u i red to access the or ig i n  
o f  t h e  i nfer ior  mesenteric a rtery. 

• A ma l leab le  retractor attachment for the Bookwa l
ter and  moistened l aparotomy pads a i d  i n  keep ing  
the sma l l  bowel out of  the pelv is .  

Mobilization of Sigmoid Colon and Transection of 
the Inferior Mesenteric Artery 

• The latera l  per itonea l  attachments to the s igmo id  co lon 
a re d iv ided, expos ing the p lane between the s igmo id  
mesoco lon  and  the retroper itoneum (FIG S) .  

• Mob i l izat ion of the s igmo id  mesoco lon a l l ows for expo
su re and preservation of the left u reter and gonada l  ves
se ls, wh ich shou ld  a lways be identif ied pr ior  to d iv i d i ng  
the i nfer ior  mesenter ic a rtery at i t s  o r ig i n  (FIG 6) .  

' 
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FIG S • S igmoid co lon mob i l izat ion .  With the descend ing 
co lon retracted med ia l ly, the latera l peritonea l  attachments a re 
transected with e lectrocautery a long the left paraco l i c  gutter. 

FIG 6 • I dentif icat ion of the left u reter. After fu l l  mob i l izat ion 
of the descend ing  co lon,  the l eft u reter is  exposed i n  the 
retroperitoneum.  The su rgeon is retract ing  the descend i ng  
co lon  med ia l ly. 

• The left u reter cou rses over the left psoas and  is located 
med i a l  to the gonada l  vessels; it trave ls over the left i l i ac 
a rtery at its  b ifurcat ion at the pelv ic i n let. 

• Di rect exposure of the left psoas often i n d icates an i n cor
rect d i ssect ion p l ane  where the u reter and  gonada l  ves
sels a re mob i l ized med ia l l y  with the s igmo id  mesoco lon .  

• The peritonea l  ref lect ion on the r ight s ide of the s igmoid  
mesoco lon  i s  i nc ised to comp lete the d i ssect ion of the 
mesentery away from the retroperitoneum .  Aga in ,  care 
m ust be taken to ma i nta i n  the u reter i n  its norma l ,  ana
tom i c  posit ion i n  the retroperitoneum .  

• The or ig in  of the i nfer ior mesenteric a rtery ( IMA) is iden
t i f ied at i t s  o r ig i n  off the aorta .  The IMA is  then l i gated 
between Sa rot c l am ps, i ncised, and  doub ly l i gated with 
bra ided 2-0 suture (FIG 7A,B) .  High IMA l i gat ion a l lows 
for an exce l l ent lym ph  node ha rvest. 

• The colon is then transected proxima l ly between the sig
moid and descending colon segments with a l i near stapler. 
The interven ing mesentery is d ivided with an energy device. 

Mobilization of the Rectum 

• Once the s igmo id  mesoco lon is mob i l ized, d issect ion 
a long the same a natomic  p l ane  between the mesentery 
and  retroperitoneum is cont in ued toward the pelv ic i n let 
where the tota l mesorecta l exc i s ion (TM E) is  i n it iated . 

• The mesorectum is fu l ly mob i l i zed poster ior ly us ing  
sharp d issect ion,  typica l ly w ith  e l ectrocautery. Care  i s  
taken not to i n ju re the left and  r ight hypogastric nerves 
poster ior ly, as they can be int i mately associated with the 
mesorectum (FIG 8) .  

• Dissect ion a long  the presacra l p l ane  is fac i l itated with 
a nter ior tract ion on  the mesorectum provided by the St. 
Ma rk's retractors (FIG 9A,B) .  

• 

• 

As the d i ssect ion proceeds poster ior ly, the cu rve of the 
sacrum and  coccyx needs to be fo l l owed (FIG 1 0), as 
i nadvertent i nj u ry to the venous  p lexus of the sacrum 
poster ior ly and hypogastr ic  ve in s  l atera l l y  can resu lt that 
can be very d iffi cu l t  to contro l .  Div is ion of the rectosacra l 
facia exposes the pelv ic f loor ( levator an i ) .  
Once the rectum is fu l l y  mob i l ized poster ior ly, the latera l 
mob i l izat ion can commence .  Th is  phase of the d issect ion 
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FIG 7 • A,B. IMA d iv i s ion .  The IMA is  transected between 
c l amps and w i l l  s ubsequent ly be l igated with heavy s i l k  
sutu res. 

• 

is fac i l itated by the St. Ma rk's retractors, and  the d i ssec
tion proceeds a long  the avascu l a r  mesorecta l p l ane  that 
was i n it iated poster ior ly. The latera l recta l l i gaments a re 
transected with an energy device (FIG 1 1 ) .  
Care must be taken  to  avo id  i nadvertent entry i nto the  
mesorectum as we l l  as  i n ju ry to latera l  pe lv ic s idewa l l  
structu res, i n c l ud i ng  t h e  u reter a t  t h e  pelv ic i n l et a n d  
branches o f  t h e  i nterna l  i l i ac ve i n  deeper with i n  the 
pelv is .  The appropr iate p lane i s  proper ly  exposed with 
suffic ient tract ion .  

FIG 8 • View of sym pathetic p lexus and  or ig i n  of the left and  
r i ght  hypogastric nerves. 

Anterior 

Posterior 

A 

Rectum 

Levators 

Presacral 
faScia 

Rectum 

Hypogastric Presacral 
B nerves space 
FIG 9 • Poste r ior  pe lv ic  exposu re with the l i g hted St. Ma rk's 
retractor. A. The rectum is retracted a nter ior ly, expos ing  
the p resacra l space poster ior ly. The hypogastric nerves a re 
exposed and  shou ld  be swept poster ior ly and  away from the 
mesorectum .  Th i s  beg ins  the super ior  and  poster ior  port ion 
of the tota l mesorecta l exc i s ion .  B. The p resacra l p l ane  of  
d i ssect ion shou ld  be fo l l owed down to the levator m uscles 
and the pelv ic f loor. 
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FIG 1 0  • The poster ior  p l ane  of d i ssect ion proceeds i n  
a sem ic i rcu l a r  fash ion  t o  release t h e  posterolatera l recta l 
attachments and  to a l low a better a nter ior  retract ion on the 
rectum .  Th is  a l lows conti n ued exposure of the poster ior  p l ane  
of  d i ssect ion down to the pe lv i c  f loor  and  prevents vascu l a r  
and  nerve in ju r ies a long  the latera l pe lv ic wa l l s .  Mesorectu m 
(top arrow); presacra l  fascia (bottom arrow). 

• The a nter ior d i ssect ion is i n it iated with d iv is ion of the 
rectoves ica l  refl ect ion i n  men and  rectovag ina l  reflec
tion in women .  Mob i l izat ion i s  conti n ued anter ior to 
Denonvi l l i e rs' fasc ia ,  expos ing  the sem ina l  ves i c les i n  
men (FIG 1 1 ) and  t h e  vag i na  i n  women .  

• For poster ior  tumors i n  men,  cons iderat ion ca n be g iven 
to d i ssect i ng  poster ior  to Denonvi l l i ers' fascia as this may 
lower the r isk of i n ju ry to the nerv i  er igentes with con
com itant sexua l  dysfunct ion .  

• For d i sta l  tumors over ly ing the ana l  cana l ,  creat ing  a 
"wa ist" near  the tumor  when d iv id ing  the levators has 

FIG 11 • Transection ofthe latera l  rectal  l i gaments and a nterior 
pelvic d issect ion .  Postero lateral retract ion of the rectum a l lows 
for good exposu re of the lateral recta l l igament (the r ight one 
is shown here), which can then be transected with cautery or 
with an  energy device.  The anterior d i ssection wi l l  then proceed 
beh ind Denonvi l l iers' fascia, in the space between the rectum 
posterior ly, and the prostate and sem ina l  ves ic les anterior ly. 

been associated with i nadvertent bowe l perforation,  c i r
cu mferent i a l  marg in  i nvolvement, and  loca l recu rrence. 
An extended resect ion whereby the l evators a re resected 
at the i r  o r ig i n  can imp rove the aforement ioned onco
logic parameters. 

• The poster ior, l atera l ,  and  a nter ior d i ssect ions a re ca rr ied 
down to the l evel of the l evators c i rcumferent ia l ly. 

Dissection of the Perineum 

• Th i s  com ponent of the operation ca n be performed con
cu rrently with the abdom i n a l  d issect ion of the rectum .  

• Th i s  techn ica l  descr ipt ion is app l i cab l e  to a patient who 
has been p laced i n  the l i thotomy posit ion and  the legs 
a re e levated i n  Al len st i rrups .  D u ri ng  the abdomina l  com
ponent of the operat ion, the A l l en  st i rrups a re lowered 
such that the th ighs  a re level with the torso and a bdo
men, as th i s  fac i l itates p lacement of the self-reta i n i n g  re
tractor. For the per i nea l  d i ssect ion,  the A l l en  st i rrups a re 
e levated to fu l l y  expose the per i neum .  The se lf-reta i n i n g  
retractor s h o u l d  be reposit ioned if i t  p l aces p ressure on  
the th ighs  as they  a re e levated i nto posi t ion .  

• 

• 

The surgeon should have a separate e lectrocautery, with 
dedicated g round ing pad, and a separate suction to a l low 
the two operati ng teams to work independently. An instru
ment tab le  should a l so be assembled for the perineal d i s
section, and the i nstruments shou ld a lso be kept separate 
from those used in the abdomen and pelvis . The instru
ment set used i s  a major abdom ina l  set, with the add it ion 
of two Gelpi  retractors if they a re not inc l uded i n  the set. 
A monofi l ament suture (0-Pro lene) i s  used to c lose the 
anus pr ior  to i n it iat ing the d i ssect ion;  a l a rge  need le  
(CTX) i s  u sed  to p lace two ha lf-c i rc le th rows 1 em l atera l 
to the ana l  verge and  the anus  is c losed by tying  the su
tu re (FIG 1 2) .  Th i s  he lps prevent i nfect ious and  onco log ic  
so i lage of the per inea l  wound .  The su rgeon can perform 
this step at the beg i n n i n g  of the operat ion or  when the 
dec is ion to proceed with a n  APR is  made .  

• Two Ge lp i  retractors a re p laced i n  an "X" confi gu rat ion 
such that the anus and  per iana l  sk in  are adequately ex
posed for the inc i s ion and  subseq uent d i ssect ion (FIG 1 2) .  

• A c i rcu l a r  sk in  i nc i s ion is p laced around the ana l  verge to 
i nc l ude  a l l  of the a noderm as we l l  as a ma rg i n  of per i ana l  

F IG 1 2  • Closu re of  the anus  w i th  pu rse-str ing suture.  Th i s  
he l ps p revent i nfect ious and  onco log ic  so i l age  of  the per inea l  
wound .  
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FIG 13 • Peri nea l  d issect ion :  l atera l inc is ion around the 
ana l  ca n a l .  The inc i s ion i s  carr ied through the sk in  and 
su bcuta neous t issues.  

• 

• 

• 

• 

sk in .  The Ge lp i  retractors a re reposit ioned in s ide  of the 
sk in  inc i s ion to enha nce exposu re (FIG 1 3) .  A 3-cm mar
g i n  (rad iu s) around the c losed anus  is suff ic ient .  
D i ssect ion should i nc l ude  the externa l  sph i ncter m usc le  
as the su rgeon p roceeds towa rd the levator a n i  (FIG 14) .  
The  lym phatic-bear ing  t issue su rrou nd i ng  the ana l  ca na l  
shou ld  be inc l uded w i th  the speci men .  
The  Ge lp i  retractors shou ld  be reposit ioned to ma i nta i n  
exposure .  Handhe ld  R i chardson retractors c a n  a l so b e  
he l pfu l  and  a re h e l d  b y  t h e  surgeon's ass ista nt. 
As the externa l  sph incter, periana l  fat, and lymphatic tis
sue a re mob i l ized, the coccyx should be pa l pated to ensure 
that d i ssect ion proceeds a nterior to th is  structure .  The sur
geon in the abdom ina l  f ie ld shou ld p lace h i s  or her  hand 
posterior ly and serve as a gu ide  for  entry i nto the abdo
men (FIG 1 5) .  A cu rved Mayo scissors is used to div ide the 
anococcygea l l igament and levator ani  m uscle, which u lt i 
mately connects the abdom ina l  and per inea l  d i ssections.  
The tra nsect ion of the l evators sta rts poster ior ly an 
ter ior to  the coccyx (FIG 1 5) .  The  i ndex f i nge r  o f  the  
su rgeon is p l aced i nto the pelv is and  hooked on to  top 
of the l evator m uscle, p u l l i n g  it i nto the f ie ld .  Th i s  a l -

FIG 14  • Per i nea l  d issect ion :  d i ssect ion th rough  levator 
m usc le comp lex. 

FIG 15 • Per inea l  d i ssect ion :  poster ior  pa l pat ion of coccyx 
d u ri ng  per inea l  d issect ion .  The tra nsect ion of the levators 
sta rts poster ior ly a nter ior to the coccyx. The i ndex f inger  of 
the su rgeon i s  p laced i nto the pelv is and  hooked on to top of 
the levator m uscle, p u l l i n g  it i nto the f ie ld .  Th i s  a l lows for safe 
transect ion of the levator m usc l e  with e l ectroca utery. 

• 

• 

• 

• 

• 

l ows for safe transect ion of the levator m usc le with 
e l ectrocautery. The poster ior  and latera l component of 
the levator a n i  shou ld  be d iv ided fi rst, as the a nter ior 
d issect ion can be d iffi cu lt, espec ia l ly i n  a nter ior tumors.  
The surgeon's fi nger  should then gu ide  d iv i s ion of the 
per i nea l  body a nter ior ly. I n  women, th i s  com ponent of 
the d i ssect ion i s  comp leted a long  the rectovag i na l  sep
tum.  I n  men,  the su rgeon shou ld pay very c lose atten
t ion to the prostate g land a nter ior ly, as entry i nto the 
prostate ca n produce s ign if icant b leed i n g .  Fu rthermore, 
if the d i ssect ion i s  too a nter ior, entry i nto the mem bra
nous u rethra can occur. The appropr iate plane of d i ssec
t ion i s  a nter ior to Denonvi l l i e rs' fascia as  the a bdom ina l  
and  per i nea l  d i ssect ions a re connected .  
The spec imen,  now completely d isconnected p rox ima l ly 
and  d i sta l ly, is then extracted through the per i nea l  
wound .  The rectum shou ld  exh i b it a n  i ntact mesorectum 
with  no d i sta l  "wa ist i n g "  (FIG 1 6) i n  order  to ensure ex
ce l lent  onco log ic  outcomes.  
Anter ior  tumors i n  men can lead to loss of the normal  
p lane between the rectum and  p rostate or  even i nvas ion 
i nto the prostate.  I n  th i s  case, removi ng the p rostate en  
b loc with the rectum may  be the best way to  ach ieve a 
satisfactory onco log ic  marg i n .  
D iv i s ion o f  t h e  levator a n i  c i rcumferent ia l ly a l l ows 
remova l of the rectum through  the per i neum .  
The pelv is i s  i r r igated w i th  sa l i n e  and  hemostas i s  ach ieved 
before the per inea l  wound is  c losed . Persistent b leed i ng  
from the rema i n i ng  l evator an i ,  the p rostate, o r  vag i na  
may  be contro l led w i th  we l l -p laced suture l i gatu res. 

Closure of Perineal Wound 

• Once hemostas is  is ach ieved, the levator a n i  a re 
reapprox imated with i nterrupted 0-Vicryl sutu res. If the 
defect i s  l a rge  o r  i n suffic ient levator an i  m usc le rema in s, 
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FIG 1 6  • APR specimen .  The rectum shou ld  exh ib i t  an i ntact 
mesorectum (A) with no d ista l "wa ist i n g "  (B) in order to 
ensure exce l l ent onco log ic  outcomes. 

abdomen .  C losure of the peritoneum at the pelv ic i n let 
can a l so fac i l itate keep ing  the sma l l  bowel in the upper  
abdomen .  

• A closed suct ion dra in  is p l aced i n  the pelv is .  

Creation of Descending Colostomy 

• The site marked for the colostomy is identifi ed .  A Kocher  
c l amp is  used to l ift the sk in  at the center  of the mark 
and  a c i rcu l a r  sk in  inc i s ion i s  made approximately 2 em in  
d i ameter. 

• The subcuta neous fat is d iv ided long itud i na l ly, expos ing  
the anter ior rectus sheath, wh ich i s  d iv ided long itud i 
na l ly as wel l .  The rectus abdom inus  i s  b l u nt ly sepa rated 
and the poster ior  rectus sheath i s  d iv ided long itud i n a l ly. 
Handhe ld  Army-Navy retractors can fac i l itate exposure .  
The open i ng  for the colostomy site should snugly accom
modate two f ingerbreadths.  

• The descend ing  co lon  shou ld  be suffic iently mob i l ized 
to a l l ow a tens ion-free anastomosis between the colon 
and the sk i n .  I n  pat ients with a th ick layer of abdom ina l  
fat, add it iona l  length can be obta ined by  mob i l i z i ng  the  
sp l en i c  f lexure.  If excessive tens ion at the sk in  pers ists, 
matu r ing  the stoma as  a loop-end can be the best option .  

• Rei nforc ing the colostomy site with a retrorectus b io log ic  
mesh can decrease the inc idence of pa rastoma l  hern ia  
format ion .  

cons iderat ion shou ld  be g iven to  c losu re w ith  a vert ica l  • The abdom ina l  facia is c losed in a sta ndard manner. 
rectus abdom inu s  myocuta neous (VRAM) f lap .  • 

• The more su perfic i a l  l ayers a re seq uent i a l ly c losed with 
i nterrupted 2-0 Vicryl sutu res and the skin can be reap-
prox imated with i nterru pted 4-0 Monocryl sutures. • 

• A mobi l ized omenta l f lap can be used to fi l l  the pe l 
v ic cavity and  he lp keep the smal l  bowe l i n  the u pper 

The sta p le  l ine on the co lon i s  removed with cautery and 
the stoma is  matured to the dermis with i nterrupted 3-0 
absorba b le  suture.  
Ster i l e  d ress ings  and  a stoma app l i a nce a re p l aced such 
that the sk in su rround i ng  the stoma i s  comp letely p ro
tected with the wafer of the app l i a nce. 

PEARLS AND PITFALLS 
D ig ita l  recta l exa m and  
r ig id  proctoscopy 

U retera l  stent p lacement 

Pelvic d i ssect ion 

Per i nea l  phase 

Colostomy site 

Pe r inea l  c losu re 

Posit ion i n  st i rrups 

Omenta l f lap 

• Shou ld  a lways be performed at i n it i a l  consu ltat ion as les ion may decrease i n  s ize afte r neo
adjuvant chemorad iat ion 

• Bu lky pelvic tumors present a cha l lenge and u retera l stents may assist i n  the identification of the u reters. 
• Poster ior  fi rst (a long the p resacra l p l ane) 
• Latera l  d i ssect ion/transect ion of the late ra l recta l l i gaments: Avo id  i n ju ry to autonomic  trun ks and  

gen ita l nerve branches that  wou ld  l ead to a utonomic  dysfunct ion postoperative ly. 
• Anter ior  d issect ion :  Stay ing  ins ide  of Denonvi l l i ers' fascia red uces the i nc idence of i n ju ry to 

a utonomic  nerves to the p rostate. B u l ky a nter ior les ions may necessitate d issect ion anter ior 
to Denonvi l l i e rs' fasc i a .  

• Perform a c i rcu mferent i a l  d i ssect ion .  Avoid "con izat ion " of  the speci men .  The specimen shou ld  
have a n  i ntact mesorectum without a "waist" effect d ista l ly. 

• A locat ion latera l  to the rectus m uscu lature i ncreases the l i ke l i hood of per istoma l  hern ia .  
• Fo l lowing neoadjuvant chemorad iat ion,  a pedic led f lap  c losure to the per i neum wa rra nts 

cons iderat ion in patients at h i gh  risk for wound b rea kdown ( i .e . ,  obese, d i abetes, h i story of 
tobacco use) .  

• Padded and posit ioned to avo id  peroneal nerve i n ju ry 
• Save the omentum, mob i l ize the omental pedic les, and place omental f lap i nto pelvic defect. This may 

prevent sma l l  bowel from becoming entrapped i n  the new "potent ia l "  space created i n  the pelvis . 
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POSTOPERATIVE CARE 
• Recent evidence has demonstrated enhanced recovery after 

surgery pathways to improve a number of important post
operative outcomes following colorectal surgery. 

OUTCOMES 
• Survival from rectal cancer after multimodality treatment 

is dependent on disease stage. Overall 5-year survival is 
approximately 90% for stage I, 74 % to 65% for stage II, 
and 8 1 %  to 3 3 %  for stage III of disease. Development of 
distant metastasis occurs in less than 1 0 %  in patients with 
stage I disease but increases up to 2 8 %  and 50% in patients 
with stages II and III rectal cancers, respectively. 

• Local pelvic recurrence of rectal cancer is also dependent on 
tumor and nodal stage. Local recurrence is 5% or less for 
patients with stage I rectal cancer but increases to 15% for stage 
II disease and 22% for stage III disease. If a pelvic recurrence 
can be treated with a margin-negative surgical resection, 5-year 
survival can approach 40% .  Often, this requires a pelvic exen
teration, which demands a multispecialty surgical approach. 

COMPLICATIONS 
• Wound infections 
• Incisional hernias 
• Urinary/sexual dysfunction: important to preserve hypogas

tric nerves and parasympathetic ganglia intact 

• Ureteral injury: critical to identify the left ureter prior to 
IMA transection 

• Deep vein thrombosis (DVT) :  lower risk with use of ade
quate DVT prophylaxis 

• Cardiac and pulmonary complications 
• Pelvic abscess: reduced incidence with placement of an 

omental pedicle flap in the pelvis. 
• Perineal wound breakdown is a notorious problem, espe

cially in high-risk patients . 
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DEFINITION 
• An abdominoperineal resection, or APR, involves removal 

of the anus, the rectum, and part or all of the sigmoid colon 
along with the associated regional lymph nodes, through in
cisions made in the abdomen and perineum. The end of the 
remaining colon is brought out as a colostomy. 

• The laparoscopic abdominoperineal amputation of the 
rectum is a totally laparoscopic intervention, as specimen 
removal is performed through a perineal excision with
out compromising the oncologic aspect of the surgical 
procedure. 

INDICATIONS 
• Indications for laparoscopic APR: 

Rectal cancer: when unable to obtain a negative distal 
margin and/or in patients with poor sphincter function or 
severe comorbidities 
Anal cancer: after failure of chemotherapy/radiation ther
apy or in the palliative setting 
Inflammatory bowel disease ( i .e . ,  Crohn's with severe 
perianal disease) 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Most patients with rectal tumors generally present after an 

incidental finding during screening colonoscopy or with 
occult bleeding and anemia. 

• A thorough history and physical examination should include 
the following: 

Presence of rectal pain and/or tenesmus 
Presence of obstructive symptoms 
Description of anorectal function, with any fecal inconti
nence or leakage documented preoperatively 
Documentation of urinary and erectile function/dysfunction 
A detailed personal and family history of colorectal cancer, 
polyps, and/or other malignancies 

• Physical examination should include the following: 
Routine abdominal examination, noting any previous 
lllCISIOnS 
Digital rectal examination with assessment of sphincter 
function 
Bilateral inguinal nodal examination 
Rigid proctoscopy is arguably the most critical portion of 
the physical examination and is the key to proper patient 
selection of patients for an APR. 

• Proctoscopy should be standardized and documented at 
minimum. 

The distal and proximal extent of the lesion measured 
from the anal verge 
Exact position of the lesion and extent of the rectal 
circumference involved 
Presence or absence of fixation to perirectal structures 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A colonoscopy with documentation of all polyps should be 

performed. Suspicious lesions should be tattooed to facili
tate localization during surgery. 

• Staging with endorectal ultrasound or rectal magnetic reso
nance imaging (MRI) should be performed to determine the 
need for neoadjuvant therapy and to plan operative strategy. 
A computed tomography (CT) of the chest, abdomen, and 
pelvis evaluates for potential metastases. 

• A preoperative carcinoembryonic antigen level should be 
obtained. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Informed consent is obtained preoperatively. The patient 
has been informed of the necessity to perform a definitive 
colostomy. 

• The colostomy site is marked by a skin tattoo the evening 
before the intervention. 

• We follow the Society of American Gastrointestinal and Endo
scopic Surgeons' (SAGES) bowel preparation guidelines. 

• Appropriate intravenous antibiotics are administered within 
1 hour of skin incision. 

Equipment and Instrumentation 

• 10-mm, 0-degree camera (30-degree camera is optional) 
with high-resolution monitors 

• Laparoscopic endoscopic scissors and a blunt tip, 5-mm 
energy device ( 1 0-mm in obese patients ) 

• Laparoscopic linear staplers 

Positioning and Port Placement 

Patient setup 
• Patient setup is a major operative step. 
• The patient should be adequately secured to the table. 
• Adequate padding is essential to prevent nerve and venous 

compressions. 
• The patient is placed in a supine position with a cushion 

placed underneath the left flank in order to obtain a moder
ate lateral decubitus, which will retract bowel loops toward 
the right part of the abdomen. 

• A rotation to the right and a caudal head tilt (Trendelenburg 
position) will help to retract bowel loops by means of gravity. 

• The patient's legs will then be spread apart in a semiflexion 
using adjustable leg supports to allow for a double abdomi
nal and perineal access. 

• One should control the perfect positioning of the buttocks at 
the distal edge of the table to allow for an easy access to the 
anal and perineal area. 

-
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FIG 1 • Team setup .  Su rgeon (1). F i rst ass istant (2) . Second ass ista nt (3). Scrub n u rse (4) . Anesthes io log i st (5) . 

• The arms are padded and tucked alongside the body. 
• An orogastric tube is inserted; it will be removed at the com

pletion of the surgery. 
• A Foley catheter is inserted; it will be left in place for 24 hours. 

Team positioning 
• This procedure is performed with two assistants and a scrub 

technician. 
• A table is prepared for the abdominal part of the intervention. 
• A second table is used for the peritoneal part of the operation. 
• During the abdominal part of the procedure (FIG 1 ) ,  the sur

geon stands on the right flank of the patient, his or her first 
assistant lateral to the patient's right shoulder, and the sec
ond assistant in between the patient's legs. The scrub tech
nician is then located to the right of the surgeon lateral to 
lower limbs. 

• During the perineal part of the procedure, the entire team 
shifts toward the extremity of the table once the perineum 
has been exposed. 

• The monitors are placed in front of the operating team and 
at eye level to improve ergonomics. 

Port placement 
• One 1 2-mm supraumbilical port (port A)  is introduced first 

using a mini-open technique. It will be used to accommodate 
the camera ( FIG 2 ) .  

• Two other ports, a 5-mm port i n  the right flank (port B)  and 
a 12-mm port in the right iliac fossa (port C), are used as 
operating ports ( FIG 2 ) .  

• The fourth port i n  the left flank a t  the level o f  the umbili
cus is inserted through the rectus muscle (port D, 5 mm in 
diameter ) ,  where the colostomy will be performed ( FIG 2 ) .  

• The last port introduced i n  the suprapubic area (port E, 
12-mm in diameter) is used for pelvic retraction and for 
exposure of the sigmoid colon's root ( FIG 2 ) .  

• Port fixation i n  the wall should b e  perfect i n  order t o  prevent 
any risk of parietal injury and to prevent increased operative 
times due to a loss in abdominal pressure. One should not 
hesitate to fix ports to the skin. 

• Additional ports may be used in case of difficulty in ex
posure. In this case, a port will be positioned in the right 
hypochondrium (port F) to retract the ileocecal area. This is 
particularly useful in obese patients. 

B 

FIG 2 • Port p lacement .  A. Optica l  port (A). Work ing ports (B, C). 
Retract i ng  ports (D,E). Add it iona l  retract ing  port (F) . B. Externa l  
v iew from the left s ide of the patient.  
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LAPAROSCOPIC ABDOMINOPERINEAL 

RESECTION 

Exploration and Exposure 

• The i ntervent ion is beg u n  by an exp lorat ion of the 
abdom ina l  cavity to locate the tumor and  eva l uate for 
poss ib le  metastases. It a lso a l l ows to expose the pelvis 
and to eva l uate the length and q u a l ity of the s igmoid  
loop ,  wh ich w i l l  a l low determ i n i n g  the type of mob i l iza
t ion of the left co lon and  of the sp len i c  f lexure.  

• The tumor's identif icat ion may be necessa ry and  espe
c ia l ly so for tumors located p roxi ma l ly. Combined en
doscopy may be req u i red in cases where a n  effect ive 
preoperative mark ing  cou l d  not be performed on  the 
day before the intervent ion .  

• Exposu re is imp roved by p lac ing  the patient i n  a 
Trende lenburg posit ion with the ta b le  t i lted to the r ight.  

• I n  women, exposu re of the poster ior  pelv is and  of the rec
tovag i na l  (Doug las') pouch can be obta i ned by d i rect or 
i n d i rect suspens ion of the uterus by means  of the T'LiftTM 
(VECTEC, F rance) tissue retract ion device (FIG 3A,B) or 
suprapub ic  transpa r ieta l sutures (FIG 4A,B) .  

• Viscera l obes ity ( i n  ma le  patients) is more i n ca pacitat ing  
than  su bcutaneous obes ity ( i n  fema le  patients) .  The use 
of retractors i s  very he lpfu l .  

Primary Vascular Oncologic Approach to the 
Sigmoid Colon 

• As for a ny oncologic surg ica l procedu re, a pr imary vascu l a r  
approach i s  the ru le .  

FIG 3 • T'LiftTM t i s sue retract ion system .  A. T'LiftTM t issue 
retract ion system passed through the round  l i ga ment.  B. Pelvic 
exposu re i n  women after b i latera l uter ine suspension with 
T'LiftTM t issue retract ion system .  

FIG 4 • A .  Tra nspa r ieta l suprapub i c  sutu res for uter ine  
suspens ion .  B. Exposu re of the pe lv i s  i n  women after 
transpa r ieta l suprapub i c  suture uter ine  suspens ion .  

• I n  rectos igmo id  cancer, one  shou ld  app roach the  i nfe
r io r  mesenter ic  vesse l s  at the i r  o r i g i n  in order  to per
form a n  "en  b l oc"  remova l of a l l  l ymph nodes associated 
with the  rectos igmo id  j u n ct ion  (D3 resect ion) .  It  does 
not p revent the potent i a l  preservat ion  of the  p roxi m a l  
i nfe r io r  mesenter ic  a rtery ( I M A) a n d  o f  the l eft co l i c  
a rtery (LCA) . 

• We a lways sta rt with a p r imary approach to the I MA. 
The i nfer ior  mesenteric ve i n  ( IMV) i s  then approached in 
order to p revent any venous over load re lated to the late 
l i gat ion of the I MA.  

• Once the root of the s igmoid  mesoco lon has been ex
posed, the left retroperitonea l  space is opened by inc i s ing 
the poster ior  peritoneum from the a nter ior aspect of the 
promontory u p  to the l eft border of the duodenojej u n a l  
j unct ion ( l igament o f  Tre itz) (FIG SA) .  

• Once the retroper itoneum has  been opened, d issect ion 
i s  i n it i ated opposite the promontory on the poster ior  
aspect of the i nfer ior mesenter ic vascu l a r  sheath ( i .e . ,  the 
su per ior  recta l a rtery at th i s  l eve l ) .  Th i s  step i s  fac i l itated 
by the a nter ior tract ion  on  the mesoco lon,  wh ich i nduces 
the pneu mod issect ion of the retrovascu l a r  space, thanks 
to i ntraabdom ina l  ca rbon d ioxide  pressu re .  

• 

• 

Dissect ion is carr ied on in contact with the vascu l a r  
sheath cra n i a l ly u nt i l the o ri g i n  of  the IMA on the aorta .  
The d i ssect ion is cont inued from caudad to cepha lad  i n  
contact with the  a rtery, which i s  skeleton ized over approx
imately 2 em in order to ach ieve l igat ion and d iv is ion 1 or 
2 em away from the aorta (FIG 58) .  
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FIG 5 • Dissect ion of the I MA.  A. Open ing  of the l eft retroper itoneal  space by inc i s ing 
the poster ior  per itoneum from the a nter ior  aspect of the promontory to the l i ga ment 
of Tre itz. B. The I MA has  been d i ssected 1 to 2 em from the aorta .  

• This  techn i que  a l l ows preserv ing sym pathetic nerve p lex- • 
uses, which cou rse a long  the aorta on its r ight a nter ior 
aspect. 

The I MV is then transacted at the level of the l i gament 
of Tre itz with the L igaSureTM vesse l-sea l i ng  device or i n  
between c l i ps .  

• Div is ion of the IMA is performed with the L igaSureTM 
vesse l-sea l i n g  device us ing  a l i gat ion with a loop on the 
IMA stu mp .  

Mobilization and Division o f  the Sigmoid Colon 

• 

• 

• 

Once the IMA has  been d iv ided, the ass ista nt stand i ng  • 
between the patient's legs w i l l  g rasp the a rtery us ing  a n  
atra u matic forceps i ntrod uced i nto t h e  suprapub ic  port • 
(port D) and  app ly a nter ior tract ion to idea l ly expose d is
sect ion p l a nes in contact with the l eft poster ior  and lat-
era l  aspects of the a rtery. 
It he lps to preserve the nerve plexus in contact with the a rtery, • 
and notably the left sympathetic trunk of the neurovegeta-
tive system that wi l l  be progressively freed and parieta l ized. 
The next operative step w i l l  be to ident ify the I MV latera l  
to Tre itz's f lexure u nderneath the i nfe r ior  edge of the • 
pancreas (FIG 6A) .  

O u r  ma i n  objective i s  to perform a med ia l  to latera l 
mob i l izat ion of the mesoco lon .  
A med ia l  to latera l mob i l izat ion of  the s igmoid  co lon  
a l l ows for tract ion on the upper  rectum with  a perfect 
exposure of the a nter ior, poster ior, and  latera l aspects of 
the rectum .  
Mob i l izat ion of  the mesoco lon i s  performed us ing  a me
dia l  to latera l a pproach (FIG 6A,B) by open i ng  the p l ane  
between To ldt's fascia a nter ior ly and  Gerota 's fascia 
poster ior ly . 
The d i ssect ion is carr ied l atera l ly u nt i l  the poster ior  
aspect of the descend ing  colon i s  reached latera l ly. 

FIG 6 • Med ia l  to l atera l mob i l izat ion of the mesoco lon and  IMV transect ion .  A. IMV tra nsect ion 
at the leve l  of the l i gament of Tre itz. The IMA was p revious ly transected off the aorta .  The 
retroper itonea l  structu res a re exposed .  B. The mesoco lon i s  sepa rated from the retroper itoneum 
(Gerota's fascia) us ing  a med ia l  to l atera l approach .  
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FIG 7 • A,B. Latera l mobi l ization of the s igmoid loop by d ividing 
the lateral attachments to the abdom ina l  wa l l  (dotted line). The left 
u reter and gonadal vesse ls are visual ized in the retroperitoneum. 
C. l ntracorporea l d ivision of the proximal s igmoid colon with an Endo 
G IA1M l i near stapler. 

• Ca uda l ly, the d i ssect ion  is carr ied toward the  pe lv ic  • 
i n l et .  One  shou ld  be ca ut ious when i n  contact with the 
aorta as  we l l  as  with the l eft i l i ac  vesse l s  where nerve 
ram i  of the super io r  hypogastr ic sym pathet ic p l exus 
rou��. • 

• The left u reter is i dentif ied d u ri ng  the d i ssect ion .  It i s  
l ocated between the aorta and  the gen ita l vesse ls, we l l  • 
protected by Gerota's fasc ia .  

• Mob i l izat ion of the s igmoid  co lon is comp leted with a 
d iv i s ion of its latera l attachments to the abdom ina l  wa l l  
(FIG 7A,B) .  

Hea ld 's pr inc ip les re l y  on the d i ssect ion of  the space 
located between the fascia propria of the rectum and  
the p resacra l fascia poster ior ly, the latera l  pe lv ic fascia 
l atera l ly, and Denonvi l l i ers' fascia a nter ior ly. 
I n  APR, the i nfer ior  l i m it of the d issect ion w i l l  depend on 
tumor's s ize and  on i ts  d ista l locat ion .  
It  i s  not recommended to d issect i n  rontact with  the 
tumor  i n  a con i ca l  way but rather i n  a cyl i nd r ica l  manner. 
That is why d i sta l d i ssect ion is performed us ing  a per inea l  
approach as  proposed by M i les .  

• Div is ion of the s igmoid  loop is then performed i ntraror
porea l ly with a n  Endo G IA1M l i near  sta p le r  (FIG 7C) . 

Posterior Dissection of the Rectum 

• Mob i l izat ion of the sp len i c  f lexure is not performed rou
t inely i n  APR cases.  

Dissection of the Rectum According to the Total 
Mesorectal Excision (Heald's) Technique 

• The pr inc ip le  of tota l mesorecta l exc i s ion (TM E) re l ies  on  
the study of  the embryo log ic  deve lopment of  the pelv is  
and  of organs located with i n  it . A surgica l  i ntervent ion 
cannot be envisaged without a deta i l ed knowledge of 
pelv ic and  fascia l  anatomy (FIG SA) that i s  essent ia l to 
obta i n i n g  appropr iate su rg i ca l  spec imens .  

• 

• 

• 

Once the s igmo id  co lon has  been mob i l ized, a cran i a l  
and  a nter ior tract ion i s  exerted on  the rectum i n  o rde r  to 
expose the poster ior  aspect of the upper  rectum .  
The presacra l space ( FIG SB,C ) i s  opened  under  the  
effect of  tract ion and  of  pneumoper itoneum pressu re, 
a long  with an atraumat ic a nter ior retract ion of the pos
ter ior recta l wa l l-a sma l l  swa b at the tip of an atra u
matic g rasper i s  used.  The tracts, wh ich cross the space, 
a re d iv ided by means of a 2-mm e lectrode located at the 
t ip  of a L igaSure Adva nce 1M vesse l-sea l i n g  device. 
D i ssect ion shou ld  be conti nued toward the pelv ic f loor . 
When p rog ress ing  downward, d i ssect ion shou ld  conti nue  
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a long  the p resacra l fascia unt i l  it fuses with the fascia 
propria (Wa ldeyer's fasc ia) .  

• Dur ing  th i s  d i ssect ion,  l eft and  r ight branches of the i n 
fer ior  hypogastric p lexuses can be observed .  The latera l  
pe lv ic fasc ia  protects them a long the pelv ic s ide wa l l s  
(FIG 9A) .  

Lateral Dissections of  the Rectum 

• Cran i a l  and  med ia l  retract ion is ma i nta i ned on the rec
tum in order to open the latera l pe lv ic space. Th i s  step is 
beg u n  on the r ight s ide .  

• The per itoneum is i ncised unt i l  sem ina l  ves ic les a re 
reached.  Under  the effect of pneumoperitoneum pres
su re and of med ia l  retract ion,  par ieta l i zat ion of the 
i nfer ior  hypogastric p lexus and espec ia l ly of the sacra l 
branches (3rd and  5th sacra l nerves, pa rasym pathetic 
nerves respons ib le  for male erect ions) i s  carr ied on 
(FIG 9A) .  Care i s  taken to avo id  v io lat ing the par ieta l  
endope lv ic fascia .  

• Between th ree and  five nerve branches can be observed 

I-- Antenor 

FIG 8 • Poster ior  d i ssect ion of the 
rectu m .  A. Anatomy of pelv ic fasc ias 
( i n  male patients) . B. Presacra l  ho ly 
p lane between the presacra l fascia 
and fascia propria of the rectum in a 
ma le  pelv is .  The d issect ion is carr ied 
a long the dotted lines. C. Su rg i ca l  
v iew of the presacra l ho ly  p lane .  

Anterior Dissection of  the Rectum 

• I n  order to open and  d issect the space between the a nte
rior aspect of the rectum and Denonvi l l i e rs' aponeurosis, 
m i n ima l  cra n i a l  and poster ior  tract ion shou ld  be ma in 
ta i ned on  the rectum;  Denonvi l l i e rs' aponeurosis s hou ld  
be retracted a nter ior ly. 

• Retract ion is usua l ly easy to perform in fema le  patients. 
I n  ma le  patients, especia l ly obese ones, this step is more 
d ifficu lt. We recommend the use of specific retractors 
deve loped by KARL STORZ (Endo-RetractorsTM) in order 
to reproduce the techn ique used i n  open surgery with 
St. Mark's retractor. It is the use of the th ree-d i rect iona l  
retraction described by Hea ld 's (3-D retraction), which en
su res a safe d issect ion of the anterior aspect of the rectum.  
• The p lane of anterior d i ssection can be carried either 

anterior or  posterior to Denonvi l l iers' aponeurosis 
(FIG 10A.B) .  I n  advanced recta l cancer, it may be nec
essa ry to stay anterior to Denonvi l l iers' aponeurosis; i n  
t h i s  case, t he  r isk o f  gen ita l nerve inju ry ( impotence) i s  
m uch h igher. 

cross ing  the space between the fasc ia  and  the rectum • Dissect ion is not pu rsued fa rther  than the i nfer ior po le  of 
the p rostate. 

• 

(FIG 9B) .  These branches w i l l  be d iv ided after skele-
Ion izat ion i n  order to preserve the tru n ks and  prostat ic 
branches as m uch as poss ib l e  (FIG 9C) . 
The least tra u matic d issect ion seems to be the one per
formed by means of the L igaSure Adva nceTM device 
with a 2-m m monopo lar  e lectrode, a n  energy level of 
1 5  Watts be ing cons idered suffic ient .  

Extraperitoneal Colostomy Technique 

• Pr ior to i n it iat i ng the per i nea l  part of the procedu re, the 
s igmoid co lon i s  d iv ided us ing the Endo G IA® l i near  sta
p le r  after en  bloc d iv i s ion of the mesoco lon .  
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FIG 9 • Latera l d issect ion of the rectum .  A. The recta l branches 
of the i nfer ior  hypogastric p lexus traverse a long the so-ca l l ed 
l atera l recta l l i gament .  B. The l atera l recta l l igament on the 
r ight s ide of the d ista l rectum has  been ske leton ized.  The viscera l 
ne rve branches to the rectum and  p rostate or ig inat ing  from the 
l atera l i nfer ior  hypogastric p lexus tru n k  can be seen .  C. The recta l 
branches of the latera l i nfer ior  hypogastr ic p l exus a re se lect ively 
transected (dotted lines) with the L iga5ure1M device. The p rostatic  
branches and  the p lexus tru n k  a re preserved i n  order to avo id  
u r i na ry and  ejacu latory autonomic dysfu nction .  

Pat ient q u a l ity of  l ife w i l l  depend  on a n  adequate 
colostomy tech n ique .  We prefer a preper itonea l  termi
na l  colostomy tech n ique  p roposed i n  open su rgery by 
Go l i g her. • 
The objective is to l i m it the r i sk of per istoma l  eventrat ion 
and  stoma l  pro la pse, which i s  a l l  the more freq uent i n  
l aparoscop ic  su rgery as the r i s k  o f  i ntraabdom ina l  ad he- • 
s ions  is l ow. 
Once colostomy locat ion has  been determ ined, pref
erab ly in the l eft transrecta l space at the l eve l of the 

u m b i l i cus, the sk in  i s  i n c ised over 5 to 6 em, and  the sub
cuta neous t i ssue is i ncised unt i l  the a poneurosis of the 
rectus sheath i s  reached .  
M uscu l a r  fi bers a re then retracted to expose the poste
r ior  leaf let of the aponeurosis that i s  i n c ised vertica l l y  to 
v i sua l ize the peritoneum,  which i s  p reserved .  
I t  is then necessary to detach the peritoneum from the poste
rior aspect of the rectus sheath aponeurosis, moving toward 
the left paracol ic  gutter and staying posteriorly to the apo
neurosis of the transverse and obl ique abdomin is  muscles. 

FIG 10 • Anter ior  d i ssect ion of the rectum .  A. The d i ssect ion can be ca rr ied e ither a nter ior (red 

arrow) or poster ior  (white arrow) to Denonvi l l i e rs' fasc ia .  B. Su rg ica l f ie ld  after a nter ior d i ssect ion .  
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FIG 11 • Laparoscop ic  extra peritonea l  end  colostomy. 
A. Atrau matic b l u nt H retractor accord i ng  to Leroy. 
B. Preperitonea l  tunne l izat ion with the H retractor. 
C. Preperitonea l  co lon i c  posit i on i ng .  

• A tunne l  is then created .  It jo ins  the i ntraabdom i n a l  de- • The ana l  open i ng  is c losed by a pu rse str ing  (FIG 1 2A) .  
The sk in  inc i s ion i s  genera l ly vert ica l  and  e l l i pt ica l ,  away 
from the tumora l  a rea in case of sph i ncter ic  i nvasion .  
Once a retract ing  system (e ither a Ge lp i  retractor 
[FIG 12B] or the self-reta i n i ng Lone StarrM [CooperSu rg i 
ca l l nc] retractor system) has been  p laced on the inc i s ion 
marg i ns, d i ssect ion of deep structu res is  performed i n  a 
c i rcu l a r  fash ion  fi rst us ing the e lectrocautery and  then 
us ing  the L igaSure At las® vesse l-sea l i n g  device o r  u ltra
son i c  scissors. 

tach ment of the left f l ank  per itoneum performed du r i ng  
mob i l i zat ion of  the s i gmo id  and  left co lon .  

• The tunne l  is fash ioned with a boug ie  o r, even better • 
cu rrently, u s ing  an atra u mat ic b l u nt H retractor accord-
ing to Leroy (KARL STORZ, Tutt l i ngen ,  Germa ny), the 
extrem ity of which may be angu lated and en l a rged to 
obta i n  a tunne l  more adapted to the size of the co lon 
(FIG 1 1 A) .  

• Dur ing  d i ssect ion,  a permanent lapa roscop ic  contro l 
he l ps to check the route and  the width of the tunne l  
(FIG 1 1 B,C) . 

• I n  order to retrieve the colon,  a long lapa roscop ic  forceps 
i s  i ntroduced i nto the tunne l .  The extrem ity of a Vicryl® 
purse str ing (Eth iconTM) i s  g rasped and taken out through 
the co lostomy sk in  inc i s ion .  Control i s  performed to make 
su re that the co lon is perfect ly posit ioned .  

• The colostomy w i l l  be matured as usua l  after c losu re 
of a l l  wounds by fixi ng the co lon i c  serosa to the dermis  
with  e ither i nterrupted or  runn ing sutu res us ing  a rap id  
resorpt ion sutu r ing  mater ia l  (Monocryl® 3-0, Eth iconTM) .  
Stitches transfix the dermal layer and extra mucosa l layer 
of the co lon .  

Perineal Dissection 

• Once the per inea l  reg ion  has  been perfectly exposed, the 
ent i re tea m i s  posit ioned opposite the per i neum .  

• 

• 

• 

• 

• 

• 

It is essent ia l  to m a i nta i n  d i ssect ion a long a vertica l axis 
i n  order to prevent any conical route. Therefore, the 
i nfer ior  recta l vesse l s  and the levator ani m uscles shou ld  
be d iv ided as latera l ly as  possi b le .  
Poster iorly, the d i ssect ion is d i rected toward the coccyx 
and to the presacra l a rea to f ind the poster ior pelvic p lane .  
Anter ior ly, the d issect ion i s  more subt le .  I n  ma l e  patients, 
it i s  recommended to stay dorsa l  to the u reth ra without 
i n ju r i ng  or  devascu la r i z ing  it . 
More cra n i a l ly, the d i ssect ion i s  ca rr ied dorsa l to the pros
tate u nt i l  reach ing  the anter ior pelv ic d issect ion p lane .  
I n  fema le  patients, the d issect ion i s  eas ie r  and  it p roceeds 
dorsa l to the vag i na .  
Some  authors suggest a n  extens ion of  the l atera l d is
sect ion,  a lso ca l led " extended APR, " " extra levator ab
domi noper inea l  exc i s ion (ELAPE), " " cy l i nd r ica l  APR, " or  
" Ho lm  cyl i nd r ica l  abdom i noper i nea l  exc is ion . "  Th i s  may 
be u n necessa ry, espec ia l ly afte r rad iochemothera py. 
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FIG 1 2  • Peri nea l  d i ssect ion .  A. Closure of ana l  can a l  with a purse-str ing and  e l l i pt ica l  sk in  i nc i s ion .  B. Cyl i nd r ica l  d i ssect ion 
of the d i sta l rectum is fac i l itated by the use of Ge lp i  retractors. 

Specimen Extraction, Perineal Closure, and 
Colostomy Completion 

• Spec imen extract ion is performed through the per i nea l  
i n ci s ion .  

• In order to obta i n  a good onco log ic  outcome, it is nec
essa ry to obta i n  a cyl i nd r ica l  specimen with a n  i ntact 
mesorectum and  without a waist effect, removing  the 
spec imen a long with the l evator an i  f ixed to the anus 
(FIG 1 3) .  

• Tota l hemostas is  of the pelv is is then contro l led through 
the per i nea l  inc i s ion .  

• 

• 

• 

• 

Once two suct ion dra ins  have been p l aced (either  1 2-Fr  
Redon dra in  o r  1 4-Fr  B lake d ra i n) i n  the p resacra l  space, 
the per i nea l  inc i s ion is then c losed in layers. 
The deep ce l l u la r  ad i pose p l ane  is rea pproximated us ing 
a n  a bsorbab le  suture.  
An omentopl asty may be used to fi l l  the pelv ic space 
and  to l i m it the r isk of per ineal  hernia and  u r i na ry dys
funct ion due  to a poster ior  fa l l i n g  of the u r i na ry tract 
(FIG 14) .  
The extens ive cyl i n d r ica l recta l resect i on  does n ot 
a l low to rea pp roxi mate the  m uscu l a r  p l a n e  of the  
levator a n i .  

• The sk in  is c losed us ing i nterru pted sutu res. 
• The i ntervent ion is a lways comp leted with a f ina l lapa ro

scop ic  exa m i nat ion of the abdom i n a l  and pelv ic cavity. 

FIG 1 3  • Cyl i nd r ica l  speci men with an i ntact mesorectum (A) FIG 14 • An omenta l ped ic le  f l ap  is used to ob l iterate the pelv ic 
without a wa ist effect (B) .  space after resect ion .  
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PEARLS AND PITFALLS 
Anatomy and  embryology • Deta i led knowledge of the pelv ic fascia l  structu res and t issue p la nes i s  essenti a l .  

Preoperative • Adequate stag i ng  with co lonoscopy and  appropr iate imag ing  is i m portant i n  determ i n i n g  the 
need for a n  APR.  

Setup  • Precise operati ng  room (OR), patient, and  tea m setup i s  cr it ica l  to success. 

Techn ique  • Med ia l  to l atera l d i ssect ion of  the mesoco lon 
• High IMA transect ion 
• Pe lv ic  d issect ion :  

• Poster ior  fi rst (a long the presacra l " holy p l ane" )  
• Latera l  d issect ion/transect ion of  the " l atera l recta l l i gaments " :  Avo id  i n ju ry to a utonomic  

trun ks and  gen ita l  ne rve branches that  wou l d  lead to a utonomic dysfunct ion postoperative ly. 
• Per inea l  phase :  Perform a c i rcumferent ia l  d i ssect ion .  
• Avoid  "con izat ion"  of the specimen .  
• The speci men shou ld  have a n  i ntact mesorectum without a "wa ist" effect d i sta l l y. 
• "Tunne l izat ion"  of the colostomy in the abdom i n a l  wa l l  m i n i m izes pa rastoma l  hern ias .  

Postoperative care • Driven by a c l i n ica l  pathway 

POSTOPERATIVE CARE • Urinary/sexual dysfunction: It is important to preserve auto-

• Postoperative care is driven by clinical pathways that m-
clude the following: 

Pain control: Intravenous acetaminophen for 24 hours (start 
in the OR) followed by intravenous ketorolac for 72 hours 
(if creatinine is normal) .  The transversus abdominis plane 
(TAP) nerve block greatly reduces the need for narcotics. 
Deep vein thrombosis (DVT) prophylaxis with enoxihep
arin, starting within 24 hours of surgery. 
No additional antibiotics, judicious use of intravenous fluids 
No nasogastric tube. Remove Foley catheter on postopera
tive day 1 .  Remove pelvic drains on postoperative day 2 or 3 .  
Early ambulation, diet ad lib, aggressive pulmonary toilet 
Use soft pillow/jelly doughnut while seating. 
Targeted discharge: postoperative day 3 or 4 

OUTCOMES 
• Laparoscopic APR leads to improvements in short-term out

comes, including less pain, faster recovery, shorter hospital 
stay, and lower incidence of cardiac/pulmonary complica
tions when compared to open surgery. 

• For cancer resection, laparoscopic APR oncologic outcomes 
are at least comparable to those of open surgery. TME with 
an intact mesorectum is critical to minimize locoregional 
treatment failures .  

COMPLICATIONS 
• Wound infections and hernias 
• Perineal wound infection/dehiscence and pelvic abscess inci

dence are reduced with the use of an omental pedicle flap to 
fill the pelvis. 

nomic nerves intact. 
• Ureteral injury: critical to identify the left ureter prior to 

IMA transection 
• DVT: lower risk with use of DVT prophylaxis 
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Daniel Alba 

DEFINITION 
• An abdominoperineal resection, or APR, involves removal 

of the anus, the rectum, and part or all of the sigmoid colon 
along with the associated regional lymph nodes, through 
incisions made in the abdomen and perineum. The end of 
the remaining colon is brought out as a colostomy. 

• Hand-assisted laparoscopic surgery (HALS) is a minimally 
invasive surgical approach that uses conventional laparo
scopic-assisted (LA) surgery techniques with the addition 
of a hand-assist device (placed in the projected specimen 
extraction site ) that allows for the introduction of a hand 
into the surgical field. HALS in colorectal surgery retains 
all of the same advantages of conventional LA surgery over 
open surgery, including less pain, faster recovery, lower 
incidence of wound complications, and reduction of car
diopulmonary complications, especially in the obese and in 
the elderly. 

• Advantages of HALS over conventional LA colorectal sur-
gery include the following: 

Reintroduces tactile feedback into the field 
Shorter learning curves; easier to teach 
Shorter operative times and lower conversion to open rates 
Higher usage rates of minimally invasive surgery 

DIFFERENTIAL DIAGNOSIS 
• Indications for HALS APR 

Rectal cancer: when unable to obtain a negative distal 
margin and/or in patients with poor sphincter function or 
severe comorbidities 
Anal cancer: after failure of chemotherapy/radiation ther
apy or in the palliative setting 
Inflammatory bowel disease ( i .e . ,  Crohn's with severe 
perianal disease) 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• Most patients with rectal tumors generally present after an 

incidental finding during screening colonoscopy or with 
occult bleeding and anemia. 

• A thorough history and physical examination should include 
the following: 

Presence of rectal pain and/or tenesmus 
Presence of obstructive symptoms 
Description of anorectal function, with any fecal inconti
nence or leakage documented preoperatively 
Documentation of urinary and erectile function/dysfunction 
A detailed personal and family history of colorectal cancer, 
polyps, and/or other malignancies 

• Physical examination should include the following: 
Routine abdominal examination, noting any previous 
incisions 
Digital rectal examination with assessment of sphincter 
function 
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Bilateral inguinal nodal examination 
Rigid proctoscopy is arguably the most critical portion of 
the physical examination and is the key to proper patient 
selection of patients for an APR. 

• Proctoscopy should be standardized and documented at 
mm1mum. 

The distal and proximal extent of the lesion measured 
from the anal verge 
Exact position of the lesion and extent of the rectal cir
cumference involved 
Presence or absence of fixation to perirectal structures 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A colonoscopy with documentation of all polyps should be 

performed. Suspicious lesions should be tattooed to facili
tate localization during surgery. 

• Staging with endorectal ultrasound or rectal magnetic reso
nance imaging (MRI) should be performed to determine the 
need for neoadjuvant therapy and to plan operative strategy. 
A computed tomography (CT) of the chest, abdomen, and 
pelvis evaluates for potential metastases. 

• A preoperative carcinoembryonic antigen level should be 
obtained. 

SURGICAL MANAGEMENT 
Preoperative Preparation 

• Patients undergo stoma marking by an enterostomal therapist. 
• Clinical trials have shown no need for mechanical bowel 

preparation. 
• We use two fleet enemas to evacuate the rectal vault prior to 

surgery. 
• Intravenous cefoxitin is administered within 1 hour of skin 

incision. 
• Use hair clippers if needed and chlorhexidine gluconate skin 

preparation. 
• Preoperative time-out and briefing is performed. 
• Ultrasound-guided, bilateral transversus abdominis plane 

(TAP) block reduces the need for postoperative narcotics. 

Equipment and Instrumentation 

• 5-mm camera with high-resolution monitors 
• 5-mm and 1 2-mm clear ports with balloon tips. They hold 

ports in the abdomen and minimize their intraabdominal 
profile during surgery. 

• Laparoscopic endoscopic scissors and a blunt tip 5-mm 
energy device 

• 60-mm linear reticulating laparoscopic staplers with vascu
lar and tan loads 

• We use the GelPort hand-assist device due to its versatility 
and ease of use. This device allows for the introduction/ 
removal of the hand without losing pneumoperitoneum and 

-
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allows for insertion of multiple ports through the hand-assist 
device. It also allows for the introduction of laparotomy 
pads into the field, which are very useful to retract bowel/ 
omentum in obese patients. 

Patient Positioning and Surgical Team Setup 

• Place the patient on a modified lithotomy position, with the 
arms tucked and padded (to avoid nerve/tendon injuries ) .  
The patient i s  taped over a towel across the chest without 
compromising chest expansion ( FIG 1 ) .  

• Place the legs o n  Allen stirrup with the heels firmly planted 
on the stirrups to avoid pressure on the calves and the lateral 
peroneal nerves. 

• Keep the thighs parallel to the ground to avoid conflict 
between the thighs and the surgeon's arms/instruments. 

• The coccyx should be readily palpable off the edge of 
the table. This will be critical for the perineal step of the 
operation. 

• The surgeon starts at the patient's right lower side with the 
assistant to his or her left side. 

• Align the surgeon, the ports, the targets, and the monitors in 
straight lines. Place monitors in front of the surgeon and at 
eye level to prevent lower neck stress injuries. 

Assistant 

Surgeon 

Nurse 
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Monitor 

Monitor 

• Avoid unnecessary restrictions to potential team move
ment around the table. All energy device cables exit by the 
patient's upper left side. All laparoscopic (gas, light cord, 
and camera) elements exit by the patient's upper right side. 

FIG 1 • Team, patient, and monitor setup .  The patient is on a 
mod ified l ithotomy posit ion .  The team, ports, targets, and mon itors 
a re a l i gned.  

PORT PLACEMENT AND OPERATIVE FIELD 

SETUP 

• I nsert the Ge l  Port through a 5· to 6-cm Pfannenstie l  inc i 
s ion .  Th i s  inc i s ion wi l l  be a l so used for spec imen extrac
t ion .  It provides a better cosmetic res u lt and lowers the 
i nc idence of wound i nfect ions and hern ias .  It a l so a l l ows 
fo r more work i ng  space between the hand and  the i n 
stru ments. (FIGS 1 and  2) .  

• Ports: I n sert a 5-mm work i ng  port i n  the r ight  u pper 
quad ra nt, a 1 2-mm work i ng  port i n  the r ight lower q uad
rant,  and  a 5-mm camera port a bove the u m b i l i cus .  These 
three ports a re tr i angu l ated, with the camera port at the 
a pex of the tr i ang le .  Th i s  setup avo ids  confl i ct between 
the i n stru ments and  the camera and  prevents d i sor ienta
tion (avo ids "work ing on a m i rror" ) .  

• A 5-mm accessory work ing port may be i n serted at the 
p l an ned colostomy site i n  the left l ower quadrant (LLQ) .  
Th i s  port a l l ows the su rgeon to operate from the left s ide 
of the tab l e  (usefu l for the r ig ht-s ided pelv ic d i ssect ion ,  
especia l ly i n  ma l es) .  It  can a lso be va l uab l e  for the mob i 
l izat ion of the sp len i c  f lexure.  

OPERATIVE STEPS 

• O u r  HALS APR operat ion is h i g h ly standard ized and  con
s i sts of e ight steps: 
• Tra nsect ion of the i nfer ior mesenter ic ve i n  ( I MV) 
• Tra nsect ion of the i nfer ior  mesenter ic a rtery ( I MA) 

FIG 2 • Ports and i nstru mentation setup .  The Ge i Port 
is p laced through a Pfa nnenst ie l  i nc i s ion .  A l l  ports a re 
tr i angu l ated.  Notice the energy devices p laced i n  a pouch i n  
front o f  t h e  su rgeon t o  m i n i m ize i n strument transfer. 

• Med ia l  to latera l  d i ssect ion of the descend i ng  
mesoco lon  

• S igmo id  co lon mob i l izat ion off the pelv ic i n l et 
• Descend ing  co lon  mob i l izat ion 
• Pelv ic d i ssect ion 
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• Transect ion of the l evator a n i  m uscles 
• Creation of colostomy and  c losure of a bdom ina l  

wounds  

Step 1 .  Transection of the Inferior Mesenteric Vein 

• 

• 

This  is the cr it ica l " po int  of entry" in th i s  operat ion . 
We favor it over sta rt ing  d i ssect ion at the IMA level due  
to  the I MV's consta ncy i n  locat ion ,  the ease of  its v isu
a l izat ion by the l i gament of Tre itz, and the a bsence of 
structu res that ca n be ha rmed around it (no i l i ac vesse l s  
or  l eft u reter nea rby) . Th i s  wi l l  be the on ly  t ime d u r i ng  
the operat ion when a v i rg i n  t issue p l ane  i s  entered . Every 
step w i l l  set u p  the fo l lowi ng ones, open i ng  the t issue 
p lanes seq uent i a l ly. 
The patient i s  p laced on a steep Trende lenburg posi
t ion with the left s ide up. Using the r ight hand, move 
the sma l l  bowel i nto the r ight upper  quadrant and  the 
transverse co lon and  omentu m i nto the upper  abdomen .  
If necessa ry, p lace a l aparotomy pad to ho ld  the bowel 
out of the field of view, espec i a l ly i n  obese patients. Th i s  
pad can a l so be used to d ry u p  the f ie ld and  to c lean the 
scope t ip  i ntracorporea l ly. M a ke su re that the c i rcu lat ing 
n u rse notes the lapa rotomy pad i n  the abdomen on  the 
wh ite board .  

FIG 4 • Step 1 :  Transect ion of the IMV (A) cepha lad of the 
left co l i c  a rtery (B). 

preserv ing i ntact the left-s ided ma rg i n a l  a rter ia l  a rcade 
and  ma i nta i n i n g  the b lood supply to the descend i ng  
co lon  segment (FIG 4) .  

Step 2. Transection of the Inferior Mesenteric Artery 

• I dentify the cr it ica l  a natomy: IMV, l igament of Tre itz, and  • 
l eft co l i c  a rtery (FIG 3) .  

I dentify the cr it ica l anatomy: the " l etter T" formed 
between the IMA and its l eft co l i c  and super ior  hemor
rho ida l  a rtery (SHA) term i n a l  branches (FIG S) .  • If there a re attachments between the duodenu m/root 

of mesentery and  mesoco lon,  t ransect them with l aparo- • Ho ld i ng  the SHA up with the r ight hand ,  d issect the p l ane  
a long  the pa lpab le  g roove between the SHA and  the left 
i l iac a rtery us ing lapa roscop ic  scissors and  a 5-mm energy 
device. Preserve the sym pathetic nerve trun k  i ntact in 
the retroperitoneum .  Identify the l eft u reter in front of 
the left i l i ac  a rtery and  psoas m usc le and  med ia l  to the 
gonada l  vesse l s  before transect ing a nyth i ng .  

scop ic  scissors. Th i s  w i l l  a l low fo r  adequate exposu re of 
m id l i n e  structu res. 

• Pick up the IMV with the r ight hand .  D i ssect under  the 
IMV and  i n  front of Gerota's fascia with  endoscop ic  scis
sors, sta rt ing  at the level of the l i ga ment of Tre itz and  
proceed ing  with the d i ssect ion cauda l l y  toward the I MA. 
The ass ista nt p rovides u pwa rd countertract ion with a 
g rasper. 

• Transect the IMV cepha lad of left co l i c  a rtery (wh ich 
moves away from the I MV and towa rd the sp len ic  fl ex
u re of the colon) with the 5-m m energy device, thus  

FIG 3 • Step 1 :  Key a natomy. I MV (A). L igament of Tre itz (B). 
Left co l i c  a rtery (C) as it separates from the I MV and  goes 
towa rd the sp len i c  flexure of the co lon .  The left u reter (D) i s  
located fa r from the IMV projected tra nsect ion (dotted lines). 

FIG S • Step 2: Cr it ica l  anatomy. I dentify the letter T formed 
between the IMA (A) and its l eft co l i c  a rtery (B) and SHA (C) 
term ina l  branches.  The IMA takeoff is j u st cepha lad from the 
aort ic b ifu rcat ion .  The thumb and  i ndex f inger  a re l ift i ng  the 
SHA off the g roove located a nter ior to the r ight com mon 
i l iac a rtery. 
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FIG 6 • The letter T d i ssected :  IMA (A), l eft co l i c  a rtery (B), 
SHA (C). Notice the left u rete r (D) in the retroperitoneum.  

• You can  v i su a l i ze  the  l ette r "T" fo rmed between the  
I MA, the  l eft co l i c  a rte ry, a n d  the  SHA (FIG 6) .  D i ssect 
with yo u r  t h u m b  a n d  i nd ex fi n g e r  a round  a n d  beh i nd  
the  I M A  a n d  t ransect the  I M A  at i t s  o r i g i n  w i t h  a vas
c u l a r  load sta p l e r  o r  en ergy dev ice (FIG 7A and B) .  Th i s  

F IG 7 • The IMA is  now comp letely enc i rc led;  a h i g h  IMA 
transect ion w i l l  be perform a long  the dotted l i n e  (Pa ne l  A) . 
The IMA is transected with a l i near  vascu l a r  sta p le r  (Pane l  B) 
at it's or ig i n  off the aorta .  

FIG 8 • Step 3 :  Media l  to latera l  d issect ion of the descend ing  
mesoco lon .  The surgeon's hand  is ho ld i ng  the descend ing  
mesoco lon and  co lon  a nter ior ly (A), separat i ng  them from 
Gerota 's fascia and other  retroper itonea l  structu res (B). 

ensu res exce l l ent  lym ph  node  ha rvest a n d  g reat expo
s u re for ste p 3 .  

Step 3 .  Medial to Lateral Dissection of the 
Descending Mesocolon 

• The su rgeon's r ight  hand  and  the ass ista nt's g rasper  
ho ld  the descend i ng  mesoco lon  up,  creat i ng  a worki ng  
space  between the mesoco lon  and  the  retroper itoneum 
(FIG 8) .  The p l ane  between the mesoco lon  and  G erota 's 
fasc ia ,  rea d i ly i dent if ied by the tra ns it ion between 
the two fat  p l anes, i s  d i ssected with  the 5-m m energy 
device.  

• D issect cauda l ly towa rd the pelv ic i n l et; th i s  w i l l  g reatly 
fac i l itate performance of steps 4 and 6 .  D issect later
a l ly unt i l  you reach the latera l abdom ina l  wa l l ;  th i s  w i l l  
g reatly fac i l itate performance o f  step 5 .  

Step 4. Sigmoid Colon Mobilization off the 
Pelvic Inlet 

• The su rgeon pu l l s  the s igmo id  co lon med ia l ly, expos ing  
the latera l s igmo id  co lon  attachments (FIG 9A) .  Tra n
sect the attachments between the s igmoid and  the pelv ic 
i n let with l aparoscop ic  sc issors i n  your left ha nd,  stayi ng 
med ia l ly, c lose to the s igmoid  and  mesosigmoid,  to avo id 
in ju r ing  the u reter/gonada l  vesse l s .  

• D issect ca uda l l y  unt i l  reach i ng  the entra nce to the left 
pe lv ic i n let. 

• The left u reter and  gonada l  vesse l s, d i ssected in step 3, 
shou ld  be v i s ib le  (FIG 9B) .  

Step 5 .  Descending Colon Mobilization 

• 

• 

The s u rgeon sta nds  between the  pat ient's l egs .  Retract 
the  l eft co lon med i a l l y  with you r hand  to expose the  
wh ite l i ne  of To ldt .  The ass i sta nt ho ld s  the  omentum/ 
bowel out of way. 
Tra nsect the wh ite l i n e  of To ldt up to the sp len i c  fl ex
ure us ing endoscop ic  scissors or  energy device (FIG 1 0) .  

1 2 1 1 
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FIG 9 • Step 4. Pane l  A: Med ia l  tract ion on the s igmo id  exposes its latera l attachments to the pelv ic i n let. Pa ne l  B: After the 
s igmoid mob i l izat ion i s  comp leted, the left u reter i s  v i sua l ized as it crosses over the left i l iac a rtery. 

You shou ld  read i ly enter the retroper itonea l  d i ssect ion 
p lane d i ssected dur ing step 2 .  

Step 6. Pelvic Dissection 

• Sta rt by fo l l owing  the d issect ion p l ane  under  the SHA, 
i n it iated du r i ng  step 2, over the promontory and  i nto the 
presacra l space .  D issect the p resacra l space us ing  a 5-mm 
energy device stayi ng between the p resacra l fasc ia  and 
the i nvest ing fasc ia of the mesorectum (FIG 1 1 A) .  It i s  
cr it ica l  to p reserve the mesorectum i ntact to avoid onco
log ic  contam inat ion of the pelv is .  

• Transect the latera l rectal l igaments between the rectum 
and the latera l pelv ic wa l l  (FIG 1 1  B) .  There is a space in 
front and beh ind the latera l recta l l igaments that can be 
eas i ly d issected with the 5-mm energy device. Stay media l  to 
the endopelv ic fascia to avoid injur ing the hypogastric vei n  
and its branches as wel l  as t he  pa rasympathetic gang l ia .  

• From the r ight s ide of the ta b le  and  us ing  h i s  or her  r ight 
hand ,  the su rgeon retracts the rectum to the r ight  s ide, 
expos ing the left latera l  recta l l i ga ment .  The l i ga ment i s  
then transected with a 5-mm energy device. 

FIG 1 0  • Step 5 :  Tra nsect ion of the latera l  descend ing  co lon 
attachments (wh ite l ine of To ldt) . Not ice that the hand has  
entered the retroperitonea l  d i ssect ion p l ane  d i ssected du r i ng  
step 3 .  

• 

• 

• 

• 

From the left s ide of the ta b le  and  us ing  h i s  or her  l eft 
hand ,  the su rgeon retracts the rectum to the left s ide, 
expos ing  the r ight latera l recta l l i gament. The l i ga ment 
is then transected with a 5-mm energy device. 
For the a nter ior pe lv ic d i ssect ion,  the assistant pu l l s  the 
rectum up i nto the abdomen with a g rasper. The su rgeon 
ho lds  the b ladder ( i n  ma les) o r  the uterus ( i n  fema les) an
ter ior ly us ing  h i s  or  her  r ight hand and  d i ssects between 
Denonvi l l i e rs fasc ia  and the prostate/sem i n a l  ves ic les 
( i n  ma les) (FIG 1 1 C) or vag ina  ( i n  fema les) with the 5-mm 
energy dev ice .  Conti n u e  with the c i rcu mferent ia l  d i ssec
t ion around the rectum unt i l  you can actua l ly see pelv ic 
f loor ( levator an i  m usc le) (FIG 1 2A) . 

At th i s  po i nt, you a re ready for the i ntracorporea l 
p rox ima l  transect ion of the spec imen .  Tra nsect the 
mesoco lon  between  the s igmoid and  l eft co l i c  vesse l s  
with the 5-mm energy device .  Sta rt at the stap l ed IMA 
stu m p  on  the spec imen  s ide ,  a n d  move u p  toward the 
co lon  wa l l ,  t ransect i ng  the l eft co l i c  a rte ry (at its o r ig i n ,  
off the I MA stu m p) and  the ma rg i n a l  a rtery (c lose to the 
co lon  wa l l ) .  
Tra nsect the co lon  i ntracorporea l l y  us ing  a 60-mm tan  
l oad  l i near  sta p le r. 

Step 7. Transection of the Levator Ani Muscle 

• There a re two a lternative tech n iq ues to accomp l ish 
this step :  
• Laparoscop ic  a nter ior c i rcumferent i a l  d i ssect ion 

Th is  has become our  preferred approach be
ca use it obviates the need for a per i nea l  d i s
sect ion,  thus  g reatly red uc ing  per i nea l  wound 
comp l i cat ions .  Without the use of the hand for  
exposu re, th i s  tech n ique  i s  extremely d iffi cu l t  
to accomp l i sh .  
Very l a rge  tumors may im pede proper v isu
a l izat ion of the levator an i  musc le,  therefore 
necessitat ing  a more convent iona l  open trans
per inea l  approach .  
We fi rst tra nsect the poster ior  aspect of the 
levator an i  with the 5-mm energy device, 
stay ing  a nter ior  to the coccyx fo l l owed by 
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transect ion of the levator ani  l atera l l y  u ntil 

we reach the fat of the ischio recta l fossa 

(FIG 1 28). 

Fin a l ly, we perform the a nterior transection 

of the levator ani  m uscles, staying posterior to 

the u reth ra (in ma les) or the dista l vagina ( in  

fema les) .  

B 

B 

FIG 1 1  • Step 6: Pe lvic d i ssection .  Pa ne l  A: The posterior 

dissection is ca rried in between the p resacra l  fascia posterior ly (A), 
the investing fascia of the mesorectum a nterior ly (B), and  the 
endope lvic fascia l atera l ly (C). Pane l  B: Transection of the l atera l 
recta l l igaments. Dissection of the space between the rectum (A) 
and  the l atera l pe lvic wa l l  (B) anterior to the recta l l igament 
exposes the left l atera l recta l l igament (C), which ca n then be 
easily transected with the energy device. Pane l  C: The a nterior 
dissect ion is carried (in men)  between the rectum poster ior ly (A) 
and  the prostate (B) and  semin a l  ves ic les (C) anterio rly. 

B 

• The rectum is now fu l ly mobilized . By p u l ling 

u p  on the rectum,  the ana l  can a l  comes u p  into 

the pelvis (FIG 13A,B) .  It is rema rkab le  how fa r 

up into the pelv is  the ana l  ca n a l  can be mobi 

l ized with this  techniq ue .  

Wh i l e  p u l l i n g  u p  on the rectum with the left 

hand ,  the su rgeon transects the specimen dista l 

FIG 1 2  • Pane l  A: After comp leting the recta l mobilization, the levators a re now fu l ly  exposed.  Rectum (A). Coccyx (B). Poster ior 
levators (PL). Lateral levators (LL). Pane l  B: Circumferential  anterior transection of the levators. Transected latera l  levators (A). 
Exposed ischiorecta l fossa fat (B). Rectum (C). Latera l pelvic wa l l  (D). 

1 21 3  
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FIG 1 3  • After the levators have been c i rcu mferentia l ly transected, the su rgeon (with h i s  hand  through 
the Ge l  port) retracts the rectum u pwards i nto the abdom i n a l  cavity. Th i s  resu lts i n  the ana l  ca n a l  (Pa ne l  A) 
be ing pu l led up i nto the pelv is  and  out of v iew from the per inea l  s ide (Pane l  B) . The ana l  ca n a l  is now 
ready for i ntracorporeal  tra nsect ion d ista l to the ana l  sph incter. 

to the ana l  sph incter, us ing  a 45-mm l i near  

tan load sta p le r  i ntrod uced through the r ight 

lower quad rant  (RLQ) port .  We ret i cu late the 

stap le r  maxi m a l ly and  we fi re the sta p le r  on  an 

anter ior to poster ior  d i rect ion .  

The fu l ly d isconnected spec imen is now extracted 

through the pfannenst ie l  i nc is ion with the Alexis 

wound protector i n  p lace. It is paramount that 

the specimen has an i ntact mesorectum with no 

tapering down to the ana l  cana l  (FIG 14) .  

FIG 14  • APR speci men .  Note the sh i ny su rface of the i ntact 

mesorectum with no taper i ng .  

• Open transper i nea l  approach 

It i s  paramount to have comp leted the anter ior 

pe lv ic  d i ssect ion l aparoscop ica l ly a l l  the  way 

down to the levator a n i  du r i ng  step 6. 

Key a natomic  l andmark :  Identify the coccyx 

poster ior ly. 

Use hea d l i g ht for i l l u m inat ion .  D i ssect c i rcum

ferentia l ly a round  the anus with e l ectroca utery 

across the su perfi c i a l  per inea l  t issues u nt i l  you 

reach the levator ani m usc le .  Use Ge lp i  retrac

tors to enha nce exposu re (FIG 1 SA) .  

Palpate the  coccyx posteriorly. Transect the  levator 

an i  between the coccyx and the anus with electro

cautery and enter the pelvis posteriorly (FIG 1 SB).  

The ass ista nt p u l ls the rectum u p  to fac i l itate 

d i ssect ion of levator a n i  musc les .  

I ntroduce you r  left i ndex f inger through the 

poste r ior  open i ng  (carefu l  to avoid avu l s ing  

p resacra l vei ns) and  cu rve it on top of the left 

levator a n i  m uscle, p u l l i n g  it down i nto v iew. 

Tra nsect the left l evator a n i  with e lectroca u

tery, stay ing c lose to i t s  pe lv ic  wa l l  i n sertio n .  

Repeat th i s  maneuver on the r i g h t  s ide .  

The ass istant now everts the speci men out 

through the poster ior  open i ng  on the pelv ic  

f loor. The su rgeon p u l ls the  specimen out and 

exposes the a nter ior attachments of the ana l  

ca n a l  to  the u rethra ( i n  ma les) or  to  the vag i na  

( i n  fema les), a l lowi ng fo r  a safer transect ion 

of these anter ior  attachments a n d  m i n i m iz

ing potenti a l  i n ju ry to the vag i n a/urethra .  The 

speci men i s  now comp letely removed . 

After extens ive i rr igat ion of the pe lvis, c lose 

the per inea l  wound in layers. 

P lace a 1 9-Fr  round B l a ke in the pelvis through 

the r ight  lower quad rant  port s ite. 
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FIG 1 5  • Pane l  A: Per inea l  d issection :  Latera l i ncis ion around the ana l  cana l .  The inc is ion is carried through the sk in and 
subcutaneous tissues unt i l  reach ing the levator an i  muscles. Ge lp i  retractors a re used for  exposu re .  Panel  B: Peri nea l  d i ssection :  
Poster ior pal pation of coccyx d u ri ng  per inea l  d issect ion .  The transection of the levators starts posteriorly anterior to the coccyx. The 
i ndex f inger of the surgeon is p laced into the pelvis and  hooked on to top of the levator muscle, pu l l i ng it i nto the f ie ld .  This a l l ows 

for a safe transect ion of the levator muscle with e lectrocautery. 

Step 8. Creation of Colostomy and Closure 
of Abdominal Wounds 

• After cha n g i n g  g l oves, a l l  ports a re removed . Abdom i n a l  

wounds a re c losed with absorba b le  sutu res a n d  sea led off 

with Dermabond .  
• Avoid  twist ing ;  the descend ing  co lon is brought out 

through the LLQ port s ite (extended to accommodate two 

f ingers) through the rectus sheet. 

• Matu re the colostomy at sk in  level with i nterru pted 

3-0 Vicryl sutu res. D i g ita l i ze the colostomy to ensure that 

it is  patent beneath the fasc ia .  

PEARLS AND PITFALLS 

Setu p 

Operative tech n ique  

Pitfa l l :  d issect i ng  a nter ior 
to the SHA 

Pitfa l l :  f loppy s igmo id  
d iffi cu l t  to hand le  

• Proper  pat ient, team,  port, and  i n strumentation setu p is  cr it ica l .  

• Point o f  entry: IMV at t h e  l i gament o f  Tre itz. 
• Med ia l  to l atera l d i ssect ion step sets u p  a l l  other  steps. 
• Vascu l a r  d issect ion to visua l ize the letter T and h i g h  IMA l igat ion i n  ma l i gna ncy; identify left u reter 

pr ior  to IMA transect ion .  
• Pelvic d issect ion prog ress ion :  fi rst poster ior, then latera l ,  then a nter ior. 
• We prefer the a nter ior c i rcu mferentia l  transect ion of the levators to p revent per inea l  wou n d  

com p l icat ions .  

• Solut ion :  Identify " g roove" between left common i l i ac  a rtery and  SHA and  d issect i n  between the 
two vesse ls .  

• Use the back of the hand  as  a "she lf"  to ho ld  the s igmoid u p  whi le  p i ck ing u p  the SHA with thumb 
and  i ndex f inger. 

POSTOPERATIVE CARE Deep vein thrombosis (DVT) prophylaxis with enoxaparin 
starting within 24 hours of surgery 

• Postoperative care is driven by clinical pathways that 
includes the following: 

Pain control: Intravenous acetaminophen for 24 hours 
( start in the operating room) followed by intravenous 
ketorolac for 72 hours ( if creatinine is normal ) .  The TAP 
nerve block greatly reduces the need for narcotics. 

No additional antibiotics, judicious use of intravenous 
fluids 
No nasogastric tube. Remove Foley catheter on post
operative day 1 .  Remove pelvic drain on postoperative 
days 2 or 3 .  
Early ambulation, diet a d  lib, aggressive pulmonary toilet 
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Use soft pillow/jelly doughnut while seating. 
Targeted discharge: postoperative days 3 or 4 

OUTCOMES 

• HALS leads to improvements in short-term outcomes, in
cluding less pain, faster recovery, shorter hospital stay, and 
lower incidence of cardiac/pulmonary complications when 
compared to open surgery. 

• When compared to conventional laparoscopy, HALS results 
in higher usage rates of minimally invasive surgery, shorter 
learning curves, lower conversion rates, shorter operative 
times, and shorter hospital stays. 

• For cancer resection, minimally invasive surgery oncologic 
outcomes are at least comparable to those of open surgery. 
Total mesorectal excision with an intact mesorectum is criti
cal to minimize locoregional treatment failures .  

COMPLICATIONS 

• Wound infections and hernias are markedly reduced with 
the use of a Pfannenstiel extraction site. 

• Perineal wound infection/dehiscence : This complication is 
virtually eliminated with the use of an anterior circumferen
tial transection technique for the levators . Pelvic abscess are 
also markedly reduced. 

• Urinary/sexual dysfunction: important to preserve hypogas
tric nerves and parasympathetic ganglia intact 

• Ureteral injury: critical to identify the left ureter prior to 
IMA transection 

• DVT: low risk with use of DVT prophylaxis 
• Cardiac and pulmonary complications: significantly reduced 

compared to the open surgery approach 
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Chapter 35 Abdominoperineal Resection: 
Robotic-Assisted Laparoscopic 
Surgery Technique 

. --------------------------------------- ,_ ---------------------------------------------------- � 

Rodrigo Pedraza Eric M. Haas 

DEFINITION 

• Robotic-assisted laparoscopic abdominoperineal resection 
(APR) is a minimally invasive technique in which the rec
tum and anus are removed with the creation of a permanent 
end colostomy. The procedure is accomplished with the as
sistance of the da Vinci® Surgical System ( Intuitive Surgical 
Inc, Sunnyvale, CA) in a minimally invasive fashion. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A thorough history and physical examination should include 
the following: 

Presence of rectal pain and/or tenesmus 
Presence of obstructive symptoms 
Description of anorectal function, with any fecal inconti
nence or leakage documented preoperatively 
Documentation of urinary and erectile function/dysfunction 
A detailed personal and family history of colorectal cancer, 
polyps, and/or other malignancies 

• Physical examination should include the following: 
Routine abdominal examination, noting any previous 
lllCISIOnS 
Digital rectal examination with assessment of sphincter 
function, distal and proximal extent of the lesion mea
sured from the anal verge, exact position of the lesion and 
extent of the rectal circumference involved, and the pres
ence or absence of fixation to perirectal structures 
Bilateral inguinal nodal examination 

• Robotic-assisted laparoscopic APR is a safe and feasible 
approach. The most common indication is low rectal can
cer in which the sphincter complex cannot be salvaged.  
Less commonly, APR is performed in those with persis
tent or recurrent anal cancer following radiation therapy. 
Other indications include severe inflammatory bowel dis
ease ( IBD ) involving the rectum and recalcitrant to medical 
management. 

• Low rectal cancer is typically diagnosed during screening 
colonoscopy or after presenting symptoms such as rectal 
bleeding, bowel obstruction, or pelvic pain. 

• Patients presenting with residual or recurrent anal cancer 
and those with IBD with recalcitrant perianal disease have 
typically undergone thorough workup and extensive therapy 
for the disease prior to be considered candidates for APR. 

• Absolute contraindications for robotic-assisted APR are 
those for any other major abdominal procedure, such as se
vere cardiovascular or hemodynamic compromise. 

• Relative contraindications for robotic-assisted APR include 
those associated with the patient condition and surgeon 
expenence. 

Robotic-assisted laparoscopic procedures typically require 
steep patient positioning and result in prolonged operative 

times, especially early in the surgeon learning curve; thus, 
patient inability to tolerate a lengthy procedure may con
traindicate the use of robotic-assisted APR. 
History of prior abdominal surgery is not a contrain
dication but may additionally prolong the operative 
time for lysis of adhesions and proper exposure of tis
sue planes. We advocate performing laparoscopic lysis 
of adhesions prior robotic docking so as to expedite the 
procedure . 
Prior to offering challenging pelvic procedures such as 
robotic-assisted APR, we suggest the surgeon achieve 
competency with robotic surgery by performing several 
less demanding procedures such as rectopexy and/or left/ 
sigmoid colectomy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Appropriate imaging, endoscopic, and histopathologic eval
uation is mandatory in all cases regardless of diagnosis. 

• A full colonoscopy must be performed in all patients with 
rectal cancer. This allows for assessment of tumor loca
tion and pathology. It also serves to rule out and possi
bly remove any synchronous colonic lesions. Malignant 
synchronous lesions have been reported in 2% to 8 %  of 
cases and benign synchronous polyps in 1 3 %  to 62% of 
cases. 

• If a colonoscopy has already been done by another provider, 
consider performing either a rigid proctoscopy or a flexible 
sigmoidoscopy for accurate documentation of the size, lo
cation, and distance of the tumor from the anal sphincter 
complex. 

• Patients with low rectal cancer requiring APR necessitate 
a full staging workup. Local tumor assessment and re
gional node involvement are optimally assessed with en
doscopic ultrasound or rectal protocol magnetic resonance 
imaging (MRI ) .  Distant metastases are evaluated with 
computed tomographic ( CT) scan of the chest abdomen 
and pelvis .  

• Following proper staging, the need of neoadjuvant chemo
radiation is determined. Patients with T3-T4 and/or N + 
distal rectal cancer are offered neoadj uvant chemoradia
tion. Surgery is typically considered after 6 to 8 weeks 
following the last pelvic radiation session to allow for a 
full therapeutic radiation effect and to avoid operating 
in early inflammatory radiation tissue changes or late 
fibrosis; however, delayed intervention has been recently 
suggested.  

• For persistent or recurrent anal cancer, APR is the rescue 
therapy of choice . These patients typically present after thor
ough imaging staging and following conventional courses 

1217 
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FIG 1 • Patient posit i on i ng .  The patient is p laced i n  a mod if ied 
l ithotomy posit ion with moderate Trende lenburg and with 
both arms tucked. All pressu re poi nts a re padded to prevent 
neu rovascu l a r  i n ju r ies .  The patient i s  secured with a wra p 
tech n ique  us ing  a 3- in  tape at the level of the chest i n  such a 
fash ion  to prevent movement but avo id i ng  restr ict ion of chest 

wa l l  expa ns ion .  

of chemoradiation with documented residual or recurrence 
disease. 

• Most patients with recalcitrant perianal disease in the 
background of IBD present for the consideration of an 
APR after extensive imaging and endoscopic evaluation. 
It is imperative to endoscopically assess the disease to 
determine whether the APR should be accompanied with 
additional large or small bowel resection. Furthermore, the 

presence of additional fistulous tracts such as rectovaginal 
or rectovesicular must be investigated during the preopera
tive planning. 

• A carcinoembryonic antigen ( CEA) level is obtained preop
eratively in cancer patients . 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Bowel preparation is typically achieved with preoperative 
enema. Full bowel preparation is performed selectively. 

• In the operating room and under anesthesia, rigid proctosig
moidoscopy should be performed to affirm the surgical plan. 

• The perineum is adequately prepped for the perineal portion 
of the procedure. 

• Prophylactic antibiotics are administered according to the 
Surgical Care Improvement Project ( SCIP) measures. 

Positioning 

• The patient is placed in a modified lithotomy position with 
moderate Trendelenburg and with both arms tucked. All 
pressure points are padded in order to prevent neurovascu
lar injuries. The patient is secured with a wrapped technique 
using a 3 -in tape at the level of the chest in such a fashion 
so as to prevent movement but avoiding restriction of chest 
wall expansion ( FIG 1 ) .  It is imperative to secure the patient 
firmly, as steep Trendelenburg position will be used later in 
the procedure before robotic docking. 

• Optimal modified lithotomy position is crucial to ensure 
adequate perineal access while allowing appropriate robotic 
side docking (see the following text) to avoid external ro
botic arm conflict ( FIG 2 ) .  

F I G  2 • Tea m  and  robot setup .  T h e  robot i s  docked on t h e  left s i d e  o f  t h e  patient lower extrem it ies i n  a n  acute a n g l e .  T h i s  config u rat ion 
a l l ows access to the per i neum without undock ing  the robot ic  cart .  
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INCISION, PORT PLACEMENT, AND 

INSTRUMENTS 

• A total of five ports are used for robotic-assisted APR: 
two 12-mm ports for the robotic camera and assistant 
(the latter is for use with laparoscopic instruments) and 
three 8-mm ports for robotic instrumentation. 

I 
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EXPLORATION AND ROBOTIC DOCKING 

• The abdominal cavity is assessed and, in oncologic cases, 
the presence of distant metastases is evaluated. 

• Lysis of adhesions is performed laparoscopically, if needed. 
• The patient is positioned in a steep Trendelenburg po

sition with the left side elevated 15 degrees. The small 
bowel and omentum are retracted out of the pelvis. 

ESTABLISHMENT OF THE PRESACRAL 

PLANE 

• A medial to lateral approach is used with an incision of 
the peritoneum at the level of the sacral promontory. The 
avascular presacral plane is entered, which is confirmed 

• 

• 

The robotic camera port is placed in the periumbilical 
region and the assistant port in the right upper quad
rant. The 8-mm instrument ports are placed in the right 
and left lower quadrants and in the left upper quadrant 
(FIG 3) .  

The ports are placed approximately 8 e m  apart t o  pre
vent conflict between the robotic arms and the camera. 

FIG 3 • Port placement. The camera arm is 
placed in the 12-mm port in the periumbilical 
region. The robotic arms 1, 2, and 3 are placed 
in the right lower, left upper, and left lower 
quadrants, respectively. A 12-mm port is placed 
in the right upper quadrant for the assistant to 
use with laparoscopic instruments. All ports are 
placed approximately 8 em apart to avoid conflict 
between the robotic arms and the camera. 

• The robot is docked on the left side of the patient's lower 
extremities in an acute angle (FIG 2) .  The camera arm 
is placed in the 12-mm port in the periumbilical region, 
whereas the robotic arms 1, 2, and 3 are placed in the 
right lower, left upper, and left lower quadrants, respec
tively (FIG 3) .  

b y  the identification o f  the areolar tissue (FIG 4) .  This 
plane is developed identifying the superior rectal artery 
and the left ureter (FIG 5) .  The vascular pedicle is iso
lated, identifying the inferior mesenteric artery, superior 
rectal artery, and the left colic artery (FIG 5) .  

1 21 9  
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VASCULAR DIVISION 

• At this point, the inferior mesenteric artery is ligated 
at its origin from the aorta using a laparoscopic stapler, 
electrosurgical device, or clips (FIG 5) .  

F IG 4 • Entering the presacral plane. A 
medial-to-lateral approach is used with 
an incision of the peritoneum at the level 
of the sacral promontory (arrow) (A) . The 
avascular presacral plane is entered (B), 
which is confirmed by the identification 
of the areolar tissue (C,D). 

FIG 5 • Medial to lateral dissection. The 
anatomic landmarks, superior rectal artery 
(SRA) (A) and left ureter (B), are identified 
prior to vascular pedicle isolation. The 
inferior mesenteric artery (IMA), left colic 
artery (LCA), and SRA are dissected and 
isolated (C). The IMA is divided (D) . 
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MESORECTAL DISSECTION 

• Attention is drawn to the pelvis for the mesorectal exci-
sion. The pelvic dissection proceeds posteriorly first, then • 
laterally, and then anteriorly. 

• First, the avascular presacral plane is entered for the pos- • 
terior dissection. Arm 3 is used for retraction, whereas 
arms 1 and 2 develop a plane of dissection within the 
avascular presacral space between the presacral fascia, 
posteriorly, and the mesorectal fascia, anteriorly. Arm 2 • 
of the robot (left hand of the surgeon) should avoid 
grasping the mesorectum, for the strong robotic arm 
may tear the mesorectum, which would cause bleeding. 

• The fascia propria of the rectum is identified and pre-
served with sharp dissection using the robotic scissors or • 
monopolar device. Dissection continues in the posterior 
mesorectal plane through the retrorectal (Waldeyer's) 
fascia to the level of the anorectal junction (FIG 6). • 

• The lateral mesorectal dissection follows (FIG 7). The hy
pogastric nerve can be seen posterolateral to the plane 
of the dissection. It is important to preserve these nerves 
intact to avoid autonomic dysfunction postoperatively 
(FIG 7). Attention is first drawn to the right lateral pel
vic attachments, which are divided starting at the level of 
the anterior peritoneal reflection and extending distally 

until reaching the levator ani muscle (FIG 8) .  The left lat
eral rectal ligament is then transected in a similar fashion 
(FIG 9) .  

Lastly, the anterior mesorectal dissection i s  performed 
(FIG 1 0) .  

For the anterior pelvic dissection, exposure i s  achieved by 
the assistant retracting the rectum posteriorly and in a 
cephalad direction, as arm 3 anteriorly retracts the vagina 
(in females) or the prostate/seminal vesicles (in males). 
In males, the Douglas pouch (rectovesical pouch) is en
tered by incising the peritoneal reflection between the 
anterior wall of the rectum and the prostate/seminal 
vesicles, taking care to avoid injury to the seminal vesicle 
and prostate (FIG 1 1 ) .  

I n  the female patient, the anterior cul-de-sac i s  usually 
deeper and the rectovaginal plane is readily established 
once entered. 
Following the anterior dissection, the lateral stalks of 
the rectum are further divided as necessary, achieving 
hemostasis with an electrosurgical device. Care is taken 
at this level to avoid excessive lateral dissection, which 
may result in injury to the pelvic nerve plexuses (this 
would lead to autonomic dysfunction postoperatively). It 
should be noted that, typically, brisk bleeding may occur 
if the wrong plane is entered (posteriorly, by injuring the 

FIG 6 • Presacral plane dissection. A. Development of the avascular presacral plane. The robotic arm 3 (not shown) serves 
as retractor proximally, whereas robotic arm 2 countertracts the mesorectum anteriorly for dissection with robotic arm 1 (not 
shown). B. The dissection is carried out distally with the robotic arm 1 using monopolar energy or scissors. C. The plane is further 
developed and Waldeyer's fascia is entered. D. The plane is completed distally to the level of the levator ani muscles. 

1 22 1  
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Mesorectum 

\ -- Right pelvic 
side wall 

Hypogastric nerve --

A Presacral space B 

FIG 7 • Lateral dissection of the mesorectum off the right pelvic sidewall. A. Transection of the right lateral rectal ligament. 
B. The hypogastric nerve can be seen posterolateral to the plane of the dissection. It is important to preserve these nerves intact 
to avoid autonomic dysfunction postoperatively. 

FIG 8 • Right lateral mesorectal dissection. The right lateral mesorectal dissection is initiated at the level of the cul-de-sac (A) 
and carried out distally taking down the right lateral stalk (B,C) and continued distally until reaching the levator ani muscle (D) . 
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FIG 9 • Left lateral mesorectal dissection. The left lateral dissection is  initiated (A) and carried out distally taking down the 
left lateral stalk (B,C) and continued up to the levator ani (D) in a similar fashion. 

Prostate 

Seminal vesicle 

I 

Rectum 

FIG 10 • Anterior pelvic dissection. Exposure is achieved by 
the assistant retracting the rectum (A) posteriorly and in a 
cephalad direction as arm 3 anteriorly retracts the prostate/ 
seminal vesicles (B,C), respectively. The anterior plane of 
dissection is carried along Denonvilliers' fascia, between 
the rectum posteriorly (A) and the prostate (B) and seminal 
vesicles (C) anteriorly. 

1 223 
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FIG 1 1  • Anterior mesorectal dissection. The peritoneum is incised at the peritoneal reflection (A,B) and the dissection is 
carried out distally entering Denonvilliers' fascia (C) and continued inferiorly until complete anterior rectal mobilization is 
achieved and the levator ani muscle is encountered anteriorly (D) . 

• 

• 

presacral venous plexus, and laterally, by injuring the hy
pogastric veins or its tributaries). 
Once the planes have been divided, circumferential 
exposure of the levator complex is achieved. Thus, the 
robotic portion the APR is carried out into the subcutane
ous perineal tissue. 
In malignant cases, a cylindrical excision is then per
formed through the levator complex to ensure complete 

A 

FIG 1 2  • Circumferential anterior transection of the levator 
ani. A. With the assistant retracting the rectum posteriorly 
and in a cephalad direction with a laparoscopic grasper and 
with the robotic arm 3 retracting the prostate/seminal vessels 
anteriorly, the levator ani muscle is exposed circumferentially 
around the distal rectum. B. The levator ani is then 
circumferentially transected using monopolar electrocautery. B 

resection with proper radial margins. With the assistant 
retracting the rectum posteriorly and in a cephalad di
rection with a laparoscopic grasper and with the robotic 
arm 3 retracting the prostate/seminal vessels anteri
orly, the levator ani muscle is exposed circumferentially 
around the distal rectum (FIG 12A). The levator ani is 
then circumferentially transected using monopolar elec
trocautery (FIG 128). 

Levator ani muscle 
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PERINEAL PROCEDURE 

• For malignant cases, a wide excision of the perineum 
circumferentially surrounding the anus is performed 
(FIG 1 3A) .  

• At this level, the incision is deepened to subcutaneous 
tissue and the planes achieved during the robotic portion 
of the procedure are reached (FIG 13B) .  

• The rectum and anus are extracted through the perineal 
wound. 

• Appropriately performed cylindrical excision will result in 
a rectal specimen with an intact mesorectum and with
out an hourglass configuration in the final specimen 
(FIG 14) .  

A 

• 

• 

• 

In cases involving benign disease, one should preserve le
vator ani to assist perineal closure and prevent perineal 
hernias. Such a resection would result in an hourglass 
configuration. 
Myofascial rotational flaps should be considered for clos
ing the large defect and/or in a radiated pelvic floor. 
For benign cases, a narrow excision should be performed 
in order to be able to close the levator ani and preserve 
as much pelvic floor function as possible. In these circum
stances, consideration to an intersphincteric excision, in 
which the external sphincter complex and the levator ani 
are left intact, is given. These muscle and fascial layers 
can then be used for primary closure and myofascial flaps 
can be avoided. 

Robotic dissection plane 

FIG 1 3  • The perineal portion of the procedure is performed in a conventional fashion, with an elliptical perianal incision (A). The 
perineal plane reaches the robotic dissection plane in the subcutaneous level (B) . 

FIG 14 • APR specimen. Note the shiny surface of the 
intact mesorectum with no distal tapering, avoiding an 
hourglass appearance on the specimen. 

1 22 5  
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COLOSTOMY AND CLOSURE • Before c losu re, the per inea l  i n c i s ion is i r r igated with nor

ma l  sa l i n e  a n d  povidone- iod ine .  
• 

• 

• 

A c i rcumferent ia l  inc is ion in a predeterm i ned s ize lo

cated on the left lower a bdom ina l  quadrant i s  performed 

through the rectus sheet for the creat ion of the colostomy. 

The su bcutaneous t issue, fasc ia ,  and  per itoneum a re i n 

c ised w i th  a c i rcu mference of at least two f ingerbreadths.  

The bowel p roxi m a l  to the d iv is ion i s  brought superf i 

c ia l ly to the abdom i n a l  wa l l  and  a n  end colostomy is  

performed i n  a convent iona l  fash ion .  The colostomy is  

matu red after wound c losure .  

• 

• 

The per i nea l  wou n d  c losure is i n it iated deep with i m b ri 

cation of the levator a n i  (when preserved) w ith  a bsorb

able sutu re, typica l ly  2-0 po lyg lact in 9 1 0  (Vicry l®) .  The 

su perfi c i a l  per ineal  su bcutaneous t issues a re rea pproxi

mated with 3-0 Vicryl sutu res. The skin is  c losed with i n 

terru pted 2 -0  ny lon  sutu res. 

Port sites a re c losed with su bcuticu l a r  4-0 polyd ioxanone 

(PDS) sutures.  

PEARLS AND PITFALLS 

I nd ications • Low recta l  cancer, anal  ca ncer, reca lc itrant IBD with anorecta l  i nvolvement 

Preoperative eva l uat ion • Colonoscopy, abdom i n a l  CT sca n, pelv ic M RI ,  and/or endorecta l u ltrasound  
• Positron em iss ion tomography (PET) sca n se lectively 

Port p lacement • Two 1 2-mm ports for camera and  assista nt i n  the r ight  u pper quad rant  and  per i 
u m b i l i ca l reg ion,  respective ly 

• Th ree 5-mm ports in the right lower, l eft upper, and l eft lower quad ra nts 

Techn i q u e-laparoscopic exp lorat ion • Abdom ina l  exp lorat ion and  lys is  of adhes ions a re accomp l ished with convent iona l  
m u lt i part lapa roscopy. 

Robot ic  dock ing • The robot is  docked i n  the left s ide of the patient's legs at a n  acute ang le .  

Techn ique-robotic pe lv ic  p roced u re • The poster ior  mesorecta l d i ssect ion,  a long  the presacra l p la ne, is done fi rst, fo l l owed 
by the latera l  d i ssect ion,  and then by the a nter ior d i ssect ion .  

• The l evator a n i  musc les a re i nc ised c i rcu mferentia l ly through a n  a nter ior approach; the 
d i ssect ion i s  conti n ued to the subcutaneous per inea l  t i ssue .  

• The pelv ic port ion i s  sta rted with a c i rcu mferent ia l  peri a n a l  inc i s ion  and  deepened to 
reach the robotica l ly esta b l i shed p l anes .  

• The per i neum is  c losed e ither  p r imar i ly or  us ing a myofasc ia l  f l ap .  
• An end s igmo id  colostomy i s  performed i n  a conventiona l  fash ion .  

Postoperative m a nagement • Opti m a l  postoperative outcomes a re accomp l i shed with a fast-track per ioperative 

p rotocol  and a n  ostomy care prog ra m .  

POSTOPERATIVE CARE 

• Patients following minimally invasive colorectal surgery are 
typically placed in an enhanced recovery pathway. 

• Return of oral intake is typically achieved with clear liquids 
8 to 12 hours after the procedure and the diet is advanced as 
tolerated. 

• In contrast to purely abdominal procedures, for pelvic surgery 
the bladder catheter is not removed until postoperative day 2. 

• Ambulation is indicated to accelerate recovery. 
• Postoperative analgesia is accomplished with a combined 

modality involving intravenous acetaminophen, opioids, 
and nonsteroidal antiinflammatory drugs . Alvimopan is 
used to eliminate the effects of opioids in the gastrointestinal 
(GI)  tract. Additionally, patient-controlled analgesia is lim
ited to 1 to 2 postoperative days. 

• Ostomy care is best achieved with a standardized protocol 
that includes preoperative and postoperative patient educa
tion and training. The program involves a multidisciplinary 
approach with patient and family, surgeon, and ostomy 
nurse.  

OUTCOMES 

• Most patients following robotic-assisted colectomy man
aged with a fast-track perioperative protocol have a length 
of hospital stay of 4 days. 

• Longer hospital stay may be required to address complications. 
• Perineal wound complications are common; thus, close post

operative follow-up following APR is required. 
• Patients with malignancy should be placed on postoperative 

surveillance protocols. 

COMPLICATIONS 

• Vascular injury with intraperitoneal bleeding 
• Ureteral injury 
• Sexual and/or urinary dysfunction secondary to autonomic 

nerve injury 
• Prolonged postoperative ileus 
• Abdominal wound complications (e .g . ,  hematoma, seroma, 

infection, and dehiscence) 
• Persistent perineal sinus 
• Intraabdominal abscess 
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• Perineal sepsis 
• Parastomal and perineal hernia formation 
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Chapter 36 Restorative Proctocolectomy: 
Open Technique 
{Ileal Pouch-Anal Anastomosis) 

I 
- ----------------------------------- �----------------------------------------------------- · 

Hasan T. Kira t Feza H. Remzi 

DEFINITION 

• Restorative proctocolectomy with ileal pouch-anal anasto
mosis (RPIIPAA) is defined as removal of entire colon and 
rectum and construction of an anastomosis of ileal pouch to 
the anal canal using stapled or hand-sewn technique. 

DIFFERENTIAL DIAGNOSIS 

• When the patients with ulcerative colitis become refractory 
to medical therapy or steroid dependant, RPIIPAA has been 
the surgical choice . 

• RPIIPAA can be performed with good functional results and 
quality of life, and low pouch failure for indeterminate colitis. 

• Patients with Crohn's disease have greater risk of pouch fail
ure following RP/IPAA compared to those with ulcerative 
colitis . 

• In patients with familial adenomatous polyposis, the risk of 
colorectal cancer is eliminated by performing RPIIPAA. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• A thorough history and physical examination should be 
obtained. 

• In inflammatory bowel disease, it is important to note previ
ous and/or concurrent use of steroids, immunomodulators, 
and nonsteroidal antiinflammatory medications. Patients 
refractory to these medications are typically candidates for 
this procedure. 

• Previous surgeries, particularly in Crohn's patients, need to 
be taken into consideration. 

• Anal and urinary sphincter function needs to be evaluated. 
Patients with poor anal sphincter function may not be good 
candidates for RPIIPAA and may need a proctocolectomy 
with end ileostomy instead. 

• A full nutritional assessment should be instituted. 
• Significant cardiac and/or pulmonary comorbidities may 

prevent the patient to have this procedure . 
• Family history of colorectal polyps, cancer, and/or inflam

matory bowel disease should be elicited. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Preoperative colonoscopy is necessary. 
• Diagnosis of ulcerative colitis and exclusion Crohn's disease 

by colonoscopic biopsy and by an experienced pathologist 
and/or with the assistance of other laboratory workup, such 
as Prometheus test, is necessary in order to establish the need 
for restorative proctocolectomy with ileoanal anastomosis. 

• Colonoscopic evidence of terminal ileitis by biopsy may as
sist in the diagnosis of Crohn's disease. 
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• Diagnosis of ulcerative colitis with proctitis and involvement 
of the anal canal by colonoscopy or rigid proctoscopy and 
biopsy may be necessary in order to establish the need for 
anal mucosectomy and hand-sewn ileal pouch anastomosis. 

• Contrast-enhanced computed axial tomography (CAT) scan 
may help evaluate cancer patients for locoregional extent of 
disease and metastases. CAT scan is also helpful in inflam
matory bowel disease to evaluate for acute inflammatory 
processes (phlegmon, abscess, fistula, or obstruction) .  

• Endorectal ultrasound o r  rectal protocol magnetic reso
nance imaging (MRI) may assist with the staging of rectal 
carcinoma and identification of the anal sphincter muscle 
involvement. The latter would be a contraindication of a re
storative proctocolectomy. It may also delineate the anatomy 
of the anal sphincter in case of previous obstetric trauma or 
episiotomies. 

• Obtaining a Wexner fecal incontinence score preoperatively 
may assist with the diagnosis of fecal incontinence. Manom
etry studies may also be helpful in these patients. Preopera
tive fecal incontinence may lead to poor functional outcome 
following an ileoanal pouch anastomosis. 

• Preoperative barium enema or small bowel follow-through 
contrast study may assist with the diagnosis of Crohn's disease. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The site for a diverting loop ileostomy is marked before surgery. 
• A complete bowel preparation is recommended. 
• Prophylaxis against deep venous thrombosis and prophylac

tic perioperative antibiotics should be administered. 
• The rectum is washed out with normal saline in the operating 

room. 

Positioning 

• The procedure is performed with the patient in a Lloyd
Davies position ( FIG 1 ) .  

• This position i s  defined a s  Trendelenburg position with legs 
apart. 

• The thighs are level with the abdomen as this allows efficient 
placement of a self-retaining retractor without creating exces
sive pressure between the retractor and the patient's thighs. 

• All pressure points are padded to avoid potential neurovas
cular injuries. 

• The perineum is positioned flush with the edge of the operat
ing room table for easy access during the perineal phase of 
the operation. 

• The pelvis is supported with a folded sheet to lift the entire 
perineum and facilitate exposure during the perineal dissection. 

• The arms are placed in a neutral position and supported 
with suitable armrests or tucked to the side. 

-
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0 '  angle 

PLACEMENT OF INCISION 

• A m i d l i n e  vert ica l  i nc i s ion is made .  

• A su itab l e  lapa rotomy retractor is i nserted .  

• After general inspection to see if there are any contra ind ica

tions to perform ing RP/I PAA, the small bowel is packed with 

moist la rge swab packs i nto the upper abdom ina l  cavity. 

MOBILIZATION OF THE RIGHT COLON: 

PRESERVATION OF THE ILEOCOLIC 

VASCULAR PEDICLE 

• The su rgeon sta nds to the patient's l eft s ide .  The patient 

i s  p laced on a Trende lenburg posit ion with the r ight  s ide 

u p  to faci I i tate exposure .  

• A fu l l  Catte l l - B raasch maneuver is performed to mob i l ize 

the r ight  co lon of its retroperitonea l  attachments. 

Right colon 

Right paracolic gutter 

• 

• 

FIG 1 • Pat ient posit ion i ng .  The patient is p laced on a L loyd-Davies 
posit ion, with the legs on st i rrups .  The th ighs  a re posit ioned level 
with the abdomen,  as  this a l l ows p lacement of a se lf-reta i n i n g  
retractor without creat ing  excessive p ressu re between the retractor 
and the patient's th ighs .  The arms  a re tucked . A l l  p ressure poi nts a re 
padded to p revent neu rovascu l a r  i n ju r ies .  

The cecu m and  ascend i ng  co lon a re freed from the 

peritonea l  reflect ion by inc i s ing  a long the wh ite l i ne of 

To ldt (FIG 2) .  The term i n a l  i leum is  a l so freed from the 

retroper itoneum and  mob i l ized by inc i s ing  the perito

neum a long  the root of the mesentery. 

As the co lon a n d  term i n a l  i l e u m  a re refl ected anter ior ly 

and  med ia l ly, the r ight gonadal  vesse l s  and  r ight u reter 

shou ld  be identif ied i n  the retroperitoneum and not mo

b i l ized a nter ior ly so as to avo id  i n ju ry. 

FIG 2 • Ascend ing  co lon mob i l izatio n .  The su rgeon 
retracts the ascend ing  co lon  med ia l ly. D issect ion proceeds 
a long  the r ight paraco l i c  g utter. 
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Right colon 

Hepatocolic ligament 

FIG 3 • Hepatic f lexure mob i l izat ion .  Gent le  tract ion on the 
hepatic f lexu re of the co lon exposes the hepatoco l i c  l i gament, 

which i s  then transected with e l ectroca utery. 

• 

• 
• 

The latera l  d i ssection is carr ied sharply up and around the 

hepatic flexu re i n  the avascu lar, em bryologic plane be

tween the mesoco lon and the d uodenu m .  The second and 

th i rd port ions of the duodenum a re identified near the he

patic f lexure and i nj u ry to this structure must be avoided.  

The hepatoco l i c  l i gament i s  transected (FIG 3) . 

Us ing  an energy device, we hemostat ica l ly d iv ide the 

ascend i ng  co lon mesentery between the mesenter ic 

vascu l a r  a rcade and the co lon wa l l  (FIG 4) whi l e  

protect ing  at a l l  t imes  the i leoco l i c  vascu l a r  ped ic le  u p  to  

the mesenter ic l eve l of the i leoceca l valve.  Th i s  w i l l  a l l ow 

exce l lent prograde b lood supp ly  to the pouch later o n .  

Avo id i ng  a n  i leoco l i c  mesenter ic b leed i n g  or  hematoma 

TRANSVERSE COLON MOBILIZATION 

• The gastroco l i c  l i gament is exposed as the ass ista nt re

tracts the g reater omentum super ior ly wh i l e  the su rgeon 

retracts the transverse co lon a nteroinfer ior ly. 

• D iathermy is used to sepa rate the g reater omentum from 

the a nter ior leaf of the transverse mesoco lon .  

• Mob i l izat ion of the sp leen needs to be a pproached from 

both sides to fac i l itate ease of mob i l i zat ion of the sp len i c  

f lexu re (FIG S) .  The patient i s  p laced on a reverse Tren

de lenburg posit ion  with the left s ide u p  to a l low the 

sp leen to come down i nto the su rg ica l f ie ld .  

Terminal 

ileal artery 

Middle colic artery 

Ileo-colic 

pedicle 

Superior 
mesenteric 
artery 

FIG 4 • Right colon vascu la r  transect ion .  Us ing an energy 
device, we hemostatica l ly divide the ascend ing colon mesentery 
between the mesenter ic vascu lar  a rcade and the co lon wa l l  
(dotted line) wh i le  protect ing a t  a l l  t imes t h e  i l eoco l i c  vascu la r  
ped ic le  up  to  the mesenteric l eve l of the i leoceca l valve. This w i l l  
a l low exce l lent prograde b lood supp ly to  the pouch later on .  

• 

is cruc ia l  for p reservation of the vascu l a r  supp ly  to the 

i lea l  J-pouch .  

The mesenteric d iv is ion extends  f rom the m idtransverse 

co lon down to the mesenteric border of the term i n a l  

i l eum at the se lected site o f  p roxim a l  i ntest i na l  d iv i s ion

just proxi m a l  to the i l eoceca l valve. 

FIG S • Sp len i c  f lexure mob i l izat ion .  The su rgeon retracts the 
sp len i c  f lexu re of the co lon (A) downward and med ia l ly, expos ing  the 
attachments of the sp len i c  f lexure to the spleen (B). The p h renoco l i c  (C) 
and  sp lenoco l i c  (D) l i ga ments a re transected in an i nfer ior  to super ior  
and  latera l  to media l  d i rect ion .  The gastroco l i c  l i gament (E) i s  then 
transected i n  a media l  to latera l  d i rect ion,  unt i l  both p lanes of d issect ion 
meet and  the sp len i c  f lexure i s  f u l ly mob i l ized .  
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• Once the gastrocolic ligament has been completely tran

sected, transection of the lateral peritoneal attachments 

(phrenocolic ligament) allows for lateral mobilization of 

the splenic flexure. 
• At this point and from the right side of the table, the 

surgeon hooks the splenocolic ligament anteriorly with 

DESCENDING COLON MOBILIZATION • 

• The surgeon stays on the right side of the table. The • 

patient is placed on Trendelenburg position with the left 

side up. 
• The descending colon is mobilized by medial traction 

and dissection along the left paracolic gutter using 

diathermy. 

A Caudad 

Left ureter 

his or her right index finger, exposing the ligament ad

equately for the assistant to transect it using electro

cautery. The splenocolic ligament is divided as close to 

the colon as feasible, avoiding undue traction on the 

spleen. 

The colon is mobilized from the retroperitoneum using a 

lateral to medial approach. 

Care is taken to identify, and avoid damage to, the left 

gonadal vessels and left ureter (FIG 6). In the lower 

abdomen, the left ureter is located medial to the go

nadal vessels, close to the midline. 

FIG 6 • Exposure of the left ureter. The illustration (A) shows the view of the operative field from cephalad to caudad direction. 
The operative picture (B) shows a caudad to cephalad view of the field. In the lower abdomen, as the descending and sigmoid 
mesocolon are separated from the retroperitoneum by the lateral to medial dissection, the left ureter is located medial to the 
gonadal vessels, close to the midline. 

INFERIOR MESENTERIC ARTERY 

TRANSECTION 

• With the assistant holding the proximal and distal sigmoid 

colon up, the root of the mesosigmoid colon is clearly vi

sualized by the surgeon from the right side of the table. 

At the root of the mesentery, the arch of the superior 

hemorrhoidal vessels (SHV) can be seen and palpated. 
• Placing the index finger behind the SHV arch allows 

the surgeon to incise with electrocautery the right 

• 

• 

surface of the peritoneum just under the dorsal surface 

of the SHV. 

This plane of dissection along the dorsal aspect of the 

SHV is carried distally over the promontory (leading into 

the presacral space) and proximally, up to the origin of 

the inferior mesenteric artery (IMA). The IMA is dissected 

circumferentially at its origin from the aorta. 

The IMA is then ligated between Sarot clamps, incised, 

and doubly ligated with braided 2-0 suture (FIG 7). 
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Caudad 

FIG 7 • IMA d ivis ion .  The IMA is transected between c l amps and w i l l  su bsequent ly be l igated with heavy s i l k  sutu res. 

PROCTECTOMY 

• The poster ior  pe lv ic  d issect ion is performed fi rst. Us ing  

a l i ghted St .  Ma rk's retractor for  exposu re, the p resacra l  

rectum to the level of the l evator m usc le .  It  i s  cruc ia l  not 

to v io late the p resacra l fascia poster ior ly  where nerv i  

er igentes a n d  the latera l  a n d  p resacra l ve i n s  m i g ht be 

damaged .  
fasc ia  is entered between the i nvest ing  l ayer of fascia • After the poster ior  d i ssect ion ,  a b i l atera l i nc i s ion  i s  

made on  the pe lv ic  per itoneum a n d  jo i ned on  the an

ter ior  recta l wa l l  1 em a bove the per itonea l  reflect ion .  

D i ssect ion  i s  then  performed c lo se r  to the rect u m  to re

duce the risk of ne rve i n j u ry. The latera l  l i g a me nts a re 

d iv ided (FIG 1 0) .  

• 

• 

propr ia of the mesorectum and  p resacra l fasc ia  (FIG 8) .  

The hypogastric nerves a re ident if ied at the pelv ic  r im 

and  they a re preserved (FIG 9) .  

The pe lvic d i ssect ion i s  cont i n ued i n  the m id l i ne  be

tween Wa ldeyer's fasc ia  and the i nvest i ng  layer of the 

FIG 8 • Poste r ior  pelv ic d i ssect ion .  The poster ior  p lane of 
d i ssect ion (dotted line) proceeds i n  a sem ic i rcu l a r  fash ion  
a long the presacra l space, l ocated between the fasc ia  propr ia 

of the rectum,  a nter ior ly, and  the p resacra l fasc ia ,  poster ior ly. 

Th i s  a l l ows cont inued exposure of the poster ior  p l ane  of 

d i ssect ion down to the pelv ic f loor and prevents vascu l a r  and  
nerve i nj u r ies a long  the l atera l pelv ic wa l l s .  

� 
Hypogastric 
nerves 

Levator 
ani 

FIG 9 • Preservat ion of the hypogastric nerves. Us ing  a 
l i g hted St. Ma rk's retractor, the rectum is retracted a nter io r ly, 
expos ing  the p resacra l space poster ior ly. The hypogastric 

nerves a re exposed and shou ld  be swept poster ior ly and away 
from the mesorectum .  This beg i n s  the super ior  and poster ior  
port ion of the tota l mesorecta l exc i s ion .  
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• The a nter io r  d i ssect ion  is d o n e  to the  lower border  of • A transa n a l  d i g ita l  eva luat ion with the t ip  of a fi nger  i s  

performed (FIG 1 1 ) to mark the l eve l of d i sta l  recta l t ran 

sect ion .  The recta l tra nsect ion is performed by a l i near  

sta p le r  for doub le-sta p led I PAA or  pu rse-str ing sutures 

for a s i ng l e-sta p led I PAA. 

the p rostate g l a n d  or lower on e-th i rd of the vag i n a  

(FIG 1 0) .  T h e  Denonv i l l i ers '  fasc i a  i s  p reserved i n  pa

t i ents without  a ca rc i n o m a .  The  rect u m  i s  com p l ete ly  

m o b i l i zed .  

F IG 1 0  • Tra nsection  of the latera l recta l l i gaments and  
a nter ior pelv ic d issect ion .  Posterolatera l retract ion of the  
rectum a l lows fo r  good  exposu re of the latera l recta l l i ga ment 
(th e  r ight one i s  shown he re), wh ich ca n then be transected 

with an energy device. The a nter ior d i ssect ion w i l l  then 
proceed between Denonvi l l i e rs' fasc ia ,  poster ior ly, and  the 
prostate and  sem i n a l  ves ic les (8 and  C,  respective ly), a nter ior ly. 

CREATION OF THE POUCH 

• The pouch des igns  i nc l ude  J-, 5-, or W-pouch (FIG 1 2) .  

The  J-pouch i s  the preferred tech n i q u e  beca use it i s  s im

p le r  to create. However, if there  is a n  excessive tens ion 

i n  I PAA, a n  5-pouch can be created, beca use it usua l ly 

reaches up to 4 em further  than  the J-pouch .  

• The J-pouch is created from the term i n a l  30 to 40 em 

of s m a l l  bowe l ,  fo lded i nto two 1 5-cm or  two 20-cm 

seg m ents (FIG 1 3) .  A long itu d i n a l  1 ,  5 em a p ica l enter

otomy i s  made .  A s ide-to-s ide  a nastomos is  of the two 

l i m bs of the i l e u m  is  done  with 1 00-mm l i near  sta p le rs, 

wh ich  i s  passed through ap i ca l  enterotomy. After m a k

i n g  su re that no sma l l  bowe l mesentery is i nterposed 

between the a nv i l  and the ca rtr idge,  the i nstrument i s  

f i red .  A second stap le r  f i re i s  req u i red i n  the same way 

(FIG 1 3A) .  

F I G  1 1  • A transa n a l  d i g ita l eva l uat ion with t h e  t ip  o f  a f inger  
i s  performed to mark the level of d ista l  recta l transect ion .  

• 

• 

• 

• 

The end  of the d iv ided term i n a l  i l e u m  is c losed by a l i n 

ear  sta p le r  (FIG 1 38) and  u s u a l l y  re i nforced b y  oversew

ing with 3-0 polyg lyco l i c  acid sutu res. 

The pouch is  f i l led with sa l i ne to confirm i nteg r ity of the 

a nastomosis (FIG 13C) .  The sta p le  l i nes a re checked for 

hemostas i s .  

The ap ica l  enterotomy is  c losed us ing  a 0 polypropy lene 

pu rse-str ing suture.  

An 5-pouch i s  created us ing th ree l i m bs of 12 to 1 5  em of 

term i n a l  smal l  bowe l with a 2-cm exit condu it. The l i m bs 

a re approxi mated by cont inuous  seromuscu l a r  3-0 poly

g lyco l i c  ac id sutu res. An 5-shaped enterotomy is  made .  

Conti nuous  o r  runn ing a l l-coat sutures a re app l ied to the 

two poster ior  anastomotic l i n es from with i n  the pouch .  

C losure of the a nter ior wa l l  i s  done with cont inuous  sero

muscu l a r  sutu res. Lastly, i nterrupted 3-0 polyg lyco l i c  ac id 

rei nforcement sutu res a re app l ied .  
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FIG 1 2  • I l e a l  pouch confi g u rat ions .  

The potent ia l  pouch des igns  inc lude a 

J-, S-, or W-pouch .  

A 

A 

1 5-20 
em 

l 
I 

1 5  em 

1 I2 em 

B 

I 
1 2  em 

1 
c 

FIG 1 3  • Creat ion  of a J -pouch . The J -pouch  is created from the  term i n a l  30 to 40 em of sma l l  bowe l ,  fo lded i nto two 
1 5-cm or two 20-cm seg m e nts by creat i n g  a s i de-to-s i d e  a n a stomos i s  with two seq u ent i a l  1 00-mm l i n e a r  sta p l e r  loads  
i ntrod uced th rough  a n  ap i ca l  pouch  i n c i s i on  (A) . The e n d  of the  d iv ided term i n a l  i l eum i s  c l osed by a l i n e a r  sta p l e r  and  
re i nforced by oversew ing  with 3-0 po lyg lyco l i c  ac id  sutu res (B) . The pouch  i s  the  fi l l e d  with sa l i n e  to conf i rm i nteg rity of  
the  a n a stomos i s  (C) . 
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THE POUCH DOES NOT REACH ! 

• The sma l l  bowel should be fu l ly mobi l ized a long the root of 

the mesentery up to the th i rd portion of the duodenum so 

that the pouch reaches to the levator f loor without tens ion.  

• There may be d ifficu lty with reach of the i l ea l  pouch to 

the ana l  ca na l  i n  obese patients or in patients who have 

had a p revious  sma l l  bowe l resect ion .  

• The reach can be est imated by g rasp ing the i l ea l  pouch 

at the apex and  br i ng ing  it down to the pelv ic f loor. 

• If the pouch does not reach, l i gat ion and  exc is ion of the 

i l eoco l i c  a rtery and  ve i n  at the i r  or ig in  off the super ior  

mesenter ic a rtery (SMA) provides exce l lent pouch reach 

and a l l ows for a n  a nastomosis  with no tension (FIG 14A) . 

A 

� . . . ':;-'---- SMA 

ICA--- · 1 · · · 

· · · · · 

B 

• 

• 

If further mob i l izat ion is necessa ry, the per itonea l  t issue 

to the r ight of the super ior  mesenteric vesse l s  i s  excised 

with the use of trans l u m i nat ion .  Add i t iona l ly, transverse 

1 - to 2-cm peritonea l  inc i s ions  over the super ior  mes

enter ic vesse ls  border a nter ior ly and poster ior ly ca n be 

done if needed (FIG 148) .  

I n  a na rrow pe lv i s ,  a b i m a n u a l  m a n e uver can overcom e  

the  d iffi cu lty i n  reac h i n g  a b u l ky i l e a l  p o u c h  to the  a n a l  

ca n a l .  A l ong  Ba bcock c l a m p  i s  passed transa n a l ly t o  

g rasp  the  a pex of the  p o u c h  a n d  the  s u rgeon 's h a n d  i s  

passed  beh ind  the  pouch to coax a n d  ease the  pouch 

a n d  i t s  ex i t  co n d u it to the  leve l  of the  l evator f loor  

(FIG 1 5) .  

F I G  14  • (A) Pouch e longat ion .  If  the 
pouch does not reach,  l igat ion and 

exc i s ion of the i leoco l i c  a rtery and  ve i n  
a t  t h e i r  or ig i n  off t h e  S M A  provides 
exce l l ent pouch reach and a l l ows for 

an  anastomosis  with no tension (B) . I f  
further pouch mob i l izat ion i s  necessa ry, 
the per itonea l  t issue to the r ight  of the 
super ior  mesenter ic  vesse l s  i s  excised with 
the use of tran s l um i nat ion .  Additiona l ly, 

transverse 1 - to 2-cm per itonea l  step ladder  
inc i s ions  over the super ior  mesenteric 
vesse l s  border a nter ior ly and poster ior ly 

can be done if needed . 

FIG 1 5  • B i m a n u a l  pouch de l ivery maneuver. A long 
Babcock c lamp i s  passed transa n a l ly to g rasp the a pex 

of the pouch and the su rgeon's hand  i s  passed beh ind  
the pouch  to coax and  ease  the pouch  to the level of the 
levator f loor. 
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CREATION OF ILEAL POUCH-ANAL 

ANASTOMOSIS 

Stapled Anastomosis 

• 

• 

• 

I PAA can be created by e ither  sta p l i n g  or h a nd-sewn 

tech n iq ues .  A sta p led I PAA is  constructed us ing  e ither a 

doub le- or s i ng l e-sta p l i n g  techn i q ues .  

In the  d o u b l e-sta p l i n g  tech n i q u e  (F IG 1 6). the  d i sta l 

a n o recta l stu m p  is c l osed with  a l i n e a r  sta p l e r. After  

the  sta p l e r  i s  f i red ,  the  spec i m e n  i s  d iv ided  a bove 

the l i ne a r  sta p l e  l i ne .  The l i ne a r  sta p l e  l i n e  on the  

a no rect u m  s h o u l d  rest at a l eve l  j u st be low the  su 

per io r  border  of the  l evator f loor. H ence,  the  l eve l of  

the  p l anned  I PAA shou ld  be  d eterm i n ed a n d  m a rked 

before h a n d .  

A c i rcu l a r  sta p le r  with t h e  a n v i l  detached i s  i nserted i nto 

the anus  and the poi nted shaft/troca r i s  advanced j u st 

poster ior  to the l i nea r  sta p le  l i n e  on the a norectum .  Th is  

• For a s i ng l e-sta p l i n g  a nastomos is, a d i sta l  pu rse str ing  i s  

app l ied to the anorecta l stu m p  by hand with a 0 poly

propy lene suture.  The su rg ica l c i rcu l a r  stap le r  is i nserted 

transana l ly, the shaft i s  advanced comp letely, and the 

pu rse str ing  i s  t ightened.  I PAA is then comp leted.  

Hand-Sewn Anastomosis 

• A h a nd-sewn I PAA is performed fo l lowing  mucosectomy 

of the anorectum (FIG 1 7A) .  The mucosa i s  str ipped from 

the underly i ng sph i ncters sta rt ing  at the dentate l i n e  to 

the level of the anorecta l  transsect ion .  The a n a l  verge is 

everted us ing  sutu res p laced in fou r  quadra nts. An i n 

j ect ion of  1 0- to  1 5-ml a d re na l i n  so lut ion ( 1 : 1 00,000) i s  

used to ra ise the anorecta l  m ucosa .  A tube exc is ion of 

anorecta l m ucosa i s  performed us ing  cautery. M et icu lous  

tech n iq ues a re i m portant to m i n i m ize r i sk of leavi ng i s 

l ands  of l a rge  bowel mucosa that a re not  amenab le  to 

su rve i l l a nce.  

can be fac i l itated by putt i ng  the i ndex f inger i nto the • Excessive stretch i ng  of the a n a l  ca na l  may damage the 

ana l  sph incte rs; therefore, it shou ld  be avo ided .  anorecta l a rea f rom the abdom i n a l  s ide and  gu id ing the 

troca r j ust poster ior  to the l i near  stap le  l ine on the ano- • 
rectum .  The shaft of the c i rcu l a r  sta p le  l i ne is then mated 

with the anvi l  shaft emerg i n g  from the i lea l  pouch . To 

prevent the twist i ng  of m esentery, the sma l l  bowe l i s  

correct ly or iented.  The ends  a re approxi mated and  a nas-

tomosis i s  comp leted .  Both doug h n uts a re i n spected • 
for i nteg rity. Care m ust be taken to avo id  i n c l ud i ng  the 

poster ior  vag i na l  wa l l  and  the ana l  sph incters with i n  the 

a nastomosis .  

• Tra nsa n a l  i nsuffl at ion with norma l  sa l i ne  is performed to 

2-0 polyg lyco l i c  ac id sutures a re p laced rad i a l ly at the 

dentate l i ne, i n corporat ing  a sma l l  port ion of i nterna l  

ana l  sph incter. St itches shou ld not be taken too deeply 

a nter ior ly i n  fema le  patients i n  order to p revent deve lop

ment of anastomotic-vag i na l  fistu l a .  

After the a pex of the J-pouch o r  end  of the exit con d u it 

of the 5-pouch is de l ivered to the ana l  verge us ing  a Bab-

cock c lamp (FIG 178), the previous ly p laced sutu res at 

the dentate l i n e  a re ser ia l ly p laced through the fu l l  th ick

ness of the i l e u m  (FIG 1 7C,D) .  

confirm that  the a nastomosis i s  i ntact. • The retractor is then removed a n d  the sutures t ied .  

FIG 16 • J -pouch i l eoa n a l  a nastomosis :  doub le-stap led tech
n ique .  An end-to-end  stap led anastomos is  i s  performed between 
the pouch and  the ana l  ca n a l .  
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A B 

D 

CREATION OF DIVERTING STOMA AND 

CLOSURE 

• A tempora ry d ivert ing  loop i leostomy is created in the 

r ight lower quad ra nt, 20 to 2 5  em proxi ma l  to the pouch . 

I n  obese patients, if the i l ea l  loop does not reach to the 

PEARLS AND PITFALLS 

c 

FIG 1 7  • J-pouch i l eoana l  anastomosis :  hand-sewn 
tech n ique .  A. An ana l  m ucosectomy i s  performed 
sta rt i ng  at the level of the dentate l i ne .  B. The ap ica l  

open i ng  of the J -pouch  is  de l ivered i nto the ana l  
ca na l  w ith  a Babcock c l amp .  C. The a nastomosis  i s  
constructed .  D. This  operative p ictu re shows how 
the ap ica l  ope n i n g  of the J-pouch i s  anchored to the 
ana l  ca n a l .  The p revious ly  p laced four-quadrant  d ista l 
sutu res p l aced in the ana l  ca n a l  have now been p laced 
fu l l  th i ckness through the open end of the J-pouch 

(arrows). P lac ing fu l l -th ickness sutu res i n  between 

these  fou r  quad rant  sutures (a long the dotted lines) 

w i l l  comp lete the a nastomosis .  A Lone Sta r retractor i s  
used to enha nce exposu re .  

abdom i n a l  wa l l  without tens ion,  a d iv ided end i leostomy 

may be p referred . 

• A closed suct ion dra in  is p l aced i nto p resacra l space. 

• The inc i s ion is c losed with runn i ng  no .  1 polydioxanone 

(PDS) sutures. The sk in  inc i s ion i s  c losed with  stap les .  

Pat ient posit ion ing  • P lace  the patient i n  a L loyd-Davies posit ion .  

I nc i s ion • M id l i n e  inc i s ion 
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I n  severe fu l m i nant  col it is  o r  
toxic megacolon 

• RP/I PAA shou ld be performed i n  m u lt istage :  f i rst, su btota l colectomy and  end i leostomy, then 

comp let ion proctectomy, I PAA. and  loop i leostomy i n  6 months .  

Creat ion of pouch • J-pouch should be the preferred tech n ique  beca use of its  s imp l i c ity. 
• 5-pouch ca n be used if there is excessive tens io n .  
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The pouch does not reach • M o b i l i ze the sma l l  bowel to the t h i rd port ion of the duodenu m .  
• Tra nsect a n d  excise t h e  i leoco l i c  vesse l s  a t  the i r  o r ig i n  from t h e  SMA. 
• Step ladder  inc i s ions  on  the mesentery over ly ing the SMA 

I PAA • The sma l l  bowe l shou ld  be mob i l i zed suff ic ient ly so that it wi l l  reach to the levator f loor 
without tens ion .  

• Stap led I PAA shou ld  be the preferred tech n ique  beca use it is  associated w i th  better outcomes. 

D ivert i ng  stoma • Red uces postoperative seps is 
• I n  obese patients, if the i lea l  loop does not reach to the abdom i n a l  wa l l  without tens ion, 

a d iv ided end i leostomy may be p referred.  

POSTOPERATIVE CARE 

• Mean time to resuming a liquid diet is 3 . 8  days after 
surgery. 

• The pelvic drain is left for 3 to 4 days or until the drainage is 
less than 50 mL a day. 

• The mean length of hospital stay after RP/IPAA is 7 .8  days. 
• The diverting loop ileostomy is reversed in 6 weeks to 

3 months, depending on the patient's performance and nu
tritional status, and only after a contrast study shows that 
the pouch and the anastomosis are intact. 

OUTCOMES 

• RP/IPAA is a good option for patients with ulcerative colitis, 
indeterminate colitis, familial adenomatous polyposis, and 
selected patients with Crohn's disease. 

• J is the preferred design of the ileal pouch. 
• Stapled IPAA seems to be associated with significantly less 

complications and better functional outcomes and quality of 
life compared to a hand-sewn IPAA. 

• Diverting ileostomy during RP/IPAA improves outcomes, 
especially sepsis .  

• However, ileostomy may still be omitted in selected low-risk 
patients . 

• Rate of pouch failure after RP/IPAA can be as low as 5 %  
when i t  i s  performed a t  specialized centers. 

• Patients who undergo RP/IPAA report good functional out
comes and quality of life after a long-term follow-up. 

COMPLICATIONS 

• Early complications: pelvic sepsis, anastomotic leak, hem
orrhage, wound infection, small bowel obstruction, pouch 
fistula, stricture 

• Late complications: small bowel obstruction, pelvic sepsis, 
pouch fistula, anastomotic leak, stricture, pouchitis, chronic 
pouchitis, pouch failure 
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DEFINITION 

• Single-incision laparoscopic restorative proctocolectomy, in
cluding pouch ileoanal anastomosis with temporary diverting 
loop ileostomy, is another application of the single-incision 
laparoscopic technique where a single multichannel laparo
scopic port is used via a 2.5- to 3 .5-cm total incision length. 

• The procedure can be performed for benign or neoplastic dis
eases that require elective restorative proctocolectomy with a 
hand-sewn or stapled coloanal anastomosis including ileoanal 
pouch anastomosis such as ulcerative pancolitis, polyposis 
syndromes such as familial adenomatous polyposis or syn
chronous noninvasive rectal carcinoma and colonic carcino
mas and polyps after appropriate oncologic staging workup. 

• A variation of this procedure may be applied for mid- or 
low rectal cancer with adequate oncologic distal rectal wall 
margin, preferably of at least 2 em, for creation of an anas
tomosis. In these cases, a low anterior resection with stapled 
coloproctostomy or hand-sewn coloanal anastomosis and 
temporary loop ileostomy may be performed. 

• A completion proctectomy, an ileoanal pouch anastomosis with 
temporary loop ileostomy after a total abdominal colectomy 
for ulcerative colitis, is another application of this technique. 

• A new approach, the transabdominal-transanal single-port 
technique or transanal single-port total mesorectal excision 
(ta-TME) for completion of the total mesorectal excision with 
placement of a transanal single port, is discussed in this chapter. 

• The goal is to keep the procedure simple, safe, and cost effec
tive, with comparable outcomes to hand-assisted or multi port 
laparoscopic technique. 

• Although single-incision laparoscopic surgery differs techni
cally from conventional laparoscopic surgery, it follows the 
same steps and oncologic principles . However, it requires 
advanced laparoscopic skills. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• A detailed history and physical examination is essential 
preoperatively to determine if the patient is suitable for a 
laparoscopic approach. Rectal neoplasia after preoperative 
neoadjuvant chemoradiation or T4 rectal tumor extension 
to the sacrum, bladder trigone, prostate, posterior vaginal 
wall, or side pelvic wall with ureteral or major vessel in
volvement should be addressed preoperatively with appro
priate staging workup. In these cases, laparotomy may be 
the best option, or if the procedure can be accomplished 
laparoscopically, a hybrid approach with a single-port lapa
roscopic technique at the suprapubic area with subsequent 
conversion to a Pfannenstiel incision may be considered. 

• Potential intraoperative consultation to other subspecialties, 
such as gynecology for addressing an incidental neoplastic 
adnexal pathology, urology for ureteral or bladder tumor 
involvement or other surgical service, may be necessary. It 
is the primary surgeon's responsibility to communicate with 
the consulting service regarding the feasibility of a single
incision laparoscopic approach in order to avoid a lengthy 
single-incision procedure that may lead to conversion to 
hand-assisted laparoscopy or to a laparotomy. 

• A restorative proctocolectomy allows for extraction of the spec
imen via the single port or transanally, in case of a planned colo
anal or ileoanal pouch hand-sewn anastomosis. A full-thickness 
rectal division is performed at the level of the dentate line. In 
case of underlying colonic or rectal neoplasia, the size of the 
tumor determines if it can be extracted without tension via the 
single-port wound protector. In general, tumors up to 7 em can 
be extracted via a 5-cm maximum length single incision. The 
procedure can still be performed with elongation of the incision 
for extraction of larger tumors. In that case, the benefit of the 
single port is eliminated, with the exception of the avoidance of 
use of multiple laparoscopic ports. If the single port is placed via 
the new ileostomy site, then partial approximation of the fascia 
may be required prior to maturation of the ileostomy. 

• A large palpable tumor preoperatively with fixation to the 
abdominal wall or other organs may be a contraindication 
to single-incision laparoscopy, although excision en bloc 
with soft tissue abdominal wall is still possible via a single 
incision in some cases. 

• It is important to define the underlying pathology-benign ver
sus malignant disease and the location of the lesion-preopera
tively. Neoplasia may require formal lymphadenectomy with 
preferable high ligation of the involved vascular supply. This 
may not be necessary in benign conditions such as ulcerative 
colitis or polyposis syndromes without dysplasia or neoplasia. 

• In case of a planned ileoanal pouch anastomosis, particular 
attention is paid to the preservation of the ileocolic vascu
lar pedicle in order to maintain the vascular supply of the 
pouch. The ileal pouch can be fashioned extracorporeally, 
following extraction of the colon and rectum via the single 
incision wound protector. 

• Previous abdominal surgeries with extensive abdominal or 
pelvic adhesions may increase the operative time. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Preoperative colonoscopy is necessary to justify the planned 
restorative proctocolectomy. 

• Diagnosis of ulcerative colitis and exclusion of Crohn's dis
ease by colonoscopic biopsy and by an experienced pathologist 

1239 

I 



1 240 P a r t 4 OPERATIVE TECHNIQUES IN  COLON AND RECTAL SURGERY 

and/or with the assistance of other laboratory workup, such as 
Prometheus test, are necessary in order to establish the need 
for restorative proctocolectomy with ileoanal anastomosis. 

• Colonoscopic evidence of terminal ileitis by biopsy may 
assist in the diagnosis of Crohn's disease and avoidance of 
an ileoanal pouch formation. 

• Diagnosis of ulcerative colitis with proctitis and involvement 
of the anal canal by colonoscopy or rigid proctoscopy and 
biopsy is necessary in order to establish the need for anal 
mucosectomy and hand-sewn ileal pouch anastomosis. 

• Contrast-enhanced computed axial tomography (CAT) scan 
of the abdomen/pelvis assists the surgeon to decide on the 
feasibility of a single-incision laparoscopic approach. It also 
helps in identifying the exact location of large colonic or rec
tal neoplastic lesions, the potential involvement of adj acent 
organs or structures, and the potential presence of mesen
teric adenopathy and/or metastases as well as inflammatory 
processes (phlegmon, abscess, fistula, or obstruction ) .  

• Endorectal ultrasound or  rectal protocol magnetic reso
nance imaging (MRI) may assist with the staging of rectal 
carcinoma and identification of the anal sphincter muscle 
involvement. The latter would be a contraindication of a 
restorative proctocolectomy and may also delineate the 
anatomy of the anal sphincter in case of previous obstetric 
trauma or episiotomies. 

• Fecal incontinence-Wexner score preoperatively may assist 
with the diagnosis of fecal incontinence. Preoperative fecal 
incontinence may lead to poor functional outcome following 
an ileoanal pouch anastomosis. 

• Preoperative barium enema or small bowel follow-through 
contrast study may assist with the diagnosis of Crohn's disease. 

• A carcinoembryonic antigen ( CEA) level is obtained in 
malignancies as a tumor marker. 

SURGICAL MANAGEMENT 

• Full bowel preparation is administered the day prior to sur
gery to reduce the weight and volume of the colon. This 
facilitates the laparoscopic handling of the colon and the 
extraction of the specimen via a small 3 .5 -cm single incision. 

• Obtain preoperative medical or pulmonary cardiac clear
ance as necessary. 

• Correct anemia, electrolyte imbalances, and malnutrition 
preoperatively as needed. 

• Wean off preoperative steroids to preferably less than 20 mg 
prednisone per day, if possible. 

• Give consideration to weight loss prior to surgery, especially in 
cases of chronic preoperative steroid usage. A short and thick 
ileal mesentery may preclude an ileoanal pouch anastomosis. 

• Intravenous ( IV) antibiotics are administered prior to skin 
lllC!SlOn. 

Instrumentation 

• A laparoscopic operating room (OR) table with steep tilt
ing is used. Test maximum tilting prior to draping to assess 
patients' secure positioning on the table (FIG 1 ) .  

• Two laparoscopic high-definition screens, one o n  each side 
of the OR table, are used. 

• We use a bariatric length, 1 0-mm 30-degree camera. If needed, 
we use a right-angle adaptor for fiberoptic attachment to the 
camera to avoid conflict of the fiberoptic cord with other 

FIG 1 • Pat ient setup .  The patient i s  secured to the tab le ,  with 
the arms tucked, a strap across the chest, and the legs on Ye l lofi n 

st i rrups .  A l l  pressure poi nts a re padded to avo id  nerve and  
vascu l a r  i n ju r ies .  The tab le  t i l t  is  tested p r io r  to sta rt i ng  the case 
to ensure that the patient does not s l i de .  

laparoscopic instruments. Using camera heaters and a smoke 
evacuator channel can avoid the need for repeated camera 
cleansing, leading to a decrease in operative length. 

• We use two bariatric length laparoscopic bowel graspers, 
laparoscopic scissors, and bariatric length laparoscopic 5- to 
1 0-mm suction irrigation. 

• We prefer to use a bariatric length laparoscopic energy de
vice such as the 43-cm LigaSure 5-mm device. Energy devices 
that produce excessive moisture or fog may impair visibility. 

• Laparoscopic Endoloop polydioxanone (PDS) for the ileoco
lic vascular pedicle 

• Staplers 
Linear GIA 100-mm, triple blue staple lines for the ileal 
pouch formation 
A 28- to 29-mm circular stapler for a stapled ileoanal 
pouch anastomosis 
A 60-mm Endo GIA for distal division of the rectum as 
indicated 

• A second set of instruments is necessary for an extracorpo
real anastomosis. 

Patient Positioning 

• The patient is placed on modified lithotomy position on Allen 
stirrups with arms tucked ( FIG 1 ) .  The patient is secured to 
the table, with foam pad placed under the patient's torso and 
with Velcro or broad tape placed across the chest. Rolled 
surgical towel is placed under the sacrum to elevate the pelvis 
and assist with the coloanal or ileoanal anastomosis. 

• A Foley catheter is inserted and taped over the right thigh in 
order to avoid urethral trauma with the OR table tilting. 

• A bear hugger or other thermal device is applied to the chest 
and legs. 

• A protecting foam pad is placed over the head to protect 
from injury with laparoscopic instrument positioning. 

• We recommend using laparoscopic draping with side plastic 
bags or pockets to allow for bariatric instrument placement. 
All laparoscopic cords and energy device cords are brought 
out via the patient's upper chest. 
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DIAGNOSTIC LAPAROSCOPY-SINGLE 

MULTICHANNEL PORT TECHNIQUE 

• A 2 . 5-cm c i rcu l a r  i n ci s ion is performed at the r ight  lower 

quadrant  (RLQ) prema rked temporary i leostomy s ite.  

Alternative ly, a 3 . 5-cm per i u m b i l ica l vertica l m i d l i n e  i n 

c i s i on  i s  performed .  A wound  protector i s  inserted, fo l 

l owed by attachment of the s ing le- inc i s ion lapa roscop ic  

su rgery (SJ LS) port (FIG 2A,B) .  
• Assemb le  a l l  channe l s  of the S I LS port on the back ta b le  

to  avo id  los ing pa rts outs ide the ster i l e  fi e l d .  I n sert the 

l aparoscop ic  m u lt icha nne l  s ing le  port with a wound pro

tector. Insufflate pneu moper itoneum carbon d ioxide 

(C02) to 1 5  m m H g  of p ressu re .  

• Perform a d iagnost ic  l apa roscopy. The su rg ica l assista nt! 

camera ho lder  a n d  the su rgeon sta nd by the patient's 

r ight s ide when address ing  the left co lon,  s igmoid,  or  

rectum a n d  by the patient's l eft s ide when address i ng  

the r i ght  co lon .  For the transverse co lon  mob i l izat ion, 

e ither  s ide may be su itable o r  the surgeon may be posi

t ioned between the patient's legs .  Ti lt the OR tab le  to a 

steep Trende lenburg posit ion and  a i rp l ane  it to the left 

or r ight for maxi m u m  exposure .  

• M i n i m ize excurs ion/c l u ster effect around hands  and  ca m

era between the surg ica l  assistant and  operat i ng  su r

geon with adherence to the pr inc ip le  that the su rgeon 

should posit ion h i s  or  her  assist ing  (nondom inant hand) 

i nstru ment's d i sta l t i p  (used for g rasp ing ,  retract ing ,  or  

suct ion i ng) as c lose as  possi b le  to h i s  o r  her  operati ng  

A B 

• 

• 

• 

• 

(dom i nant ha nd) i n strument's ( i . e . ,  energy d evice) t ip .  

Th is  d i stance shou ld  be a bout 3 to 4 em between the two 

i nstru ments' t ips .  For exam p le, ho ld  the i leoco l i c  vascu l a r  

ped i c l e  ju st a bove the s i te  of the d iv is ion site rather than  

ho l i ng  the cecu m itself, which i s  fa r more  d ista nt from 

the ped ic le .  Th is  tech n ique  a l l ows ach iev ing a wide a n g l e  

between the two in struments outs ide the a b d o m e n  a s  

they exit and  cross v i a  the s i ng le  port, thus  m i n i m i z i ng  

i nstrument confl i ct effect between the su rgeon's ha nds .  

The ass istant/ca mera ho lder  wi l l  avo id  confl i ct with the 

su rgeon's i nstruments outs ide the abdomen by ho ld i ng  

the camera as fa r as  possi b le  from the surgeon's hands  

and  by  us ing  the camera 's 30-deg ree angu lat ion fo r  s i de  

v iew as  we l l  as the zoom- in  option (FIG 28). 

M i n i m ize the need for freq uent l aparoscop ic  i nstrument 

exchange, such as exchang i ng  of g raspers with monopo

lar l aparoscop ic  scissors. I n stead, consider us ing m u lt i use 

energy devices that p rovide d i ssect ion and sea l i ng-cut

ting capa b i l it ies, thus a l l owi ng constant prog ress in the 

operat ing  f ie ld  and  s ign if icant t ime savi n g .  

T h e  su rgeon and  the ass ista nt c a n  e ither  switch s i d e s  d u r

i ng  the va r ious steps of the procedu re or j u st rotate the 

s ing le  port c lockwise o r  cou nterclockwise whi le  the i n 

stru ments stay i n  the a bdomen u nder  d i rect v isu a l i zat ion 

with the camera, thus  ach ievi ng d i fferent camera ang les, 

better exposu re, and better v i sua l izat ion .  

The  O R  tab le  ca n a l so be t i lted accord ing ly  du r i ng  the  

va r ious steps of the p roced u re to i n crease the exposure 

and prevent i n strument confl i ct .  

F IG 2 • S I LS port p lacement a n d  confi g u rat ion .  A. A wound  protector i s  inserted i n  the RLQ at the d ivert ing  loop  i leostomy site. 
B. A m u lt ipart channe l  with fou r  work ing  ports, i nsuff l at ion port, and a smoke evacuator port i s  used.  The port i s  assemb led 

on a s ide ta b le  pr ior  to i nsert ion in the patient.  The assistant/ca mera ho lder  w i l l  avo id  confl i ct with the su rgeon's i nstru ments 
outs ide the abdomen by ho ld i ng  the ca mera as  fa r as poss ib l e  from the surgeon's hands .  

MOBILIZATION OF THE RIGHT COLON: 

PRESERVATION OF THE ILEOCOLIC 

VASCULAR PEDICLE 

• The patient is posit ioned i n  a steep Trende lenburg po

sit ion with the O R  ta b le  t i lted maxi ma l l y  toward the 

patient's l eft s ide. The su rgeon is  stand i ng  on patient's 

l ower left s ide us ing  a g rasper in the nondom i n a nt hand  

• 

and  the energy device on the domi nant hand .  The ca m

era ho lder  stands  cepha lad  to the su rgeon .  

If the omentu m is  adherent med i a l ly to the hepat ic  fl ex

u re o r  the ascend ing  co lon itself, we sta rt the proced u re 

with the d issect ion of the omentum off the co lon .  We 

may perform omentectomy by i n c l ud i ng  the omentum 

with the transverse colectomy. 
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FIG 3 • Mob i l izat ion of the i l e u m  a n d  ascend i ng  co lon .  The 
mob i l izat ion sta rts by transect ing  the i l eoceca l retroperitonea l  
attachments (dotted line) . The d i ssect ion w i l l  then proceed 
on a caudad to cepha lad  d i rect ion,  eventua l ly expos ing  the 
or ig i n  of the super ior  mesenteric a rtery and the th i rd port ion 
of the d uoden u m .  

• Dissect the term ina l  i l ea l  retroperitoneal  attachments and 

mobi l ize it toward the mid l ine  (FIG 3), expos ing the ori

gin of the superior mesenteric a rtery and the th i rd and 

fou rth port ions of the d uodenum.  Morbidly obese patients 

requ i re a generous term ina l  i l ea l  media l  mob i l ization to 

FIG 4 • Preservat ion  of the i l eoco l i c  vesse ls ( ICV). Du r i ng  
the d i ssect ion of the r ight co lon ,  it i s  cr it ica l to d iv ide the  
mesentery c lose to the co lon i c  wa l l  (dotted line), preserv ing  
the ICV (here seen  cross ing  over  the th i rd port ion of the 
duodenum) i ntact. Th i s  wi l l  ensure exce l lent b lood supp ly to 
the pouch .  

the i l eoco l i c  vascu la r  ped ic le up  to the mesenteric level of  

the i l eoceca l valve (FIG 4) .  This  i s  cr it ical to ensure a good 

b lood supp ly to the pouch.  Avo id ing  an  i l eoco l i c  mesen

teric bleed ing or hematoma is crucia l  for preservation of 

the vascu la r  supply to the i leal J-pouch. 

a l low for a tension-free i leoana l  pouch anastomosis. • D iv ide with the energy device the ascend ing  co lon mes

entery flush to the i leoco l i c  vascu l a r  ped ic le  (stayi ng  close 

to the co lon i c  wal l), u p  to the mesenteric border of the 

term i n a l  i l eum at the se lected site of proxi m a l  i ntesti na l  

d iv is ion,  j ust p roxi m a l  to the i l eoceca l valve. 

• 

• 

Proceed i ng  from a caudad to cepha lad d i rect ion,  d issect 

the ascend ing  co lon mesentery off its retroper itoneal  at

tachments without enter ing Gerota 's fascia and preserv

i ng  the r ight gonada l  vesse l s  and the r ight u reter i ntact. 

D i ssect the ascend i ng  colon mesentery off the second and  • 
th i rd port ions of the duodenum in an atraumatic fash ion .  

Us ing a n  energy device, we hemostatica l ly  d iv ide  the as- • 
cend ing  colon mesenteric vascu la r  a rcade whi le  protect ing 

Proceed with l aparoscop ic  d iv i s ion of the i nc identa l  r ight  

co lon i c  a rtery/ve i n  if  p resent. 

M o b i l i ze the ascend ing  colon med i a l ly by transect ing  the 

wh ite l i n e  of To ldt .  

MOBILIZATION OF THE TRANSVERSE 

COLON 

a n d  the ass istant may use a l aparoscop ic  g rasper to ass ist 

with the retract ion-"tent ing "-of the transverse co lon .  

• E nter the lesser sac v ia the a nt i  mesenter ic border of the 

p roxi ma l  transverse co lon and  perform a hepatic f lexure 

mob i l izat ion by d iv id i ng  the hepatoco l i c  l i gament with 

the energy device (FIG S) .  

• The surgeon sta nds in between the patient's l eg .  P lace 

the patient on  Trende lenburg and  keep the O R  ta b le  

t i lted to the l eft for the prox ima l  transverse co lon mobi -

l izat ion or  to the r ight  for the d i sta l  transverse co lon and • D iv ide the gastroco l i c  l i gament adjacent to the mesen

ter ic border of the transverse co lon whi le p revent ing the sp len i c  f lexure mob i l izat ion .  Alternative ly, we may 

p l ace the patient on reverse Trende lenburg for exposure i nadvertent i n ju ry of the gastroep ip lo ic  a rcade.  

FIG S • Entrance to the lesser sac.  Enter the l esser sac v ia 
the ant i mesenter ic border of the proxi m a l  transverse co lon 
and  perform a forma l  hepatic f lexure mob i l izat ion us ing  the 
energy device. 
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• The omentum may be inc l uded with the transverse co lon  

i nto the spec imen .  

• Dissect the root of the hepatic f lexure a n d  p rox ima l  

transverse co lon mesentery and  identify the or ig i n  of  

the m i d d l e  co l i c  a rtery and  vei n .  Us ing  a n  energy device, 

d iv ide the m idd l e  co l i c  vascu l a r  ped ic le  at the root of the 

mesoco lon  whi le  ho ld ing the stu m p  with a g rasper to 

avo id  retract ion o r  res i d u a l  b leed i ng  (FIG 6) .  
• Place hemostat ic  c l i ps or Endo loop PDS at the d iv ided 

stu m p  to secure the hemostas i s .  There i s  no  need to use 

a n  Endo G IA stap le r, u n l ess severe atherosclerosis or  ves

sels l a rger  than 7 mm in size a re present, which p recl ude 

usage of a n  energy device. 

• Comp lete the d i ssect ion  of the root of the d i sta l trans

verse mesoco lon  off the  retroper itoneum,  pancreas, 

a n d  fou rth port ion  of the  d u o d e n u m  with the energy 

device .  

SPLENIC FLEXURE MOBILIZATION, LEFT 

COLECTOMY, AND SIGMOID COLECTOMY 

• The su rgeon stands  on the patient's r ight  s ide  and  cau

da l l y  to the ass istant, with the O R  tab le  t i lted to the 

r ight .  

• Sta rt the d issect ion of the root of the s igmoid  mesoco lon  

off the retroper itonea l  attachments by  d i ssect ing  dorsa l  

to the super ior hemorrho ida l  vesse l s  (FIG 7A) .  I dentify 

and  p reserve the left u reter (FIG 7B), gonada l  vesse l s, 

and  hypogastric nerves i ntact. 

A 

B 

FIG 7 • D issect ion of the IMA and  the super ior  hemorrho ida l  

vesse l s  (SHV). A. The d i ssect ion sta rts at the root of the 
s igmo id  mesentery, dorsa l to the SHV. B. The retroper itonea l  
structu res, i nc lud ing  the l eft u reter, a re swept down (dorsa l ly) 

with the energy device, separat ing  them for the mesoco lon .  

FIG 6 • I dentif ication and  d iv i s ion of  the m idd le  co l i c  
vascu l a r  ped i c l e .  With the tra nsverse co lon  tented u p  with 
two g raspers, the m i d d l e  co l i c  vesse ls  (MCV) can be ident if ied 

at the i ntersect ion of the root of the mesotransverse colon 
and  the th i rd port ion of the duode n u m .  After d i ssect ion,  the 
midd le co l i c  vesse ls  wi l l  be transected (dotted line) with an 
energy device. 

• 

• 

Ske leton ize the or ig in  of the i nfer ior  mesenteric a rtery 

( IMA) .  Perform a h i g h  IMA transect ion (FIG SA,B) as  

descr ibed ear l i e r  for the midd le  co l i c  vascu l a r  ped ic le .  

Perform a med ia l  to latera l  mob i l izat ion of the descend

i ng  co lon  mesentery off the retroperitonea l  attachments 

by sweep ing  the retroper itonea l  t issues down (dorsa l ly) 

with an energy device (FIG 9) .  Th i s  d i ssect ion is  carr ied 

l atera l ly to the l atera l abdom i n a l  wa l l ,  su per ior ly sepa

rat ing  the ta i l  of the pancreas from the sp len i c  f lexure of 

the colon,  and i nfer ior ly to the pelv ic i n l et .  Th i s  d issect ion 

g reatly fac i l itates the latera l  mob i l izat ion of the descend

i ng  co lon and  the sp len i c  f lexure mob i l izat ion .  

A 

B 

FIG 8 • IMA transect ion .  A. With the left u reter safe i n  the 
retroperitoneum,  a h igh I M A  tra nsect ion i s  performed off the 
aorta with the energy dev ice .  B. The I M A  stum p  is  secured 
with a n  Endo loop .  
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• 

• 

• 

Div ide the i nferior mesenteric vei n  and  the left col ic  a rtery 

by the l igament of Treitz with the energy device. 

Perform a latera l mob i l izat ion of the descend ing  and s ig 

moid co lon by transect ing  the wh ite l i ne  of  To ldt .  The 

med i a l  to latera l  d issect ion p l ane  i s  read i ly ente red . 

M o b i l i ze the sp len i c  f lexu re of the co lon by d iv id ing  the 

gastroco l ic, sp lenocol ic, and  p h renoco l i c  l i ga ments us ing 

a n  energy device. Ca re i s  taken to avo id  i nj u ry to the 

pancreatic ta i l  and  to the sp leen (FIG 1 0) .  

F IG 9 • Media l  to lateral mobi l ization of the descending colon. 

The descending mesocolon is separated from Gerota's fascia and 
other retroperitoneal structures. The d issection proceeds latera l ly 
unt i l  reach ing the latera l abdom ina l  wa l l .  The d i ssection proceeds 
at the transition between the two d ist inctive fat p lanes (arrows) . 

PROCTECTOMY AND TOTAL MESORECTAL 

EXCISION 

• The su rgeon stands  on the patient's r ight s ide and  cepha

lad to the assista nt; the O R  tab l e  i s  t i lted to the r ight.  The 

RLQ s i ng l e  port site a l l ows for exce l l ent exposure d u r i ng  

the tota l mesorecta l excis i on .  

• 

• 

• 

Sta rt with the poster ior  mob i l izat ion of the rectum by 

d i ssect i ng  the presacra l avascu l a r  p l ane .  The d issect ion 

proceeds ca uda l ly i n  th i s  p l ane  to the level of the levator 

musc les wh i l e  preserv ing the hypogastric nerves (FIG 1 1 ). 

Avo id  penetrat i ng  the presacra l fascia in order to avo id  

potent ia l l y  ser ious b leed i n g  f rom the p resacra l venous 

p lexus .  

The latera l mob i l izat ion of the rectum i s  then performed 

by d i ssect ing  the latera l recta l  attachments and d ivid i ng  

the latera l l i gaments w i th  the energy device. Care is  taken 

to avoid penetrat ing the endopelv ic fasc ia at the l atera l 

pelv ic wal ls, which cou ld resu lt  in severe b leed ing  from 

i nj u ry to the hypogastric ve i n  and its branches (FIG 1 2) .  

At th i s  poi nt, mob i l ize the rectum a nter ior ly. I nc lude  i nto 

the speci men the a nter ior (Denonvi l l i e rs') fascia for m id 

to low a nter ior recta l carci noma wh i l e  complet ing the  

d i ssect ion cau d a l ly to the levator m uscles .  Care is  taken 

to avo id  i n ju ry to the nerv i  er igentes, b ladder, t r igone, 

FIG 10 • Mob i l izat ion of the sp len i c  f lexure.  The sp len i c  
f lexure (A) i s  sepa rated off the sp leen (B) by tra nsect i ng  the 
p h renoco l i c  (C), the sp lenoco l i c  (D), and  the gastroco l i c  (E) 
l i ga ments us ing  an energy device. 

FIG 11 • Poste r ior  mob i l izat ion of the rectum .  With the 
assista nt retract ing  the rectum a nter ior ly, the p resacra l space 
i s  d issected with the energy device. The d i ssect ion p roceeds 
ca uda l l y  to the level of the levator musc les wh i l e  preserv ing 
the hypogastr ic nerves. Avoid  penetrat i ng  the p resacra l  
fasc ia  i n  order to avo id  potent ia l l y  ser ious b leed i ng  from the 
presacra l venous p lexus .  

sem i n a l  vesic l es, prostat ic capsu le, and  u reth ra i n  ma les • The per ineum may be pushed m a n u a l ly i nto the pelv is  by 

the ass istant su rgeon . Th i s  maneuver may add a nother  

cr it ica l 2 em to the d i sta l recta l resect ion m a rg i n  ca uda l ly. 

or the uterus and  poster ior  vag i n a  in fema les (FIG 1 3) .  
• The super ior  hemorrho ida l  ped ic le  is d iv ided with the 

energy device at the chosen d i sta l  recta l d iv is ion site if  a • I ntraoperative identif icat ion of the d ista l recta l resect ion 

sta p led co loproctostomy is  p l anned .  s ite, e i ther  w i th  p reoperative a nter ior recta l wa l l  tattoo 
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FIG 1 2  • Latera l mob i l izat ion of the rectum .  The l atera l recta l 
l i ga ments (the  left one is shown here) a re tra nsacted with the 
energy dev ice .  Care i s  taken to avoid v io lat i ng  the endopelv ic  
fasc ia a long the latera l pe lv ic  wa l l s, wh ich cou l d  lead to i n ju ry 
to the u reters and ,  more d i sta l ly, the hypogastr ic ve i n  and  its 

branches .  The l atter cou l d  resu l t  in ser ious b leed i ng  that is 
d iffi cu lt  to contro l .  

F I G  1 3  • Anter ior  mob i l izat ion o f  the rectum .  T h e  d i ssect ion 
p roceeds a nter ior to Denonvi l l i e rs' fascia, separat ing  the 
rectum from the b ladder, and  more d i sta l l y, from the sem i n a l  
ves ic les and  p rostate i n  men (shown here) o r  t h e  vag ina  i n  
fema les .  

p lacement 2 em d i sta l  to the carc inoma or  with i ntraop- • A vertica l sta p l i n g  of the rectum via a suprapub ic  port 

(FIG 14A,B), espec ia l ly i n  ma les or patients with na rrow 

pelvis, may prevent from usage of m u lt ip l e  over l app ing  

E n  do G IA  loads  for  the recta l d iv is ion,  wh ich lowers a nas

tomotic leak rates. The suprapub ic  port may be used for 

p lacement of the low pelvic J ackson-Pratt d ra i n  at the 

end of the case. 

erative proctoscopy, i s  n ecessa ry. Preoperative tattoo ing 

i s  part i cu la r ly he lpfu l  i n  cancer patients that had a com

p lete response to neoadjuvant thera py. 

• I n  case of a d i sta l  recta l d iv i s ion at the level of the den

tate l i ne  with  the i ntent ion of  a stap led co loproctos

tomy, an  Endo GIA lapa roscopic  sta p le r  i s  used e ither 

v ia the s ing le port s ite at the RLQ or  by p lac ing a supra- • If a hand-sewn anastomosis is p lanned, then the d i ssection 

is ca rried to the levator muscle/dentate l i ne with care to 

obta in  an adequate negative rad ia l  mesorecta l marg i n .  

pub i c  1 2-mm port and  sta p l i n g  the rectum vertica l ly v i a  

that  s ite.  

A B 

FIG 14 • D i sta l  recta l transect ion .  A. When a sta p led coloa n a l  a nastomos is  is p l a n ned,  the d i sta l rectum is sta p led  from a n  
a nter ior  t o  poster ior  d i rect ion a bove t h e  dentate l i n e .  Th i s  tech n i q u e  avo ids  t h e  need for m u lt i p l e  sta p le r  fi res, red uc ing  
anastomotic l eak  rates. B. After resect ion  of the rectum,  the sta p l e  l i n e  can be seen  i n  the d ista l pe lv i s  at the l eve l  of the 
pe lv ic  f loor. 

TRANSANAL SINGLE-PORT TOTAL 

MESORECTAL EXCISION: THE NARROW 

PELVIS 

• The su rgeon is now seated between the patient's legs, 

with the patient on Trende lenburg posit ion .  A back ta b le  

w i th  i nstru ments for  the per i nea l  port ion of  the proce

d u re i s  used . 

• The su rgeon may use a Mayo tray p laced on h i s  or her  

knees  and  a head l i g ht .  

• I n  case of a p l an ned hand-sewn coloa n a l  or i l eoa na l  

pouch  a nastomosis, a Lone Sta r retractor may be p laced 

i n  the anu s  for exposu re .  

• I n  case of neop las ia,  the  rectum proxi m a l ly to the den

tate l i n e  is ob l iterated with  a mucosa l 0-Vicryl or  2 -0  PDS 

pu rse-str ing suture (FIG 1 5) . A fu l l -th ickness d iv is ion of 
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FIG 1 5  • Tra nsana l  s i ng le-port tota l mesorecta l exc i s ion .  I n  

case o f  neoplas ia ,  t h e  rectum proxim a l ly t o  t h e  dentate l i n e  
i s  ob l iterated with a m ucosa l 0-Vicryl or  2 - 0  P D S  pu rse-str ing 
suture.  

the  rectum at the level of the dentate l i ne i s  performed 

with e lectrocautery, with ca re not to i n ju re the i nterna l  

FIG 1 7  • Extracorporea l mob i l izat ion of the speci men .  The 
co lon and  rectum may be extracted v ia the RLQ abdom i n a l  
s i ng l e  port s ite with the w o u n d  p rotector i n  p lace .  

• Pneumoperitoneum C02 to 1 5  m m H g  is i n suffl ated v ia 

the transabdom i n a l  and  pneu mope lvis v ia the transana l  

s i ng l e  port; you  wi l l  need  two in suffl ators. 
sph incter m usc l e  (FIG 1 6) .  • Us ing the transana l  s i ng le  port, a 30-degree 5-mm laparo

scopic  camera, a 5-mm laparoscopic  g rasper, and the same 

laparoscopic  energy device (FIG 1 9), we proceed with the  

comp let ion of  the tota l mesorecta l d iv is ion with a c ircum

ferent ia l  cauda l  to cephalad d i rect ion .  The endpoint of 

the d i ssect ion is accomp l ished by meeti ng the transab

domina l  d ista l d i ssect ion s ite i n  the inner pelvis (FIG 20) .  

• 

• 

If the pelv ic tota l mesorecta l exc is ion is adequate cau

da l ly, then the rectum is  freed u p  and  the co lon and  rec

tum may be extracted e ither via the RLQ abdom ina l  s i ng l e  

port s i te  w i th  the wound  p rotector i n  p lace (FIG 1 7) or 

v ia the a n us .  The spec imen i s  d iv ided at the leve l  of the 

term i n a l  i l eum/i leoceca l va lve with a l i near  stap le r. 

If the rectum is st i l l  adherent i n  the i nne r  pelv is  secondary 

to a nar row/deep pelv is  precl ud i ng  further  lapa roscop ic  

d i ssect ion transabdom ina l ly, then a Transana l  M i n i m a l ly 

I nvasive Su rgery (TAMIS) l aparoscop ic  s i ng l e  port is i n 

serted i n  the anu s  after p lacement of  the pu rse-str ing 

recta l lumen ob l iterat ion a n d  the d iv i s ion of the rectum 

at the dentate l i n e  i s  comp leted (FIG 1 8A,B). This  a l l ows 

for exce l lent v isua l i zat ion in the d ista l na rrow pelv is .  

FIG 16 • Tra nsa na l  s i ng l e-port tota l mesorecta l exc i s ion .  A 

fu l l -th ickness d iv i s ion of the rectum at the level of the dentate 
l i n e  i s  performed with e lectroca utery. In th i s  p ictu re, the 
d i ssect ion i s  p roceed ing  r ight  latera l  to the ob l iterated d ista l 

rectum and  the d i sta l recta l wa l l .  

B 

FIG 1 8  • Tra nsa n a l  s i ng l e-port tota l mesorecta l exc 1 s 1on :  

transa na l  i n sert ion of the TAM I S  port .  A. The TAM I S  r ing  is  
i ntroduced fi rst, fo l l owed by app l icat ion of the TAM I S  port .  
B. The m u lt icha nne l  TAMIS  port i s  assemb led on a s ide ta b le  
pr ior  to i n sertion i nto the a n us.  
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FIG 19 • Tra nsa n a l  s i ng le-port tota l mesorecta l exc i s ion .  The 
surgeon operates with an energy device and a g rasper wh i l e  
the ass istant operates the camera .  

• U pon comp let ion of the transa n a l  s i ng l e  port d i ssect ion ,  

the spec imen i s  extracted as descr ibed ear l i e r. If  the speci

men i s  too th ick, then e longate the c i rcu l a r  inc is ion su

per ior ly  us ing  a n  Army-Navy to " h ook" under  the fasc ia  

protect ing  the wou n d  p rotector from perforat ion .  Use 

ILEOANAL POUCH FORMATION AND 

J-POUCH ILEOANAL ANASTOMOSIS 

• Fol lowi ng d iv is ion of the term ina l  i l eum at the l evel of 

the i leoceca l va lve with a l i near  G IA b l ue  load sta p le r, the 

i lea l  pouch i s  fash ioned .  

• Place wet l a p  sponges around the abdom i n a l  wou n d  pro

tector and use a second  towel for the i nstru ments used 

for creat ion  of the pouch formation i n  order to avo id  

feca l conta m i nat ion to the l aparoscop ic  su rg ica l d ra pes.  

• Fold the d i sta l  30 em of term i n a l  i l e u m  i n  the shape of a J ;  

a pouch length of 1 5  em is  usu a l ly adequate (FIG 21 ) .  Use 

a l i nea r  G IA sta p le r  1 00-mm blue load (doub le  l i n e) or  

75-m m b l ue  (tr ip le  l i ne) or, i f  a l ready opened and  used, 

the En  do G IA lapa roscopic  t r ip le  l i n e  60-m m stap le r  (b lue  

load for Eth i con o r  tan load for  Covid ien  sta p le rs) to cre

ate the pouch .  

• I nsert the sta p le r  v ia the a nt imesenter ic border of the 

term i n a l  i leum at the t ip  of the J-pouch and  fi re the loads 

(usua l l y  two loads with the 1 00-mm l i near  sta p le r) i n  an 

a nt i mesenter ic s ide-to-s ide fash ion .  I nspect the ins ide  of 

the pouch for b leed i n g .  

• 

• 

If a stap led a nastomosis is p l an ned, p lace a 28- to 29-m m 

c i rcu l a r  stap le r  anv i l  i nto the t ip  of the pouch and  secu re 

it with a 3-0 Pro lene p u rse stri ng .  

Rei ntroduce the pouch  i nto the abdomen  a n d  p lace i t  

i nto the i nne r  pelv is  w i th  the pouch  mesentery fac ing  

poster ior ly. Re insufflate the pneu moperitoneum v ia  the 

abdom i n a l  s ing le  port and  perform a c i rcu l a r  sta p led 

i lea l  pouch-ana l  a nastomosis (FIG 22A,B) .  Two i ntact 

doug h n uts shou ld  be obta i ned .  

FIG 20 • Transa n a l  s i ng le-port tota l mesorecta l exc 1 s 1on .  
The d i ssect ion i s  car r ied  through  the TAM I S  port i nto the 
d i sta l pe lv is  u nt i l  the d ista l d i ssect ion p l anes from the 
transabdom i n a l  phase of the operat ion a re reached.  

• 

a no .  1 1  sca lpe l  in a sawi ng move or e lectroca utery to 

e longate the i nc is ion;  extract the speci men,  d iv ide it at 

the term i n a l  i l eum,  and send it to pathology. 

The transana l  s i ng le  port is removed and  an ana l  ca na l  

m ucosectomy may be performed as i nd i cated (such as i n  

u lcerative co l it is  with i nvolvement o f  t h e  a noderm) by 

e levat ing  the a noderm with a subm ucosa l i nject ion of 

M a rca i n e  with ep inephr ine  and perform ing  a sharp  exc i 

s ion  ana l  m ucosectomy with sca l pe l  or  scissors. 

• Test the i ntegr ity of the a nastomosis  by i nsufflat ing  the 

pouch u nder  sa l ine immers ion .  If  a major a nastomotic 

leak i s  noted, 2-0 Vicry l  or  2-0 PDS sutu res maybe p laced 

transa n a l ly using a H i l l  Ferguson o r  a Sims Parks retractor. 

The a i r  l eak  test may be repeated as d i scussed ear l i e r  to 

conf irm reso l ut ion of the leak .  

• If a hand-sewn a nastomos is  is p l an ned,  then p lace a 

pu rse stri ng  to c lose the t ip  of the pouch i n  order to 

FIG 21 • Creat ion of the J -pouch .  After de l iver ing  the d ista l  
30 em o f  term ina l  i l e u m  through t h e  S I LS port site (with the 

wound p rotector i n  p lace), the i leum i s  fo lded i n  the shape of 
a " J . "  The J-pouch w i l l  then be created with a 1 00-mm sta p le r  
(usua l l y  two loads a re needed) i n serted v ia the a nti  mesenter ic 

border of the term i n a l  i l eum at the t ip  of the J-pouch .  

1 247 
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A B 

FIG 22 • Creat ion of the stap led J-pouch i l eoa n a l  a nastomosis .  A. After re i ntrod uc ing  the J-pouch with the a nvi l i n  its t ip  

i nto the abdomen ,  the pneumoper itoneum is  re insuffl ated .  With  a n  exper ienced ass ista nt i ntrod uc ing  the 28mm end-to-end 
a nastomosis (E EA) stap le r  transa n a l ly a n d  the scrub n u rse ho ld ing the ca mera, the su rgeon mates the a nvi l to the sta p ler's 
opened torch i ntracorporea l ly, as  seen in the OR mon itors. B. After f i r i ng  the stap le r, the a nastomosis  i s  now comp leted . The 
J-pouch,  its mesentery (poster ior ly l ocated a long the sacrum), and  the tens ion-free anastomosis can be seen here .  

p revent so i lage i n  the pe lv is .  P lace the pouch i nto the 

inner  pe lv i s  with the pouch mesentery fac ing  poste r ior ly 

m usc le a n d  the anoderm at the l eve l of the dentate l i n e  

(FIG 24) .  

towa rd the sacru m .  The pouch  shou ld  reach to outs ide • A Surg icel  hemostat ic  agent may be p l aced i nto the anus  

fo l lowi ng comp let ion of the anastomosis .  of the anal  ca n a l  (FIG 23) .  Perform a h a nd-sewn i l ea-

a n a l  pouch a nastomos is  u s i ng  the Lone Sta r retractor for • A 1 9-Fr  Jackson-Pratt c i rcu l a r  d ra in ,  p laced poster ior ly 

to the pouch with the t ip  super ior ly to the anastomosis, 

is b rought v ia  the suprapub ic  port s ite and  is p l aced on 

bu lb  suct ion .  

expos u re (a  2 -0  Qu i l l  doub le  ended may be used  a lter

native ly) u s i ng  2-0 Vicry l  or 2-0 PDS in i nterru pted fu l l 

th i ckness fash ion ,  i ncorporat i ng  the i n te rna l  sph i ncter 

FIG 23 • Hand-sewn J-pouch i leoana l  anastomosis .  The pouch 
should reach to outs ide the anal  cana l .  

ILEOANAL POUCH ANASTOMOSIS: 

THE POUCH WILL NOT REACH ! 

• Perform mesenteric J-pouch serosa l d issect ions .  

• Perform m esenteric pouch "windows" by d ivi d i ng  the af

ferent or  efferent mesenter ic vesse ls .  Cons ider the r i sk 

for pouch ischem ia-necros is .  

FIG 24 • Hand-sewn J-pouch i l eoana l  a nastomosis .  The 
comp leted anastomosis i s  seen here.  

• Perform mesente r i c  i l e a l  serosa l d i ssect ions  l a p a ro

sco p i ca l l y  up to the o r i g i n  of the super io r  mesente r i c  

a rte ry. 
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DIVERTING LOOP ILEOSTOMY 

• Remove the abdom i n a l  wou n d  p rotector a n d  br ing  a 

loop of term i n a l  i l e u m  proxim a l  to the afferent l i m b  of 

the pouch .  

• It is advised to p lace an ant iadhesive sheet poster ior  to 

the i leostomy fascia edges.  

• Mature the loop i l eostomy with the proxi m a l  l i m b  in a 

B rooke's fash ion and  the d i sta l  l i m b  as a m ucous f istu l a  

(FIG 25) and  p l ace a n  i leostomy app l i ance.  

• The patient has  no wound for approxi mation ! 

FIG 25 • The abdomen after the com p leted S I LS restorative 
proctoco lectomy with J-pouch i leoana l  anastomosis and  
protective tem porary d ivert i ng  loop  i l eostomy. The tempora ry 
i leostomy is constructed at the S I LS port s ite.  

PEARLS AND PITFALLS 

Preoperative workup  • Correct identif icat ion of  the u nder ly ing pathology a l l ows fo r  ca refu l selection of  the  
lapa roscop ic  s i ng le- inc i s ion restorative p roctocolectomy tech n ique .  

Pat ient posit io n i ng, lapa roscop ic  
i nstruments, su rgeon ass ista nt 
posit ion 

• Secu r ing  the patient's posit ion, O R  ta b le  t i l t ing,  s i ng l e  port rotat ion,  and usage of i n stru
ments and  camera with bar iatr ic  length a re necessa ry for a lapa roscop ic  s i ng le- inc i s ion 
su rgery. Su rgeon shou ld change h i s  o r  her  posit ion i n  re lat ion to the ass istant severa l  t imes 
du r i ng  the proced u re i n  order to ach ieve adeq uate exposu re a n d  visua l i zat ion .  

Lapa roscop ic  i nstrument t issue 
hand l i ng  

• The  t i p s  of  the assist ing and  dominant laparoscop ic  i nstruments a re posit ioned as close a s  
poss ib le  to  each other i n  the surg ica l  f i e l d  i n  order to  avoid hand confl ict outside the abdomen.  

I n sert ion of the S I LS port • May use the new temporary loop i l eostomy site at the RLQ. Alternatively, an u m b i l i ca l  o r  
suprapub i c  s i te  may be chosen .  

Wi l l  the pouch  reach? • Preoperative eva l uat ion i s  essentia l .  I ntraoperative l aparoscop ic  s ing le  port eva l uat ion and 
su rg ica l  a pproach may be cha l l eng i ng .  

D iffi cu l t  d i ssect ion i n  the d ista l 
na rrow pelv is  

• Consider the ta-TM E tech n ique .  

D i sta l  recta l d iv i s ion • Div ide the rectum on a n  a nter ior to poster ior  d i rect ion with a l i near  reticu lat ing sta p le r  
i n serted v ia  the suprapub ic  port .  Use th i s  port s i te  to br ing  a Jackson-Pratt pe lv i c  d ra i n  out at  
the end of the case. 

POSTOPERATIVE CARE 

• A fast-track postoperative laparoscopic pathway is initiated. 
• The orogastric tube is discontinued in the OR upon comple

tion of the procedure. 
• IV acetaminophen alvimopan and opioid patient-controlled 

anesthesia (PCA) is used as per surgeon's preference the day 
of surgery, with the goal of discontinuing the PCA within 
36 hours and adding IV or oral nonsteroidal antiinflamma
tory drugs (NSAIDs) ,  such as ketorolac, and transition to 
oral analgesics . 

• Ice chips/water diet is introduced the day of surgery with 
the goal to advance to clear liquids within 24 hours and to 
regular high-fiber diet within 48 hours postoperatively. 

• The Foley catheter is kept until the third postoperative day 
secondary to the risk for urinary retention from the pelvic 
surgery/hypogastric nerves manipulation. 

• Perioperative antibiotics, pharmacologic venous thrombo
embolism protocol, incentive spirometry, and early ambula
tion are initiated the day of surgery. 

• Wound care need is minimal. If the umbilicus is used for 
the single port entry, umbilical skin edges are tucked with 
Vaseline/Adaptic gauze and cotton, which is removed in 48  
to  72 hours. I f  the ileostomy site is used for single port entry, 
there is no abdominal wound. 

• Surgicel is removed from the anus after 24 hours and the 
anastomosis is inspected for bleeding. 

• The patient usually can be safely discharged home within 
72 hours when passage of flatus/succus is documented from 
the ileostomy and a regular diet is tolerated by at least two 
consecutive meals and there are no other adverse postopera
tive findings. 

• No weight lifting of more than 20 lb is recommended for 4 to 
6 weeks postoperatively in order to avoid incisional hernia. 
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OUTCOMES 

• Single-port laparoscopic restorative proctocolectomy is con
sidered to be an equally safe and cost-effective technique 
with excellent cosmesis, similar morbidity and operative 
time, possible less postoperative pain and faster return to 
full activities, possible shorter hospital stay, and comparable 
oncologic outcomes when performed for neoplastic diseases 
to conventional hand-assisted or multipart laparoscopic 
approach. 

• It is achieved with equipment that the hospital already has 
available and requires no additional training for the opera
tive room personnel. 

• It is feasible by surgeons who perform advanced laparoscopy. 
• It does require one assistant who has advanced laparoscopic 

skills for camera handling. 
• The laparoscopic single-incision restorative proctocolec

tomy technique may therefore contribute to decreased total 
hospital cost. 

COMPLICATIONS 

• The procedure has similar morbidity and mortality and 
comparable rates for conversion to laparotomy with con
ventional laparoscopy. 

• The single-incision laparoscopic technique for restorative 
proctocolectomy has the option for conversion to multi port 
or hand-assisted laparoscopy. 

• Mobilizing/elongating the small intestinal mesentery for an 
ileoanal anastomosis may be challenging laparoscopically. 

• The ileal pouch may not reach the perineum. In these cases, 
an end ileostomy is needed. 

• It may require a longer operative time during the learning 
curve of the surgeon; this can complicate an already chal
lenging procedure. 

• Elongating the ileostomy site single port incision for specimen 
extraction with fascial reapproximation prior to the ostomy 
maturation may increase the incidence of para stomal hernia rate. 

• It is intrinsically a one-operating surgeon technique with less 
involvement of the assistant surgeon and a potential impact 
on resident education during the learning curve period. 
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DEFINITION 

• An ileal pouch-anal anastomosis ( IPAA) is a restorative 
procedure used when the entire colon and rectum needs to 
be removed and the patient wishes to avoid a permanent 
ileostomy. The two most common indications for IPAA are 
chronic ulcerative colitis (CUC) and familial adenomatous 
polyposis (FAP) syndrome. Although the procedure is basi
cally the same, the frequency and indications for surgery are 
different, and for the purposes of this chapter, the focus will 
be on the surgical treatment of CUC.1  

• IPAA involves removal of the entire colon and rectum fol
lowed by construction of an ileal reservoir most commonly 
in a "J shape" that is anastomosed to the anal canal by either 
a stapled or hand-sewn technique. 

• This maintains the normal route of defecation, although the 
frequency and consistency of the stool is different than nor
mal bowel function. 

DIFFERENTIAL DIAGNOSIS 

• Primarily, CUC needs to be distinguished from Crohn's 
colitis. This is particularly important, because a restorative 
IPAA is not recommended in Crohn's disease patients . 

• Other acute colitis syndromes ( i .e . ,  toxic bacterial colitis, 
cytomegalovirus [CMV] colitis, ischemic colitis)  can mimic 
CUC. Thus, a thorough workup to differentiate between 
cue and other disease processes needs to be considered 
prior to surgery. 

• A detailed review of the patient's disease course including 
past endoscopic findings, prior imaging studies, and any 
history of perianal disease needs to be evaluated. Any history 
of small bowel inflammation or perianal abscesses, fistulas, 
or fissures is highly suggestive of underlying Crohn's disease. 

FIG 1 • CT enterog ra phy (corona l  view, venous phase) .  Severely 
inf lam med d i sta l  co lon  i n  a CUC patient with normal appear ing 
sma l l  bowe l .  

• I n  patients with a n  established history o f  CUC presenting 
with an acute worsening of their symptoms, it is important 
to rule out an infectious cause such as Clostridium difficile 
or CMV colitis as the cause of their disease exacerbation. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• cue is characterized by recurrent episodes of bloody diar
rhea associated with urgency and tenesmus. 

• Approximately 1 5 %  of patients will present initially with ful
minant disease, characterized by high-volume bloody diarrhea, 
severe abdominal distension and pain, fever, and systemic signs 
of illness. In severe situations, the patient might have peritoni
tis as the result of colonic perforation or hemodynamic com
promise from volume depletion and systemic inflammation. 

• More commonly, the CUC patient with medically refractory 
disease will not have any characteristic physical findings. 
However, prolonged disease activity can be associated with 
poor overall nutritional status and significant weight loss. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Computed tomography (CT) enterography is the most com
monly used imaging study in CUC patients ( FIG 1 ) .  The use 
of intravenous ( IV) contrast is essential to highlight intestinal 
inflammation and helps identify any evidence of small bowel 
inflammation, which is highly suggestive of Crohn's disease. 

• In active CUC, the CT will demonstrate inflammatory 
changes around the involved colon with thickening of the 
colonic wall. This inflammation usually starts in the rectum 
and extends proximally into the colon for a varying distance. 

• Endoscopic imaging of the colon is essential ( FIG 2 } .  It should 
demonstrate continuous inflammation from the rectum for 
a variable distance, extending proximally into the colon. 
Evidence of discontinuous mucosal inflammation is worri
some for an underlying diagnosis of Crohn's disease. 

FIG 2 • Colonoscopy shows d i ffuse severe inf lam mation and  
fri ab le  mucosa, w i th  a loss of the vascu l a r  appeara nce of the  
co lon ,  e rythema,  hemorrhage, and  i nf l ammatory pseudopolyps.  
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SURGICAL MANAGEMENT • Once the patient recovers his or her health, a completion proc
tectomy with IPAA and diverting ileostomy may be performed. 
At the last operation (the third stage) ,  the ileostomy is reversed. • Frequently, an IPAA for the treatment of CUC is performed 

in stages, depending on the patient's overall health at the 
time of surgery or the indications for surgery. 

• The primary indications for surgery are toxic or fulminant 
disease activity, medically refractory disease, and/or evidence 
of dysplasia/malignancy. 

• In outpatients with mild disease that are coming to surgery, 
the total proctocolectomy with IPAA and diverting loop 
ileostomy may be performed at a single operation. 

• In an emergency situation, or in an ill patient on multiple 
immunosuppressive medications, the first operation is a sub
total colectomy with an end ileostomy. 

• In some institutions, the diverting loop ileostomy may be 
routinely omitted, depending on a number of patient- and 
procedure-specific factors . However, the majority of centers 
recommend use of a temporary diversion. 

PATIENT PREPARATION PRIOR TO 

SURGERY 

• After a deta i l ed d iscuss ion regard i n g  the r isks, a lterna

t ives, benefits, and  expected outcomes from the I PAA, 

the patient shou ld  see a cert if ied wound, ostomy, and  

cont inence n u rse (WOCN) fo r  preoperative ed ucat ion and 

appropr iate s i te  mark ing for  a tem pora ry d iverti ng loop 

PATIENT INDUCTION AND POSITIONING 

• Prior to the induct ion of anesthesia, the patient is g iven 

5,000 u n its of hepar in  subcutaneously and sequent ia l  com

press ion devices a re p laced on the lower extrem ities. The 

patient i s  posit ioned sup ine  on the operat ing tab le  lying 

on an  u pper body ge l  pad to m i n i m ize movement d u ring  

operati ng room (OR) posit ion changes.  Once i nduct ion of  

anesthesia is comp lete, an  orogastric tube i s  p laced .  An in 

dwe l l i ng  ur inary catheter is p laced us ing ster i le  techn ique .  
• Once a l l  necessa ry IV access is secu red, the patient is reposi

tioned in a mod ified l ithotomy position (FIG 3) .  The heels  

a re f i rmly p lanted on the sti rrups to avoid pressure a long 

the ca lves and  the latera l peroneal nerves. The th ighs a re 

FIG 3 • Pat ient posit i on i ng .  The patient is on a mod if ied 
l i thotomy posit ion with the th ighs  para l le l  to the ground to 
avoid confl i ct with the su rgeon's e l bows and i n struments. The 

left arm is  p l aced l atera l ly on  a n  arm board for access by the 
anesthes ia team dur ing the operat ion .  The pat ient is  strapped 
to the Ye l lofi n sti r rups and  taped to the tab le  across the 
chest to avo id  s l i d i ng  d u ri ng  the proced u re .  

• 

• 

• 

• 

i l eostomy. Many patients a re provided with a mecha n ica l  

bowel preparation with ora l  ant ib iotics. Th i s  is  a n  op

t iona l  step as there i s  m ixed data as to the necessity of  

such preparat ion .  An a lternative approach wou l d  be to 

perform a tap water enema the morn ing of surgery to 

c lear  the d i sta l co lon and  rectum .  A l l  patients are provided 

with a nt im icrob ia l  soap (H i b ic lens1M) to shower with the 

n i g ht pr ior  to surgery and the morn i ng  of surgery. 

p laced para l le l  to the g round to avo id confl ict with the 

surgeon's a rms and  instruments d u ri ng  the procedu re .  

Both arms are wra pped i n  ge l  pads and  the patient's 

r ight arm is p l aced next to h i s  or her  s ide and  secu red i n  

posit ion b y  posit ion ing  o f  a n  acry l i c  toboggan .  T h e  left 

a rm is p laced on an arm board posit ioned stra ight  out

ward (FIG 3) .  Alternative ly, both arms  may be p laced at 

the patient's s ide, but th i s  w i l l  i m pede access to the arms 

dur ing the procedure i n  case the a nesthes ia team needs 

to i ntervene .  A chest strap i s  app l ied to m i n i m ize the r i sk 

of the patient sh ift ing  on the operat ing  ta b le  d u r i ng  fre

quent posit ion  changes du r i ng  the p roced u re .  A forced 

wa rm a i r  warm i n g  device is  p laced on the chest and over 

the l eft arm is posit ioned outwa rd.  

The abdom i n a l  wa l l  sk in  i s  prepared with a ch lo rhexid i ne

a lcoho l  m ixtu re after the per i neum has been scrubbed 

and pa inted with a Betad i ne-iod i n e  sk in  preparat ion kit .  

The patient is then d raped i n  a fash ion  that a l lows access 

to the ent i re abdomen and per i neum (FIG 4A) .  

Video mon itors shou ld  be p laced d i rectly off of the  

patient's left and  r i ght  shou lders .  If a mon itor is ava i l ab le  

on a boom and it can be posit ioned over the patient's 

head which faci l itates the d i ssect ion in the m idport ion 

of the patient's upper abdomen.  The scrub n u rse should 

have h i s  or  her  i nstruments posit ioned over the patient's 

chest and head and he or she shou ld  stand on the patient's 

l eft s ide above the outward·posit ioned left a rm (FIG 48) .  

The surgeon w i l l  stand between the patient's legs for the 

hand-assisted laparoscopic  mob i l ization and resect ion of 

the a bdom ina l  co lon .  The fi rst assistant/camera operator 

wil l  i n it ia l ly  sta nd on the patient's r ight side (FIG 5) .  

Pr ior to i nc is ion,  Surg ica l  Care I m p rovement Project 

(SCI P)-comp l i ant ant ib iotics a re a d m i n i stered and  docu

mented . A p roced u ra l  pause is  performed, confi rm ing  

the patient identity, p roced u re, pos it ion, ant ib iot ic ad

m i n istrat ion ,  a l l e rg i es, a n d  specia l  eq u ipment needs .  



A 
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B 

FIG 4 • A. F ie ld  setup .  The patient is d ra ped in a fash ion that a l l ows access to the ent i re abdomen 
and  per i n e u m .  B. F ie ld  setu p .  The scrub n u rse sets h i s  or  her  i nstru ments pos it ioned over the patient's 
chest and  head .  

FIG 5 • Team a n d  mon itors setup .  The 
su rgeon stands  between the patient's 
legs for the hand-assisted l aparoscop ic  
mob i l izat ion and  resect ion of  the 
abdom i n a l  co lon .  The fi rst ass istant/ 
camera operator sta nds on the patient's 
r ight s ide .  The scrub n u rse stands  on the 

patient's l eft s ide above the outward
posit ioned left arm. The mon itors a re 
posit ioned a bove the r ight  and  left 
shou lders .  
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INCISION AND TROCAR PLACEMENT 

• A m i d l i n e  i n ci s ion is marked on the patient's abdomen 

from the pub i s  to the x ipho id  p rocess i n  case  emergent • 
entry i nto the abdomen is req u i red .  In men,  o u r  p referred 

i nc i s ion for the hand port i s  a 7-cm lower m i d l i n e  inc i s ion  

sta rt ing  1 . 5 em a bove the pub i c  bone .  I n  women,  we p re-

fer a 7-cm Pfa nnenst ie l  inc i s ion centered on  the m i d l i n e  

1 . 5 em a bove the p u b i s .  If  a p r i o r  m i d l i ne  or  Pfan nenst ie l  

inc i s ion exists, we wi l l  use that inc i s ion .2•3 

• The hand-port inc i s ion is made and  the abdomen is en

tered u nder  d i rect v i s ion .  With  the su rgeon's hand  i n  the 

abdomen through the pr imary i nc is ion,  a sma l l  5-mm in 

c i s ion  i s  made i n  the u pper aspect of the u m b i l i cus and  a 

non b laded 5-mm troca r is g u ided i nto the abdomen with 

the su rgeon's hand p rotect ing  the abdomen content 

form i nadvertent i nj u ry. Next, the hand access device i s  

p l aced i n  the lower abdom i n a l  i nc i s ion and  pneumoper i 

toneum is  esta b l i shed . 

Under  lapa roscopic  v isua l i zat ion,  a 5 -mm nonb laded 

troca r i s  p laced i n  the l eft lower abdomen and a nother  

i n  the r ight lower  abdomen .  Usua l ly, the best l ocat ion 

i s  2 to 2 . 5  em med i a l  and  1 em i nfer ior  to the super ior  

i l i ac  crest (FIG 6) .  

F IG  6 • Port p l acement.  The  hand  port w i l l  be p laced th rough  a 7-cm 
Pfannenst ie l  i n ci s ion (A). Th ree 5-mm ports a re p laced for the camera 
(supra u m b i l ica l ,  B) and  i nstruments (r ight and left lower abdomen,  C,O). The 
d ivert ing  i l eostomy s ite (E) i s  marked i n  the r ight lower quadra nt.  

MOBILIZATION OF THE LEFT COLON 

• The patient is p laced i n  steep Trende lenburg pos it ion 

with left s ide up .  The surgeon sta nds  between the legs 

and  the camera operator i s  on the patient's r ight  s ide.  

h i s  or  her  hand to push the sma l l  bowe l i nto the r ight 

lower quadrant  and  to l ift the omentum i nto the u pper 

abdomen.  The left co lon i s  then g rasped and  p u l led me

d i a l ly and  a nter ior ly. The camera i s  used to look over the 

su rgeon's hand  i nto the left abdomen .  
A 5-mm camera i s  p laced through the supra u m b i l i ca l  • The su rgeon sta rts d i ssect i ng  from the m id - to lower s ig

moid  and  works u pwa rd toward the sp len i c  f lexu re wh i l e  

m a i nta i n i n g  med ia l  retract ion of the left co lon .  The d is

sect ing  scissors attached to monopo lar  cautery a re used 

to i nc ise the peritonea l  l i n i n g  a bout 1 em l atera l to the 

edge of the co lon (FIG 8) .  A com mon m i stake is  to i ncise 

too fa r latera l l y  from the colon i n  what appears to be a 

" natura l "  p l ane .  The su rgeon shou ld  move i n  a cepha lad  

d i rect ion a long  the ent i re  left co lon  i n  a conti n uous  

fash ion  u pwa rd towa rd the sp leen wh i l e  m a i nta i n i n g  

m e d i a l  tract ion (FIG 9) .  

troca r. The su rgeon p laces h i s  or  her  l eft arm th rough  the  

hand-port device and  u ses  the left l ower quadra nt troca r 

for h i s  or her  d i ssect ing  scissors (FIG 7) .  The surgeon uses 

FIG 7 • F i na l ized setup .  The su rgeon stands  between the 
patient's legs with his or  her  left hand in the abdomen and  
h i s  o r  her  r i ght  hand  contro l s  the d i ssect i ng  scissors fo r  the  
mob i l izat ion of the left co lon .  The ass istant operates the  
camera f rom the r i ght  s ide of the ta b le .  

Cephalad Caudad 

FIG 8 • Mob i l izat ion of the left co lon .  The latera l  per itonea l  
attachments a re i n c ised a bout 1 em latera l  to the edge of the 
co lon wh i l e  the su rgeon's hand  retracts the co lon med ia l ly. 



• The mesente ry of the left co lon is then d issected off the 

retroperitoneum (anter ior  to Gerota's fasc ia)  i n  a latera l  

to media l  d i rect ion .  Care i s  taken to identify the left 

u reter and  gonada l  vesse ls, which shou ld  be preserved 

i ntact in the retroperitoneum.  

SPLENIC FLEXURE MOBILIZATION AND 

MESENTERY DIVISION 

• Once the left co lon mesentery is mob i l ized med i a l ly to

ward the latera l  border of the aorta, the patient i s  p laced 

i n  steep reverse Trende lenburg posit ion .  The surgeon re

tracts the u p per  left co lon med ia l l y  to see the back por

t ion of the sp len i c  f lexure as it attaches to G erota 's fasc ia .  

Us ing  the d i ssect i ng  scissors attached to monopo lar  ca u

tery, the ph renoco l i c  i s  d iv ided as the su rgeon retracts 

the f lexure med i a l ly and downward toward the r ight 

lower quadrant  (FIG 1 0) .  

FIG 1 0  • Mob i l izat ion of the sp len i c  f lexure .  The su rgeon 
retracts the sp len ic  f lexure of the co lon (A) downward and 
med ia l ly, expos i ng  the attachments of the f lexure to the 
sp leen (B). The p h renoco l i c  (C) and  sp lenoco l i c  (D) l i g aments 

a re transected in an i nfer ior  to super ior  and  l atera l to med ia l  
d i rect ion .  The gastroco l i c  l i gament (E) i s  transected i n  a 
med ia l  to latera l d i rect ion,  unt i l  both p l anes of d issect ion 
meet and the sp len i c  f lexure  i s  f u l ly mob i l ized .  
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FIG 9 • Mob i l izat ion of the left co lon .  The latera l  d i ssect ion 
i s  cont i nued i n  a cepha lad  d i rect ion unt i l  reach ing  the sp len i c  
f lexure (arrow).  

Cephalad 

FIG 11 • Exposure of the gastroco l i c  l i ga ment. The su rgeon 
exposes the gastroco l i c  l i ga ment (A) by retract ing  the 
omentum (B) i n  a cepha lad  d i rect ion with h i s  or  her  l eft 
hand  wh i l e  the assista nt retracts the tra nsverse co lon (C) in a 
caudad d i rect ion .  

• To further  free up the sp len i c  f lexure of the co lon,  the 

gastroco l i c  l i ga ment, exposed by retract ing  the omen

tum i n  a cepha lad  d i rect ion with  the l eft hand  (FIG 1 1 ), i s  

tra nsected at the m i d l i ne, enter ing  the lesser sac (FIG 1 2) .  

The gastroco l i c  l i gament i s  then tra nsected f rom med ia l  

to latera l ,  towa rd the sp len i c  f lexure of the co lon ,  unt i l  

FIG 1 2  • Tra nsect ion of the gastroco l i c  l igament a l lows for  

entrance i nto the l esser sac, expos ing  the ta i l  of the pancreas 
(A) . Wh i l e  ho ld i ng  the omentum in a cepha lad  d i rect ion,  

the gastroco l i c  l igament i s  transected i n  a media l  to l atera l 
d i rect ion (arrow) toward the sp len i c  f lexure of the co lon 
(B), u nt i l the prec ious d i ssect ion p lane  i s  encou ntered and  the 
sp len i c  f lexure of the co lon i s  fu l ly mob i l ized .  
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the previous d i ssect ion p l ane  around the f lexure is en

cou ntered (FIG 1 2) .  At th i s  poi nt, the sp lenoco l i c  l iga

ment i s  eas i ly  visu a l i zed and  tra nsected (FIG 1 3) .  
• Once the  s p l e n i c  f lexu re is fu l ly m o b i l i zed,  a 5 -mm 

vesse l -sea l i n g  dev i ce  i s  p l aced th rough  the  l eft l ower 

q u a d rant  port, rep l ac i ng  the sc i sso rs, and the  trans

verse co l o n  mesentery i s  d i v ided .  Once the  f lexure 

FIG 13 • Comp leti ng the sp len ic  f lexu re mob i l izat ion .  After 
the super ior  to i nfer ior  and  the media l  to l atera l d i ssect ion 
p l anes meet around the sp len ic  f lexu re of the co lon,  the 
sp lenoco l i c  l i gament (A) i s  eas i ly  exposed between the co lon 

(B) and  the sp leen (C) a n d  i s  transected .  

HEPATIC FLEXURE AND RIGHT COLON 

MOBILIZATION 

• Once the d i ssect ion of the tra nsverse co lon mesentery 

has proceeded past the m i d l i n e  of the abdomen,  the 

camera assistant moves to the patient's l eft s ide .  The pa

t ient is  kept i n  reverse Trende lenburg but i s  p laced with 

the r ight s ide up. The su rgeon p l aces his or  her  left hand  

th rough  the hand  access device and  uses the d issect ing  

scissors attached to monopo lar  cautery through the r ight 

lower quad rant  port .  The su rgeon's l eft hand  is used to 

retract the hepatic f lexu re downward and  toward the 

l eft l ower quadrant  (FIG 1 5), expos ing  the hepatoco l i c  

l igament.  Th i s  l i gament i s  transected w i th  scissors. Once 

i ncised, the surgeon's i ndex f inger is  p laced under the 

FIG 15 • The su rgeon pu l l s  the hepatic f lexu re of the 

co lon downwa rd and  towa rd the left l ower quad rant  of the 
a bdomen (arrows) .  

mesentery i s  d iv ided ,  the  left colon mesentery a n d  

w h a t  rem a i n s  of the  gastroco l i c  l i gament  a re d iv ided 

(FIG 14) whi le  work i n g  toward the  h epat ic  f lexure .  To 

ensure  that  the  s m a l l  bowe l m esentery is not d iv ided,  

the  s u rgeon 's hand i s  used to contro l  the  co lon  mes

entery whi le  push i n g  the  s m a l l  bowe l mesentery away 

be low the h a n d .  

FIG 14 • After t h e  sp len i c  f lexure h a s  been mob i l i zed, the 
transverse co lon mesentery i s  d iv ided,  proceed ing  from the 
sp len i c  toward the hepatic f lexu re (arrow), with a n  energy 
device.  

FIG 16 • While retract ing  the hepatic f lexu re of the colon 
(A) with the hand, the hepatoco l i c  l i gament and the latera l  
per itonea l  attachments of the r ight co lon a re transected in  
the d i rect ion shown (arrow). 

l atera l per itonea l  attachments of the r ight co lon  and  the 

d i ssect ion is  started downward a long  the latera l  edge of 

the r ight co lon (FIG 1 6) .  Al l  the wh i le,  the su rgeon i s  

p lac ing f i rm and  constant tract ion on the co lon toward 

the l eft lower quad ra nt .  This act ion l itera l ly peels the 

r i ght co lon a n d  i ts  mesentery off of the retroperitoneum .  

• The d issect ion is ca refu l ly conti nued med ia l l y  toward 

the duode n u m .  The fi l my attachments of the colon mes

entery a re d iv ided off of the a nter ior wa l l  of the duo

denum,  the head of the pancreas, and  G erota's fascia 

(FIG 1 7) .  
• Once the r ight  co lon  mesentery is com p letely mob i 

l i zed,  the 5 -mm vessel-sea l i n g  device i s  p l aced through  

the r ight  lower  q u a d ra nt troca r a n d  the hepatic f lexu re 



FIG 1 7  • Mobi l ization of the r ight colon off the 
retroperitoneum.  The r ight mesocolon is d i ssected off the 
duodenum (A), head of the pancreas (B), and Gerota 's fascia (C). 

mesente ry is d iv ided,  prog ress i ng  from r ight  to l eft. To 

faci l itate th i s  d i ssect ion ,  the  su rgeon's l eft hand  g ra bs 

the transverse mesentery from where the p revious  mes

enter ic  d iv i s ion was performed .  The s u rgeon p l aces h i s  

o r  her  f i ngers beh i nd  the mesente ry w h i l e  the  t h u m b  

i s  anter ior  t o  the mesente ry. T h e  f i ngert i ps a re near  

the hepat ic  f lexu re mesente ry a n d  these a re used to  

fac i l itate the movement of the vessel-sea l i n g  device 

as  it traverses the m esentery from r i ght to left, even 

tua l ly comp let i ng  the d iv i s ion  of the  transverse co lon  

mesentery. 

• O nce the hepatic f lexure and  transverse co lon mesen

tery a re d iv ided, the ent i re co lon and d i sta l sma l l  bowel 

can be exter iorized through the hand  access port s ite 

with the wou n d  p rotector i n  p l ace (FIG 1 8) .  The r ight 

co lon m esentery i s  d iv ided u nder d i rect v is ion c lose to 
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i s  cr it ica l to ensure good antegrade b lood supply to the 

J-pouch to be constructed later. 

• The te rm i n a l  i l eum is d iv ided us ing  a l i near  sta p l i n g  de

vice a bout 1 to 2 em proxi m a l  to the i l ea l-ceca l va lve.  

The d i sta l  s igmoid co lon  i s  d iv ided with a sta p l i n g  device .  

The abdom i n a l  co lon i s  sent to pathology to confi rm the 

d iag nosis of u lcerative co l it i s .  

• To fac i l itate pouch p lacement i n  the pe lv i s, the  s m a l l  

bowe l mesentery n e e d s  t o  be m o b i l ized off o f  the  ret

roper ito n e u m .  Once the abdom i n a l  co lon  i s  removed, 

the s m a l l  bowe l i s  retu rned to the abdomen and the  

pneumoper i to n e u m  is  reesta b l i shed .  The s u rgeon with 

h is  o r  her  l eft hand i n  the  a bdomen p l aces h is  or  he r  

hand  u n d e r  the  s m a l l  bowe l mesentery a n d  pushes  i t  

u p  a n d  to  the left upper  q u a d ra nt .  U s i ng  the d i ssect

i n g  sc issor from the r i ght lower q u a d rant  troca r, the  

mesentery i s  d i ssected off of the  retroper itoneum and  

duode n u m .  I f  needed ,  th i s  d i ssect ion  can be ca r r i ed  out  

u p  over  the pancreas to the or ig i n  of the  super io r  mes

enter ic  vesse l s .  

the  co lon wa l l ,  thus  prevent ing  any i n ju ry to the i l eoco l i c  F IG 1 8  • Extracorporea l de l ivery of the co lon  a n d  term i n a l  

vesse l and  t h e  r ight-s ided marg i n a l  a rter ia l  a rcade.  Th i s  i l e u m .  

OPEN PROCTECTOMY THROUGH THE 

HAND ACCESS DEVICE 

• The patient is leve led from a r ight  to left perspective 

and then p l aced i n  steep Trende lenburg posit ion .  The 

su rgeons then moves to the patient's right s ide, the fi rst 

ass ista nt i s  on the left s ide, and  the second assistant goes 

between the patient's legs .  The sma l l  bowel i s  packed 

off i nto the upper a bdomen .  The hand access device i s  

m a i nta i n ed i n  the i nc i s ion as a wound  p rotector. The d is

ta l s igmo id  colon i s  exter iorized through the hand  access 

device and used as a " h a n d l e "  to i n it iate the d issect ion 

i nto the pe lv i s .  The super ior  recta l vesse ls a re d iv ided and  

the p resacra l space is  e ntered poster ior ly. 

• The d i ssect ion is carr ied out i nto the poster ior  deep 

pelv is  faci l itated by the use of two long,  n a rrow, spec ia l ly 

des igned St. Ma rk's retractors, one l i g hted and  the other  

not  l i g hted (FIG 1 9) .  Both retractors a re used through 

the hand  access device so that no hands  a re p laced 

through  the device that wou l d  obstruct the v iew i nto 

the pelv is .  

• 

• 

The poster ior  pe lv ic  d i ssect ion is carr ied fi rst, a long the 

presacra l space between the presacra l fasc ia ,  poste r ior ly, 

and  the i nvest ing  fascia of the mesorectum,  anter ior ly 

(FIG 20) .  The l atera l recta l l i ga ments a re transected with 

a n  energy device .  

The pelv ic d i ssect ion i s  then carr ied a nter ior ly i n  a c i r

cu mferent ia l  fash ion  a round the rectum .  The Doug las  

ad 

FIG 1 9  • Recta l d i ssect ion through the hand  access 
device us ing  two nar row, doub le  bent St. Ma rk's retractor 
(one l i g hted). 
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FIG 20 • The poster ior  pelv ic d i ssect ion i s  carr ied a long  the 
presacra l space between the p resacra l fasc ia ,  poster ior ly, and 
the i nvest ing  fasc ia of the mesorectum,  a nter ior ly. 

pouch is i n c ised open with cautery. The p l ane  of d i ssec

t ion a nter ior ly is  carr ied in between Denonvi l l iers fascia 

(a long the a nter ior wa l l  of the rectu m), poster ior ly, a n d  

the p rostate/sem i n a l  ves ic les ( in  ma les, F IG  21 ) or t h e  

vag i n a  ( in  fem a les), a nter ior ly. T h e  pelv ic f l o o r  (with t h e  

l evator musc l es) i s  ident if ied (FIG 21 ) .  

F IG 21  • The pelv ic d i ssect ion is  then carr ied a nter ior ly i n  a 
c i rcu mferent ia l  fash ion  around the rectum .  The pelv ic f loor 
(with the levator musc l es) i s  ident if ied .  The sem i n a l  ves ic les 
and  the prostate can be seen anter io r ly. 

J-POUCH CONSTRUCTION AND POUCH 

ANAL ANASTOMOSIS 

• Once the rectum is removed, the sma l l  bowe l is exter ior

ized through the hand  access device . The last 25 to 30 em 

of the term i n a l  i l eum is fo lded i nto a " J "  shape and  the 

a pex of the fo ld  i s  opened a nter ior ly to a l l ow p lacement 

of a l i near  sta p le r  (FIG 23) .  The common wa l l  between 

the two l i m bs of the J i s  d iv ided with the l i near  stap le r. To 

make a n  adequate-s ized pouch (a pproximately 1 5  em i n  

length), m a n y  seq uent ia l  f i r ings  o f  t h e  l i n e a r  sta p le r  a re 

usu a l ly req u i red .  Before the sta p le r  is f i red, care m ust be 

taken to ensure that the sma l l  bowel mesentery of the 

pouch i s  not trapped by the stap le r  i n  between the l i m bs 

of the pouch .  

• Through  the  same open i ng  that the l i near  sta p le r  was 

p l aced, a monofi l ament suture i s  p laced as a pu rse str ing  

and  the a nvi l of a c i rcu l a r  sta p l i n g  device i s  secured to  

the a pex of the J -pouch  (FIG 24) .  The end of the J stap l e  

l i n e  a n d  the a nter ior pouch  sta p le  l i nes a re oversewn 

with 3-0 sutu re to re i nforce the sta p le  l i nes .  

• Once the pelv ic f loor is reached, a transverse sta p l i n g  de

vice i s  p laced through the hand access device and  around 

the low rectum at the level of  the pe lv i c  f loor (FIG 22) .  

Before the stap le r  is  fi red, a d i g ita l  recta l exa m i nat ion i s  

performed to ensure that the device wi l l  be d iv id i ng  the 

rectum at the top of the ana l  can a l .  Once the dev ice i s  

f i red, the rectum is removed and  a check of hemostas i s  in  

the pelv is  i s  made.  

Recto-sigmoid 
junction 

FIG 22 • Once the pelv ic  floor i s  reached, a transverse 
sta p l i n g  device i s  p laced through the hand  access device and  
around the low rectum at the level of the pelv ic  f loor. 

FIG 23 • Creation of the J-pouch .  The sma l l  bowe l i s  
exter ior ized through the hand  access device .  The last 2 5  to 30 

em of the term i n a l  i l eum is  folded i nto a J shape and the a pex 
of the fold i s  opened a nter ior ly to a l low p lacement of a l i near  
sta p le r. The common wa l l  between the two l i m bs of the J i s  
d iv ided with the l i near  stap le r. 



FIG 24 • Creat ion of the J-pouch .  Through  the same ope n i n g  
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• An end-to-end  sta p led  a n astomos is  is performed be

tween the  pouch and the a n a l  ca n a l  (FIG 25) .  The 

mesentery of the  pouch shou ld be p l aced poste r ior ly  

a g a i nst the  sacru m .  I n  a woman,  p r io r  to the  fi r i ng  of 

the c i rcu l a r  sta p l e r, g reat care m ust be taken to ensu re 

that the  vag i n a  is not trapped i nto the  c i rcu l a r  sta p l i n g  

device .  A d i a g n ostic r i g i d  p roctoscopy is  pe rfo rmed 

through the  anus after  the  pe lv i s  has  been fi l l ed with 

sa l i n e  to check for any  evidence of a n  a i r  l eak  from the 

pouch (FIG 26) .  
that t h e  l i near  sta p le r  was p laced, a monofi l ament suture i s  • Two 1 9-Fr  c losed b u l b  suct ion dra ins  a re p laced beh i nd  

the pouch and  brought out the lower abdom i n a l  trocar 

sites. These a re secured to the skin with monofi l ament 

p laced as a p u rse str ing  and  the a nvi l of a c i rcu l a r  sta p l i n g  
device is secu red t o  the a pex o f  the J-pouch (arrow) .  The 
pouch is  approximately 1 5  em long.  

FIG 25  • An end-to-end  sta p led a nastomosis i s  performed 
between the pouch and  the ana l  ca n a l .  

TEMPORARY DIVERTING LOOP 

ILEOSTOMY CONSTRUCTION 

• Prior to surgery, the patient should have been counseled by 

a WOCN and site marked for a tempora ry i leostomy. At the 

marked s ite i n  the r ight lower quadrant, a d iverti ng loop 

i leostomy is constructed. Usual ly, the loop should be 20 to 

30 em prox ima l  to the J-pouch. To fac i l itate i leostomy rever

sal in the future, the bowel can be wrapped in an adhesion 

barr ier mater ia l ,  which should a lso be p laced i n  the abdo

men under the site of the stoma to m in im ize adhesions. 

• The hand  access device/wound  protector is removed a n d  

the i nc is ion is  c losed i n  the sta ndard fash ion .  T h e  5 - m m  

camera troca r site is  c losed at the sk in  level with a mono

f i l a ment suture.  

suture.  

FIG 26 • A d iagnost ic  r ig id p roctoscopy is  performed 
through the anus after the pelv is  has  been fi l led with sa l i ne  
to  check fo r  any evidence of  a n  a i r  l eak  from the pouch . 

• The loop i leostomy is matu red, with the p roxi ma l  l i m b  

matured i n  a B rooke's fash ion .  T h e  d ista l l i m b  is  matu red 

as a m ucous fistu l a  (FIG 27) .  

F IG  27 • The end  resu l t  after a HALS- I PAA. 

1 2 59 
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PEARLS AND PITFALLS 

I nd ication • I n  cases of acute d i sease o r  i ndetermi nate col it is, p roceed ing  to a su btota l colectomy as 
the i n it i a l  operat ion i s  p referred to a l l ow thorough  patho log ic  review of the specimen 
a n d  withd rawa l of the med icat ions  to u n mask potent ia l  Crohn's d isease. 

Conduct of the abdom i n a l  port ion • I t  i s  best to sta rt with  the left co lon and  the sp len i c  mob i l izat ion fi rst as  th i s  w i l l  deter
m i n e  if  you can use a hand-ass isted lapa roscop ic  su rgery (HALS) approach .  

Creat ion of the J-pouch • Preservation of the r ig ht-s ided m a rg i n a l  a rter ia l  a rcade i s  cr it ica l to ensure good b lood 
supp ly  to the pouch . 

• Separat ion of the pouch mesentery from the retroperitoneum a l l ows for adequate 
pouch length to reach the pelv ic f loor. 

• P lace the pouch mesentery a long  the p resacra l space poster ior ly. 

Conduct of the pelv ic port ion • Avo id  p lac ing  the su rgeon's hands  i nto the pe lv i s  as th i s  wi l l  comp letely obstruct the 

v iew through the hand  access device. 

POSTOPERATIVE CARE 

• We use an enhanced recovery pathway approach to the post
operative care in our patients. They are started on a regular 
ileostomy diet upon arrival to the ward. 

• IV fluids are kept to a minimum ( <40 mL per hour) the 
night of surgery. All IV fluids are discontinued the morning 
after surgery. 

• The urinary catheter is removed at 8 AM the morning after 
surgery. 

• The two drains are removed the morning of the second day 
after surgery. 

OUTCOMES 

• The functional outcomes of IPAA over the last few decades 
in numerous institutional experiences have been quite com
parable. Most patients report six to eight bowel movements 
in a 24-hour period, with one of those occurring at night. 

• Depending on the patient's age and gender, about 20% to 
30% will experience minor leakage of stool, particularly at 
night. 

• The majority of patients will experience one or more epi
sodes of pouchitis, with approximately 20% having chronic 
pouchitis, which requires treatment. 

• IPAA patient's quality of life is usually significantly improved 
relative to his or her presurgery health state. 

• Finally, IPAA is a durable operation with over 90% of 
patients having a well-functioning pouch at 20 years after 
surgery. 

COMPLICATIONS 

• The most concerning complication is a pouch leak or pelvic 
sepsis. Unexplained tachycardia, lower abdominal pain, or low 
back/pelvic pain are worrisome signs for a pouch leak. Early 
operative intervention with pelvic irrigation/washout and drain 
placement is the procedure of choice. Later presentation with 
fever, pelvic pain, and urinary symptoms warrant abdominal 
imaging with a CT scan and percutaneous drain placement.4 

• Prior to ileostomy reversal, usually 2 to 3 months after the 
pouch surgery, a contrast enema is obtained to evaluate for 
a possible anastomotic leak or narrowing. If a small anas
tomotic sinus is observed, closure should be delayed for an
other 2 to 3 months and a repeat contrast study obtained. 
Commonly, the sinus will close. However, if it persists, an 
examination under anesthesia is required in an attempt to 
open the sinus or to curette the tract to promote healing. 
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DEFINITION 

• Pelvic exenteration, also known as extended radical resec
tion, is a form of radical surgery first described for the treat
ment of locally advanced cervical cancer, which was adopted 
for locally advanced colorectal cancer shortly thereafter. 
Currently, locally advanced primary rectal cancers (LARC) 
and locally recurrent rectal cancers (LRRC) are amongst the 
more common indications for pelvic exenteration. 

• The fundamental surgical principle of pelvic exenteration is 
complete en bloc removal of all viscera or structures contigu
ously involved by tumor with a clear resection margin (RO 
resection) .  Therefore, depending on the location of the tumor, 
different types of exenteration will be required, which may 
include en bloc cystoprostatectomy, vaginectomy, radical hys
terectomy, or even sacrectomy. The same surgical principles 
may be applied to other locally advanced pelvic cancers in
cluding uterine, bladder, and prostate cancers and sarcomas.  

• Different classifications have evolved to describe the differ
ent types of recurrence and exenteration, although of note, 
there is no universally accepted terminology. 

• Although lengthy anatomical discussion is beyond the scope 
of this chapter, a brief discussion is necessary to facilitate 
understanding of the key concepts and principles of surgery. 

Left Right lateral 

FIG 1 • The compartments of the pelvis a re shown in th is  d iagram.  
The pelvis can be d ivided i nto the a nter ior, centra l, poster ior, and  
lateral compartments, wh ich  a re centered on the u reth ra, the  
t ip  of  the coccyx, the th i rd sacra l vertebra, and the isch ia l  sp ines, 
respective ly. A complete pelvic exenteration is one where a l l  
viscera a re removed and i nvolves su rgery i n  a l l  five compartments 

of the pelvis with or  without bony resect ion,  whereas a partia l  

exenteration i s  o n e  which i nvolves remova l o f  a t  least three 
compartments of the pelvis with or  without bony resect ion .  

• Anatomically, the pelvis can be divided into four compart
ments : the anterior, central, posterior, and lateral compart
ments ( FIG 1 ) .  Each compartment overlaps at their margins 
but the axis of each compartment is centered on a different 
structure. The urethra, the tip of the coccyx, the third sacral 
vertebra, and the ischial spine form the axis of the anterior, 
central, posterior, and lateral compartments, respectively. 

• For clarity, exenteration is best classified as complete exen
teration or partial exenteration. Complete exenteration is 
defined as complete removal of all compartments of the pel
vis with or without en bloc bony resection, whereas a partial 
exenteration is defined as the removal of at least three com
partments of the pelvis, with or without en bloc bony resec
tion. Within partial exenteration, there are many subtypes of 
exenterations that often involve surgery on parts of different 
compartments ( FIGS 2A,B ) .  

• A s  a general principle, the resection margin for a compart
ment will involve excision of the soft tissue at its attachment 
to the bone or en bloc excision of the involved bone (e .g . ,  en 
bloc sacrectomy, excision of ischial spine or of pubic ramus) .  
Attempting to obtain a soft tissue margin within a compart
ment will invariably result in a very rate of highly involved 
margins. FIGS 2A and 28 illustrate the potential dissection 
planes depending on the location of the tumor. 

• In addition to consideration of the compartments of the pel
vis, the "height" of the tumor is also important to determine 
resectability (if there is high sacral involvement) ,  the extent 
of perineal resection and reconstruction required as well as 
whether or not intestinal continuity can be restored. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• Patients with LARC are usually symptomatic. Patients with 
LRRC may be symptomatic or asymptomatic ( see below),  
although most patients are symptomatic. 

• Symptoms experienced by the patient reflect the location of 
the cancer. Common symptoms include pain, rectal bleeding, 
altered bowel habits, and tenesmus. Pain may be the result 
of direct nerve (sacral nerve roots and sciatic nerve) ,  muscle 
( levator, piriformis, and obturator internus ) ,  or bony ( sacral) 
infiltration or the result of referred pain, usually to the but
tock or hamstring. 

• As the tumor gets larger, mass effect may ensue with ureteric 
or bowel obstruction. Advanced cancers of the pelvis may 
also present with malignant fistulae between the small or 
large bowel and an adjacent viscera such as the vagina or 
bladder. Occasionally, patients may present as an offensive 
fungating tumor or lymphedema of the lower limb because 
of venous compression. 

• Asymptomatic local recurrences may be detected on routine 
follow-up with elevated carcinoembryonic antigen (CEA) ,  
surveillance computed tomography ( CT),  or  colonoscopy. 
Asymptomatic anastomotic recurrence following low rectal 

1261 

I 



1 262 P a r t 4 OPERATIVE TECHNIQUES IN  COLON AND RECTAL SURGERY 

G 

A 

FIG 2 • A. This is the sag itta l sect ion of a fema le  pelvis . Planes A and B are the d issection p lanes for complete or part ia l  exenterations i nvo lving 
the anterior com partment with and without en b loc pubic  excis ion, respective ly. Planes C and D are d issection p lanes for part ia l  exenteration 
i nvo lvi ng the centra l compartment with tota l or  subtota l vag inectomy and poster ior vag i nectomy, respective ly. Note that planes C and D do 
not exist i n  men .  Planes E and F a re the anter ior and posterior tota l meso recta l excis ion p lanes, respectively, whereas plane G is the p lane for en 
b loc sacrectomy. B. Corona l  section of the pe lv is .  There a re fou r  poss ib le lateral  d i ssect ion p lanes. Plane L represents the tota l mesorecta l excis ion 
p lane and i s  the lateral  p lane for a part ia l  exenteration not i nvo lving the lateral  com partment. Plane M represents the extravascu lar  p lane, 
which is a p lane latera l to the i l iac vascu lature but med ia l  to obtu rator i ntern us. Plane N i nvolves excis ion of the entire lateral  compartment 
inc lud ing obturator i ntern us, whereas plane 0 inc ludes en bloc bony resection such as the isch ia l  sp ine or isch ia l  tuberosity. The r ight hand 
s ide of F igure 28  shows a tumour that i nvolves the latera l compartment. D issection i n  the lateral  mesorectal  p lane depicted by plane L 1 wil l  
i nva r iably result i n  an  i nvolved surgica l  marg i n .  I n  order to achieve RO resection margins, d i ssect ion should fol low plane N. 

resection may be readily palpable with digital rectal exami
nation or be visible on rigid sigmoidoscopy. 

• As pain frequently accompanies LARC or LRRC, clinical 
assessment may require an examination under anesthesia, 
which will also permit biopsies and other investigations to 
be undertaken concurrently such as a completion colonos
copy or cystoscopy where ureteric stents may also be in
serted at the same time if necessary. 

• In patients with a previous abdominoperineal excision, clini
cal findings are often limited. 

• A general assessment for obvious systemic metastasis such as 
hepatomegaly or inguinal lymphadenopathy should also be 
performed to rule out the presence of metastatic disease. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• CT scan of the chest, abdomen and pelvis is a useful first 
step to rule out systemic metastasis. In general, CT scans 
do not provide adequate soft tissue delineation in the pelvis 
to permit accurate staging of LARC for decision making on 
neoadjuvant therapy. In patients with potential LRRC, CT 
scans have are limited in its ability to distinguish between 
post-surgical fibrosis and tumour recurrence.  

• Positron emission tomography (PET) scans complement CT 
scans in detecting the presence of metastatic disease (FIG 3A,B ) .  
By  detecting metabolically active tissue, i t  has the advantage 
of being able to distinguish between postoperative fibrosis and 
metabolically active local recurrence. PET in LARC or LRRC 

has been shown to alter clinical decision making by 20% to 
40% by detecting occult metastatic disease. 

• Magnetic resonance imaging (MRI) is currently the gold stan
dard to determine the local extent of tumor, to assess resect
ability, and to determine the potential need of neoadjuvant 
(for LARC) therapy ( FIG 4A,B ) .  The accuracy of MRI in 

A B 

• 

FIG 3 • A. PET scan of a patient with loca l l y  advanced 
rectos igmo id  cancer referred for pelv ic exenterat ion .  PET scan 
was consistent with metastatic d isease (arrow). B. PET scan 
of a patient with an a nastomotic recurrence after a previous 

s igmo idectomy who p resented with a n  asymptomat ic  recurrence 
man ifest ing  with a n  e levated CEA. The patient was be ing  
cons idered for  pe lv i c  exentertat ion .  PET scan  showed a sma l l  l iver 
metastas i s  otherwise undetected on  CT sca n (arrow). 
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A B 

FIG 4 • A. M R I  of the pelv is  showing loca l ly advanced cerv ica l  cancer. The cancer is seen to the left of the rectum and  is i nvad ing  the left 
p i r iformis  m uscl e (arrows). This  pat ient has pa in  in the left 52-53 nerve root terr itory cons istent with sacra l p lexus i nfi ltrat ion .  B. M R I  of 
the pelv is  of a pat ient with a l a rge  LRRC abutt i ng  the left obtu rator i ntern us m uscles (arrows) a n d  d i rect ly i nfi ltrat i ng  the r ight obtu rator 

i nternus m usc le (arrowheads). 

confirming anterior compartment, pelvic sidewall and sacral 
involvement ranges between 60% and 100%.  The major limi
tation of MRI with LRRC resides in its inability to accurately 
diagnose pelvic sidewall involvement. 

• Tissue diagnosis, although easily obtained in LARC, is a con
tentious issue in patients with LRRC when the lesion may 
be inaccessible luminally and a biopsy would necessitate a 
percutaneous route that could lead to tract seeding. How
ever, without tissue diagnosis, patients in whom the final pa
thology report shows no recurrence of cancer may have been 
subjected to an unnecessary major operation with significant 
morbidity. It is our practice to accept a diagnosis of LRRC 
when there is a positive PET scan provided that there is cor
roborative history, MRI findings, and elevated CEA level. 

• CEA level is helpful for ongoing disease surveillance in pa
tients with LARC. The sensitivity of CEA for detecting re
current disease is low but the specificity is 8 5 % .  

• A complete colonoscopy i s  performed t o  obtain tissue di
agnosis and to rule out synchronous colon cancer prior to 
embarking on a major resection. 

• CT or magnetic resonance angiography may be useful to en
sure the patency of inferior epigastric arteries if a rectus ab
dominis myocutaneous flap is being considered for perineal 
reconstruction in a patient who previously had or currently 
has stoma(s ) .  They may also help to determine if a vascular 
surgeon may be needed if there is major arterial involvement 
of the common iliac or external iliac vessels. 

• Cystoscopy can help diagnose bladder involvement and may 
allow ureteric stenting to relieve ureteric obstruction and 
prevent impending renal failure. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• All patients should be discussed preoperatively at a multidis
ciplinary team meeting to determine resectability and opera
tive strategy. 

• Patients who are radiotherapy naive should be considered 
for preoperative long-course chemoradiation prior to pelvic 
exenteration. 

• A detailed informed consent is obtained. Because studies have 
shown that patients often underestimate the magnitude of the 
procedure, we encourage family members to participate in the 
discussions and we schedule at least two separate consultations. 

• A preoperative review by the cancer coordinator and 
psychooncologist is obtained. Further, as most patients will 
require the creation of at least one, if not two, stoma, it is 
essential that the patient receive stomal education prior to 
the procedure . 

• Bowel preparation is usually necessary for patients without 
an existing colostomy. 

Positioning 

• Depending on the location and the extent of the cancer, the 
patient may require surgery from the abdominal and the per
ineal compartment. In patients where a high sacrectomy is 
required, repositioning in a prone position after completion 
of the abdominal and perineal components of the operation 
is also necessary. 

• Patients are placed in a modified Lloyd-Davies position di
rectly on a gel mat with both arms tucked by their sides and 
protecting all pressure areas ( FIG 5) .  In patients who require 
major perineal resections, the buttocks should be elevated 
with a rolled towel and overhang the end of the operating 
bed by up to 5 em to permit access into the natal cleft if 
needed. 

• To avoid muscle compartment syndrome, the legs should not 
be elevated more than 30 degrees during abdominal phase 
and only elevated for the perineal phase. 

• Patients will require an arterial line, a central line, and a 
large-bore intravenous cannula. These lines need to be well 
secured prior to be being tucked away by the patient's sides. 

• Patients should also receive prophylactic antibiotics, subcuta
neous heparin, mechanical venous thromboprophylaxis in the 
form of graduated compression stockings and calf compressors. 

• An indwelling Foley catheter is inserted. The anterior thigh 
is prepped and draped if a vascular graft using the great or 
common saphenous veins needs to be harvested.  The vagina 
should also be included in the preparation. 
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FIG 5 • The patient is posit ioned in mod if ied L loyd-Davies posit ion 
with both arms tucked by their s ides .  The p revious  m i d l i n e  sca r i s  
m a rked.  I n  th i s  patient, a h i g h  sacrectomy and  rectus abdom i n is 
myocuta neous is p l an ned .  The rectus abdom i n i s  myocuta neous f lap  
i s  to be ha rvested f rom the patient's r ight where  there has  not  been 
a p revious stoma a n d  th i s  has  a lso been ma rked out with  the i l ea l  
con d u it s i te  be ing  latera l i zed to A' by the same d i stance as  that  
between the m id l i ne  and  the fi rst stoma s i te  A.  

• A purse-string suture at the anal verge is used to prevent 
fecal spillage during the procedure. 

be premarked prior to prepping and draping ( FIG 5 ) .  The 
colostomy is prepped and covered with a swab, which is then 
held in place by an impervious adhesive plastic dressing. • Prior midline incisions or scars should be marked so that 

the same incision can be used. In patients where a rectus 
abdominis myocutaneous flap is planned, this should also 

• Insertion of bilateral ureteric stents is not routinely done in 
all cases. 

ABDOMINAL PHASE Lateral Compartment Dissection 

• 

• 

• 

• 

• 

• 

We sta rt with a meticu lous  ad hes io lys i s  to mob i l i ze a l l  • 
sma l l  bowel loops from the pelv is .  Avo id i ng  enteroto

m ies in pe lv ic  sma l l  bowe l loops which may have been 

damaged by p revious  rad iothera py i s  i m portant to p re

vent a postoperative enterocuta neous f istu l a .  

The  abdom i n a l  cavity i s  inspected for  per itonea l  carc ino

matosis or  u n resectab le  metastatic l iver d i sease not iden-

t if ied du r i ng  pre-operative stag i ng .  Presence of e ither • 
usu a l ly p rec ludes cu rative resect ion a n d  is l i ke ly to a lter 

the surg ica l  p l an .  

Pelvic sma l l  bowel loops i nvaded by  cancer shou ld  be re

sected en bloc us ing l i near stap lers .  The rema in ing  sma l l  

bowel loops a re packed i nto t h e  u pper abdomen us ing 

moist sponges he ld  i n  a f ixed table retractor such as the 

Omn i -Tract®. 

If the co lon is sti l l  i ntact, it shou ld  be mob i l ized a long  its 

a natomic  p la nes .  Reflect ion of the s igmo id  and  descend

i ng  co lon  on  i t s  mesentery media l ly  wi l l  expose the leh 

u reter. Identif ication of the u reter i s  i m portant to avo id  

i nadvertent u retera l i n ju ry. 

For a LARC, a h i g h  l igat ion of the infer ior mesenter ic a r

tery is performed.  The co lon is d iv ided at a point of con-

ven ience that rema in s  we l l  vascu la r ized.  The p roxi ma l  • 
d iv ided co lon  can then be packed i nto the upper  a bdo

men,  iso lat ing the pelv is  from the abdom i n a l  contents. 

The append ix  i s  prophylactica l l y  removed in pat ients 

who req u i re a con d u it as  dense ad hes ions a n d  mesh c lo-

su re of the abdomen wou l d  make a future appendec- • 
tomy d ifficu lt .  

There a re fou r  poss ib l e  p la nes of d issect ion i n  the lat

e ra l  compartment (FIG 28). Plane L i s  the convent iona l  

tota l mesorecta l  exc i s ion p l ane  that i s  fa m i l ia r  to a l l  

co lorecta l su rgeons .  Th is  p l a n e  is used f o r  part ia l  exen

terat ions  not i nvolvi ng  the l atera l compartment or  i n  

sma l l  a nastomotic recurrence t h a t  o n ly req u i res a reop

e rative a nter ior resect ion .  

For d issect ions  i n  plane M, N,  or  0,  the p roced u re beg in s  

w i th  identif icat ion and  mob i l izat ion of  the u reters with 

a cuff of connective t issue to preserve their b lood supp ly 

(FIG 6) .  Both u reters a re mob i l i zed as d ista l as possi b le  

i nto the pe lv i s .  If  e n  b loc cystectomy is  p l a n ned, the u re

ters a re d iv ided without compromis ing  resect ion mar

g i ns and  to p rovide adequate u reter ic  length for u r i na ry 

reconstruct ion with an i l ea l  or co lon i c  cond u it .  U reters 

shou ld  be a nastomosed to the cond u it out of the f ie ld  of 

pr ior  rad iothera py when possi b le .  Even if  en b loc cystec

tomy is  not req u i red, mob i l i z i ng  the u reters a long the i r  

ent i re length a l l ows them to be mob i l ized off the pelv ic  

s idewa l l  such that the next layer of structu res under the 

u reter (the  common,  externa l ,  and  i nterna l  i l i ac  a rter ies) 

can be accessed (FIG 7) .  

Other  than a n  ea r l y  anastomotic recurrence, comp lete 

pelvic lym phadenectomy, sta rt ing  at the level of the 

aort ic b i furcat ion, i s  routi ne ly  performed for most other  

LRRC .  FIG 7 a lso demonstrates the appearances of the 

i l i ac  vascu lature after comp lete pelv ic lym phadenectomy. 

D i ssect i ng  i n  plane M w i l l  req u i re l igat ion a n d  exc is ion 

of the i ntern a l  i l i ac  vascu latu re so as to get i nto and  to 



FIG 6 • M o b i l izat ion of the r i ght u reter with a cuff of 
con nective t i ssue a round  the u reter so as to preserve its 
b lood supp ly. We use ye l l ow vessel loops for u reters (b l ue  
for ve i n s  a n d  red  for a rter ies) .  U rete rolys is i s  performed 
with the operator d issect i ng  us i ng  r ig ht-a n g l e  forceps and 
the ass istant d iv i d i n g  t i ssue between the forceps u s i ng  
d iathermy. 

FIG 7 • R ight pe lv ic  s idewa l l .  The u reter has  been fu l ly 
m o b i l ized, d iv ided a n d  is p laced i n  the r ight  i l i ac  fossa 
away from the pe lv ic  s idewa l l  w h i l e  further  d issect ion 
of the r ight  pe lv ic  s ide  wa l l  cont i n ues (top arrow). Pelv ic  
lymphadenectomy has  been performed from the b i furcat ion  
of the aorta a n d  the com mon i l i ac  a rtery (C IA) .  Th i s  exposes 
the common  i l i ac  vesse l s  and the confl uence between the 

externa l  and i ntern a l  i l i a c  vesse l s  (block arrow). The r ight  
externa l  i l i ac a rtery (E IA) i s  he ld  i n  red vesse l loops a n d  the 
r ight  i nterna l  i l i ac  a rtery ( I IA) has  been l igated a n d  d iv ided .  
The externa l  i l i a c  a n d  common i l i ac  ve i n s  a re he ld  i n  b l u e  
vesse l loops w i t h  the i nterna l  i l i ac  ve i n  l igated a n d  d iv ided .  
The two ye l l ow vesse l loops demonstrate two nerves. The 
sma l l e r  nerve i s  the  obtu rator nerve a n d  the l a rger  nerve i s  
the  l u m bosacra l tru n k  (left sided arrows).  Note the " l ayered " 
a rrangement of the pe lv ic  s idewa l l  where the i l i ac  a rte r i a l  
system l i es su perfi c i a l  to the i l i ac  venous  system which  i n  

t u r n  l ies superfi c i a l  t o  t h e  l u m bosacra l tru nk .  Note that after 
l igat ion and d iv i s ion of the i nterna l  i l i ac  a rtery o r  ve in ,  the 
externa l  i l i ac  a rtery a n d  ve i n  ca n then be "f l oated off" the 
pe lvic s idewa l l .  
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rema i n  i n  the extravascu l a r  p l ane .  Even if  form a l  exc i s ion 

of the i ntern a l  i l i ac  vascu lature is  not req u i red, i n  s i tu 

l igat ion of the i ntern a l  i l i ac  a rtery and  ve in  can be he lp

fu l  to prov ide vascu l a r  control to l i m it b lood loss as the 

d i ssect ion conti nues, espec ia l ly if sacrectomy is  p l anned .  

I n  LRRC, previous tota l mesorecta l exc i s ion and  radio

thera py usua l ly cause t issue f ib ros is and ob l iterate t issue 

p la nes mak ing  d i ssect ion d ifficu lt .  Even if  extra-vascu l a r  

d i ssect ion i s  not  necessa ry, the p l ane  i s  typica l ly v i rg i n a l  

and  m a y  b e  com parative ly  eas ier  t o  d i ssect. 

• To get i nto p l ane  M, after u reterolysis is performed, the 

i ntern a l  i l i ac  a rtery i s  d i ssected .  When a n  adeq uate seg

ment of i ntern a l  i l iac  a rtery has  been mob i l ized, it can be 

sutu re l igated and d iv ided .  

• Conti nued mob i l izat ion of the common i l i ac  and  exter

nal i l iac  a rter ies, wh ich do not have any branches with i n  

t h e  pe lvis, w i l l  a l low t h e  common and  externa l  i l iac  a r

ter ies to be "f loated " out of the operative f ie ld  us ing  

two vesse l loops  he ld  apart to p revent acute  k ink ing  of  

the a rtery. Th i s  exposes the next layer of structu res-the 

common,  externa l ,  and  i ntern a l  i l i ac  ve ins .  The comb ina 

t ion of l igat ion of the i nterna l  i l i ac  venous system a n d  

lymphadenectomy w i l l  resu l t  i n  progressive exposure of 

the sacra l nerve roots on the p i r iformis  m usc le (FIG 8) .  
• Next, the i ntern a l  i l i ac  ve i n  can then be l i gated and  ex

cised en  bloc together with the spec imen,  a l lowi ng the 

operator to get prog ress ive ly more l atera l with i n  the lat

era l  compartment. Va r iab le  venous anatomy and t r ibu

tar ies  coup led with  th i n-wa l led ve in s  make d issect ion of  

the venous system part i cu la r ly cha l l e n g i n g .  Once the i n 

te rna l  i l i ac  ve i n  i s  l i gated, the externa l  i l i ac  ve i n  and  d is

ta l  common i l i ac  vein can be s i m i la r ly mob i l ized (as with 

the com mon and externa l  i l i ac  a rter ies) to a l l ow these 

ve in s  to be f loated out of the pelv is  p rovid i ng  access to 

the deeper structu res-the l u m bosacra l  tru n k  (FIG 7) .  

Lum bosacra l  tru n k  i s  derived f rom L4  and  L5 nerve roots 

and jo in s  the sacra l p lexus on the p i r iformis  m uscle to 

FIG 8 • By d i ssect ing  and l igat ing the i ntern a l  i l i ac  vascu lature 

and  perform ing  a lym phadenectomy, the l u m bosacra l  trun ks 

and  the sacra l p l exus (5 1 ,  52, and  53 nerve roots) a re d isp layed .  
T h e  i nterna l  i l i ac  a rtery and  i ntern a l  i l i ac  v e i n  stu m ps a re seen 
(arrows) .  The DeBakey forceps poi nts to the 5 1  and 52 sacra l 
p lexus nerve roots. (53 has  been d iv ided . )  
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FIG 9 • A. Curved l a rge  r ig ht-a n g l e  forceps passed around isch i a l  sp ine  in preparat ion to its exc i s ion .  The end of a G i g l i  saw 
is g rasped and p u l led throug h .  The sciatic nerve u nder  the saw is  p rotected by a m a l leab le  retractor wh i l e  the isch i a l  sp ine  i s  

be ing d iv ided .  B. View of the pelv ic s idewa l l  after isch i a l  sp ine  has  been exc ised.  Th i s  exposes the ent i re i ntrapelv ic cou rse of 
the sc iat ic  nerve. 

• 

form the sciat ic nerve, wh ich exits the pelv is  by cours i ng  • 
poster ior  to the isch i a l  sp ine  via the g reater sc iat ic notch .  

Identification o f  the l umbosacra l trunk  i s  an  important step 

as this ensures the nerve is preserved for lower l imb  function 

and serves as an anatomic gatekeeper that helps guide the 

operator to the obturator i ntern us m uscle and isch ia l  spine. 

For wider exc is ion of the med ia l  wa l l  of the isch i u m  or  

of the isch i a l  tuberosity (FIG 28, plane 0),  the or ig i n  of 

the obtu rator i nternus i s  mob i l ized as  described ear l i e r  . 

The per inea l  surgeon commences per i nea l  d i ssect ion to 

g a i n  wide exposu re of the per i nea l  aspect of i nfer ior  

pub i c  ramus, l ead ing  to isch i a l  tuberosity. Soft t issue at

tach ments (orig i n  of adductor magnus  a n d  sem i mem

branosus  m uscles) a re mob i l i zed f rom the i nferolatera l 

aspect of isch i a l  tuberos ity, wh ich then a l l ows the isch i a l  

tuberosity to be excised us ing  e i the r  a n  e lectr ic  o r  G ig l i  

s aw wh i l e  p rotect ing  the sc iat ic nerve us ing  a m a l leab le  

retractor. I n  some cases, the isch i u m  can be removed 

through an  abdom ino l ithotomy a pproach .  

• Conti nued l atera l d i ssect ion stay ing with i n  the extravas

cu l a r  p l ane  (plane M) w i l l  stay med ia l  to the obtu rator 

i nternus m usc le with i n  the latera l compartment.  Wh i le  

d i ssect i ng  i n  plane M, numerous sma l l  branches and  tr ib

uta r ies of the i ntern a l  i l i ac  vesse ls  wi l l  be encou ntered 

that w i l l  need to be i n d iv id u a l ly l igated to ensure hemo

stas i s  i s  secure .  Conti nued d issect ion with i n  plane M wi l l  

l e ad  to  the or ig in  o f  the levator an i ,  wh i ch  ca n then  be  

d iv ided to  enter the per inea l  compartment (FIG 28) .  
• For comp lete exc is ion of the latera l compartment 

(plane N), the l u m bosacra l tru n k  is traced d ista l ly to the 

obturator i nternus m usc le and  isch i a l  sp ine .  The ent i re 

Anterior Compartment Dissection 

• The a nter ior p l ane  of d i ssect ion for comp lete exentera-

obturator i nternus m usc le can be excised by detach i ng  it 

at its or ig i n  from the med ia l  aspect of the pelv is  (pub ic  • 
bone) us ing  d iathermy. The isch i a l  sp ine  may a lso be ex

cised en  b loc to g a i n  wider  exposu re .  To do th is, a l a rge 

cu rved r ight-a ng le  forceps i s  passed from the poste r ior  to 

a nter ior around isch i a l  sp ine  (FIG 9A) .  The free end of a 

G i g l i  saw is p u l led th roug h .  Us ing  a m a l leab le  retractor 

to protect the sciatic nerve, wh ich i s  i m med iately deep 

to the isch i a l  sp i ne, the G i g l i  saw may be used to saw 

off the sp ine at its or ig in from the rema i nder  of isch i u m  

(FIG 98) .  The comb i nat ion o f  d iv id ing  the isch i a l  sp ine  

a n d  the obtu rator i nternus exposed the ent i re p reg lu - • 
teal ,  pelv ic cou rse of the sciatic nerve (FIG 8) and  re leases 

the sacrosp inous  l igament expos ing  the sacrotu berous 

l i gament.  

t ion  o r  part ia l  exenteration i nvolvi ng the a nter ior com

partment i s  dep icted by planes A and 8 i n  FIG 2A. 

To d issect plane 8, the per itoneum over ly ing the b lad

der  i s  i nc ised to enter  the retropub ic  space of Retz iu s  

(FIG 1 0A) .  Th i s  i nc i s ion  cont in ues l atera l ly to open the 

endopelv ic fasc ia .  Th i s  i s  l a rge ly  a b lood less p lane, a l 

though a nterol atera l ly, the super ior  ves ica l  pedic le, 

vas deferens i n  a ma le  patient, a n d  the infer ior  ves ic le  

ped ic le  wi l l  be encou ntered, which wi l l  req u i re suture 

l i gat ion .  Latera l ly, the obtu rator neu rovascu l a r  bund l e  

wi l l  be seen  and  obtu rator lym phadenectomy is  a l so per

formed with p reservat ion  of the obtu rator nerve. 

Anter ior ly, the dorsal venous comp lex i s  the next to be 

encou ntered which w i l l  req u i re suture l igat ion (FIG 1 08) .  

D iv is ion of the dorsa l  venous  com p l ex wi l l  a l l ow the 

b ladder to be reflected more poster ior ly. 
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FIG 1 0  • A. Anter ior  d issect ion p l ane  for comp lete exenterat ion or part ia l  exenterat ion i nvolvi ng  the anter ior com partment.  
Th is  step i nvolves inc is ing the per itoneum over the b ladder a nter ior ly. Th is  enters the space of Retz iu s  and  i s  l a rge ly  b lood less. 
However. the super ior  and i nfer ior  vesica l pedic les and vas deferens  (in men) wi l l  need to be l i gated and d iv ided .  Latera l ly, the 
endope lv ic fasc ia  i s  a l so re leased.  B. The dorsa l venous com p lex has  been l i gated, which a l l ows the b ladder  to be mob i l ized 
further. I n  ma les, th i s  exposes the p rostate. C. Conti nued mob i l izat ion of the a nter ior plane exposes the u reth ra as it exits the 
prostate. The presence of u rethra can be conf irmed by pa l pat ing  the i ndwel l i n g  u r i na ry catheter. 

• In a ma le  patient, the prostate wi l l  be encou ntered next • 
(FIG 10C) .  Fu rther mob i l ization of the prostate from the 

pelvic f loor wi l l  lead to the u reth ra as it exits the prostate 

and traverses the u rogenita l  d i aphragm to become the 

peni le u rethra (FIG 1 0C) .  Presence of the u rethra can be 

confirmed by pa lpation of the i ndwe l l i ng  u r i na ry catheter. 

• The u rethra is f i rst pa rtia l ly i n cised to a l low the catheter 

to be comp letely d iv ided and removed before comp letely 

transect ing  the u rethra and sutu re l igat ing the d i sta l end  

of u rethra .  Th i s  comp letes the abdom ina l  d issect ion i n  

plane B .  
• If restor ing  i ntest i na l  cont i nu ity is not poss ib le, the per i 

nea l  su rgeon then beg ins  d issect ion from the per ineum 

to jo i n  the abdom i n a l  d i ssect ion s im i l a r  to a n  abdomi 

noper inea l  exc i s ion .  I n  LRRC, if the tumor  i nvades the 

prostate o r  membranous  u reth ra (e .g . ,  after prev ious ab

domi noper inea l  exc is ion), then the u rethra can be tra n

sected more d ista l ly f rom the per inea l  approach often 

with a cuff of pubic bone (see the fo l lowing  text) . 

I n  order to perform en b loc pub i c  exc is ion,  the pub i c  

symphysis a n d  pub i c  ramus  w i l l  need  to be defi ned a n d  

wide ly exposed both from the abdom i n a l  as we l l  as  

per i nea l  com partments. Thus, once the abdom ina l  su r

geon enters the retropub ic  space of Retz iu s, the per i nea l  

su rgeon commences per i nea l  d issect ion work ing  towa rd 

defi n i n g  the pub i c  symphysis, i nfer ior  pub i c  ramus  up to 

the isch i a l  tuberosity wide ly (FIG 1 1 ) .  

• D issect ion i n  plane A i nvolves the fi rst step in a nter ior 

p lane mob i l izat ion, wh ich i s  i n ci s ion of the per itoneum 

over ly ing the b ladder  to enter  the retropub ic  space of  

Retz iu s  i m med iately deep to pub ic  sym physis a n d  supe

r ior  pub i c  ram i .  This inc i s ion i s  extended latera l l y  to i nc ise 

the endopelv ic  fasc ia .  Mob i l izat ion of the b ladder  and l i 

gat ion of  the super ior  and  i nfer ior  vesica l vesse l s  and  the  

va s  deferens  ( in  a ma le  patient) as descr ibed ea r l i e r  a re 

a l so carr ied out but l igat ion of the dorsa l venous com

p lex i s  not performed.  

FIG 11 • Peri nea l  d issect ion with wide exposu re of the 
pub i c  sym physis, i nfe r ior  pub i c  ra mus, and  isch i a l  tuberos ity 
in prepa rat ion for en b loc pub i c  bone exc i s ion .  The i nfer ior 
pubic ra mus  bony edge i s  i l l ustrated by the arrows. 
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4 

FIG 1 2  • D iagra m  of the bony pelv is  with lines 1 to 
4 demonstrat ing  possi b le  exc is ion p la nes .  D iv id ing  pub ic  
bones  between lines 1 and  2 wi l l  resect the i nfer ior  pub i c  
ra mus; between lines 2 a n d  3 w i l l  ca use centra l part ia l  pub i c  
exc is ion;  between lines 2 and  4 b i l atera l ly w i l l  resu lt i n  centra l 
pub i c  exc i s ion .  

• 

• 

The a nter ior l evator p l ane  is not excised but is a l so de

f ined wide ly. The or ig ins of the adductor and  g rac i l i s  

m uscles as we l l  as  the obtu rator fasc ia  deep to the ad

ductors a re d iv ided to expose the a ntero i nfer ior  su rface 

of the infer ior  pub i c  ram us .  Depend ing  on the site of 

tumor  i nvolvement, d i fferent extent of bony resect ions  

can be performed ra n g i n g  from u n i l atera l or  b i l atera l 

pub ic  ra mus  exc i s ion (FIG 1 2, lines 1 a n d  2), part ia l  pub i c  

sym p hysis exc i s ion (FIG 1 2, lines 2 and  3), or  centra l pub i c  

exc i s ion (FIG 1 2, line 2 a n d  4)  us ing e i ther  a G ig l i  saw or  

a handhe ld  e lectr ic saw (FIGS 1 3  and  14) .  

I nterna l  fixat ion fo l l owing  pub i c  sym physis exc i s ion i s  

genera l ly not req u i red even when it has been comp letely 

FIG 13 • A handhe ld  osci l l at ing saw being used to d iv ide the 
i nfer ior  pub i c  ra mus .  

FIG 14  • This  pat ient  has  had en  b loc exc is ion of the left 

i nfer ior  pub i c  ra mus .  The p icture demonstrates an ob l i que  
cauda l  to cepha lad  v iew i nto the pelv is .  The d iv ided ends  of  
the pub i c  ramus  can be seen  i n  the photo (block arrows) . 

• 

• 

• 

• 

• 

• 

• 

excised.  M esh reconstruct ion us ing  polypropy lene mesh 

to the cut ends of a l l  fou r  pubic ram i  and f lap c losure i s  

usua l ly a l l  that i s  req u i red .  

Plane C i s  the a nter ior d i ssect ion p l ane  for  a part ia l  

exenterat ion not i nvolvi ng the a nter ior compartment.  

D i ssect ing  i n  th i s  p lane i s  d i ssect ing  i n  the vesicovag i na l  

p l ane  fo r  en  b loc  rad ica l  hysterectomy and  b i l atera l 

sa l p i ngo-oophorectomy. 

The p roced u re beg in s  by g rasp ing  each uter ine  cornu 

for retract ion (FIG 1 S) .  Gonadal  vesse l s  a re l i gated at 

the level of pelvic brim and the b road l i ga ment is  i ncised 

with l igat ion of the round l i ga ment.  The peritoneum 

between the uterus and  b ladder  is  i nc ised (FIG 1 5) to  

perm it  p lacement of a l i pped St .  Ma rk's retractor to  

m a i nta i n  retract ion of the b ladder  a nter ior ly. 

B i l atera l  u reterolys is shou ld  be performed i n  order to 

mob i l ize the u reters from the l atera l aspects of lower 

uterus and cervix to p revent i nadvertent i n ju ry. 

Whether or not an en b loc hysterectomy is req u i red de

pends on  whether o r  not the uterus i s  i nvolved more 

prox ima l ly. 

Whether a total vag inectomy or subtotal vag inectomy is re

qu i red depends on the location of the cancer. When on ly 

posterior vag inectomy is requ i red, d issection is carried out i n  

plane D.  Us ing  a swab-on stick or a vag ina l  retractor is useful 

so that the operator is able to confidently i ncise the poste

r ior wa l l  of vag ina without damaging the anterior wa l l .  

Vag i n a l  reconstruct ion can be ach ieved us ing  the sk in  

padd le  f rom a rectus abdom in i s  myocutaneous f l ap  to  

reconstruct the poster ior  and  latera l wa l l s  of vag i n a .  

Note that planes C a n d  D do n o t  exist i n  men . 

Posterior Compartment Dissection 

• Plane E is the a nter ior d i ssect ion p l ane  for a part ia l  

exenterat ion i nvolvi ng the centra l a n d  poster ior  com

partments o r  the poster ior  d i ssect ion plane for a par

t i a l  exenteration i nvolvi ng the centra l a n d  a nter ior 

compartments. Th is  i s  a l so a p lane fa m i l i a r  to a l l  co lorec

ta l su rgeons and i s  the a nter ior mesorecta l  p l ane .  
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FIG 15 • Uter ine  d issect ion .  Two Kocher  forceps g rasp the uterus 
by the uter ine  cornu so as to prov ide retract ion .  The base of the 
b road l i gament i s  i ncised as shown. The round l i gament i s  a l so 
l i gated and d iv ided .  

• 

• 

• 

• 

• 

• 

D issect ion proceeds i n  the usua l  manner  us ing  a tota l me- • 
so recta l exc i s ion tech n ique  with an ass istant retract i ng  

the uterus and/or the b ladder  forwa rd us ing  a l i pped St. 

Ma rk's retractor wh i l e  the operator provides backward 

and downward cou ntertract ion on the rectum .  

Th i s  d issect ion conti n ues to  the pelv ic f loor. If  a l ow rec

ta l anastomosis i s  to be fash ioned,  the rectum is  sta p led 

at the leve l  of the pelv ic  f loor, but if a n  a nastomosis  i s  

i nappropr iate, then an  abdom inoper i nea l  exc is ion can 

be performed with the abdom i n a l  su rgeon g u i d i n g  the • 
per i nea l  su rgeon a bout the po int of entry i nto the pelv is .  

Plane F i s  the  surgica l  p lane for a com p l ete exenterat ion  

or  part ia l  exenteration without  sacra l i nvolvement .  Rec-

ta l mob i l izat ion beg in s  by inc i s i ng  per itoneum over the 

l eft o r  r ight mesorecta l fo ld .  Th i s  p l ane, which is  usua l ly 

b lood less, is d i ssected us ing  sharp d issect ion .  Retrograde 

d i ssect ion i n  th i s  p lane jo ins  the mesoco l i c  p lane and 

a l l ows i nfer ior  mesenter ic  a rtery to be l igated if th i s  i s  

not  l igated yet. With  a n  assista nt p rovid i ng  tract ion on  • 
the rectum and  retract i ng  the rectum forwa rd us ing  a 

St. Ma rk's retractor, the su rgeon can cont i nue  to d issect 

in th i s  b lood less p l ane  unt i l  the coccyx i s  reached, where 

Wa ldeyer's fasc ia  is  i n c ised i n  order to mob i l i ze the rec

tum down to the pelv ic f loor. 

When an en b loc sacrectomy is necessa ry, p l ane  G is the • 
suggested p l ane  of d issect ion .  Depend ing  on the level of 

sacrectomy (h igh  vs. l ow), a d i fferent surg ica l  approach i s  

needed.  Fu rther, sacra l resect ion i s  usua l ly  the last step in 

the p rocedure after comp let ion of abdom i n a l  (anter ior, 

latera l  d i ssect ions) and  per inea l  phases. 

A low sacrectomy i nvolvi ng 53, 54 and 55  can usua l ly be 

performed with the patient i n  mod if ied Lloyd-Davies 

posit ion v ia a n  abdomina- l ithotomy a pproach whereas a 

h i g h  sacrectomy (exc is ion of 5 1  or 52) genera l ly requ i res • 
a prone approach.  

Su rgery beg in s  as descr ibed ear l ier  with the a bdom i n a l  

phase o f  d issect ion .  Latera l  compartment d issect ion with 

vascu l a r  l igat ion and exposu re of the l u m bosacra l tru n k  

s o  as t o  preserve lower l i m b  funct ion i s  performed.  The 

isch i a l  sp ine may a l so need to be excised latera l ly. 

D i ssect ion in the appropr iate a nter ior p lane  is performed 

and poster ior  d i ssect ion stops about 2 em a bove the site 

where the tumor  is  adherent to the sacrum .  Over ly i ng 

53 ,  54, and  55  i n  the m i d l i n e  i s  the a nter ior long itud i na l  

l i ga ment, wh i ch  is  often abnorm a l ly th ickened i n  patients 

with LRRC as a resu l t  of previous rad iotherapy and  

su rgery. Latera l  to th i s  at 53 l evel i s  p i r iformis  med ia l l y  

and  sacra l nerve roots l atera l ly. These may a lso need  to be  

d i sconnected depend ing  on the leve l of  sacra l resect ion .  

Per i nea l  d issect ion shou ld  a l so be comp leted before 

attem pti ng  en  b loc d i sta l  sacrectomy (see " Per inea l  

Phase") .  To perform abdom i n a l  sacrectomy, the per inea l  

su rgeon w i l l  have to extend the poster ior  d issect ion to  

fi rst get  to the coccyx. Once the coccyx i s  def ined, the  

per i nea l  su rgeon conti nues d issect ion i m m ed iately pos

ter ior to the coccyx mob i l i z i ng  the poster ior  aspect of 

the coccyx and sacrum from su rround ing  attachments of 

g l uteus maxim us  and l i ga mentous attachments. 

By tunne l i ng  to the appropr iate level of sacra l exc is ion,  

a ma l leab le  retractor or  osteotome can then be i nserted 

to p rotect the nata l c left tissue as  the abdom i n a l  su rgeon 

performs sacrectomy us ing  a 20-mm osteotome and  ma l 

l e t  (FIG 1 6) .  Once  a l l  bony  attachments a re d iv ided, the  

spec imen can then be de l ivered f rom the per inea l wound .  

Where a h i g h  sacrectomy (exc is ion of  5 1  and  52 )  i s  nec

essa ry, abdom i n a l  and anter ior compartment per inea l  

phases of the operat ion have to be comp leted before the 

pat ient i s  turned prone for poster ior  compartment exci 

s ion .  Th i s  i nc l udes com plet ion of a l l  aspects of abdom i n a l  

and  per inea l  procedures s u c h  as viscera l  reconstruct ion,  

d ra in  p lacement, abdom i n a l  wound  c losu re and  tem po

ra ry per i nea l  wound c losu re, ha rvest of rectus abdom in i s  

f l ap  as  we l l  as formation of  a colostomy. 

To ensure the appropriate sacra l seg ments a re excised 

from a prone approach, a n  orthopedic  pin or  sta p le  i s  se

cu red i nto the sacrum about 1 to 2 em a bove the des i red 

point of transect ion ( 1 1 x 1 5  mm, Sm ith & Nephew 1M fix

ation stap le) .  The posit ion  of this sta p le r  i s  checked with 

a n  i ntraoperative x-ray to confi rm the point of tra nsec

t ion (FIG 1 7A) when commenc ing  the prone approach .  
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FIG 1 6  • D iag ram showi ng how low sacrectomy is performed 
by using a n  osteotome and a m a l let. 

A 

c 

• It is a l so usefu l to leave both l u m bosacra l t ru n ks ma rked 

with a yel low vesse l loop and to have a sutu re to or ien

tate a rectus abdom i n is myocuta neous f lap  to avo id  f lap  

m a l rotat ion .  Abdom i n a l  sponges  may a l so be left j ust an 

te r io r  to the sacrum to p revent sma l l  bowe l f rom com i n g  

i nto contact with the a nter ior aspect o f  sacrum, which 

may be i nadvertently i n ju red as the sacrum is be ing tra n

sected from the prone approach .  

• Prone approach to h i g h  sacrectomy is usua l ly  performed 

i n  co l l a boration with orthopedic  su rgeons or  neurosur

geons and  beg i n s  with a long itud i n a l  i n c i s ion i n  the nata l  

c left that extends from the poster ior  aspect of the per i 

nea l  i nc i s ion .  

• The inc i s ion is deepened unt i l  the sacrum is reached.  At

tach ments of g l uteus  maxim us a re released b i late ra l ly so 

as to provide  access to the sacrum (FIG 178) .  Deep to 

g l uteus maxi mus  a re the sacrococcygea l ,  sacro i l i ac, and  

the sacrotu berous l i gaments, wh ich a re a l so re leased.  D i 

v id i ng  these soft t issue attachments frees the latera l bor

ders of the sacrum .  Deep to the sacrotu berous l i ga ment 

i s  the sacrosp inous  l i gament, which is  d iv ided expos ing  

the under ly ing p i r i formis  m uscles .  I m med iately deep to  

FIG 1 7  • A. A p i n  is p l aced i n  the sacrum to mark the i ntended 
level of sacra l transect ion for h igh sacrectomy. Poster ior  
d issect ion usua l l y  stops a bout 1 to 2 em a bove the s i te of 
tumor  adherence .  An i ntraoperative x-ray i s  then performed 
to conf i rm the site of i ntended sacra l tra nsect ion from a prone 
approach .  B. I ntraoperative photo of prone sacrectomy. The 
sacrum is  be ing defi ned by detach i ng  the attachments of 
g l uteus maximus.  C. I ntraoperative photo showing  the resu l t  
after transect ing  sacru m and  the spec imen has been retrieved .  
The sponge  p laced abdom i n a l ly to p rotect sma l l  bowel loops 

from being damaged by the saw used to transect sacru m .  This 

d iagram a lso demonstrates the defect after complet ing a h i g h  
sacrectomy. 



• 

p i r iformis  a re the sacra l nerve roots. It is i m perative that 

the operator rema in s  c lose to the latera l  border of the 

sacrum to avo id  any i n ju ry to these nerve roots. 

The level of tra nsect ion is  confi rmed by a cross-ta b le  

x-ray to check  the posit ion of  the pe lv i c  stap le  p laced 
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LRRC  where pelv ic sma l l  bowe l l oops  may  have been 

previous ly i r rad iated, iso lat ing a segment of i l eum 

may  be associated w i th  i ncreased r i s k  of postoperative 

com p l icat ions  i n c l ud i ng  anastomotic leak from the 

u retero i l ea l  a nastomosis  a n d  the i l eo i l ea l  anastomosis .  

a bove the tumor (FIG 1 7A) .  This  enab les the sacrum to • A co lon i c  cond u it is usua l ly out of the rad iat ion f ie ld  a n d  

a study from our  i nstitut ion  f o u n d  a h i ghe r  l e a k  rate 

with i l ea l  condu its as  opposed to co lon i c  con d u its. Fu r

ther, to m i n i m ize the r i sk of i leo i l ea l  anastomotic  lea ks, 

the segment of i l eum iso lated shou ld  be such that the 

subsequent i leo i lea l  a nastomosis  is at least 10 to 15  em 

away from the i l eoceca l va lve so that it i s  away from the 

back p ressu re exerted by the va lve . 

• 

• 

be transected with the stap le  in s itu so as to ensure ad

equate bony marg ins .  

Once the l evel i s  determ i ned, the sacra l crest between 

the med ian  and  i ntermediate sacra l crest is  resected to 

expose the d u ra l  sac, wh ich i s  l igated to p revent ongo ing  

leakage of cerebrosp ina l  fl u i d .  

Sacrectomy is  t h e n  comp leted b y  u s i n g  a h a n d h e l d  osc i l -

lat ing saw. The specimen i s  removed, expos ing the a b- • The use of orthotop ic  neob ladder  reconstruct ion is popu

l a r  with i n  the gyneco log ic  oncology l iteratu re but few, if 

any, a re cons ider ing the tech n ique  i n  LARC or  LRRC. 

When en  b loc part ia l  cystectomy is  req u i red, doub le

l ayered sutu re repa i r  of the b ladder  i n  conj unct ion with 

leaving the i ndwel l i n g  u r i na ry catheter i n  s itu for a m i n i

m u m  of 7 days with a check cystography pr ior  to catheter 

remova l i s  usua l ly  suff ic ient .  

dom i n a !  pack protect ing sma l l  bowe l loops (FIG 1 7C) .  

Hemostas i s  is secu red; bone  wax may be necessa ry to 

stop b leed ing  from exposed cance l lous sacrum .  The ves- • 
sel  loops around l u m bosacra l tru n ks shou ld  be i ntact and  

need  to be removed .  The  pre in serted abdom i n a l  d ra i n  

needs t o  be reposit ioned and t h e  preorientated rectus a b

domin i s  f lap ca n then be retrieved and secu red in p lace.  

Perineal Phase 

• The per inea l  phase is carr ied out with the patient i n  wide 

l ithotomy posit ion .  Th i s  phase i s  usua l ly o n ly commenced 

when abdomina l  d i ssect ion i s  near complet ion .  

• The extent of per inea l  exc i s ion req u i red depends on the 

locat ion of the ca ncer. The wider  the per inea l  exc is ion,  

the more l i ke ly the patient i s  to req u i re c losure us ing 

a pedic led myocutaneous f lap to avoid tens ion c losu re, 

wh ich w i l l  o n ly predispose to per inea l  wou n d  b reak

down and  pro longed hea l i n g  due to p revious  i rrad iat ion .  

• An e l l i pt ica l  sk in  inc i s ion is made .  Us ing  Lone Sta r retrac

tor, the inc i s ion i s  deepened i nto isch iorecta l fossa fat. 

Depend ing  on  the p l anned d issect ion p l ane  from the 

abdom i n a l  compartment, the inc i s ion  i s  deepened to 

approxi mate the d i ssect ion p lane from the a bdom i n a l  

compartment.  W i d e  exc is ion o f  levator m usc le i s  usua l ly 

performed even if the amount of per i nea l  sk in  excised 

does not have to be excess ive. 

• When en b loc d ista l sacrectomy is req u i red, the per i nea l  

su rgeon conti n ues d i ssect ing  i m m ed iately poster ior  to 

the coccyx to the proposed level of sacrectomy, detach

ing g l uteus max imus  from the latera l and poster ior  as

pects of coccyx and lower sacru m .  A m a l leab le  retractor 

b lade or  second osteotome i s  then p laced i nto the space 

to protect nata l c l eft soft t issue which the abdom ina l  su r

geon d iv ides the sacrum us ing an osteotome and  m a l let. 

• When a p roxi m a l  sacrectomy is req u i red, the per i nea l  

wound i s  tem porar i ly  c losed so that the pat ient  can be 

turned prone for the poster ior  d issect ion .  

Urinary Reconstruction 

• When an en b loc cystectomy is req u i red, reconstruct ion 

us ing  i l ea l  or  co lon i c  con d u it i s  usua l ly performed.  

The dec is ion for a n  i lea l  o r  co lon i c  condu it i s  su rgeon 

dependent and  a l though i lea l  condu its a re usua l ly 

preferab le  in the u ro log ic  l iteratu re, i n  patients with 

• 

• 

When a segment of u reter is i nvolved u n i l atera l ly, de

pend i ng  on  the extent of u reter ic  exc i s ion and preexist

i ng  ren a l  funct ion in the k idney i nvolved, the options a re 

to cons ider  a u reter ic  re imp la ntat ion  with a psoas h itch, 

re i m p l a nt ing  the resected u reter to the contra latera l  

u reter, or  if rena l  preserv ing opt ions a re not ava i l a b le, 

a neph rectomy. Anastomosi ng the resected u reter to 

the contra latera l  u reter i s  avo ided where poss ib l e  as any 

a nastomotic prob lem or  surg ica l  comp l i cat ion can have 

repercuss ions on both k idneys i n stead of one .  

To perform u reter ic re imp lantation and psoas h itch, the 

b ladder  has to be adequately mobi l i zed b i l atera l ly. Once 

the b ladder is mobi l ized, a transverse cystostomy is per

formed . By i nsert ing a f inger through the cystostomy, an  

assessment is made  to  determ ine the  best position fo r  the 

u reter to be anastomosed to the b ladder without exces

sive tension .  A separate sma l l  cystostomy is created and the 

u reter is pu l led through and anastomosed to the bladder 

us ing f ine absorbab le sutu res over a u reteric stent. Rein

forc ing sutu res a re placed between the b ladder and the 

psoas tendon to avoid tract ion i nj u ry on the newly created 

u reterovesica l anastomosis. The cystostomy is then closed 

long itud ina l ly in two layers, completing the reconstruct ion .  

Intestinal Reconstruction 

• When an i l ea l  cond u it is fash ioned and  when a segment 

of sma l l  bowe l i s  resected en  b loc with the main spec i 

men,  i ntest ina l  cont i nu ity needs to be restored, e ither 

us ing  a h a nd-sewn or  sta p led a nastomosis .  

• Most patients with LRRC w i l l  req u i re an end  colostomy. 

• Pat ients with LARC or sel ected patients with ear ly a nas

tomotic recu rrences may be su itab l e  for a co lorecta l anas

tomosis provided there a re no other contra i nd icat ions  

for the a nastomosis .  Even if  a co lorecta l a nastomosis i s  

performed, i n  v iew of the comp lex surgery and  previous 

i rrad iat ion,  these patients shou ld  be at least tempora r i ly 

defunct iona l ized with a p roxi ma l  stoma .  
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Abdominal and Perineal Closure and Reconstruction 

• I n  pat ients where a w ide  pe r i nea l  exc i s ion ,  h i g h  sa

crectomy, o r  com p l ete pe lv ic  exenterat ion has  been 

pe rformed,  cons iderat ion  needs  to be  g iven to fl a p  

reco nstruct i o n .  A lth o u g h  o u r  p reference i s  for  rectus 

abdom i n i s myocuta neous  f lap, oth e r  perforator f l aps  

based on  the  i nfe r io r  g l utea l  a rtery perforator ( I -GAP) 

o r  a nter io r  t h i g h  f laps may be n ecessa ry when the rec

tus abdom i n i s  i s  not ava i l a b l e  d u e  to p revious  stomas .  

• Rectus abdom i n is on the s ide  where there a re no pr ior  

stomas i s  p refera b le .  I n  ou r  practice, a vertica l e l l i pt ica l  

sk in  padd le  (used for s imp l i c ity and  ease of abdom i n a l  

sk in  c losu re) with a maxi m u m  d i ameter o f  5 em is  ha r

vested (FIG S) with the under ly i ng  a nter ior sheath a n d  

rectus a b d o m i n i s  m usc le but leavi ng the poster ior  sheath 

i ntact. We avo id  excess ively wide skin padd les  as  this may 

i ntroduce donor site morb id ity with d iffi cu lt  abdom i n a l  

sk in  c losure and  tens ion on  stomas .  

• The f lap can then be rotated into the pelvis after harvest ing .  

There a re two poss ib le ways of rotating the f lap.  The fi rst is 

to rotate the f lap with the ped ic le acti ng as a pivot and the 

second is to ro l l  the f lap downward l i ke a "Swiss rol l . "  

• After h a rvest ing  the f lap, it is i m porta nt to ra ise sk in  

f laps  e i ther  on  the ips i l atera l s ide a lone  or  b i late ra l ly ( i f  

there  a re no  exist ing  stomas) pr ior  to fash ion i ng  stomas .  

B road-based sk in  f laps  a re ra ised on the externa l  ob l i que  

w i th  hemostas i s  of perforators as they penetrate the an 

te r io r  abdomina l  wa l l  to supp ly  the over ly ing sk in .  

• Prior to abdomina l  and per ineal  wound closu re, a thor

ough lavage of the abdomen, pelvis, and  per ineal  wound 

i s  carried out .  Hemostasis i s  checked to  ensure there is 

no active bleed ing .  M inor ooz ing is not uncommon but 

shou ld be contro l led with e lectrocautery, c l i ps, or  sutures 

where possi b le .  Ongoing ooz ing  may requ i re topical he

mostatic  agents such as Ge lfoam®, Surg icel®, or N u-kn it®. 

At least one la rge-bore d ra i n  i s  p laced in the pe lvis, mak ing 

sure that  it d ra ins  the most dependent part of the pelvis .  

• The myocutaneous f lap  is usua l ly secured i n  the per ineum 

us ing  a com b i nat ion of a bsorbab le  derma l  and  nonab

sorba b le  sk in  sutu res. 
• When myocutaneous f laps  a re not req u i red, the per inea l  

wou n d  i s  c losed i n  layers. Due  to wide exc is ion of levator 

a n i, m usc le c losu re i s  genera l ly not poss ib le  and c losure 

is genera l ly that of subcutaneous fat a n d  sk in  us ing  a 

bra ided suture such as Vicryl . 

• There has been an i ncreas ing i nterest in prophylactic mesh 

repa i rs of the perineal wound to prevent subsequent 

per ineal  hern ias .  Cu rrent ly, the safest and cost-effective 

method rema ins  u nclear, with some authors report ing the 

use of f laps and others the use of biologic mesh . Consider

ing  the h igh  preva lence of postoperative pelvic septic com

pl icat ions and low preva lence of perineal hernias i n  our  

practice, we have not found prophylact ic per ineal  mesh 

repa i r  beneficia l .  

• Abdom i n a l  c losure when a rectus abdom i n is f l ap  is not 

req u i red is relat ively stra ig htforwa rd us ing  mass c losure 

with e ither a no .  1 polydioxanone (PDS) suture or ny lon 

suture.  However, when a rectus abdom i n i s  f l ap  has  been 

ha rvested,  the abdom i n a l  wa l l  wi l l  req u i re mesh recon

struct ion to prevent a future inc i s iona l  hern ia .  I n  these 

patients, c losure of the poster ior  sheath on the i ps i l atera l 

s ide of ha rvest to fu l l  th ickness of the abdom i n a l  wa l l  

on t h e  contra latera l  s ide i s  performed us ing  n o .  1 PDS 

sutu re. It i s  i m portant to rem a i n  m i ndfu l of the i nfer ior  

aspect of the m i d l i n e  lapa rotomy wou n d  where c losure 

shou ld  be loose to p revent strangu lat ing the a rter ia l  sup

ply or  i m ped ing  venous  dra inage of the f lap  part i cu la r ly 

when edema sets i n  after su rgery. 

• An on lay mesh repa i r  us ing  polypropy lene mesh is then 

carr ied out to re i nforce the abdom i n a l  wa l l ,  secu r ing  it 

to the l i nea sem i l u n a ris  latera l ly and the l i nea a l ba i n  the 

m i d l i n e  wound using 2 .0  Pro lene sutu re (FIG 1 8) .  A dra in  

i s  a lso p laced to prevent wou n d  seromas.  

• Abdom i n a l  sk in  c losure is performed us ing  a comb ina 

t ion of sk in  sta p les and  nona bsorba b le  i nterrupted vert i 

ca l  mattress sutu res. 

FIG 18 • Abdom i n a l  wa l l  reconstruct ion us ing  polypropy lene 

mesh .  

PEARLS AND PITFALLS 

I ntraoperative su rg ica l  

management 

Latera l  compartment 
d i ssect ion 

• Meticu lous  ad hes io lysis to avo id  i nadvertent e nterotom ies wi l l  prevent future com p l i cat ions .  A 

tr ia l  of d i ssect ion is permiss ib l e  but if the t issue is very adherent, cons iderat ion shou ld  be g iven 
to en  bloc exc is ion of that structu re to avo id  a n  i nvolved s u rg ica l  m a rg i n .  

• T h e  pelv ic  s idewa l l  i s  organ ized i n  a " layered" structure .  T h e  layers a r e  t h e  u reter, t h e  i l iac  a rter
ies, the i l i ac  vei ns, the l u m bosacra l tru n k, a n d  pelv ic  s idewa l l  musc les .  
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Meticu lous  venous  d i ssect ion • Although h i g h ly va r iab le, there is an u n der ly ing pattern to venous dra inage .  
• Usua l ly, there i s  at least one sp ina l ,  g l uteal ,  and  v iscera l  t r ibuta ry enter ing  the ma in  tru n k  of  

i ntern a l  i l i ac  ve i n  at each leve l .  
• Dissect ion o f  e a c h  tr ibuta ry s u c h  t h a t  there i s  an  adequate cuff before l igat ion o f  e a c h  tr ibuta ry 

is advisa b le  to prevent t ies from s l i pp i ng  due  to a short cuff .  
• Suture l i gat ion i s  preferred over c l i ps as it is not u n usua l  for c l i ps to s l ip or  be i nadvertently 

d is lodged.  
• When suture l igat ion fa i l s  to contro l  b leed i ng, adjacent m usc le t issue can be used as  a p ledget 

and  p rovides add it iona l  b u l k  for p rovid i ng  d i rect p ressu re for hemostas is .  

Viscera l reconstruct ion • I n  patients with  LRRC, heav i ly  i r rad iated sma l l  bowe l loops  a re poor ca nd idates for u retero i l ea l  
or  i l eo i l ea l  a nastomosis .  I n  these patients, a co lon i c  condu i t  may be cons idered as  the co lon  i s  
typica l l y  beyond the i rrad iat ion f ie ld .  

• M ixed colostom ies (comb i ned u ri ne  and  stool  stomas) a re not rout ine ly advised.  

Per inea l  reconstruct ion • Most recu rrences do not req u i re wide per inea l  excis ion .  H owever, i n  pat ients with wide per i nea l  
exc i s ion and/or with  a sacrectomy, a rectus abdom i n is myocuta neous f lap  reconstruct ion p rovides 
we l l -vascu l a r ized t issue i n  the pelv is  to fi l l  the "dead space" and to add it iona l  skin padd le  to 
fac i l itate tens ion-free skin c losure .  

• Alternatively, a pedic led omenta l f l ap  i s  a lso very usefu l to fi l l  the space with i n  the pelv is  to 

prevent i nfected fl u i d  co l l ect ions .  

Postoperative management • Pro longed i leus  i s  common .  Ear ly com mencement of tota l pa rentera l n utr it ion shou ld  be 

cons idered . 
• I n  v iew of h i g h  compl icat ion rates, a h i g h  i ndex of c l i n ica l  susp ic ion is req u i red for ear ly 

recogn it ion and  treatment to prevent further  morb id ity. 

POSTOPERATIVE CARE 

• All exenteration patients are routinely admitted to an inten
sive care unit for postoperative care. The patient is often left 
intubated overnight. 

• Aggressive fluid and blood product replacement and correc
tion of coagulopathy is often required after a complete exen
teration with en bloc sacral resection. 

• Prolonged ileus is common; early initiation of total paren
teral nutrition is recommended. 

• Mechanical venous thromboprophylaxis is vital. 
• Patients who have had a flap reconstruction are usually re

quired to rest in bed for the first 5 to 7 days after surgery. It 
is important that these patients are turned regularly to mini
mize pressure on their flaps. Flap observations should also be 
performed regularly to ensure the flap remains well perfused. 

• In patients with a urinary conduit, it is imperative to ensure 
that the patient is well hydrated to maintain a good urine 
output. Regular drain fluid creatinine check ( 1  to 2 days) 
also helps to detect urinary leaks early so that intervention 
can be readily instituted to avoid further morbidity. 

• Septic complications are also particularly common in this 
group of patients; thus, it is common to continue prophylac
tic antibiotics for 5 days after surgery. Most causes of sepsis 
originate from urinary sepsis, infected abdominal or pelvic 
collections, and hospital-acquired pneumonia. Early mobili
zation and chest physiotherapy are helpful. 

• Infected pelvic collections are common and are usually diag
nosed on CT performed for persistent fevers with no obvious 
source. One of the challenges with interpreting CT scans after 
such surgery is distinguishing between infected and nonin
fected fluid collections as postoperative fluid collections are 
also very common. Postoperative inflammatory changes also 
take a longer time to dissipate; hence, interpretation of the 

CT by an experienced radiologist in conjunction with the 
surgeon is helpful. Keeping an abdominal drain in situ for 
a longer period of time may allow the drain to be rewired 
for abdominal drain replacement as opposed to a transgluteal 
approach for drain insertion, which is usually uncomfortable. 

• In patients who have undergone a high sacrectomy, early 
documentation of neurologic deficit in lower limbs is helpful 
before swelling of nerves. Neuropathic pain in this group 
of patients is common and early input from the acute and 
chronic pain teams with early consideration for gabapentin 
may be helpful to facilitate pain management. 

• Most patients will require ongoing input from dietitians, 
stomal therapists, and psychooncologists. Further, most pa
tients will require a period of inpatient rehabilitation at a 
rehabilitation center. Thus, early involvement of all allied 
health specialists is important. As follow-up plans are often 
complex, clear written instructions and contact persons 
should be provided. 

OUTCOMES 

• The main aim of surgery is to achieve a clear resection mar
gin (RO) as this is the single most important predictor of 
long-term survival .  

• RO rates within the literature vary between 3 8 %  and 8 5 % .  
I n  a s  much a s  R O  i s  the most important surgical outcome, 
RO is by no means an accurate reflection of a recurrent 
cancer unit's experience and performance because, as al
luded to early in the chapter, different units have different 
resectability criteria .  Without an understanding of the types 
of exenterations offered, units performing only limited ex
enterations on patients with good prognostic features may 
be seen to outperform higher volume and more established 
units. 
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Table 1 :  Complications from Pelvic Exenteration 

Septic com p l ications 
• Ur ina ry tract i nfect ion 
• Wound  i nfect ion 
• Pneumon ia  
• Deep-seated intraabdom ina l/pelvic co l l ections 
• Osteomyel it is 
G astroi ntesti na l  com p l icat ions 
• Pro longed i l eus  
• S m a l l  bowel  obstruct ion 
• E nterocuta neous fistu la  
• Anastomotic leak 
• Co lovag i na l  fistu la  
Card io resp i ratory com p l ications 
• Atr ia l  fibr i l lat ion or  other cardiac a rrhyth mias  
• Myoca rd i a l  i nfarct ion 
• Pu lmonary embo l i sm (deep venous throm bosis) 
Wound com p l icat ions 
• Wound  deh iscence 
• Persistent perineal s i nus  
• Perinea l  f lap necrosis 
• I nfected prosthetic mesh 
• Hematomas 
U ro log ic  
• Ur ina ry retent ion 
• U ro log ic  leak 
• Co lovesical fistu la  
Neuro log ic  
• Sc iat ic  nerve pa lsy 
Stoma l  com p l icat ions 
• Stoma l  deh iscence 
• I schemia 

• Pelvic sidewall recurrence was traditionally considered a for
midable challenge because of the difficult dissection, risk of 
major bleeding, and concerns for involved surgical resection 
margins, and, therefore, often considered incurable. How
ever, with improved surgical techniques, pelvic sidewall as 
a site of recurrence is no longer considered a contraindica
tion for surgery and provided clear margins can be obtained, 
comparable survival with recurrence at other sites can be 
achieved. 

• Quality of life in patients following pelvic exenteration is 
an area that remains understudied. Although much re
mains unknown, it is known that quality of life following 

exenteration is comparable to that of patients after total me
sorectal excision for primary rectal cancer. 

COMPLICATIONS 

• Reported mortality rates range between 0 .3 % and 8 % ,  al
though larger series in recent years have tended to report 
mortality rates of less than 1 % .  

• Published complication rates range from 2 1 %  to 72 % ,  with 
major complication rates within contemporary literature 
originating from high-volume centers at about 25 % .  

• Common complications published are listed i n  Table 1 .  

SUGGESTED READINGS 

1 .  Teixeira SC, Ferenschild FT, Solomon MJ, et al. Urological leaks after 
pelvic exenterations comparing formation of colonic and ileal con

duits. Eur J Surg Oneal. 201 1 ;38 (4 ) : 361-366.  

2 .  Koda K, To be T, Takiguchi N, et al. Pelvic exenteration for advanced 
colorectal cancer with reconstruction of urinary and sphincter func

tions. Br J Surg. 2002;89 ( 10 ) : 1286-1289.  

3 .  Heriot AG, Byrne CM, Lee P, et al .  Extended radical resection: 

the choice for locally recurrent rectal cancer. Dis Colon Rectum. 

2008;51 :284-2 9 1 .  
4 .  Pawlik TM, Skibber J ,  Rodriguez-Bigas MA. Educational review. 

Pelvic exenteration for advanced pelvic malignancies. Ann Surg 

Oneal. 2006; 1 3 (5 ) :612-623.  
5 .  Austin K,  Solomon M. Pelvic exenteration with en bloc iliac resec

tion for lateral wall involvement. Dis Colon Rectum. 2009;52 (7) :  

1223-1233 .  

6 .  Nielsen MB,  Rasmussen PC,  Lindegaard JC,  et a l .  A 10-year experi
ence of total pelvic exenteration for primary advanced and locally re
current rectal cancer based on a prospective database. Colorectal Dis. 

2012;14 (9 ) : 1 076-1 083 .  

7. Zoucas E ,  Frederiksen S, Lydrup ML, et a l .  Pelvic exenteration for 
advanced and recurrent malignancy. World J Surg. 2010;34 (9 ) :  
2 1 77-2 1 84. 

8 .  Young JM, Badgery-Parker T, Masya LM, et al. Quality of life and 

other patient-reported outcomes following exenteration for pelvic ma
lignancy. Br J Surg. 2014; 1 0 1 ( 3 ) :277-287. 

9 .  Austin K, Young J, Solomon M. Quality of life of survivors after pel

vic exenteration for rectal cancer. Dis Colon Rectum. 2010;5 3 ( 8 ) :  

1 121-1126 .  

1 0 .  Milne T, Solomon M, Lee P, et al. Assessing the impact of a sacral 
resection on morbidity and survival after extended radical sur

gery for locally recurrent rectal cancer. Ann Surg. 2 0 1 3 ;25 8 ( 6 ) :  

1 007-1 0 1 3 .  

1 1 .  Solomon MJ. Re-exenteration for recurrent rectal cancer. Dis Colon 
Rectum. 2013;56( 1 ) :4-5 . 



Chapter 40 Transanal Excision of 
Rectal Tumors 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ..... 

Ryan M. Thomas Barry Feig 

DEFINITION 

• Transanal excision (TAE) of rectal tumors refers to the com
plete resection of a benign or malignant neoplasm of the dis
tal rectum such that negative surgical margins are achieved 
while avoiding the morbidity of transabdominal resection 
procedures. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Not all patients are candidates for TAE of rectal tumors and 
many factors may prove to be a contraindication to such 
treatment. The surgeon must take into account physiologic, 
anatomic, and pathologic factors in order to deem a patient 
an appropriate candidate for TAE of a benign or malignant 
rectal tumor (Table 1 ) .  

• A full history must b e  performed with special focus o n  any 
changes in bowel habits including stool caliber, the presence 
of melena or hematochezia, personal or family history of 
colorectal cancer, and the use of any antiplatelet or antico
agulant medications in preparation for surgical excision. 

• Physiologic factors and patient desires may make TAE a viable 
option, namely in patients who physiologically cannot toler
ate an extensive transabdominal resection or have a short life 
expectancy because of metastatic disease yet have a bleeding 
tumor in need of palliation. In addition, some patients may 
not desire an abdominoperineal resection and resultant per
manent colostomy or the possibility of sexual dysfunction. 
Given appropriate physical and pathologic criteria, these pa
tients may be appropriate candidates for TAE as well. 

• A thorough physical examination must be performed with 
special focus on rectal tone, location of the rectal tumor, dis
tance of the tumor from the anal verge, and mobility/fixa
tion of the tumor to underlying structures. These physical 
factors are critical to determine the feasibility of resection as 
the criteria for resection demands that the lesion: 

Be within 8 to 10 em of the anal verge in order to techni
cally reach the lesion 
Must be mobile and not fixed to underlying tissue 
Must involve less than 30% of the circumference of the 
rectal wall on endoscopic evaluation, as anything greater 
risks nodal involvement or narrowing the rectal lumen 
after excision is performed. 

Table 1: Criteria for Transanal Excision of Rectal Tumors 

Patient Factors Anatomic Factors 

• Often, patients are referred for TAE of a rectal tumor after 
having undergone endoscopic evaluation that diagnosed a 
malignant mass or a benign mass not amenable to endo
scopic resection. 

• Established pathologic criteria for TAE of a malignant lesion 
include T1 lesions, no evidence of lymphovascular invasion 
(LVI) or perineural invasion (PNI) ,  moderately to well-differ
entiated tumors, or an endoscopically removed polyp with 
indeterminate pathology. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Endoscopy plays an essential role in the management of mid
to low rectal lesions in patients who may be candidates for 
TAE. Endoscopy defines the anatomy of the lesion and special 
attention should be made to the anatomic location, as this will 
affect surgical positioning. The tumor diameter, location from 
the anal verge, and degree of circumferential involvement are 
noted as they dictate the appropriateness of TAE as well. 

• Assuming that a malignant lesion is technically resectable 
via a transanal approach, one must ensure that the lesion is 
a T1 stage and without nodal involvement. The transanal 
approach for rectal tumors has garnered support because of 
the decreased morbidity compared with a transabdominal 
approach but lymph node metastasis has been reported in 
1 0 %  to 1 8 %  of T1 lesions. 

• Imaging therefore plays an essential role in the preopera
tive planning for patients considered candidates for TAE of 
rectal tumors. In the case of malignancy, staging imaging 
should include the following: 

A chest x-ray and computed tomography (CT) of the 
abdomen and pelvis to assess for metastatic disease 
Critical to the determination of the local resectability of a 
rectal lesion is the assessment of the T stage and N stage 
of the tumor. The accuracy of determining the depth of 
invasion by CT scan, magnetic resonance imaging (MRI) ,  
and endoscopic rectal ultrasound (ERUS) is 73 %,  82%, 
and 87%,  respectively. Nodal metastases are accurately as
sessed by CT scan, MRI, and ERUS in 66%, 74 %,  and 
74% of cases, respectively. The use of endorectal coils 
during MRI has been found to be equivalent to ERUS for 
T stage determination but superior in terms of nodal status. 

Pathologic Factors 

• Comorb id it ies that precl ude transabdomina l  resect ion • Les ion :sS- 1 0  em from the anal  verge • Moderately or  wel l ·d ifferentiated tumor 
• Short l ife expecta ncy i n  need of surg ica l  pa l l iat ion 
• Refusa l  of abdominoper inea l  resect ion and  resu ltant 

permanent colostomy 

• Lesion i nvolves :s30% of recta l ci rcumference 
• Lesion :s3cm i n  d iameter 
• Mob i l e  and not fixed to u nder ly ing tissue 
• N egative margins ach ievab le  depend ing on  pathology 

of pr imary lesion (0.3-1 em) 

• T1  tumor 
• N o  lymphovascu la r  or  per ineura l  invasion 
• I ndetermi nate pathology on  polypectomy 
• N o  evidence of lym phadenopathy on 

preoperative imag ing  

1275 
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• Any biopsies that are performed of the rectal tumor prior 
to definitive excision should be re-reviewed to confirm the 
tumor depth of invasion, differentiation, and the presence of 
LVI or PNI. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• In most cases, patients should be instructed to discontinue 
anticoagulation and antiplatelet medications 7 to 10 days 
prior to the planned procedure if medically feasible. 

• A specific bowel preparation does not have to be performed 
except that the patient should self-administer a sodium 
phosphate enema the evening prior to the procedure in order 
to evacuate the rectal vault. 

Patient Positioning 

• Positioning of the individual depends on the anatomic 
location of the rectal tumor to be excised, which should 

be determined on preoperative physical examination and 
endoscopy. 

• Because it is technically easier to visualize and resect rectal 
tumors when they are located closer to the operating room 
(OR) table, patients with a rectal tumor along the poste
rior rectal wall should be positioned in high lithotomy such 
that their coccyx can be easily palpated ( FIG 1 ). In contrast, 
patients with lesions located along the anterior rectal wall 
should be placed in the prone jackknife position. 

• For patients placed in the prone position, heavy tape 
should be applied to the buttocks so that they can be 
retracted laterally and secured to the OR table. A 2-in
wide tape should be used and secured to the buttocks with 
benzoin ointment to prevent the tape from slipping during 
the procedure. 

• Once in position with pressure points appropriately padded, 
a digital rectal exam is performed to confirm tumor location 
and the rectum is irrigated with saline until all solid mate
rial has been removed. The perineum is then prepped with 
Betadine and appropriately draped. 

FIG 1 • Pat ient pos1t 1 on i ng .  For poster ior  les ions, the patient i s  
p laced on a h igh l ithotomy posit ion .  It i s  i m portant that the coccyx 
can be pa l pated, wh ich ensu res that they a re low enough  on the bed 

and adeq uate exposure to the lesion can be obta ined .  

EXPOSURE OF THE LESION 

• 

• 

• 

• 

Because of the l i m ited work ing  a rea, exposure is key to 

safe TAE with adequate marg ins .  

The operati ng  su rgeon must have a h ig h- i ntens ity head

l ight  to a i d  visu a l izat ion and  a long,  nar row suction 

apparatus i s  he lpfu l  for both smoke evacuat ion and fl u i d  

remova l .  

T h e  g o a l  o f  exposu re for TAE i s  t o  br ing  t h e  les ion c loser 

to the anus and avo id  retractors that tend to push the 

les ion away. There a re severa l  methods and  i n stru ments 

that a re ava i l ab le  to ach ieve th i s  goa l .  

A Lone Sta r retractor may  be used  to he lp  evert the anus  

and  g a i n  better exposure .  Alternative ly, a ser ies of ny lon 

sutu res p l aced c i rcumferent i a l ly i n  a s imple fash ion  from 

the i ntern a l  sph i ncter to the th igh ca n ach ieve a s i m i l a r  

• 

• 

resu lt .  The use of these tech n iq ues is part icu l a r ly he lpfu l  

for  poster ior  l e s ions  when the patient i s  i n  the l ithotomy 

posit ion .  

For men  i n  the l ithotomy posit ion,  it may be he lp

fu l  to secure the scrotum to the i nne r  th igh  with a 2-0 

s i l k  or  other  s i m i l a r  suture i n  order to remove it from 

the operative f ie ld .  This i s  not necessa ry i n  the prone 

jackkn ife pos it ion as g ravity p rovides the n ecessa ry 

retract ion .  

A Parks  se lf-reta i n i n g  retractor, w i th  the opt ion  of the 

add it iona l  center  b lade, i s  then p laced i n  the anus to 

provide  exposu re, with a n  ass istant us ing  a n  a ppropr i 

ately s ized l i g hted H i l l -Ferguson retractor for add it iona l  

exposu re (FIG 2) .  A var iety of other  se lf-reta i n i n g  and  

handhe ld  retractors may be cons idered depend ing  on 

the patient's a natomy. 
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DEFINING THE SURGICAL MARGIN 

• Once the les ion has been ident if ied, e lectrocautery i s  

used to score the m ucosa c i rcu mferent ia l ly around the 

mass .  Th i s  step i s  cr i t i ca l  to defi ne  the appropr iate m a r

g i n :  1 em for m a l i g nant  les ions and  at least 0 .3  em for 

ben ign  les ions or  those with i ndetermi nate pathology on 

preoperative patho log ic  eva luat ion (FIG 3) .  

Back of  forceps 
flatten ing out 

mucosa 

Mass Electrocautery 

creating marg in 

around mass 

PLACEMENT OF RETRACTION AND 

ORIENTATION SUTURES 

• For prox ima l  lesions or in patients where visual ization is less 

opt imal ,  a 2-0 Vicryl retraction (stay) suture can be p laced 

at the apex of the surgical  specimen outs ide of the scored 

marg in ,  tied i nto p lace, and used to br ing the les ion closer 

to the operator, if necessa ry, dur ing resection (FIG 4A) .  

F IG 2 • Exposure of the l e s ion .  A self- reta i n i n g  retractor, such 
as the Parks retractor, i s  p laced i nto the anus and rectum and 
gently opened.  A Lone Sta r retractor or  a ser ies of 2-0 ny lon 
sutu res p l aced a round the per iphery of the anus can be used 
to evert the ana l  ca na l  and  br ing the les ion c loser to the f ie ld  
pr ior  to p lac ing  the Parks retractor. Th i s  is  espec ia l ly usefu l 

i n  obese i nd iv idua l s  or for les ions that a re at the maxi m u m  
extent o f  reach ( 8  t o  1 0  em from t h e  a n a l  verge). 

• 

• 

It is i m portant  to fl atten the  su rrou n d i n g  m u cosa 

with the use of the H i l l - Ferguson retractor o r  a f lat  

r ig ht-a n g l e  ( H a n ey) retracto r a s  the  m a rg i n  i s  be i ng  

sco red . The  back end  of DeBa key forceps i s  espec i a l l y  

usef u l  f o r  th i s  p u rpose a s  we l l  (FIG 3) .  Fa i l u re to f l atten 

the  m u cosa may resu l t  i n  a m a rg i n  that  i s  fa r g reater 

o r  lesser  than the  i ntended m a rg i n  beca use of m ucosa l 

fo ld i n g .  

FIG 3 • Defi n i n g  t h e  surg ica l  marg i n .  Once adequate 
exposu re i s  obta i ned, e lectroca utery i s  used to mark out 
the su rg ica l  marg i n :  1 em for ma l i gnant les ions and  0 .3  em 
for ben ign  les ions o r  those of i ndeterm inate patho logy. 
Because m ucosa l fo lds  can obscure the true marg i n  and  lead 
to a margin that i s  lesser o r  g reater than i ntended, us ing 
the back of a DeBakey forceps o r  a handhe ld  retractor such 
as the H i l l -Ferguson retractor can help f latten the mucosa l 
fo lds  so an a ppropr iate marg in  can be defi ned .  

Next, sutures shou ld  be p laced with i n  the out l ined m a r

g i n  to serve as or ientation sutu res once the speci men has  

been removed . A short proxi m a l  suture with one sutu re 

end  cut and  a long left latera l suture leavi ng  both sutu re 

ends  long avo ids  confus ion and  w i l l  ensure proper or ien

tat ion of the spec imen shou ld  add it iona l  marg ins  need 

to be removed (FIG 48) .  
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Mass with 
margin scored 

around it 

B 

Apex suture brought 
out of rectum for use 

as retraction stitch 

Orientation sutures 
with the end of one 
suture cut and the other 
with both ends long 

FIG 4 • Placement of retract ion a n d  or ientation sutu res. A. J ust outs ide of the most p roxi m a l  extent of the surg ica l  marg in ,  a 

2-0 Vicryl suture is p l aced and  t ied .  The sutu re is l eft long a n d  is b rought out of the rectum and  secu red to the su rg ica l  d ra pes.  
This suture can be used du r i ng  the exc i s ion for retract ion and to help br ing the les ion c loser to the operator. B. Sutu res of 
d i fferent length a re then p l aced with i n  the surg ica l  marg i n  that wi l l  serve as or ientat ion sutu res. As an exam p le, a s i ng l e  short 
sutu re may be used for the proxi m a l  marg i n  and  a long suture for the left l atera l m a rg i n .  These sutu res shou ld  be p l aced ear ly 
i n  the case to m a i nta i n  or ientat ion  for patho log ic  marg i n  assessment.  

FULL-THICKNESS EXCISION OF THE MASS 

• Us ing  e lectroca utery, a fu l l -th ickness exc is ion of the mass 

i s  performed down to the deep per i recta l t issue.  A long 

need le-ti p e lectroca utery dev ice can often be he lpfu l  in  • 
provid i ng  access without obstruct i ng  v i sua l izat ion .  It i s  

eas ier  to beg i n  the d issect ion d i sta l l y  and  work around 

Mass l ifted up 
and now behind 
disc of tissue 

Underlying 
perirectal tissue 

Electrocautery 
incising around 
mass 

the marg ins  proxi m a l ly; th i s  a l l ows for a more apparent 

identif icat ion of the per i recta l t issue as it i s  encou ntered 

and h e l ps to g u ide the rest of the prox ima l  and deep 

extent of the exc is ion (FIG S) . 

Specia l  attent ion shou ld  be taken to create the e lectro

cautery l i n e  of exc is ion perpend i cu l a r  to the recta l  wa l l  

t o  avoid underm i n i n g  t h e  edges o f  t h e  speci men a n d  

compromis ing  t h e  marg ins .  

FIG S • F u l l -th i ckness exc is ion of the mass. E lectrocautery 
is used to create a fu l l -th ickness defect through the recta l 

wa l l  u nt i l  the per i recta l fat is i dent if ied.  It is eas ier  to beg i n  
a t  t h e  most d i sta l aspect o f  t h e  les ion because v isu a l i zat ion 
is  better. Once the fu l l -th ickness defect i s  created, the free 

edge of t issue o r  a retract ion suture i s  g rasped to l ift the 

mass and  norma l  t issue away from the u n der ly ing per i recta l 
fat as the exc is ion p roceeds proxi m a l ly a long  the latera l  
aspects of the les ion,  leavi ng  the most proxi m a l  part of 
exc i s ion for last. 
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• Once the per i recta l t issue is encou ntered, the mass i s  

cont i n u a l ly l ifted away f rom th i s  u nder ly ing t i s sue  a n d  

detached from it u s i n g  the e lectroca utery. T h e  goa l  is  to 

fu l l -th i ckness exc i s ion of a nter ior ly located les ions be

cause i n ju ry to the vag i na  o r  p rostate can occur  if the 

exc is ion i s  carr ied too deep ly. 

remove a d i sc of t issue that conta i n s  the mass, adeq uate • As the exc is ion proceeds, gent le tract ion of the or ienta

t ion and stay sutu res can prov ide add it iona l  tens ion to 

fac i l itate the exc i s ion o r  to br ing  the t issue c loser to the 

operator. 

marg i ns, and  a port ion of t issue deep to the mass to 

ensure adequate fu l l -th ickness exc i s ion and  patho log ic  

eva l uation .  Spec ia l  attent ion m ust be taken d u ri ng  the 

SUBMITTING THE SPECIMEN TO 

PATHOLOGY 

• An i m portant part of the TAE of a recta l mass is speci

men or ientation for the patho log i st .  After the mass has  

been excised, it shou ld  be fixed to a wax boa rd with 22-

gauge needles and  hand de l ivered to the pathology su ite 

so that the su rgeon can speak d i rectly to the patho log i st 

for speci men or ientation and  marg i n  assessment (FIG 6) .  
• The marg ins  a re i n ked and  assessed .  If tumor  ce l l s  a re 

present at any of the marg i ns, add it iona l  t issue must be 

removed .  

CLOSURE OF THE RECTAL WALL DEFECT 

• Once appropr iate hemostasis is obta ined and no add i -

FIG 6 • Subm itt i ng  the speci men to pathology. The resected 
spec imen i s  then secured to a wax board with 22-gauge 
need les  for  p roper  or ientat ion .  Because or ientation  sutu res 
were p laced ear ly in the case, there shou ld  be no  confus ion 
a bout the speci men or ientat ion .  The su rgeon then br ings the 
speci men to the patho logy su ite to conf irm or ientation with 
the patholog ist and the marg ins  a re i n ked and assessed .  If  
tumor ce l l s  a re present at any of the marg ins, add it iona l  t issue 
must be removed .  

to a l low for  dra inage to occur  and to prevent hematoma 

formation (FIG 8) .  If there is  d ifficu lty obta i n i ng  adequate 

hemostasis, a runn ing, locking suture can be used . 
t iona l  marg in s  need to be taken, attention is turned to • The runn ing  sutu re is t ied ju st before the end of the defect 

is reached, leaving a sma l l  open ing for dra inage to occur. 

Alternative ly, the  defect may be c losed over a 14-i n Pen 

rose d ra i n  secu red i nto p l ace w i th  the f i na l  pa s s  of the 

the c losure of  the resultant rectal  wa l l  defect (FIG 7) .  

I nterrupted Vicry l  sutu res a re used to approximate the mu- • 
cosa and submucosa . The sutu res shou ld  be s l i ghtly spaced 

FIG 7 • Hemostas i s  of recta l  defect. The resu ltant recta l 
defect is i r r igated and  hemostas is  is obta i n ed pr ior  to c losure .  
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chromic  suture to a l low f l u i d  to d ra i n .  The patient w i l l  • After the defect has  been c losed, the retractors are re-

eventua l l y  pass the d ra i n  once the chromic  sutu re has  

d i ssolved .  

I n  the case  of a l a rge  defect i n  which there i s  too much  • 
tens ion to reapproxi mate the mucosa, the d efect may be 

l eft open to heal by secondary i ntention .  

Open area 
of underlying 
peripheal fat 

A 

Simple interrupted 
sutures used to close 
rectal wall defect 

B 

moved and  a d i g ita l  recta l exa m is performed to confirm 

patency of the rectum .  

A ro l led-up p iece of hemostat ic  agent  (F ib r i l l a r, G e lfoa m) 

may be p laced i nto the rectum,  over ly ing the suture l i ne, 

to p rovide  add i t iona l  hemostas is .  

FIG 8 • Closure of the recta l wa l l  defect. A. After appropriate hemostas is  i s  obta ined,  the recta l wa l l  defect i s  
c l osed with a 2-0 Vicryl suture.  B. Beg i n n i n g  at the most proxi m a l  aspect of the defect, the  fu l l -th i ckness recta l wa l l  i s  
reapprox imated i n  a r unn i ng  fash ion .  The sutures a re locked to prov ide better hemostas i s  and  the suture i s  t ied j ust 
before the end  of the defect is reached, leavi ng a sma l l  ope n i n g  to a l l ow dra inage .  

PEARLS AND PITFALLS 

Preoperative 

I ntraoperative 

Postoperative 

• I t  i s  often more d iffi cu lt  to obta i n  adequate exposu re in obese patients beca use of body hab itus .  
Ta ke extra t ime retract i ng  the buttocks latera l l y  with tape for prone cases, as  we l l  as us ing  a Lone 

Sta r retractor to he lp evert the anus and  create better exposu re .  
• H igh  recurrence rates occur  w ith  le s ions  g reater than  T2  or  other  agg ressive pathology (PN I ,  LVI ) .  

Re-review the patho logy to ensure the les ion i s  appropr iate for TAE .  

• Avoid  retractors that  "push"  the l e s ion  away and  u se  sutu res if  necessa ry to he lp  br ing  the les ion 
more d i sta l .  

• Avoid  g rasp ing  t h e  typica l l y  fri ab l e  mass b u t  i nstead use sutures t o  p rovide tract ion .  
• P lace  mark ing  sutu res ear ly  so as  to not  lose  the speci men or ientat ion .  
• F u l l -th ickness exc is ion i s  confi rmed by ident if icat ion of per i recta l fat .  Pay  spec ia l  attent ion not  to  

perform a part ia l  th ickness exc i s ion .  
• Exc is ion of a nter ior les ions runs  the r i sk of i n ju ry to the vag i n a  o r  p rostate. 
• Defects, espec ia l ly when poster ior, may be left open without rea pprox imat ing the recta l  wa l l .  

• A cons istent a n d  agg ressive bowe l reg imen i s  most i m portant t o  p revent sutu re l i n e  d is rupt ion a n d  
keep t h e  patient comforta b le .  
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POSTOPERATIVE CARE 
• Patients usually have minimal, if any, pain immediately after 

a TAE. Patients may have spasms of the anal sphincter that 
can be treated symptomatically with muscle relaxants but 
these are typically self-limited.  

• Because of the fresh suture line, i t  is important that the patient 
be placed on an aggressive bowel regimen postoperatively to 
prevent suture line disruption. This should include a combi
nation of stool softeners and fiber bulking agents, as well as 
mineral oil to lubricate the stool. Using such a bowel regi
men will increase the postoperative comfort for the patient 
as well. 

OUTCOMES 

• Five-year survival rates after TAE for patients with a Tl rec
tal cancer without nodal metastasis, LVI, and PNI are com
parable to surgical resection and range from 70% to 87% 
for TAE compared to  80% to  9 3 %  for standard surgical 
resection. 

• Local recurrence rates have been shown to be statistically 
higher when TAE is performed versus standard surgical 
resection with local recurrence rates of 6% to 12.5 % after 
TAE versus 2% to 7% after standard resection. 

• Salvage surgery in the form of a standard resection ( low 
anterior or abdominoperineal resection) can be performed 
in cases of tumor recurrence after TAE, but RO resection 
rates are typically low and survival is poor unless immediate 
salvage is performed at the time of recurrence diagnosis. 

• Treatment of T2 lesions with TAE is still controversial but 
a recent phase II trial (American College of Surgeons On
cologic Group [ACOSOG] Z604 1 )  treated 90 patients with 
uT2NO lesions by ERUS with preoperative chemoradiation 
followed by local excision. The margin-negative rate was 
9 8 % ,  with 44 % of patients having a complete pathologic 
response. More data is still needed to support the local exci
sion of T2 lesions but may be warranted in patients with 
multiple comorbidities who are unable to tolerate a large 
surgical resection. 

• TAE for the treatment of T3 lesions is not considered 
standard of care. There are case reports of successful out
comes using TAE for locally advanced tumors after down
staging with neoadjuvant chemoradiation therapy. Further 
prospective evaluation is needed to establish patient/patho
logic criteria that will predict for successful outcome using 
TAE in more advanced tumors. 

COMPLICATIONS 

• Bleeding 
• Infection/pelvic sepsis 
• Injury to the prostate or vagina for anteriorly located lesions 
• Pain (if resection involves the dentate line) or from post-

operative scarring 
• Stenosis of the anus or rectum 
• Incontinence 
• Urinary retention 
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DEFINITION 

• Transanal endoscopic microsurgery (TEM) is a mini
mally invasive technique that was originally developed by 
Dr. Gerhard Buess in 1 9 8 3  to extend transanal access to 
benign and select malignant tumors . It is used to treat a va
riety of rectal lesions including benign adenoma, low-risk 
carcinoma, and more advanced cancers after neoadjuvant 
therapy. 

• This procedure is performed transanally with specially de
signed microsurgical instrumentation. This surgical approach 
is both a single-port surgery and a natural orifice transluminal 
endoscopic surgery (NOTES) .  

• TEM i s  preferable over radical resection i n  select patients 
due to the ability to safely eradicate the disease with a wide 
full-thickness local excision while simultaneously sparing 
the morbidity of a major transabdominal surgery and pre
serving sphincter function. 

DIFFERENTIAL DIAGNOSIS 

• Adenomas and other types of polypoid lesions found in the 
colon and rectum include hyperplastic polyps, serrated adeno
mas, flat adenomas, hamartomatous polyps, and inflamma
tory polyps. 

• Most colorectal cancers are adenocarcinomas (90% to 96% ), 
but other rare malignancies include signet-ring cell carcinoma, 
squamous carcinoma, undifferentiated neoplasms, neuroen
docrine tumors, gastrointestinal stromal tumors (GISTs) ,  car
cinoids, and melanoma. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• The TEM procedure is primarily used to treat benign or 
malignant rectal lesions. In order to determine if TEM is 
the appropriate procedure for the patient, a full history and 
physical examination must be performed to evaluate both 
the general health of the patient and the extent of disease. 
Patients that are medically compromised may not be able 
to tolerate a radical procedure, making a local excision the 
only option. 

• Ideal candidates for TEM are patients with early, nonex
tensive tumors. This procedure can be used for patients in 
good health and is also a wonderful option for those who 
are medically compromised, as the approach is less invasive 
than radical abdominal surgery and extends the transanal 
approach up to the level of the rectosigmoid. 

• The fundamental objectives of rectal cancer management 
are complete tumor control and patient survivaL However, 
perhaps in no other cancer are quality-of-life issues of such 
importance as the need for a permanent colostomy hangs in 
the balance. 

1282 

• There are several secondary goals that are desirable and 
must be considered when deciding upon the best treat
ment option for rectal cancer. These include preserving 
sphincter function, minimizing patient morbidity and mor
tality, minimizing patient trauma, maintaining bladder and 
sexual function, and avoiding a permanent colostomy. The 
primary goal of cancer control along with the secondary 
goals can be achieved with TEM surgery under appropriate 
conditions. 

• It is important to inquire about bowel habits, anal sphincter 
function, bladder and sexual function, past medical history, 
and past surgical history. It is important to discuss the ge
netic risk of colon cancer with the patient so that they can 
inform their relatives to get proper surveillance colonoscopy. 
Suspicious symptoms include change in bowel habits, rectal 
bleeding, rectal pain, or mucous discharge . 

• A thorough digital rectal exam is the single most important 
component of the preoperative evaluation for lesions in the 
bottom half of the rectum. The status of sphincter tone must 
always be checked as this impacts significantly on treatment 
decisions. 

• We recommend using both flexible sigmoidoscopy and rigid 
proctoscopy as part of the physical examination. Rigid proc
toscopy offers a more accurate localization of the lesion's 
position, whereas the flexible sigmoidoscope provides a 
much clearer image of the lesion. The most important tumor 
characteristics to evaluate are level in the rectum (from the 
anorectal ring and the anal verge) ,  mobility/fixation, posi
tion of mass (midpoint) ,  size of the tumor, circumference 
involvement, obstruction, ulceration, and the estimation of 
the clinical stage of disease. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• A full colonoscopy should be performed to assess the 
remainder of the rectum and the entire colon for potential 
synchronous lesions. 

• In malignancy, a computed tomography (CT) of the chest, 
abdomen, and pelvis along with serum testing for carcino
embryonic antigen ( CEA) are obtained. 

• Patients should also get an endoscopic rectal ultrasound 
(ERUS) to view the depth of invasion of the tumor and to 
evaluate for lymph node involvement { FIG 1 ) .  ERUS can pre
dict mesorectal adenopathy (N status) with 70 % accuracy 
and can assess depth of invasion (T status ) in early stage rec
tal cancers with 90% accuracy. The ability to assess lymph 
node involvement is essential because it could be a cause of 
locoregional treatment failure. 

• Rectal protocol magnetic resonance imaging (MRI) is 
increasingly used in rectal cancer staging due to its ability 
to assess, in addition to T and N stages, potential adj acent 

-
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A B 

FIG 1 • ERUS  in recta l cancer. A. Th i s  tumor  (block arrow) extends  i nto but not beyond  the muscu lar i s  propr ia  with no evidence of noda l  
d isease (ERUS T2NO) .  B. Th i s  tumor  extends through the muscu lar i s  propr ia  (block arrow) a n d  exh ib its noda l  d i sease i n  the mesorectum 
(dashed arrow). Therefore, it i s  a n  ERUS  T3N 1 tumor. 

organ involvement and the relationship with the meso
rectal margin ( F IG 2 ) .  However, MRI, like ERUS, is chal
lenged in trying to differentiate between T1 and T2 stages 
due to the limited resolution in delineating the layers of the 
rectal wall. 

• If the patient has a malignant lesion that is unfavorable ( :=e:T3 
or N + ) at any level in the rectum or a favorable cancer in the 
distal one-third of the rectum (0 .5  to 6 .0 em above the ano
rectal ring) ,  neoadjuvant chemoradiation is recommended. 
Surgical decision making is based on the evaluation of the 
tumor at 8 to 12 weeks after completion of neoadjuvant 

FIG 2 • Recta l -p rotoco l  M R I  s h owi n g  a recta l t u m o r  i nvo lv i ng  
t h e  poste r i o r  a n d  latera l recta l wa l l s .  There  i s  a c l e a r  p l a n e  

o f  separat ion  f r o m  t h e  p rostate a nter io r ly, ru l i n g  out  a T4 

l e s i o n .  

chemoradiation in  order to  maximize the effect o f  tumor 
downstaging. 

• Table 1 summarizes the ideal TEM candidates as well as 
the absolute contraindications for TEM. In general, local 
excision is the preferred option for patients with adenoma, 
or cancer with favorable features ( :5 3  em in diameter; T 1 ,  
grade I o r  II, and n o  venous o r  lymphatic invasion; and 
no evidence of lymph node metastasis ) after chemoradia
tion. An ideal patient for local excision has a tumor that is 
small, mobile, located in the distal rectum, and posteriorly 
based. 

• Contraindications for patients to undergo a TEM procedure 
after completion of neoadjuvant radiation include lymph 
node involvement, T3 or greater cancer after neoadjuvant 
chemoradiation, or tumors that remain fixed, deeply ulcer
ated, or have adjacent visceral organ involvement. In gen
eral, a maximum size of 4 em is considered the limit for 
TEM after chemoradiation. Tumors greater than 3 to 4 em 
in size can be challenging to excise transanally after neoad
juvant therapy due to the difficulty in closing the large defect 
that might be greater than one-half the circumference of the 
rectal wall. 

Table 1 :  Candidates and Contraindications 
for Transanal Endoscopic M icrosurgery and 
Lymphovascular Invasion 

Candidates 

Adenomas (and other ben ign les ions) 
Recta l cancer: 
• < 3  em i n  d iameter 
• T l  
• G rade I o r  I I  
• N o  LVI 
• NO 
• Mob i le  

LVI, lymphovascular invasion. 

Contraindications 

After chemorad iat ion :  
• N +  
• T 3  or  greater 
• Fixed tumors 
• Deeply u l cerated 
• >4 em i n  size 
• > y, of recta l 

c i rcumference 



1 284 P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patient preparation for TEM is the same for benign or ma-
lignant lesions. 

• The patient will undergo standard bowel preparation. 
• Standard preoperative antibiotics are administered. 
• It is important to have a conversation with the patient pre

operatively to discuss the potential need for laparoscopy or 
laparotomy and a possible diverting stoma. 

Patient Positioning 

• The positioning of the patient depends on the tumor loca
tion. In general, the patient is positioned so that the tumor is 
in the dependent position during the procedure. 

• The tumor should be at the center of the operating recto
scope throughout the procedure; the bevel of the TEM scope 
should face down at the tumor. This is essential as the optics 
reside in the upper portion of the operating proctoscope, 
limiting the reach of the instruments to the bottom 1 8 0  to 
2 1 0  degrees of the lumen. Therefore, patient positioning 
becomes very important. 

• Patients with posterior lesions are placed in the modified 
lithotomy position ( FIG 3) .  Patients with anterior lesions are 
placed in the prone position ( FIG 4) .  Patients with left or 
right lateral lesions are placed in the left or right decubitus 
position, respectfully. 

Operating Team Setup 

• The surgeon should be in a seated position in between the 
patient's legs ( FIG 5 ) .  The assistant should be seated to the 
left of the surgeon. The scrub nurse is to be positioned oppo
site the endosurgical unit. The monitors are placed in front 
of the surgeon. 

FIG 3 • Mod if ied l ithotomy posit ion :  idea l  for patients with 
poster ior ly located recta l les ions. The legs a re p l aced on Ye l l of in  

or  A l l en  st i rrups .  The patient i s  f i rm ly  secu red to the ta b le  to  
a l low tab le  posit ion changes d u ri ng  the procedu re .  The arms a re 
tucked and  a l l  pressu re poi nts a re padded to p revent nerve a n d/ 

or vascu l a r  i n ju r ies .  

FIG 4 • Prone posit ion :  ideal  for patients with a nter ior ly l ocated 
les ions .  The arms a re rest ing  without stra i n i n g  on arm boards .  The 
lower extrem ities a re rest ing  on a sp l it-ta b le  confi g u rat ion .  The 
patient i s  f i rm ly  secu red to the ta b le  posit ion changes d u ri ng  
the p roced ure .  A l l  p ressu re po i nts a re padded to  prevent nerve 
and/or vascu l a r  i n ju r ies .  

FIG 5 • Su rg i ca l  team setu p .  The su rgeon (1) i s  i n  a seated 
posit ion  in between the patient's legs, with the assistant (2) 
posit ioned to h i s  o r  her  l eft s ide and  with the scrub n u rse (3) 
posit ioned to h i s  or  her  r ight s ide .  The mon itors a re p laced i n  
front o f  t h e  su rgeo n .  T h e  operati ng rectoscope i s  fixed t o  the 
operat ing  ta b le  with a M a rt in  arm for sta b i l ity. 
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TRANSANAL ENDOSCOPIC 

MICROSURGERY SETUP 

• Al l  of the i n struments that we use d u ri ng  the TEM pro

ced u re a re from the R i chard Wolf TEM I n strument Sys

tem. Some of the i nstruments used to do the d issect ion 

a re d i sp layed i n  FIG 6. H owever, s im i la r  i n struments and 

equ i pment a re offered by Kar l  Storz and  others use stan 

da rd lapa roscopic  i nstru ments. 

A 

c 
FIG 6 • A. I m portant TEM i nstruments. From top to bottom:  
cu rved monopo lar  g rasp ing  forceps for l eft a n d  r i ght h a nds, 
stra ight  monopo lar  g rasp ing  forceps for left and right h a nds, 
suction tu be, suture c l i p  forceps, a rt icu l ated monopo lar  kn i fe, 
and stra ight  monopo lar  kn ife. All b lack i nstru ments a re 

insu lated so that they may be used for cautery. The a n g l e  at 
the end  of the i nstrument a l l ows a range of motion in the 
TEM l u men .  B. C lose-up  of cu rved forceps. C. C lose-up  of 

stra ight  forceps. 

A 

B 

FIG 7 • R ichard Wo lf TEM rectoscope.  A. Assemb led 
rectoscope.  B. Rectoscope components. ( 1)  Three d ifferent 

length shafts a re ava i l ab le  for d i fferent tumor  locat ions .  

(2) D ifferent length obtu rators a l low for atrau m at ic  rectoscope 
i n sertio n .  The work ing  adapter (3) and the work ing  i n sert 
(4) a l low for connect ion to insufflator, camera, and  work ing  
i n struments. 

• The operat ing  rectoscope has  a rectoscope tube that 

i s  4 em i n  d i a meter (FIG 7A) . There a re th ree d i fferent 

lengths of shafts (with their correspondent obtu rators; 

FIG 7B) that ca n be used du r i ng  the su rgery, depend i ng  

how far the tumor  i s  from the ana l  sph incter. The recto

scope tube is  attached to the adapter and  work ing i n sert 

(FIG 7B) and  is then fixed to the operat ing  tab le  with a 

M a rt i n  a rm (FIG 5) .  
• Once the patient is prepped and  d ra ped, the anu s  is gen

tly d i lated and  the rectoscope (with the obtu rator) i s  i n 

serted i nto the patient's anu s  (FIG 8) .  There i s  a 20-cm 

shaft with a n  ob l i que  edge for h igher  les ions, a 1 2-cm 

FIG 8 • I n sert ion of the TEM rectoscope. After gent le  d i lat ion 
of the a n us, the rectoscope i s  i nserted with a n  obtu rator 
(arrow) i n  p l ace for an atrau m atic entry. 
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9 o'clock 3 o'clock 

6 o'clock 

shaft with an ob l i que  edge for masses l ower i n  the rec

tum, and a 1 3 .7-cm shaft with a f lat edge for les ions that 

extend i nto the anus  (FIG 78). The f l at-edged shaft i s  

idea l  for very low les ions, as it a l l ows access without los-

FIG 9 • I dea l  locat ion of the ta rget les ion .  The 
scope and the patient a re adjusted so that the les ion 
i s  pos it ioned i n  the center of view at the 6 o'c lock 
posit ion .  Th i s  ensu res that the posit ion ing  i s  idea l  
and  that the su rgeon wi l l  have proper  reach with the 
i nstru ments. 

fou r ports a re used for cont i n u o u s  i n suffl at ion ,  i r r iga

t ion ,  suct ion ,  and the  l ig ht source .  The connecters a re 

a l l  d i fferent to avo id  attach i n g  the  tu bes to the wrong 

locat i o n .  

i ng  i nsuffl at ion extend ing  down t o  the upper  a n us .  The • 
obtu rator can be removed and the work ing  facepl ate i s  

secured.  

TEM eq u i pment g ives access to les ions at any locat ion i n  

the rectum from the a n a l  ca n a l  u p  t o  the rectos igmoid  

reg ion  and  somet imes even h i g her. 

• The l ight  sou rce is then con nected and  the rectum is  

i nsuffl ated .  At th i s  po int, the TEM is fu nct ion ing  as  a 

l a rge  r ig id  p roctoscope.  The scope ca n then be adjusted 

so that the lesion i s  posit ioned in the center of v iew at 

the 6 o'clock posit ion  (FIG 9) .  This assu res that the po

s it ion i ng  i s  idea l  and that the su rgeon w i l l  have proper 

reach with the i nstru ments. 

• After  the  i d e a l  v iew of the  l e s ion  is found ,  the  T E M  

scope i s  then  secured to a M a rt i n  a rm (F IG 5),  a n d  

t h i s  a rm i s  con n ected t o  the  operat i n g  ta b l e .  T h e  a p 

p l i cat ion of the  M a rt i n  a r m  i s  o n e  of the  most i m por

tant  a spects of the  operat ion ,  as the  a rm is f re q u e nt ly  

repos it ioned  to keep the  l e s ion  in  the  l ower m i d d l e  of 

the f ie ld ,  as  exp l a i ned e a r l i e r. I t  i s  essent i a l  to m a ke 

certa i n  that  each  of the  th ree j o i nts on the  M a rt i n  a rm 

i s  n ot max i m a l ly a n g led so a s  to m a i nt a i n  f l ex i b i l ity 

of pos it io n i n g .  I f  they a re max i m a l ly f l exed,  the a rm 

needs  to be adj u ste d .  

• 

• 

A l l  of the  rubber  s l eeves a n d  caps can  then  be l u br i 

cated with m i ne ra l  o i l  to red u ce the  c h a n ces of d ry

i n g  a n d  crack i n g .  I f  the caps tear, i t  w i l l  l ead  to a i r  

l e a k i n g  a n d  loss o f  recta l d i stent ion .  After  l u b r i cat ion ,  

the  s l eeves and caps a re p l aced i nto the  ports on  the 

facep l ate .  

Last ly, the  fou r  p i eces of tub ing ca n be p l aced i nto 

the i r  respective ports in the a p p a ratus (FIG 1 0). The 

1 2 3 4 

FIG 1 0  • F i na l ized assemb ly of the TEM rectoscope. The 
fou r  p ieces of tubing a re con nected i nto their  respective 
ports i n  the apparatus .  The fou r  ports a re used for suction 
(1), conti n uous  i nsuffl at ion (2), i r r igat ion (3), and for the l ight  
sou rce (4). The connectors a re a l l  d i fferent to avo id  attach ing  
the tu bes to the wrong locat ion .  
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MARKING THE LESION 

• Once proper setup  is com p lete, the a rea around the le

s ion can be i nfi ltrated us ing loca l  anesthetic with epi-

nephr ine .  The pu rpose of th i s  step i s  to a i d  i n  hemostas i s .  • 
• The marg in of the lesion can then be marked c i rcumferen

tial ly us ing e lectrocautery (FIG 1 1 ) .  Marking the lesion is 

an  important i n it ia l  step i n  this surgery. It ensu res the reach 

with the i nstruments to get an  adequate marg in  c i rcumfer

entia l ly around the lesion and, most importantly, it a ids in 

B 

D 

the visual ization of the proper marg in at a l l  t imes. The lat

ter is important because cautery a rtifact, b lood, and smoke 

may obscure the edges of the lesion later in the procedure, 

which can impa i r  the ab i l ity to have a negative marg i n .  

Although  TEM ca n be performed safe ly by  an  experi

enced surgeon for les ions a nywhere i n  the rectum,  a less 

exper ienced surgeon shou ld  avo id  perform ing  TEM for 

lesions i n  the upper rectum and for h igher  les ions that 

a re based a nter ior ly due to the potent ia l  of enter ing  the 

per itonea l  cavity, wh ich leads to a cha l l eng i ng  c losure .  

FIG 11 • A-D. Mark ing  of the les ion .  The marg in  of the les ion i s  marked c i rcumferentia l ly us ing  e lectroca utery. Th i s  ensu res 
the a b i l ity to reach with the i nstruments to get an adequate marg in  c i rcumferent i a l ly around the les ion and, most i m portant ly, 
it a ids  in the proper v i sua l izat ion of the marg ins  of resect ion at a l l  t i mes .  

DISSECTION 

• Us ing the mark ings  made circumferent ia l ly, e lectrocau

tery is used to "connect the dots" to d i ssect around the 

ent i re les ion (FIG 1 2) .  M a l ignant  les ions m ust have a fu l l 

th ickness exc is ion i nto and/or i nc l ud ing  the per i rectal  fat. 

Adenomas on ly  need to be excised subm ucosa l ly. How

ever, often it is  d ifficu lt  to avoid a fu l l-th ickness exc i s ion .  It 

is essentia l  to have at least a 1 0-mm marg i n  for suspected 

ma l i gnancy and at least a 5-mm marg i n  for adenomas .  

• 

• 

I d e a l ly, the  a rea a r o u n d  the  l e s ion  is co n nected c i r

cu mferent i a l l y  a n d  t h e n  the  base of the  l e s ion  i s  

exc i sed .  For  l a rg e r  l e s ions, the  i nfer io r  h e m ic i rcumfer

e n ce is i n c i sed a n d  the  d i ssect ion  is b rought  a ro u n d  

a n d  u n d e r  the  l e s i o n  a n d  then  the  s u p e r i o r  aspect c a n  

be reached .  

A mark i ng  sutu re i s  p laced a t  the i nfer ior  border of  the  

spec imen p r io r  to  remova l to  ensure the m a i ntenance of 

proper or ientat ion of the spec imen (FIG 1 3) .  
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B 

c D 

A 

B c 
FIG 1 2  • Di ssect ion of the ta rget les ion .  A. It is eas ier  to sta rt the d i ssect ion d i sta l ly, then latera l ly, and  f i na l l y  p roxi m a l ly 
(A through D in the i l l ustrat ion) .  B. The operative team dur i ng  the d i ssect ion phase. C. The operative p i cture shows the fu l l 
th ickness c i rcu mferent ia l  d issect ion of  a m a l i g nant l e s ion  w i th  a 1 -cm marg i n  a l l  a round .  Notice that  the d i ssect ion is ca rr ied 
through the ent i re recta l bowe l unt i l  the ye l l ow fat of the per i recta l  t issues i s  reached .  
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FIG 1 3  • Placement of a mark ing  suture.  Pr ior  to comp lete 
exc is ion,  a mark ing  sutu re i s  p l aced i n  the d i sta l  m a rg i n  of the 

ta rget les ion for or ientation .  

CLOSURE 

• After the les ion is d i ssected and  ready to be removed, the 

in suffl at ion i s  tu rned off and  the tumor  i s  g rasped and 

p u l led i nto the operat ing  proctoscope.  The facep late i s  

removed and  the spec imen is  de l ivered . 

• Two steps a re taken to reduce the r i sk of tumor  imp lan - • 
tation/loca l recurrence. F i rst, the defect, the facep late, 

and the i n stru ments a re washed and i r r igated with d i l ute 

Betad i ne, and second,  the g l oves must be changed after 

remova l of the speci men .  

• Fol lowi ng these protective steps, the c losure of the rec

ta l wa l l  defect i s  performed in a ru n n i ng, fu l l -th ickness 

fash ion with a 2-0 polyd ioxanone (PDS) suture (FIG 14) .  

Closure beg ins  at the prox ima l  aspect of the defect and  i s  

then advanced i n  a fu l l -th i ckness fash ion  f rom proxi ma l  

to d ista l .  

• Sewing with i n  the confines of the TEM operat ing  system • 
represents a s i gn if icant cha l l enge  or ig i na l ly. Because of 

the length and  d i ameter of the operat ing  p roctoscope, 

A B 

there is no movement in a l eft to r ight fash ion .  The 

sutu re i s  advanced by i n sert ing  the need le  d r iver i nto 

the l u men of the rectum and p u l led out in a p i sto n l i ke 

mot ion .  The c losure p rog resses to the left. The u p per  l eft 

aspect of the wou n d  c losure a lways represents the most 

cha l l eng i ng  aspect of the anastomosis .  

For l a rge  les ions, a 2-0 PDS monofi l ament suture is  used 

to b isect the defect d u r i ng  the procedure (FIG 1 5A) .  I f  

the defect i s  very la rge, it is  benefi c i a l  to use two sutures 

to tr i sect it (FIG 1 58) .  This ca n be he lpfu l  because it func

t ions  as a hand le  d u ri ng  the d i ssect ion and  it a l so fac i l 

itates the c losure process by  keep ing  the edges  of the 

wou n d  c loser  togethe r. Without  these  sutu res i n  p lace, 

there i s  tens ion on  the sutu re l i ne, p u l l i n g  it apa rt .  Be

cause there i s  no one ho ld i ng  the sutu re for you as the 

c losu re i s  performed, these stay sutu res a re a g reat he lp  

to  take  p ressu re off the suture.  

Once the c losure i s  comp lete, any s lack i n  the sutu re 

l i ne can be fixed by gently p u l l i n g  up on one end of the 

sutu re and  app ly ing a nother  c l ip  to t ig hten i t .  

FIG 14 • Closure of the defect. For smal ler  defects, a r u n n i n g  suture with 2-0 PDS,  p rog ress ing  from proxim a l  to d i sta l  

(A through  D i n  the i l l ustrat ion)  is  performed . The operative p ictu re shows the comp letely c losed d efect. (continued) 
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FIG 14 • (continued) 

A B 

FIG 1 S • Closu re of the defect. For l a rger  les ions, it is eas ier  to b i sect (A) or even tr isect (B) the d efect with i nterrupted sutu res 
(arrows) to approxi mate the edges, creat ing  sma l l e r  defects in order to reduce the tens ion,  and to fac i l itate the p lacement of 
the runn i ng  sutures.  
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SPECIMEN SENT TO PATHOLOGY 

• On the back tab le, the speci men is p i n ned to a corkboard 

(FIG 1 6) and the s ides a re l abe led super ior, i nfer ior, l eft, 

and  r ight  for or ientation of the les ion in the rectum .  

• This  is an i m portant step, as the edges w i l l  otherwise ro l l  

i n  and  resu l t  i n  a n  i ndeterm i nate read o f  t h e  marg i ns, or  

worse yet, a fa l se-positive marg i n  read i ng .  

F IG  1 6  • Speci men or ientation .  After resect ion,  the spec imen 

i s  p i n ned to a corkboa rd, or iented, and  sent  to pathology. 
Th i s  is cr it ica l to adequately eva luate the marg i n s  in cancer 
pat ients .  Notice the c l ip p l aced on the d ista l marg i n  for 

or ientat ion prior to resect ion (arrow). 

PEARLS AND PITFALLS 

Patient posit ion ing  • One of the most i m portant steps of the p roced u re 

Us ing  TEM 

in stru ments: key 
factors 

Measu res to 

p revent tumor  
imp l a ntat ion/loca I 
recu rrence 

Faci l itat i ng  suture 
c losure 

• P lac ing the les ion proper ly centered beneath the scope fac i l itates the d i ssect ion a n d  c losure .  
• The location of the tumor (anter ior, poster ior, or r ight/left lateral) must be carefu l ly  noted i n  the preoperative 

eva l uation and rechecked the morn ing of surgery. 

• I n st ruments shou ld  a lways rem a i n  i n  para l l e l  and  can o n ly be moved i n  and  out.  There is no u p  and  down 
or  l eft and r ight movement .  Rotat i ng  to the l eft and r ight adds s ign if icant ly to the reach and mob i l ity of 
the ang led i nstruments. 

• All i nstru ments shou ld  be wel l  l u b ricated to reduce friction and decrease wear and tear of caps on the 
facep late.  A tear here w i l l  lead to loss of the a i r  sea l ,  which can lead to loss of v is i b i l ity. 

• It is benefic ia l  to keep the suction catheter in the proxima l  neck of the rectoscope so that it is out of view, does 
not i nterfere with the reach of the operat ing instruments, and increases the mobi l ity of working i nstruments. 

• The defect, the facepl ate, a n d  the i n stru ments a re washed and i r r igated with d i l ute Betad ine .  
• The g l oves m ust be changed  after speci men remova l .  
• Add it iona l ly, t h e  u s e  o f  neoadjuvant chemorad iat ion a l o n g  with TEM su rgery red uces loca l recurrence. 

• Keep the suture mater ia l  short i n  length to reduce the amount of t ime taken to p u l l  the suture through 
the t i s sue .  We recommend a 1 0-cm suture  length .  

• For l a rger  les ions, b isect o r  even tr isect the defect by p lac ing  i nterrupted sutures.  Th i s  reduces the tens ion 
fac i l itat i ng  the p lacement of runn ing sutu res. 

POSTOPERATIVE CARE 
• In order to avoid potential wound complications, patients are 

discharged home with instructions to avoid heavy lifting and 
straining. • Patients with smaller incisions can be sent home the same 

day of surgery. 
• Full-thickness excision patients should be admitted overnight 

for intravenous ( IV) antibiotics and observation. Patients 
receive Ancef and Flagyl for 24 hours and then doxycycline 
for 2 weeks. 

• Clear liquids are given on the day of the surgery; advance to 
a soft diet later that day or the following day. 

• We give 1 oz of milk of magnesia beginning on the day 
after surgery through postoperative day 5 in order to keep 
the stool loose without causing excessive diarrhea .  Patients 
are instructed to take fiber supplements . The goal is to 
avoid a large hard bowel movement that can disrupt the 
suture line . 

• Long-term postoperative care includes the following: 
A surveillance exam at 3-month intervals for the first 
12 months 
A flexible sigmoidoscopy is performed at months 6, 1 8 ,  
and 24. 
A full colonoscopy is obtained at the 1 -year marker. 
It is important during these examinations to carefully evaluate 
the suture line to rule out any potential suture line recurrence. 
CEA tests should be monitored on the same schedule as 
office visits . 
CT scans should be performed annually or as necessary to 
follow cancer patients depending on symptoms or findings 
during examinations. 
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OUTCOMES 

• One of the major benefits of the TEM procedure is the 
decrease in postoperative morbidities compared to radi
cal transabdominal surgery due to the minimally invasive 
nature of the TEM procedure, the lack of incision, and the 
avoidance of a diverting stoma. 

• In our experience of more than 300 TEM procedures, we 
have only had two patients with transient incontinence after 
the surgery. These patients likely had decreased capacitance 
of the rectal wall after a large resection, but the urgency 
improved over time. 

• Local recurrence after TEM remains a conflicting topic for 
many colorectal surgeons. In a study where we compared 
our experience with a total of 72 patients with T2 rectal 
cancers treated with neoadjuvant chemoradiation and either 
a TEM or a total mesorectal excision (TME) ,  we found that 
there was no significant difference in local recurrence ( 3 . 3 %  
v s .  2 .3 % ,  respectively) .  Five-year survival was also not sig
nificantly different with 95% in the TEM group and 97% 
in the TME subset. Saclarides and Floyd performed a larger 
study looking at 221 patients with T1 rectal cancer treated 
with TEM and found a local failure rate of 6 .3 % .  

• Moore et a!. has shown that TEM has a significantly better 
reliability of achieving negative margins and avoiding frag
mentation when removing the specimen than the traditional 
transanal approach. Additionally, TEM offers several ad
vantages over traditional transanal excision such as clearer 
visualization, better exposure, and access to higher lesions in 
the rectum. 

COMPLICATIONS 

• Air leakage is a frustrating complication that can occur dur
ing a TEM procedure because it leads to loss of pneuma
rectum and ultimately can inhibit view of the lesion. Some 
precautions that should be taken to avoid this problem 
include checking all equipment tubes and connections to 
make sure they are airtight and to make sure there are no 
cracks or pinholes in the rubber caps. When an air leak is 
encountered, a systematic review of the equipment is needed 
to troubleshoot the problem. 

• During a TEM procedure, it is not uncommon to enter the 
peritoneal cavity while dissecting the specimen. Although 
this was previously thought to be detrimental for the 
patient's recovery, recent studies have found that entrance 
into the peritoneal cavity is not a contraindication for trans
anal resection of rectal lesions. 

• Entrance into the peritoneal cavity occurs more commonly 
in anterior and lateral lesions due to the level of peritoneal 

reflection in these locations and it occurs less commonly in 
posterior lesions, which are invariably extra peritoneal. If the 
peritoneal cavity is entered during the procedure, it should be 
have a two-layer closure with a braided, absorbable, figure
of-eight suture (3-0 Vicryl ) ,  with a full-thickness closure on 
top of this. 

• Early in the surgeon's experience, high anterior lesions 
should be avoided so as to ensure the peritoneal cavity is not 
breached.  

• Postoperative complications for TEM patients are minimal 
(range from 6 .7% to 9 . 8 % )  and include bleeding, perfora
tion, and wound dehiscence. 

• Other complications reported include fever, fistula forma
tion, rectal stenosis, and urinary dysfunction. 

• In our experience, wound separation is the most common 
complication with most of these ( 9 1  % )  healing without 
additional surgery. 

• It is mandatory to always discuss with the patient the pos
sible need for an abdominal operation, a stoma, additional 
surgery, and the possibility of fecal incontinence. 
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DEFINITION 

• The first description of transanal excision (TAE) of rectal 
lesions is often attributed to Parks and colleagues. The 
classic technique described by Parks1 involves the excision 
of low rectal lesions under direct vision with the aid of trans
anal retractors and standard surgical instruments. Although 
relatively effective for low rectal lesions, TAE is extremely 
difficult for lesions in the midrectum and effectively impos
sible for lesions in the upper rectum. 

• The advantages associated with TAE versus radical surgery 
include the following: lower morbidity, less pain, shorter 
operating times, shorter hospital stays, no wound compli
cations, faster/more complete recovery, and avoidance of 
permanent colostomy. 

• Transanal endoscopy microsurgery (TEM) generally refers 
to an approach for the local excision of lesions in the mid
to upper rectum first described by Buess et al. 2 in the early 
1 980s .  

• Although several variations in technique and instrumenta
tion have been described, common to all of these are the fol
lowing: ( 1 )  endoscopic visualization of the rectum, (2) gas/ 
C02 insufflation, and ( 3 )  the use of laparoscopic and/or 
other specialized instrumentation that allows for bimanual 
surgical dissection and suture repair. 

• The procedure is notably distinct from endoscopic mucosal 
resection (EMR) and other techniques that rely on flexible 
gastrointestinal endoscopy with associated limited instru
mentation introduced via the working channels of these 
scopes .  

• Other terms such as transanal minimally invasive surgery 
(TAMIS)  describe the same procedure with slight varia
tions in instruments, especially with respect to the transanal 
access platform. In this chapter, we use the term transanal 
endoscopy microsurgery to include all of these procedures 
and variations. 

• The procedure has recently seen an increase in popularity 
with the introduction of newer, less expensive instrument 
platforms as well as expanding interest in, and indications 
for, the local excision of rectal cancer. 

DIFFERENTIAL DIAGNOSIS 

• TEM can be used to treat a wide variety of both malignant 
and benign rectal conditions, including but not limited to 
large rectal adenomas, early rectal cancers, neuroendocrine 
tumors, endometriomas, and rectal strictures .  

• These lesions encompass a wide variety of pathophysiologic 
entities with many common underlying complaints that alert 
the clinician to pathology within the distal large bowel and 
rectum. 

• TEM can serve as both a diagnostic procedure as well as an 
effective therapeutic procedure in the appropriate setting. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Patients with rectal lesions (usually rectal polyps and rectal 
cancers ) generally present with occult or clinically evident 
rectal bleeding. Those with early or small lesions may be 
completely asymptomatic with rectal pathology discovered 
on screening colonoscopy. 

• A thorough history and physical examination should be 
performed, important components of which include the 
following: 

Presence of rectal pain and/or tenesmus, which can often 
alert the surgeon to a more extensive lesion with sphinc
ter/levator ani involvement 
Presence of obstructive symptoms 
Description of anorectal function, with any fecal inconti
nence or leakage documented preoperatively 
Urinary and erectile function, with dysfunction docu
mented preoperatively 
A detailed oncologic history including both personal and 
family history of colorectal cancer, other malignancies, 
and hereditary cancer/polyposis syndromes 

• Physical examination should include the following: 
Routine abdominal examination, with particular atten
tion to the presence of any surgical incisions, which may 
become pertinent should laparoscopy or laparotomy be 
necessary. 
Digital rectal examination with gross assessment of 
sphincter function 
Bilateral inguinal nodal examination for clinically 
evident nodal metastases 
Rigid proctoscopy by the surgeon to define the anatomic 
parameters of the lesion 

• Rigid proctoscopic examination is the most critical portion 
of the physical examination and is the key to proper selection 
of patients for TEM. Examination should be standardized 
and should document the following findings: 

The distal and proximal extent of the lesion measured from 
the anal verge 
Position of the lesion within the circumference of the 
rectum (anterior, posterior, or lateral) 
Total circumference of the rectal wall involved by the lesion 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• A complete colonoscopy should be performed on all patients 
preoperatively. In the setting of possible colo rectal neoplastic 
disease, the location of all polyps should be described, and 
all suspicious lesions should be endoscopically excised 
or biopsied if excision is not feasible. Lesions that are 
unresectable or are suspicious for invasive adenocarcinoma 
should be tattooed to facilitate resection if necessary in the 
future. 
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• For all suspicious rectal lesions ( :=o 1 5  em from anal verge 
on rigid proctoscopy) ,  locoregional staging with endorectal 
ultrasound (EUS) or rectal magnetic resonance imaging 
(MRI) should be performed to define the depth of the lesion 
and the potential for nodal involvement. 

• With all suspected or confirmed colorectal neoplastic dis
ease, complete staging computed tomography (CT) of the 
chest, abdomen, and pelvis should be performed to rule out 
metastatic disease. 

• Positron emission tomography (PET)ICT should be used 
selectively for patients with suspected metastatic disease or 
those that are poor candidates for intravenous (IV) contrast 
secondary to renal insufficiency or contrast allergy. 

• Anal physiologic studies with manometry should be strongly 
considered for patients with preoperative symptoms and 
signs of fecal incontinence to document preoperative sphinc
ter function. 

SURGICAL MANAGEMENT 

Indications for Transanal Endoscopy Microsurgery 

• Large rectal polyps not amenable to colonoscopic resection 
(usually sessile adenomatous polyps) 

• Rectal adenocarcinoma-The indications for the local ex
cision of rectal adenocarcinoma continue to evolve, par
ticularly with the recent completion of multidisciplinary 
trials such as the American College of Surgeons Oncology 
Group (ACOSOG) Z604 1 trial. Because TEM is used to 
excise local disease and does not adequately address nodal 
disease, the degree to which the procedure is appropriate 
and successful is directly proportional to the likelihood of 
nodal metastases. In the combined literature, the risk of 
nodal disease is best predicted by T stage and is on the 
order of 5% to 1 0 %  for T1 lesions, 1 5 %  to 25 % for T2 
disease, and 3 5 %  to 75 % for T3 disease. Other pathologic 
factors are also useful in predicting risk of nodal disease 
and recurrence, and these are potentially applicable for pa
tient selection (Table 1 ) .  The desire to perform/undergo a 
minimally invasive procedure should not supplant sound 
oncologic principles. 

Low-risk T1 disease-Definitive therapy for rectal cancer 
should be reserved only for patients with low-risk T1 dis
ease. This is also the current position of the National 
Comprehensive Cancer Network (NCCN) .  
High-risk T1 or  any T2 disease with combination ther
apy-Patients with high-risk T1 or any T2 disease who 
undergo TEM with curative intent should ideally be 
treated in a clinical trial setting with either preoperative 
or postoperative chemoradiation. Given that TEM is not 

Table 1 :  Add itional Factors Associated with 
I ncreased/H igh Risk of Lymph Node Involvement/ 
Local Recurrence 

Poorly d ifferentiated les ion 
Lym phovascu la r  invas ion 
Perineura l  i nvas ion 
Sm3 Kikuch i  c lass ification 
Lesion d iameter >4 em 

the standard of care in this setting, the risks and benefits 
of TEM versus radical resection need to be carefully dis
cussed with the patient and appropriate consent obtained 
and documented. 
Lesions of any stage, technically amenable to TEM, in 
patients who refuse radical resection, appropriate discus
sion and consent must be documented 
Lesions of any stage, technically amenable to TEM, for 
palliative purposes 

• Other less common indications that have been reported 
include rectal carcinoids, endometriomas, angiodysplasia, 
rectal ulcers, rectal strictures, and other benign pathologies. 
Just as with rectal adenocarcinoma, the decision to perform 
TEM in these settings should be based on sound clinical 
judgment. 

Anatomic Considerations 

• TEM is ideally suited for lesions whose entire extent falls 
within 5 to 15 em from the anal verge. 

The technical " sweet spot" for TEM is between 6 and 
10 em (midrectum) ,  beyond which the surgeon has to con
tend with instrument limitations, diminished visualization 
and exposure, and the potential for peritoneal entry. 

• TEM has been described for lesions proximal to 1 5  em. 
However, peritoneal entry is much more likely with full
thickness excision in this setting, and extensive expertise is 
required to perform an adequate and safe suture repair. 

The likelihood of peritoneal entry is dependent on the cir
cumferential location of the lesion (Table 2 ) .  For example, 
the mean distance to the peritoneal reflection anteriorly in 
men is at 9 .7  em, compared to 15 . 5  em posteriorly. Dis
section in the posterior midline can also result in entry 
into the intraabdominal colonic mesentery, without frank 
intraperitoneal entry.3 

• Lesions distal to 5 em are usually covered in part or com
pletely by the transanal access device. These lesions are more 
suited for conventional TAE. 

• There is no absolute contraindication based on the total cir
cumferential extent of the lesion, and complete circumferential 
excisions have been described. However, excision of lesions 
that occupy more than 40% of the circumference is techni
cally much more challenging, may be associated with more 
advanced lesions, and can lead to compromised margins. 
Sound judgment and careful patient selection are required. 

Preoperative Preparation 

• The key to the technical success of the TEM operation is ad
equate visualization and exposure. As a result, preoperative 

Table 2: Distance of Peritoneal Reflection from 
Anal Verge (Mean with Range, em) 

Location 

Anter ior  
Latera l 
Poster ior 

Females 

9 (5 . 5- 1 3 5) 
1 2 . 2  (85-1 7) 
1 4.8 ( 1 1 - 1 9) 

Males 

9.7 (7-1 6) 
1 2 .8  (9-1 9) 
1 5 . 5  ( 1 2-20) 

Adapted from Najar ian MM, Belzer GE,  Cogbil l  TH, et al .  Determ ination of 
the peritoneal reflection using intraoperative proctoscopy. Dis Colon Rectum. 
2004;47(1 2) :2080-2085, with permission.  
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mechanical bowel preparation i s  invaluable. We ask our pa
tients to have a normal lunch and take a clear liquid diet 
with adequate hydration thereafter and nothing by mouth 
after midnight. We prefer a mechanical bowel preparation 
with two bottles of magnesium citrate in the afternoon the 
day before surgery, with a Fleet enema the night before and 
the morning of the procedure. 

• In addition, we administered one dose of IV cefoxitin antibi
otic within 1 hour of initiation of surgery. 

• Appropriate informed consent should be obtained. In addi
tion to the possibility of the more common complications, 
the consent should also address the following: 

The likelihood of technical success of the procedure 
The potential need for reoperation based on pathologic 
findings ( either repeat TEM or radical resection) 
Oncologic outcomes in comparison to radical resection, 
particularly local recurrence 
The likelihood of peritoneal entry for upper rectal lesions. 
For upper rectal lesions where peritoneal entry is a signifi
cant possibility, we routinely consent for possible laparos
copy and/or laparotomy with primary repair or radical 
resection. 

Positioning 

• Appropriate patient positioning is critical to the technical 
success of the procedure. Every effort should be made to 
position the patient such that the lesion is down at the 6 
o'clock position. 

• For posterior lesions, we prefer a high lithotomy position 
( FIG 1A) .  

• For anterior lesions, w e  prefer t o  place the patient i n  prone 
jackknife position on a split-leg table, with the surgeon posi
tioned between the legs ( FIG 1 8) .  

• For lateral lesions, w e  place the patient i n  either one o f  the 
aforementioned positions and rotate the table to turn the le
sion to 6 o'clock as much as possible. If the lesion cannot be 
placed completely down, then we have found that it is easier 
to perform the excision, as well as the repair, when the lesion 
is oriented toward the dominant hand of the surgeon. The 
"circumferential sweet spot" for a right-handed surgeon in 
our experience is presented in FIG 1 C. 

Equipment 

• Multiple transanal access platforms have been used and are 
appropriate for TEM. The standard procedure described 
by Buess et al .2 uses the operating transanal proctoscope 
by Wolf. Other transanal access platforms that have been 
used have incorporated equipment for single-incision lapa
roscopic surgery. These platforms have now gained U.S .  
Food and Drug Administration (FDA) approval for trans
anal access. Although we have used a number of these sys
tems, our preferred transanal access platform is currently 
the GelPOINT Path system manufactured by Applied 
Medical. 

• We routinely use both standard and articulating laparo
scopic instruments designed for single-incision laparoscopic 
surgery. In a typical case, we often use a 5-mm scope op
erated by the assistant, a standard Maryland grasper in 
the left surgeon's hand for grasping and retraction, and an 

A 

B 

2 o'clock 

9 o'clock 

c 6 o'clock 

FIG 1 • A. H i g h  l ithotomy posit ion,  per i nea l  view (for poster ior  
les ions) .  B. Mod if ied prone jackkn ife on  a sp l it- leg tab le, poster ior  
view, idea l  for a nter ior  les ions .  C. C i rcumferent ia l  sweet spot for 
operative dexter ity for a r ig ht-handed su rgeon .  Les ion,  exc is ion,  
and  repa i r  should idea l ly fa l l  with i n  2 o'c lock to 9 o'c lock posit ions.  

articulating hook cautery or harmonic scalpel in the right 
surgeon's hand for excision. For repair, we use a standard 
laparoscopic needle driver. 

• Our preferred energy sources are monopolar cautery and 
ultrasonic shears such as a harmonic scalpel. 
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FIG 2 • The transana l  port is fo lded in and  g rasped with r ing  
c l amps to fac i l itate i nsert ion i nto a n a l  ca n a l .  

• 

• 

• 

• 

• 

• 

The patient is p laced under  genera l  endotrachea l  an 

esthes ia ,  a Fo ley  catheter i s  rout ine ly  inserted, a n d  the  

patient is  appropr iately posit ioned .  

A m i n i m a l  ster i l e  prepa rat ion of the per ineum is  per

formed, and the patient i s  d ra ped in standard fash ion .  

We perform a n  i ntersph i n cter ic b lock w i th  1 %  l i doca ine  

w i th  ep inephr i ne .  

The  transana l  access port i s  heavi ly l u b r icated, fo lded 

i n  a n d  g rasped from ins ide  the port with a r ing  c l amp 

(FIG 2), and  then i ntrod uced gently i nto the rectum .  

Occas iona l ly, gent le m a n u a l  d i lat ion of  the sph incter i s  

necessa ry to a l low atra u m at ic  p lacement of the port .  We 

have fou n d  that the ana l  port natura l ly hugs  the sph i nc

ters and stays in place and, therefore, do  not rout ine ly  

anchor  the dev ice with sutures.  

The i nstrument ports a re fi rst p laced i nto the ge l  cap, a n d  

the ge l  cap i s  app l ied t o  the transana l  port (FIG 3) .  Pr ior  

to app ly ing  the cap, we p lace a l i g ht ly l u br icated Ray-Tee 

sponge i nto the rectum,  which we later push i nto the 

prox ima l  rectum i n  order to a l low adequate in suffl at ion 

of the d ista l  rectum (FIG 4) . The rectum is  i n sufflated to 

1 5  m m H g .  

P lac ing one  or  more prox ima l  Ray-Tee sponges l i m its the 

amount of i nsuffl at ion to the rema i nder  of the co lon  and 

h e l ps m a i nta i n  a c lean work ing  space free of any rem

nant feca l mater ia l  (FIG 4) .  

F I G  3 • Tra nsana l  access device with ca p and  ports i nserted 

i nto ana l  ca n a l .  

F IG  4 • L ig htly l u br icated Ray-Tee is  i nserted prox ima l l y  to 

m i n i m ize p roxi m a l  i nsuff lat ion a n d  l i m it so i l i n g  of operative 
f ie ld .  

• 

• 

• 

• 

One of the d iffi cu lt ies we have found is per iod ic  pneu

morectum co l l a pse.  Th i s  can be l i m ited by the fo l l owi ng :  

• I nsert ing  p roxim a l  Ray-Tees as descr ibed ear l i e r  

• Assu r ing  an adequate p rep, as we have noted that 

fecu lent mater ia l  i n  the rectum and  rectos igmoid  

w i l l  cause  l a rge  bowel per ista l s i s  

• Avo id i ng  excessive torq ue on the i nstruments to 

p revent Joss of insuffl at ion around the transa na l  

access device 

• H i g h e r  i nsuff lat ion p ressu res may be necessa ry to 

obta i n  adequate exposu re .  

The exc is ion techn ique  i s  d iv ided i nto the fou r  cr it ica l  

steps:4 

• 

• 

• 

• 

De l i neat ion of the exc is ion marg ins  (1 em g rossly i n  

most i n stances) (FIG S) 
Fu l l -th i ckness inc i s ion of the recta l wa l l  i nto per i rec

tal t issue (FIG 6) 

C i rcu mferent ia l  d i ssect ion and speci men remova l 

(FIG 7) 

Suture repa i r  (FIG 8) 

We routi ne ly mark 1 -cm marg ins  us ing  a hook cautery 

device. These cautery ma rks can become extremely he lp

fu l  later d u ri ng  the exc is ion,  part i cu la r ly if v i sua l izat ion 

becomes comprom ised (FIG 5) .  

A f u l l -t h i ckness i n c i s i o n  i s  m a d e  1 em distal to t h e  

l e s i on  u s i n g  hook  cautery, w ith  t h e  l eft h a n d  l i fti n g  

u p  the  rect a l  wa l l  to s u p p l y  cou ntertract i o n  (F IG 6) .  

T h e  per i rect a l  t i s sue  i s  u s u a l ly e a s i l y  recog n i zed by 

the p resence of pe r i recta l fat .  Ante r io r l y  the per i rec

tal space may cons i st o n ly of loose a re o l a r  t i s sue .  T h i s  
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FIG S • De l i neat ion of marg ins  of exc is ion,  1 em in the major ity of cases. (A-D demonstrate 

prog ress ion of c i rcumferent ia l  marg in  de l i neat ion) 

i n it i a l  ste p  m ust be  p e rfo rmed  with  ext reme caut ion  • Once the per i recta l space is entered, the per i recta l fat is  

pushed away from the recta l wa l l  with a com b i n at ion of 

b l u nt and cautery d issect ion,  and the recta l wa l l  above is  

prog ress ively d iv ided e ither with hook cautery, hot scis

so rs, or  harmon ic  sca lpe l  a long  the cautery l i n e  marked 

ear l i e r  i n  the case (FIG 7) .  

with a nte r io r  a n d  l atera l l e s i on s  i n  o rde r  to p reve nt 

i nj u ry to g e n ito u r i n a ry and vasc u l a r  structu res adja

cent  to the  rect u m .  

F I G  6 • F u l l -th ickness i nc i s ion  o f  t h e  recta l  wa l l  i nto 

per i recta l fat. 

• Th i s  d i ssect ion  is cont i nued  u n t i l  the  spec i m e n  is en 

t i re ly  f ree .  Of note, the  per i recta l p l a n e  i s  relatively 

avasc u l a r, with occas iona l  sma l l  vesse l s  to the  rect u m  

e a s i l y  contro l led  w i t h  cautery. I f  the  d i ssect ion  d oes not 

p roceed in a stra i g htforwa rd m a n n e r  o r  i s  u n us u a l l y  

b loody, the  u sua l  c u l p r it i s  d i ssect ion  with i n  a n  i n co r

rect p l a ne,  or the  les ion  is more adva n ced than  i n it i a l l y  

reco g n ized .  

• O nce the spec i men  is free, the  les ion  is g rasped,  tak ing  

ca re  to m a i nta i n  a p p ropr iate or ientat ion ;  the  cap i s  

l i fted off; and the spec imen  i s  removed .  The spec imen  

i s  then  proper ly or iented on  a p i ece of Te lfa d ress i ng  

a n d  i s  wa l ked over  by the s u rgeon to the patholo

g i sts fo r g ross exa m i nat ion .  We perform frozen sect ion  

1 297 
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B 

D 

FIG 7 • C i rcu mferent ia l  d issect ion of the les ion with 1 -cm m a rg i ns .  The deep fat is taken with 
either hook cautery o r  harmon ic  sca lpe l .  The recta l  wa l l  i s  then taken a lso with either cautery or  
h a rmon i c  sca lpe l .  (A-D demonstrate p rogress ion of c i rcumferent ia l d i ssect ion)  

A B 
FIG 8 • Suture repa i r  is comp leted transverse ly from r ight to left (su rgeon's domi nant to 
non-dom i n a nt s ide) .  The sutu res a re secured on both ends  with Lapra-Tys. A s i ng l e  runn i ng  
suture or  two to  th ree shorter runn i ng  sutu res may  be used . (A-D demonstrate progress ion of 

suture repa i r) (continued) 
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F IG 8 • (continued) 

exa m i nat ion se l ective ly, on ly  for susp i c ious  m a rg i n s  on  

g ross eva l uat ion (FIG 9) .  

• Once the marg ins  have been assessed and  have been 

c leared, we p roceed to perform a suture repa i r  of the 

defect to appear  more pronounced-ca n be decreased 

to fac i l itate closure. Even without this maneuver, very 

l a rge  defects can be reapproxi mated without s ign if icant 

d ifficu lty. 

defect. The pneumorectum-which causes the s ize of the • The d efect can  be repa i red with a s i n g l e  r u n n i n g  su 

t u re, o r  m u lt i p l e  i nterru pted sutu res, t ransverse ly f rom 

r i ght to l eft (FIG 8) .  G iven that  a s i n g l e  suture tends  to  

be long  a n d  i s  somewhat  ted ious  to hand le  i n  a s m a l l  

F I G  9 • Excised speci men i s  p l aced on Te lfa, a ppropr iately 
or iented and  taken to pathology for g ross and/or frozen 
exa m i nat ion .  

PEARLS AND PITFALLS 

• 

space, we prefer to p l ace m u lt i p l e  shorter  r u n n i n g  su 

t u res .  We p refer a m u lt if i l ament  Vicry l  sutu re, secured 

on  one  end  with a Lapra-Ty. After  r u n n i n g  the  suture 

for a n u m be r  of th rows, a nothe r  Lapra-Ty is used to 

secure the  rem a i n i n g  end ,  thu s  avo i d i n g  i ntracorporea l 

tyi n g .  U s i n g  th i s  a p p roach,  we usua l ly end  u p  p l a c i ng  

two to th ree runn i ng  sutu res to c lose a 1 80-degree 

d efect . 

Once the  repa i r  is com p l eted, the sponges  a re removed, 

the p n e u morectum i s  re leased, and the tran sana l  ac

cess device i s  gent ly p u l led out. We p l ace a ro l l ed  Ge l 

foa m sponge soaked  i n  l i doca i n e  je l l y  i nto rectu m .  The  

sponge i s  removed a n d/or evacuated by the pat ient  on 

postoperative day (POD) 1 .  
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I nd i cat ions/patient se lect ion • Appropr iate pat ient  se lect ion  i s  cr it ica l both with respect to d i sease and  s ize a n d  locat ion of  
les ion .  

Posit ion i ng  

Preoperative preparat ion 

• Appropr iate les ions a re those 5-1 5 em from anal  verge, with sweet spot 6-1 0 em (mid  rectum) .  
• Les ions >40% present a g reater tech n ica l cha l l enge, can lead to com prom ised marg i ns, and  

may be associated w i th  more  advanced d i sease.  
• Risk of per itonea l  entry va r ies by c i rcu mferent i a l  posit ion (a nter ior  les ions carry the h i ghest r isk 

of peritonea l  entry) . 

• Always posit ion the patient such that the les ion is down (6 o'c lock) .  
• I f  6 o'c lock posit ion  i s  not comp letely poss ib le, err  towa rd su rgeon's domi nant hand .  

• Adequate mechan i ca l  bowe l preparat ion i s  req u i red to fac i l itate v i sua l izat ion .  
• With  poor  prep ,  feca l  mater ia l  has  tendency to m i g rate i nto the f ie ld .  
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Exposu re • Ray-Tee sponge(s) p laced proxi m a l ly can l i m it i nsuffl at ion of the co lon and  keep the operative 
f ie ld  c lea n .  

Exc i s ion • Mark ing the marg ins  with cautery and  sta rt i ng  with a d ista l fu l l -th ickness inc i s ion fac i l itate the 
rema i nder  of the d i ssect ion .  

• Harmon i c  sca lpe l  is extremely usefu l but ca n cause  a b l anch ing  a rt ifact of the m ucosa that  can 
obscure the m a rg i n s  d u ri ng  d i ssect ion .  

Repa i r  • Defect i s  c losed tra nsverse ly from r ight t o  left us ing  s i n g l e  ru n n i n g  sutu re o r  two t o  th ree 
shorter r unn i ng  sutu res. 

• Use of Lapra-Tys or  self- lock ing  sutu res obviates need for tyi ng  in a conf ined space. 

POSTOPERATIVE CARE Complications 

• The patient is usually admitted overnight for observation. In 
the absence of significant pain, fevers, bleeding, or urinary 
retention, the patient is discharged home on POD 1 .  If low
grade fevers are noted, we have opted to use empiric antibi
otics with observation until resolution. 

• For the purposes of oncologic surveillance, given the concern 
for local recurrence, we survey the excision site with flex
ible sigmoidoscopy every 3 months for the first 6 months, 
then every 6 months for 2 years, followed by yearly and/ 
or appropriate endoscopy and cancer screening, for a total 
of 5 years. In patients with invasive cancer, we perform CT 
scans of the abdomen and pelvis every 6 to 12 months for 
the first 3 years, then annually, for a total of 5 years, with the 
frequency determined by degree of suspicion. 

OUTCOMES 

Oncologic Outcomes 

• The oncologic success of TEM for rectal adenocarcinoma 
is dependent both on the adequacy of technique and on 
appropriate patient selection. 

Local/locoregional recurrence is frequently the result of 
residual disease. 

Luminal recurrences are likely related to residual disease 
at the excision site (suboptimal technique) .  
Nodal/regional recurrences are likely secondary t o  un
recognized nodal disease (suboptimal patient selection) . 
The risk of locoregional recurrence in low-risk T1 
lesions excised with negative margins is comparable to 
radical resection (-5% in most series ) .  
The risk o f  locoregional recurrence i n  unselected T1 
and T2 patients is 10% or more and 30% or more, 
respectively, without additional therapy. 5 
Local recurrences are not always salvageable with 
radical surgery and may entail multivisceral resection. 
Therefore, although clinical trials with combined ther
apy are currently underway, TEM is currently not the 
standard of care in the United States for high-risk T1 
and T2 lesions. 

Overall survival with TEM is likely comparable to radical 
resection in appropriately selected patients . 

• The TEM procedure, in large part, avoids the most severe 
complications of radical resection, including superficial 
and deep surgical site infections; anastomotic leaks; ventral 
hernia; postoperative bowel obstruction; and functional 
complications such as erectile dysfunction, urinary reten
tion, and fecal incontinence. 

• The risk of operative mortality is significantly lower than 
that of radical surgery and is less than 1 %  in major series. 

• The risk of minor morbidity is less than 1 5 %  in most large 
series, with the risk of major morbidity of less than 5 % .  

• Specific perioperative complications are a s  follows: 
Bleeding-Postoperative bleeding is usually self-limited, 
with an infrequent need for transfusions. In a minority of 
cases, transanal ligation/cauterization may be necessary, 
with a very small likelihood of laparotomy and anterior 
resection. 
Functional complications-Urinary retention and anal 
incontinence occur relatively infrequently, and, in almost 
all cases, are transient. A brief period of anal leakage is 
often associated with traction injury from the transanal 
access device and usually resolves completely within a few 
months. 
Suture dehiscence-Dehiscence can occur in approxi
mately 1 5 %  of patients, although most dehiscences of the 
extra peritoneal rectum are likely subclinical. 

Suture dehiscences of the extraperitoneal rectum 
may present clinically with fevers .  Although trans
anal repair of dehiscence can be performed, most 
instances can be managed nonoperatively with sys
temic antibiotics .  These patients need to be observed, 
ideally as inpatients, for possible progression of pel
vic sepsis. Signs of refractory and progressive pelvic 
sepsis should prompt consideration of abdominal 
exploration with fecal diversion and possibly radical 
resection. 

Peritoneal entry-Unintended peritoneal entry is more 
common with anterior and lateral lesions and more 
common with upper rectal lesions. In most instances, 
this is recognized intraoperatively and can be man
aged with transanal suture repair. With high upper 
rectal lesions, peritoneal entry may be planned and, in 
this setting, should not be considered a complication. 
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Significant expertise i s  required t o  perform an airtight 
repair, as suture dehiscence in this location will al
most a lways lead to peritoneal soiling and peritonitis, 
necessitating abdominal exploration with repair or 
resection. 
Rectal stricture-The risk of stricture long term is less 
than 5% for primary excisions. 
Relatively rare complications include intraoperative 
inj ury to genitourinary structures ;  rectovaginal, rec
tourethral,  and rectovesical fistulae; complications 
related to positioning; and medical complications 
not related to the technical portion of the procedure, 
such as Clostridium difficile infection and anesthetic 
complications. 
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Chapter 43 Laparoscopic Diverting 
Colostomies: Formation 
and Reversal 

I 
- ----------------------------------- �----------------------------------------------------- · 

Da vid Taylor Andrew Stevenson 

DEFINITION 

• A colostomy is a surgically created communication 
through the body wall between the colon and the skin. 
There are several different kinds of colostomies, including 
the following: 

End colostomy: a colostomy in which a divided end of 
colon passes through the stomal trephine to open exter
nally with a circumferential colocutaneous anastomosis 
( FIG 1A) .  A stomal trephine is a surgically created defect 
through layers of abdominal wall through which the colon 
passes to the external opening. 
Double-barreled colostomy: a colostomy in which two 
divided ends of colon pass through the stomal trephine 
to open externally, each via a circumferential anastomosis 
( FIG 1 8) .  
Loop colostomy: a colostomy i n  which a loop o f  colon 
passes through the stomal trephine to open externally via 
a colocutaneous anastomosis. A variable portion (usually 
50% to 75% of the circumference) of the antimesenteric 
colonic wall is used for colocutaneous anastomosis. 
A variable portion (usually 25% to 50% of the circum
ference including the mesenteric border) of the colonic 
wall remains in continuity ( FIG 1 C) .  
Tube colostomy: a colostomy in which a prosthetic tube 
passes from the colonic lumen through the abdominal 
wall to open externally. 

A 

1302 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Diverting colostomies may be temporary or permanent. The 
possibility and likelihood of a stoma reversal must be taken 
into consideration prior to its formation. 

• Diverting colostomies may be indicated by any combination 
of distally located pathology (i.e., malignancy, obstruction, 
sepsis, fistula, inflammatory bowel disease [IBD] ) ,  functional 
disorders (i.e., pelvic floor or anal sphincter dysfunction) ,  or 
recent or concurrent surgical procedure. 

• Patient factors such as age, gender, body habitus, current 
medical comorbidities, and previous medical and surgical 
conditions along with psychological, social, and cultural 
issues must be elicited and taken into consideration. 

• Prior to embarking on reversal of colostomies, detailed 
knowledge is needed of the stoma creation and other 
operative procedures. Details such as type of stoma, resection 
of colon, peritoneal contamination, mobilization of splenic 
flexure, and marking of distal colon or rectum, if present, 
with a nonabsorbable suture are helpful in the operative 
planning process. In addition, up-to-date knowledge of the 
original pathology or indication necessitating formation of 
the stoma in the first instance is essentiaL 

• Physical examination primarily focused on the patient's 
body habitus, abdominal contour, and presence of abdomi
nal scars is important in the consideration of the type and 
site of the stoma to be formed. 

FIG 1 • A. End  colostomy. (continued) 

-
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IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Preoperative investigation will be directed toward the underlying 
condition necessitating fecal diversion to exclude pathology 
proximal and/or distal to the intended colostomy site. 

• Unrecognized Crohn's colitis, ileocolonic IBD strictures, syn
chronous tumors or other pathology may result in stomal 
complications or failure. 

• Colonoscopy, computed tomography (CT) scan and/or 
colonic transit studies may help plan the type and site of 
stoma formation. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• It is critical to determine preoperatively which section of 
colon is to be used and if an end, double-barreled, or loop 
colostomy is to be formed. 

FIG 1 • (continued) B. Doub le-barre led 
colostomy. C. Loop colostomy. 

• In the setting of proximal diversion for distal pathology, we 
prefer to use the sigmoid colon. Should this not be possible, 
we often opt for a diverting loop ileostomy. Alternatively, a 
transverse colostomy is an adequate option. 

• The decision-making process regarding formation of an end, 
double-barreled, or loop colostomy is more complex and is 
illustrated in Table 1 .  

• Preoperative assessment and education, as well a s  pre
operative stoma marking by an experienced stomal 
practitioner in conj unction with the surgeon, is highly 
recommended. 

• Identifying the optimal stomal site should involve assess
ment of the patient standing, sitting, and supine. Factors 
involved in stomal site assessment are also listed in Table 1 .  

Perioperative Care 

• Deep vein thrombosis (DVT) prophylaxis is recommended 
in the form of antithromboembolic compression stockings, 
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Table 1: Decision Making Regarding Stoma Site 
and Type 

Stoma posit ion 

S igmoid 
co lostomy 

Transverse 
colostomy 

Stoma type 

Obese patients 

P referab le :  read i ly  v is ib le, access ib le, and transrectus 
Avo id :  skin creases, belt l i n es, scars/ inc is ions, hern ia ,  and  

bony  p rom inences; lateral ostomies may i nterfere with 
arm motion wh i l e  wa lk i ng .  

Idea l  s i te :  LLQ, transrectus at a po i n t  one-third the d istance 
between the umb i l icus and  the AS IS  

Idea l  s i te :  RUQ, transrectus at a po int one-th i rd  f rom the 
d istance between the umb i l icus and  the j unct ion of the 
costal marg in  and  m idc lavicu la r  l i ne .  

End  colostomy: p referab le  for  permanent  stomas. Techn i
ca l ly easier to construct and  associated with a reduced 
comp l i cation rate. Advantageous i n  the d iffi cu lt-to
construct stoma (e.g . ,  the obese abdomen). 

Doub le-barreled colostomy: usua l ly  reserved for stomas 
constructed dur ing  an  operation i n  which a segment of 
colon has been resected and  an anastomosis was not 
undertaken,  but subsequent reversal is l i kely. 

Loop colostomy: p referab le  for temporary stomas and/or 
when there is  d ista l obstruction 

Consider an  end colostomy. Division of the colon and  part 
of the mesentery wi l l  g ive more length and  a l low easier 
passage of the stoma through the ST. 

Cons ider s it ing the stoma i n  the upper abdomen where 
there is th inner abdomina l  wa l l .  (The lower abdomen 
ad ipos ity is most pendu lous.) 

V isua l ization and therefore app l ia nce man ipu lat ion is  
comprom ised if the stoma  is  situated on the unders ide of 
an  ad i pose ro l l  or pendu lous  abdomen.  

AS/5, anterosuperior iliac spine. 

sequential compression devices, and/or prophylactic heparin 
or low-molecular-weight heparin (LMWH) .  

• A single 2 -g  dose of  Cefoxitin i s  administered prior to  inci
sion unless contraindicated. 

Patient Positioning 

• For creation of sigmoid colostomy and reversal of end colos
tomy, the patient is positioned in a modified Lloyd-Davies 
position ( FIG 2A) on a nonslip pressure area care mat (Jelly 
Mat) .  The right upper limb is secured in the neutral position 
by the patient's side padded with j elly cushions to protect 
potential pressure points . These patients are prepped with 

B 

an aseptic solution and draped with legging drapes and an 
under-buttock drape followed by square draping to expose 
the entire anterior and lateral abdominal wall. 

• For creation of a transverse colostomy, and for the reversal 
of loop or double-barreled sigmoid colostomies, the patient 
is positioned supine, with the arms secured in the neutral 
position by the patient's side padded with j elly cushions to 
protect potential pressure points ( FIG 28) .  For patients in the 
supine position, standard square draping is adequate. 

• Bladder decompression with a urinary catheter is not neces
sary except for closure of end sigmoid colostomy. 

• Gastric decompression with an orogastric tube, which is to be 
removed prior to completion of the general anesthetic, is used. 

• The laparoscopic equipment is assembled with all cords and 
tubes exiting/entering the sterile field over the right side of 
the patient's chest. 

Laparoscopic Equipment 

• All ports used are 5-mm balloon-tipped clear ports, with the 
exception of a 1 2-mm balloon-tipped port used through the 
stomal site. 

• We use a 5-mm 0-degree camera for insufflation-assisted 
optical entry into the peritoneal cavity and a 5-mm 30-degree 
camera at all other times. 

• Monopolar diathermy attached to laparoscopic scissors is 
adequate in almost all laparoscopic techniques described in 
this chapter. Advanced energy devices are reserved for dif
ficult dissections and for the closure of end colostomies. For 
intracorporeal stapling and dividing, we use 60-mm reticu
lating linear endostaplers with 1 . 8-mm cartridge for division 
of colon and 1 .2-mm cartridge for division of mesentery. 

• For extracorporeal stapling and dividing, we use 75-80 mm 
linear staplers with 1 . 8 -mm closed staple height for colonic 
division, 1 .5-mm closed staple height for the longitudinal 
staple line of double-stapled side-to-side anastomosis, and 
1 . 8 -mm closed staple height for the transverse staple line of 
double-stapled side-to-side anastomosis. 

Surgical Team Positioning 

• Five surgical team configurations are described in this 
chapter ( FIG 3 ) .  

/ Arm wrap 

FIG 2 • A. Patient posit i on i ng :  l aparoscop ic  formation of s igmo id  colostomy and  l aparoscop ic  reversa l of end s igmo id  colostomy. The 
patient i s  p laced on a mod if ied L loyd-Davies posit ion, with the legs on st i rrups and  the arms tucked to the s ide .  A l l  p ressure poi nts a re 
padded to p revent neurovascu la r  i nj u r ies .  B. Patient posit ion ing  ( l ap  formation of tra nsverse colostomy) . 
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• Configuration 1 .  The operating surgeon stands t o  the patient's 
left side, with the surgical assistant to the patient's right side 
and the instrument nurse adjacent to the patient's right knee. 

• Configuration 2. The operating surgeon stands adjacent to 
the patient's right side with his or her right hand dissecting 
with the energy device via the right lower quadrant (RLQ) 
or suprapubic (SP) port and with his or her left hand using 
a bowel grasper via right upper quadrant (RUQ) port. The 
assistant stands to the surgeon's left side, with the camera 
in his or her right hand via the midline (ML) port and the 
bowel grasper via the stomal trephine (ST) or left lateral (LL) 
port site. The instrument nurse is adjacent to the patient's 
right knee. The monitor is placed adjacent to patient's left hip. 

• Configuration 3 .  The operating surgeon stands to the patient's 
right side, with the dissecting energy device in his or her right 
hand via the ST or LL port and a bowel grasper in his or 
her left hand via the RUQ port. The assistant stands to the 
surgeon's left side, with the camera in his or her right hand 
via ML port site. The instrument nurse or a second assistant 
stands between the patient's lower limbs with a bowel 
grasper on his right or left hand via the RLQ port site. The 
monitor is placed adjacent to left side of the patient's chest. 

• Configuration 4. The operating surgeon stands to the 
patient's right side with the assistant to the patient's left side 
and the instrument nurse adjacent to the patient's right knee. 

• Configuration 5 .  The operating surgeon stands to the patient's 
left side, with the dissecting energy device in his or her right hand 

Anesthesiologist 

Assistant 
Surgeon 

via the LUQ port and the bowel grasper in his or her left hand via 
ST port (three-port transverse colostomy formation technique) 
or via the left lower quadrant (LLQ) port (four-port transverse 
colostomy formation technique) .  The assistant stands to the sur
geon's left side with the camera in his right hand via the ML port, 
and bowel grasper in his left hand via the ST port. The instrument 
nurse stands adjacent to the patient's right knee. The monitor is 
placed adjacent to the right side of the patient's chest. 

Port Placement 

• Port placement planning and marking is important. The key to 
port placement is the RLQ port. The RLQ, RUQ, and ML ports 
should be placed a hand's breadth distance from each other. 

• The RLQ port (5 mm) is inserted medial to, and at or just 
cranial to the level of the anterior superior iliac spine, just 
lateral to the path of the inferior epigastric vessels. 

• The RUQ port (5  mm) is inserted a hand's breadth cranially 
along a craniocaudal line from the RLQ port. 

• The ML port (5  mm) is placed via a small incision in the 
umbilicus or supraumbilically in obese patients with pendu
lous abdomens. 

• The LL port (5  mm) is placed as laterally as possible at the 
level of the ML port. This port is optional, especially when 
the ST is created as the first step. 

• The ST port (5- or 1 2-mm) is placed at the preoperatively 
marked stoma site. If an endoscopic linear stapler is to be 
used, a 12-mm port is mandatory. 

Monitor 

B 
A FIG 3 • Surgica l  team conf iguration and port p lacement. A. Conf iguration 1 .  B. Confi gu rat ion 2. (Continued) 



1 306 

c 

P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

Anesthesiologist 

Nurse 
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Anesthesiolog ist 

Anesthesiologist 

Surgeon 

Assistant 

FIG 3 • (Continued) C. Config u rat ion 3. D. Configu rat ion 4. E. Config u rat ion 5 .  

Assistant 
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LAPAROSCOPIC FORMATION OF 

SIGMOID COLOSTOMY 

Creation of the Stomal Trephine 

• When sure a bout the need of a colostomy, we p refer to 
create the ST as the fi rst step before the contour  and  lay
ers of the abdom i n a l  wa l l  have been a ltered by a pneu
moperitoneum or  surg ica l  i nc i s ions .  

• Us ing  surg ica l  team confi gu rat ion 1 as  p revious ly 
descr ibed, a d isc of sk in at the preoperative ly ma rked s ite 
i s  exc ised.  D issect ion through the subcutaneous ad i pose 
tissue p roceeds to the a nter ior rectus sheath .  

• The a nter ior rectus sheath is i ncised long itud i na l ly 
enough to safe ly a l low su bsequent passage of the s ig
moid co lon but not excessive such that the pat ient  is  sub
jected to an  unaccepta bly h igh r i sk of deve lopment of 
a pa rastoma l  hern i a .  The rectus musc le f ibers a re sepa
rated long itud i n a l ly. 

• A sma l l  ( < 1 em) inc i s ion is made i n  the poster ior  rectus 
sheath.  The peritoneum is  g rasped and i n cised .  A 5 -mm 
or 1 2-mm ba l l oon port i s  i nserted via the per itonea l  
defect. A 1 2-mmHg pneumoperitoneum is  i nsuffl ated . 

• A 5-mm 30-degree h ig h-defi n it ion laparoscope is i nserted. 
• If unsure about the need of a colostomy, we de lay for

mat ion of the ST unt i l  a l ater stage of the procedu re .  I n  
these cases, w e  i nsufflate t h e  pneumoperitoneum u s i n g  a 
5-mm insuffl ation-assisted optica l entry port via the RUQ.  

• 

• 

• 

• 

Energy device d issect ion beg in s  at the pelvic b r im .  The 
s igmoid i s  mob i l ized from latera l attachments (FIG 4A) .  
The  d i ssect ion p roceeds i n  a latera l to  med ia l  d i rect ion 
towa rd the a pex of the s igmo id  mesentery. 
At th i s  stage, the left u reter and  gonada l  vesse ls  shou ld  
be identif ied and  p reserved i ntact i n  the retroper i 
toneum (FIG 48) .  As the mob i l izat ion of the s igmo id  
and  descend ing  co lon mesentery cont in ues proxi ma l ly, 
a nter ior to the u reter and  gonada l  vesse ls, it is often 
advantageous to use confi gu rat ion 3 .  The g rasper he ld  
by the i n strument n u rse/second  ass istant retracts the  
co lon  d ista l to that  retracted surgeon's l eft hand  g rasper. 
The s igmo id  and  descend ing  mesentery shou ld  be mobi 
l ized to the m i d l i ne .  
A techn ica l  t i p  for the med ia l  co lon i c  retract ion i s  that 
the co lon i s  i n it ia l ly l ifted a nter ior ly and  then retracted 
med ia l ly. This ensu res the co lon acts as a " b l anket" under  
wh ich the sma l l  bowel is  trapped, keep ing  it off the 
operative f ie ld.  
It  i s  not usua l l y  necessa ry to mob i l ize the sp len ic  f lexure 
from its attach ments. Although  the extent of descend i ng  
co lon  mob i l izat ion i s  va r iab le, we  recommend "overmo
b i l izatio n "  to avo id  undue  tens ion .  I nadequate mob i l iza
t ion at this stage wi l l  resu l t  i n  su bsequent d ifficu lty and  
frustrat ion dur i ng  passage of  the co lon  through the ST 
and stoma l  matu ration, resu l t ing  in an i m pe rfect and  
often retracted stoma .  

Sigmoid Colon Delivery through Stomal Trephine 
Lateral to Medial Colon Mobilization 

• Configu rat ion 2 is used.  The operati ng  ta b le  is p laced 
i n  a Trende lenburg posit ion rotated with the r ight s ide 
down.  

• The bowe l g rasper i n  the surgeon's l eft hand retracts the 
rectos igmo id  j u nct ion media l ly  and  cran i a l ly. The assis-

• 

tant's l eft hand g rasper may retract the p roxi ma l  s igmo id  • 

co lon or provide  cou ntertract ion to the latera l wa l l  of 
the pelv ic b r im .  

A B 

Configu rat ion 2 is used . The s igmo id  co lon is assessed to 
se lect the opti ma l  segment for stoma l  format ion (most 
often it i s  the s igmo id  apex) . Maxi m u m  mob i l ity from 
prox ima l  and d i sta l  co lon  and the mesentery and p rox
i m ity to the i ntended stoma l  site a re the most s ign if icant 
factors i n  th i s  se lect ion .  
The i ntended segment  i s  g rasped with  a locki ng bowel 
g rasper v ia the ST port. Correct or ientat ion i s  confirmed 
and  the ass istant i s  i n structed to ensure or ientat ion is 

FIG 4 • Laparoscop ic  s igmoid colostomy: med ia l  to latera l  mob i l izat ion of the s igmo id  co lon .  A. The s igmoid  
i s  mob i l ized by transect i ng  the latera l per itonea l  attachments (dotted line), sta rt ing  at the leve l  of the pelvic 
b r i m .  B. After transect ing  the latera l per itonea l  attachments and  mob i l i z i ng  the s igmo id  to the M L, the left 
u reter and  gonada l  vesse ls  can be identif ied i n  the retroperitoneum as they cross the com mon i l i ac  a rtery. 
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ma inta i ned by ho ld i ng  the shaft of the bowel g rasper. 
An add it iona l  bowel g rasper may be p laced and  locked 
to the colon d ista l to the i ntended site if there a re a ny 
concerns regard i ng  loss of correct or ientat ion .  

• With the assista nt ho ld i ng  the ST g rasper, the surgeon 
moves to the l eft s ide of the patient to use confi gu ra
t ion 1. The camera is withdrawn.  The surgeon p laces two 
handhe ld  retractors a long  the ST, retract i ng  the rectus 
musc le f ibers med i a l ly and l atera l ly. The med ia l  retractor 
i s  transferred to the ass istant's r ight hand  with the su r
geon's r ight hand  ma inta i n i n g  the latera l  retractor. The 
surgeon's l eft hand takes control of the ST g rasper and  
su bseq uent ly the ass istant's l eft hand  takes control o f  the  
latera l  retractor. 

• The pneumoperitoneum is re leased.  The surgeon's r ight 
hand extends the poster ior  sheath and  peritonea l  vert i 
ca l  i n ci s ion to a n  adequate length .  The ba l loon of the 
port is  deflated .  The port i s  externa l ized a long  the shaft 
of the g rasper. The co lon i c  loop i s  then ca refu l ly externa l 
i zed through the ST by extract ing  the ST g rasper a ided 
if req u i red by nontraumat ic  bowe l g rasp ing (Ra mp ley) 
forceps (FIG 5) .  

COLOSTOMY CREATION 

Loop Colostomy Creation 

• A support i ng " rod"  (opt iona l )  may be passed through a 
5-m m defect i n  the mesentery adjacent to the apex of 
the externa l ized loop and  sutu red to the sk in  edge of 
the ST in the 3 o'c lock and  9 o'c lock posit ions  (FIG 6A) .  
Confi rmation of  correct co lon i c  l oop  or ientation i s  pos
s ib l e  l aparoscop ica l ly if deemed necessa ry. 

• The ports a re removed and  port site i nc i s ions a re c losed 
with a 4-0 absorba b le  suture and occ lus ive d ress ings  a re 
app l i ed .  

• The apex of the co lon i c  loop is opened by means  of a 
transverse a nt i mesenter ic co lotomy extend ing  fo r 50% 
to 7 5 %  of the co lon i c  c i rcu mference. The resu lt ing 
prox ima l  and  d i sta l  l i m bs of the stoma a re su bseq uent ly 
matu red us ing between  8 and  12 seromuscu l a r  to su bcu
t icu l a r  i nterru pted 3-0 a bsorbab le  sutu res (FIG 68) .  The 
stoma l  app l ia nce i s  app l i ed .  

Double-Barreled Colostomy Creation 

• 

• 

With a n  adequate length of s igmo id  co lon i c  loop exter
na l ized, a defect i s  created in the mesentry adjacent to 
the a pex of the loop.  The co lon i s  then d iv ided at th i s  
l evel with  a l i near  sta p le r; the ends of  the co lon a re 
g rasped with nontraumat ic bowel (Ra mp ley) forceps 
(FIG 1 8) .  
The  port site inc i s ions  a re c losed with 4-0 a bsorba b le  
sutu res and  occ lus ive d ress ings  a re app l ied .  

FIG 5 • Lapa roscop ic  s igmo id  colostomy: extract ion of the 
s igmo id  loop with a l aparoscop ic  g rasper i nserted through 
the ST port s i te  (the  port has  been removed). 

A 

B 

FIG 6 • Creation of a loop s igmo id  colostomy. The a pex of 
the co lon i c  loop is opened transverse ly for 50% to 7 5 %  of the 
co lon i c  c i rcumference. The resu l t ing  proxi ma l  and  d i sta l l i m bs 
of the stoma a re su bsequently matured f lush to the sk in  with 
i nterru pted a bsorba b le  sutures. 

pos it ions of the skin edge of the ST and  the cut edges of 
the opened proxi ma l  co lon .  

• The sta p le  l i n e  of the proxi ma l  l i m b  is exc ised.  Th ree • A 10-mm length of one end of the stap le  l i n e  of the d i sta l  
co lon i c  l imb i s  excised . Th ree seromuscu l a r-subcuticu l a r  
i nterrupted 3 -0  a bsorba b le  sutu res a re  p laced ( and  t ied) 

seromuscu l a r-subcuticu l a r  i nterru pted 3-0 a bsorba b le  
sutu res a re p laced (but  not  t i ed )  i n  the 3, 9, and  12  o'c lock 
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i n  the 5, 6, and  7 o'c lock pos it ions of the ST and  the sma l l  
open i ng  o f  t h e  d i sta l  l i m b .  

• The p roxima l  sutu res a re t ied .  Addit iona l  seromuscu l a r  
to su bcuticu l a r  i nterru pted 3 -0  a bsorbab le  sutu res a re 
p l aced at i nterva ls between a l ready p laced sutu res as  
necessa ry. A stoma l  app l i ance is app l i ed .  

End Colostomy Creation 

• For a n  end colostomy formation,  i n stead of de l iver ing  
the i ntact loop of s igmo id  co lon  through the ST, the mo
b i l ized co lon  i s  transected i ntracorporea l ly. 

• 

• 

After identify ing the opt ima l  site for colon ic  d ivis ion, a 
defect is created in the adjacent co lon ic  mesentry with the 
energy device. The colon is then transected i ntracorporea l ly 
at th is  level with a 60-mm endoscopic l i near stap ler  (FIG 7) 
inserted via the ST 1 2-mm port. Depend ing  on the th ick
ness of the adjacent mesentry and abdomina l  wa l l ,  a va ri
able d istance (between 30% and 50%) of mesentery is 
d ivided rad i a l ly us ing an  energy device, a l inear cutt ing 
stap ler  with a vascu lar  cartr idge, or  between l igation c l i ps .  
The p roxi ma l  co lon i c  end i s  g rasped with a locki ng bowel 
g rasper v ia the ST port. Correct or ientation i s  confirmed 

LAPAROSCOPIC FORMATION OF END 

TRANSVERSE COLOSTOMY 

Creation of the Stomal Trephine and Port Placement 

• Us ing  surg ica l  tea m confi gu rat ion 4, the ST is created at 
the preoperative ly ma rked site ( if su re a bout the need 
of the colostomy). A 1 2-mm or 5-mm ba l loon port i s  
i nserted and  the pneumoper itoneum is  i nsuffl ated . 

• If unsure a bout the need of a colostomy, we de lay 
fo rmation of the ST unt i l  a l ater stage of the procedure .  
I n  these  cases, we i n suffl ate the pneu moperitoneum 
us ing a 5-mm i nsuff lat ion-ass isted optica l entry port v i a  
the left upper  quadra nt.  

• We use 5-m m ports i n  the LUQ and  per i umb i l i ca l  l oca
tions and a 1 2-mm ST port (th ree-port techn i q ue) as 
descr ibed i n  the " Port P lacement" sect ion .  An accessory 
LLQ port (fou r-port techn iq ue) is req u i red i n  d iffi cu lt  
omenta l  mob i l izat ion cases. 

Mobilization and Formation of Stoma 

• Configu rat ion 5 is used . 
• The omentum is separated from proxi ma l  transverse 

co lon with an energy device (FIG 8) .  
• After ident ify ing  the opti ma l  site for co lon i c  d iv is ion,  a 

defect is created in the adjacent co lon i c  mesentry with 
the energy device . 

• The transverse co lon is then transected at th i s  level with 
a n  En do GIA 60-mm l i near  cutt ing  stap le r  i nserted v ia the 
ST 1 2-mm port. 

• Depend ing  on the th ickness of the adjacent mesentry 
and  abdom ina l  wa l l ,  a va r iab le  d i stance (between 30% 
and  50%) of mesentry can be d iv ided rad i a l ly. Th i s  may 
be performed us ing a n  energy device, a l i near  cutt i ng  
sta p le r, or  between l igat ion c l i ps (FIG 8) .  

F IG  7 • Laparoscop ic  end s i gmo id  colostomy. The  d i sta l  
s igmo id  co lon is transected i ntracorporea l ly. 

and  the ass istant i s  i n structed to ensure or ientation is 
m a i nta ined by ho ld i ng  the shaft of the bowel g rasper. 

• The p roxi ma l  co lon i c  end  is brought out through the ST 
port site as d i scussed p revious ly. 

• The port site i n ci s ions a re c losed with 4-0 a bsorba b le  
sutu res and  occ lus ive d ress ings  a re app l ied .  

• The stoma is then matured with 8 to 1 2  seromuscu l a r  to 
su bcuticu l a r  i nterrupted 3-0 absorba b le  sutu res. A stoma l  
app l ia nce i s  app l i ed .  

• 

• 

• 

• 

The prox ima l  co lon i c  end  is g rasped with a lock i ng  
bowel g rasper  v ia the ST port .  Correct or ientat ion  i s  
confi rmed and the ass ista nt i s  i n structed to ensu re 
or ientat ion  is m a i nta ined by ho l d i ng  the shaft of the 
bowel  g rasper. 
The process of extract i ng  the p roxima l  co lon i c  end or  
loop of tra nsverse co lon through the ST i s  ident ica l  to 
that descr ibed ear l i e r. 
The port site i nc is ions a re c losed with 4-0 a bsorba b le  
suture and  occ lus ive d ress ings  app l ied .  
The stoma is  then matured with 8 to 12  seromuscu l a r
subcuticu l a r  i nterru pted 3-0 a bsorbab le  sutu res. A sto
ma l  app l i ance i s  app l i ed .  

F IG 8 • Laparoscop ic  transverse colostomy. The omentum is  
sepa rated from the transverse co lon  with a n  energy device. 
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CLOSURE OF A LOOP OR 

DOUBLE-BARRELED COLOSTOMY 

Mobilization and Closure of Stoma 

• In patients with a th in  abdom ina l  wa l l ,  we inc ise the 
mucocutaneous border c i rcumferent ia l ly. I n  a pat ient with 
a th icker abdomina l  wa l l  due  to obesity or musc le bu l k, 
we use an e l l i pt ica l  sk in  inc is ion inc l us ive of the stoma 
with the long ax i s  of the e l l i pse or iented transverse ly. 

• 

• 

A 

The stoma is mob i l ized to the per itonea l  cavity by means 
of sharp d issect ion .  The co lon i c  loop or  ends  shou ld  be 
adequately mob i l e  to comforta b ly externa l ize beyond  
the sk i n .  
C losure o f  t h e  co lon i c  loop defect or anastomosis o f  the 
co lon i c  ends  can be ach ieved us ing e ither a hand-sewn 

• 

• 

• 

• 

B 

s i ng l e- layer serom uscu l a r  tech n ique  with 3-0 a bsorba b le  
suture o r  a s ide-to-s ide  doub le-sta p led a nastomotic tech
n ique  with a l i near  stap l i ng  device (FIG 9A,B) .  
The  rea nastomosed co lon  i s  i nterna l ized with i n  the per i 
tonea l cavity. The fasc ia l  defect i s  c losed cra n iocauda l ly 
with i nterrupted 0 a bsorbab l e  sutu res. 
The wound is  lavaged with sa l i ne .  Long-act i ng  loca l  
anesthetic i s  i nfi ltrated i nto the fasc ia  and  su bcutaneous 
t issues. 
If a c i rcumferent i a l  i n c i s ion was used i n it i a l ly, the sk in  
defect i s  reduced to 5- to 1 0-mm d ia meter defect by 
means  of a su bcuticu l a r  pu rse-str i ng  3-0 a bsorba b le  
suture .  An a bsorbent occ lus ive d ress i ng  i s  app l i ed .  
If a n  e l l i pt ica l  i n c i s ion  was  i n it i a l ly used, the sk in  i s  c losed 
with i nterru pted 3-0 a bsorba b le  su bcuticu l a r  sutu res. 
An occ lus ive d ress ing  i s  app l i ed .  

FIG 9 • Reversa l of  loop colostomy. A. The colostomy is  resected w i th  a l i near  sta p le r. B. A s ide-to-s ide stap led coloco lon i c  
anastomosis i s  performed w ith  a l i near  sta p le r. 

LAPAROSCOPIC CLOSURE OF END 

SIGMOID COLOSTOMY 

Team Setup and Port Placement 

• 

• 

• 

• 

Surg ica l  team confi gu rat ion 2 is used . 
The peritoneum is insufflated to 1 2  mm of pressu re us ing a 
5-mm i nsufflat ion-assisted optica l entry port via the RUQ.  
The 5-mm ports a re i n serted i n  the RLQ and  RUQ ports 
and  ML and  LL locat ions .  The LL port i s  usefu l du r i ng  
mob i l izat ion of  the descend ing  co lon  and  sp len i c  f lexure. 
It  may not be necessa ry when a sp len i c  f lexure mob i l iza
t ion i s  not necessa ry. 
A 1 2-mm ST port may be i nserted after the stoma site after 
the stoma has been mob i l ized i nto the a bdom ina l  cavity. 
A 1 2-mm SP (opt iona l )  is i nserted if the rectum and/or the 
i nfer ior mesenter ic a rtery ( I MA) req u i re tra nsect ion us ing 

a n  endoscop ic  l i near  stap ler  and  it i s  not ergonomica l ly 
feas ib le  to do so via the 1 2-mm ST port .  

• The peritoneum is insufflated to 1 2  mm of pressu re us ing a 
5-mm insuff lat ion-assisted optica l entry port via the RUQ.  

Mobilization (+I- Resection) 

• With adequate Trende lenburg and  r ight s ide rotated 
down posit ion i ng,  further  ad hes io lys i s  proceeds as 
req u i red to mob i l ize sma l l  bowel and  omentum from the 
pe lv i s  and  rema inder  of the operative f ie ld .  

• With no Trende lenburg but ongo ing r ight s ide down 
posit ion ing  (us i ng  confi gu rat ions 2 and then 3), the de
scend ing  co lon and  sp len i c  f lexure (FIG 1 0) are mob i l ized 
toward the ML as req u i red to ensure adequate co lon i c  
length for  a tens ion-free anastomosis, ensur ing p rotec
t ion of the left u reter and gonada l  vesse ls .  
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FIG 10 • Mob i l izat ion of the splenic f lexure. The su rgeon 
retracts the sp len i c  f lexure of the co lon (A) downward and 
med ia l ly, expos ing  the attachments of the sp len ic  f lexure 
to the spleen (B). The ph renoco l i c  (C) and sp lenoco l i c  (D) 
l i ga ments a re transected in an i nfer ior  to super ior  and  latera l 
to med ia l  d i rect ion .  The gastroco l i c  l i ga ment (E) is then 
transected i n  a media l  to latera l d i rect ion unt i l  both p la nes 
of d i ssect ion meet and the sp len i c  f lexure i s  fu l ly mob i l ized .  

• At th i s  poi nt, there a re two bas ic scena r ios that the su r
geon may encou nter: ( 1 )  There is a d i sta l s igmo id  stu m p, 
with an i ntact IMA and (2) there is a d ista l recta l stu m p; 
the IMA may be i ntact or transected .  
• When there is a d ista l s igmo id  with an i ntact IMA 

from the p revious surgery 
Us ing configuration 2, the d ista l s igmoid stump 
is identif ied and mob i l ized from adhes ions a long  
with its mesentry a long the  latera l  border (" lat
era l  mob i l izat ion")  toward the M L, ensur ing 
protect ion of the left u reter and gonada l  vessels 
(FIG 48) .  This d i ssect ion cont inues d ista l ly  to mo
b i l ize the left aspect of the upper mesorectum .  
With t h e  ass ista nt retract ing t h e  rectos igmo id  
j unct ion a nter ior ly and  cran i a l ly, the perito
neum is  i nc ised deep to the a rch of the I MAI 
super ior  recta l vesse ls  (SRV) (FIG 1 1 ) .  
D issect ion of  the avascu l a r  w indow deep  to  the  
IMAISRV a rch cont i nues from med ia l  to  latera l  
unt i l  it becomes confl uent with the p revious ly 
performed LL mesoco lon mob i l izat ion .  
The ca mera i s  rotated 90 degrees clockwise to 
a l low better v isua l i zat ion th roug h the created 
window to the left pelvic s idewa l l  and b ri m .  
T h e  u reter shou ld  be v i sua l ized through th i s  
window (FIG 12) .  
The  second assistant o r  scru b n u rse he lps ex
pose the retroperitonea l  structures in th i s  w in 
dow by retract ing  the rectos igmo id  j u nct ion 
and  mesentry towa rd the a nter ior a bdom ina l  

F IG  11  • IMA d i ssect ion .  With the assistant retract ing  the  
rectos igmo id  j unct ion a nter ior ly and  cra n i a l ly, the peritoneum 
is  i n c ised deep to the a rch of the super ior  recta l  vesse ls  (SRV) . 
At th i s  poi nt, the I MA, tak ing  off the aorta, can be seen with 
its term i na l  branches, the SRV and the LCV. 

wa l l  us ing the pass i ng  the suct ion/i r r igator via 
the SP  port under the IMAISRV (FIG 1 2) .  The 
ass istant's l eft hand g rasper can then be repo
s it ioned p roxi ma l l y  on the s igmoid stu m p  to 
fac i l itate super ior  exposure for further  d i ssec
t ion .  D i ssect ion conti nues  cra n i a l ly to identify 
and  isol ate the or ig i n  of the IMA off the aorta . 
If a " h i g h "  IMA d iv is ion,  proxi ma l  to the or ig i n  
o f  t h e  left co l i c  vesse ls  (LCV), i s  mandated for 
the pu rposes of a tens ion-free a nastomosis, the 
IMA can be d iv ided with an endoscopic  l i near  
stap le r  or  between Hem-o- lok® c l i ps (FIG 1 3), 
ensur ing  p reservat ion of the left u reter and  
gonada l  vesse ls .  
If adequate mob i l ity and  co lon i c  length w i l l  
permit subsequent co lorecta l a nastomosis with
out h i g h  d iv is ion of the I MA, the IMA is d iv ided 
d ista l to the or ig in of the left co l i c  a rtery (LCA) 
(termed a " l ow" IMA d iv is ion;  FIG 1 3) .  

FIG 1 2  • I dentif ication of  the left u reter. After d issect ion 
of the IMAISRV off the retroperitoneum,  the left u reter i s  
v i sua l ized and  p reserved i ntact pr ior  to IMA transect ion .  
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If necessa ry, addit ional  mob i l ization of the de
scend ing colon, sp len ic  f lexu re, and h igh  d ivis ion 
of the IMA (if not previously transected) using 
surgica l  team configuration 3 may be requ i red.  
It i s  better to "overmob i l ize" rather  than 
" u ndermobi l i ze" the co lon to ach ieve a ten
s ion-free anastomosis .  

Colorectal Anastomosis 

• Us ing surg ica l  team confi g u rat ion 1 ,  the stoma is mobi 
l i zed .  I n  patients with a th i n  abdom ina l  wa l l ,  we i nc ise 
the m ucocutaneous border c i rcu mferent i a l ly. I n  obese 
patients with a th icker a bdom ina l  wa l l ,  we use an  e l l i pt i 
ca l  sk in  i nc is ion i nc l usive of the stoma with the long ax is  
of the e l l i pse or iented tra nsverse ly. 

FIG 13 • IMA transect ion .  The IMA is transected between 
endovascu la r  c l i ps at its or ig in off the aorta ( "h igh"  IMA 
l igation). If a h igh IMA l igation i s  not needed to ach ieve a 
tension-free anastomosis, a " low" transect ion can be performed 
across the LCV (dotted line), preserv ing the IMA/SRV i ntact. 

• The stoma is mob i l ized to the per itonea l  cavity by means 
of sharp d i ssect ion .  A short segment of the co lon i c  end i s  
resected to ensure the su bsequent anastomosis  i s  formed 
using a hea lthy, sca r-free, co lon ic  end .  
A pu rse-str ing app l icator c l amp is p l aced across the colon 
at the resect ion s ite. The co lon i s  cut d i sta l to but f lush 

• 

The rectos igmoid  j u nct ion and  mesentery a re 
further  mob i l ized.  The upper  mesorectum is  
d iv ided with the energy device and  the u pper 
rectum is d iv ided with an  endoscop ic  l i nea r  
stap le r  v ia the 1 2-mm SP  port. The specimen 
i s  p laced i n  endoscop ic  pouch  and  can su bse
quently be removed via the ST at a later stage .  

When there is a recta l stump from the previous surgery 

• 

If the IMA and  u pper rectum were d iv ided at • 

the t ime of the i n it i a l  p roced u re, the recta l 
stum p  is identif ied and  its end is mob i l ized.  
Recta l stu m p  mob i l izat ion can be a ided by per • 

ana l  i nsertion  of l u bricated recta l "s izers" (by a 
second assistant or the scrub n u rse). • 

If the p roxi ma l  co lon i c  end has  adeq uate 
length to ensure a tens ion-free anastomosis, 
no further  p roxi ma l  mob i l izat ion is req u i red .  

with  the pu rse-str i ng  c l amp .  The short co lon i c  segment 
i s  d i scarded .  The c lamp is  re leased and  the cut edges a re 
gently g rasped with two Babcock forceps. The anv i l  of a 
28 or 29F end-to-end anastomosis c i rcu l a r  stap l i ng  device 
i s  i nserted i nto the co lon i c  end and the pu rse str ing l i 
gated to ensure c losure of  the co lon i c  end a round  the  
stem of  the anvi l .  The co lon i c  end and  anv i l  a re i nterna l 
i zed  i nto the per itonea l  cavity. 
If a resection of d ista l s igmoid/rectal stump has occurred, 
the specimen can be removed i n  a bag via the ST defect 
after i nsert ion of an appropriate wound protect ion device. 
The ST fasc ia l  defect i s  c losed cran iocauda l ly with i nter
ru pted 0 a bsorba b le  sutu res. 
Us ing su rg ica l  tea m confi g u rat ion 2 with Trende lenburg 
posit ion i ng  and  after re- i nst igat ion of the pneumoper i 
toneum, an  end-to-end the stap le r  co lorecta l  anastomo
s i s  i s  fash ioned (FIG 14) .  

F IG  14  • Sta p led end-to-end co lorecta l anastomosis .  
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• 

• 

• 

• 

• 

The sta p le r  is i nserted per ana l ly, e ither by the su rgeon 
or  an  exper ienced ass ista nt, to the p roxima l  l i m it of the 
recta l stu m p  under  l aparoscop ic  v isua l i zat ion .  
The stylet of the stap ler i s  advanced through the prox ima l  • 

end of recta l wa l l .  The anvi l  and colon ic  end a re g rasped 
and the shaft of the anvil is "docked " onto the stylet. Co
lonic and mesenteric or ientation is checked . The stylet, with 
anvil attached, i s  retracted i nto the head of the stap l ing  de- • 

vice unt i l  appropriate tissue compression is achieved, ensur-
ing no adjacent structu res (e .g. ,  vag ina) are incorporated.  
The stap l i ng  device i s  dep loyed .  The stap l i ng  device i s  • 

part ia l ly opened and  removed per ana l ly. Proxi ma l  and  
d i sta l "don uts" a re assessed fo r  comp leteness. 
The co lon i c  mesentery i s  i n spected to ensure no sma l l  
bowel i s  hern iated d e e p  t o  it .  • 

The i ntegr ity of the a nastomos is  is tested by a i r  i nsuf
flation under  water. The presence of air bubb les wou ld  

PEARLS AND PITFALLS 

i nd icate an anastomotic leak, necessitat ing a revis ion of 
the anastomosis .  A pelv ic  d ra i n  is not used un l ess the 
anastomosis i s  extra per itonea l .  
Ports a re removed .  The fasc i a l  defect of any 1 2-mm 
ports a re c losed with a 0 a bsorba b l e  sutu re a n d  the  
port s i te  sk i n  i nc i s ions  are  c losed with 4 -0  a bsorba b l e  
suture .  
The ST wound  i s  lavaged with sa l ine .  Long-act ing loca l  
anaesthetic i s  i nfi ltrated i nto the fascia and  subcutane
ous t issues.  
If a c i rcumferent i a l  i nc i s ion was i n it i a l l y  used, the sk in  
defect i s  reduced down to a 5- to 1 0-mm d iameter defect 
by means of a su bcuticu l a r  pu rse-str ing 3-0 a bsorba b le  
suture.  An a bsorbent occl us ive d ress ing  i s  app l i ed .  
If an  e l l i pt ica l  i n c i s ion  was  i n it ia l ly used, the sk in  i s  c losed 
with i nterru pted 3-0 a bsorba b le  su bcuticu l a r  sutu res. An 
occ lu s ive d ress ing  i s  app l i ed .  

I m portant pr inc ip les • Adequate preoperative preparat ion and  p l ann ing  
• Adequate mob i l izat ion 
• Good b lood supp ly  
• Appropr iate a pertu re d i ameter 

Permanent stomas • End  colostom ies a re p referab le  over loop or  doub le-barre led colostom ies .  
• Cons ider p rophylactic mesh p lacement, espec ia l l y  i n  patients at r isk of pa rastoma l  hern ias .  We use the 

l aparoscopic " b uttonho le"  o r  Suga rbaker tech n iques.  

Transverse 
colostom ies 

• Avo id  compromise to the left branch of the m idd l e  co l i c  vesse ls, espec ia l ly i n  s ituations i n  which the IMA 
may have  been  d iv ided o r  compromised .  

Tips i n  the obese 
patient 

• Agg ressive preoperative weight loss i s  advisab le: It  red uces the th ickness of the abdom ina l  wa l l  and the 
mesenteric bu l k .  

• More extensive mob i l izat ion i s  req u i red due  to th icker abdom ina l  wa l l .  
• Site t h e  stoma fu rther  cran i a l ly t h a n  t h e  standard posit ion :  T h e  a bdom ina l  wa l l  ad i pose t issue w i l l  be d is

p l aced ca uda l ly when the patient sits or  stands .  Also, the abdom ina l  wa l l  i s  th inner  i n  the upper  abdomen .  
• End  colostom ies a re eas ier  to construct and  associated with fewer com p l icat ions .  The length ava i lab l e  i s  

super ior, the mesenter ic  bu lk i s  less, and  the treph ine  apertu re req u i red is less .  
• A sma l l  Alexis1M wound p rotector/retractor p laced through the ST often a ids  passage of the stoma .  

Cutt ing  the i nne r  r ing  a ids  remova l of the device. 

POSTOPERATIVE CARE 

• Routine postoperative DVT prophylaxis is standard. An 
enhanced recovery style progression is routine with early 
mobilization and return to full diet. 

• If a stoma has been created, stomal education should com
mence as early as possible (on the first postoperative day) ,  
as competency of stomal care is often the determining factor 
delaying patient discharge . 

• When a colorectal anastomosis has been performed, our 
practice is to leave a rectal catheter in situ for 3 to 5 days. 
The rectal catheter is flushed with 20 mL of saline three 
times per day and remains in situ until the patient is passing 
flatus via or past the rectal catheter. 

COMPLICATIONS 

• Bleeding 
• Anastomotic leak 

• Wound infection 
• Parastomal abscess 
• Fistula 
• Stomal retraction/stenosis 
• Skin irritation/ulceration 
• Stomal prolapse 
• Parastomal or incisional hernia 
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Chapter 44 Surgical Management of 
Hemorrhoids 

I 
- ------------------------------------1----------------------------------------------------- · 

Bidhan Das 

DEFINITION 

• Hemorrhoids are a normal constituent of normal anorectal 
anatomy. The terms "hemorrhoid" or "hemorrhoidal dis
ease" effectively refer to conditions related to the vascular 
cushions of the anal canal. The goal of any hemorrhoid 
treatment plan is the control of symptoms, rather the re
moval of these vascular cushions as a rule. 

• Hemorrhoids by their definition classically by Thomson in 
1 975 are specialized structures that act as vascular cushions 
contained within the submucosal space of the anal canal . 
It is thought that they serve to maintain closure of the anal 
canal and contribute to fecal continence. 

• Hemorrhoidal tissue is not necessarily limited to the three car
dinal "quadrants ,"  and commonly, additional hemorrhoids 
in between these quadrants are found. Interestingly, hemor
rhoidal tissue is neither artery nor vein, noting that histologi
cally, they have no muscular wall and are, in fact, sinusoids. 

• Hemorrhoid pathology is classified as either internal or ex
ternal (FIG 1 ) ,  relative to its position at the dentate line, and 
internal hemorrhoids are graded according to severity of symp
toms. It is exceedingly important to understand this functional 
anatomy before choosing the type of operative therapy. 

• Operative hemorrhoidectomy classically describes the re
moval of both internal (proximal to the dentate line) and 
external hemorrhoidal tissue (distal to the dentate line ) .  

hemorrhoid hemorrhoid 

FIG 1 • I nterna l  versus externa l  hemorrho ids. Posit ion of the 
hemorrho ids  rel ative to the dentate l ine (dotted arrow) c l assif ies 
them as  i nterna l  (prox ima l  to the dentate l i ne) o r  externa l  (d ista l 
to the dentate l i ne). 
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However, new advances and procedures such as Doppler
guided hemorrhoidal ligation or transanal hemorrhoidal de
arterialization (THD ) can be performed with less pain and 
enhanced recovery times, as there is no cutting of the ano
derm, and the operative field is proximal to the dentate line. 

• Excisional hemorrhoidectomy remains the gold standard 
operation to which all treatments are compared, as its safety 
as well as durability has withstood the test of time. However, 
it remains a painful operation, and other measures may be 
weighed against a possibly higher recurrence rate with sub
stantially reduced postoperative pain. 

• Furthermore, with the rising population of patients on full 
anticoagulation because of the growing ability to treat severe 
cardiovascular diseases as chronic illnesses, older techniques 
such as sclerosant therapy become handy operative tools for 
the acutely bleeding patient, in whom further suturing runs 
the risk of further bleeding. 

DIFFERENTIAL DIAGNOSIS 

• Anal cancer, particularly melanoma 
• Rectal prolapse ( FIG 2A,B ) 
• Anorectal varices 
• Perianal cyst disease 
• Anal condyloma 
• Pedunculated polyps 
• Protruding anal papillae 
• Anal skin tags, particularly sentinel tags associated with anal 

fissures 
• Crohn's disease 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• In order to treat hemorrhoids effectively, the other items in 
the differential diagnosis must be ruled out. Additionally, 
when considering surgical options, the pain of a traditional 
hemorrhoidectomy may be avoided by other methods that 
treat internal hemorrhoidal disease. Accurate diagnosis and 
determination of internal versus external hemorrhoidal dis
ease must be ascertained to decide on the best operation for 
the patient. 

• A thorough history and physical should be performed prior 
to treatment, including a detailed past medical history, pres
ent medications and allergies, and particularly conditions 
such as cirrhosis or previous treatment with radiation. 

• Toileting behaviors, alteration in bowel function, and di
etary changes must also be noted. 

• Conditions that impair venous drainage, push vascular 
cushions outward, behavioral/toileting abnormalities, and 
changes in sphincter function are all commonly believed to 
contribute toward worsening hemorrhoidal symptoms. Ul
timately, venous congestion with subsequent hypertrophy 
of internal hemorrhoidal cushions leads to symptomatic 
hemorrhoids. 

-
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FIG 2 • Recta l pro la pse. It is i m portant to d ifferentiate (A) recta l pro lapse from (B) pro laps ing i nterna l  hemorrho ids .  

• Prolonged straining increases abdominal pressure, which 
then impairs venous return, thus making the hemorrhoidal 
cushions unable to decompress transient congestion. Sup
portive tissues of the cushions then become gradually more 
and more attenuated, leading to prolapse of the cushion. 
Further prolapse then increases the possibility of trapping 
blood in the cushions with less abdominal pressure, thus 
causing progressive enlarging. Continued prolonged strain
ing is an important preoperative history point because the 
behavior will need to be modified in the postoperative pe
riod to reduce pain and can worsen the efficacy of suture 
ligation operations. 

• Dietary factors and toileting behavior are also critical issues 
because they not only impair postoperative recovery, but 
they can also promote postsurgical anal fissures, compound
ing a difficult postoperative recovery. 

• Cirrhotic patients are at high risk for having anorectal vari
ces, which are often mistaken for hemorrhoidal cushions. 
Elective hemorrhoidectomy for anorectal varices is fraught 
with excessive bleeding even to the point of hemodynamic 
instability in the stable patient once dissection for a misdiag
nosis has started. 

• A complete rectal examination, which includes not just a 
digital rectal examination (DRE) but anoscopy and proc
toscopy, is essential to the diagnosis. It is important to dis
tinguish between rectal prolapse versus mucohemorrhoidal 
protrusion. Proctoscopy aids in the diagnosis of inflamma
tory bowel disease while allowing control of bleeding and 
biopsy. The number, location, grade designation, and rela
tive size of hemorrhoids should be noted. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Given a thorough physical examination, imaging or other 
diagnostic modalities are rarely indicated. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patients do not require bowel preparation for hemorrhoid
ectomy of any kind. Often, a simple enema before operation 
is sufficient for evacuation of the rectum. A rigid proctos
copy in the operating room before starting the procedure not 
only completes the preparation but also reviews the rectal 
mucosa for any signs of inflammation that may alter the sur
gical therapy or alert the surgeon to a heretofore unknown 
cause of straining. 

• The operation can be performed using a number of anes
thetic choices and options, including: general anesthesia, 
local anesthesia with intravenous sedation, or even regional 
anesthesia. 

• Sequential compression devices (SCDs) are placed on the pa
tient prior to the induction of general anesthesia. 

• When performing a THD procedure, a patient should 
be examined for the presence of external hemorrhoidal 
disease. The operating surgeon may feel that there is 
more benefit in performing a traditional hemorrhoid
ectomy when there is a substantial external component 
that could be worsened by an internal ligation procedure, 
which could cause subsequent levator spasm and tenes
mus postoperatively. 

• When performing rubber band ligation of internal hemor
rhoids, an office setting is most often well tolerated. 

Positioning 

• Multiple positions are excellent for hemorrhoidectomy opera
tions, including lateral Sims position (FIG 3), prone jackknife 
(FIG 4), or high lithotomy (FIG 5) using C-type "candy cane" 
footholders. Anesthesia concerns and surgical needs often are 
satisfied with the use of high lithotomy position. It is impor
tant to note that for prone jackknife, the folding mechanism of 
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FIG 3 • S ims  posit ion .  

the operating table should be at  the patient's hip for maximal 
exposure, whereas in lithotomy the sacrum should be at the 
very edge of the bed. In smaller patients, a flattened and folded 
blanket or bedroll can be placed under the sacrum to provide 
some elevation of the perineum and forward projection. 

FIG 4 • Prone jackkn ife posit ion .  

behind the adjustment flanges of the footholders . Such a po
sition pushes the patient's knees cephalad and feet medially. 

• Lithotomy patients using the C-type footholders often ben
efit from 45-degree angling of the footholder base toward 
the patient's head, whereas the "C"  should be orthogonal to 
the patient's body. SCDNenodyne boot cords can be tucked 

• For lithotomy patients undergoing either traditional hemor
rhoidectomy or THD, an under-the-buttocks drape with a plas
tic drain pocket can be used to store the Doppler device or to 
clip instruments while suture ligating or sewing for ready access. 

A B 

FIG 5 • A. Lithotomy posit ion with C-type (ca ndy canes) footho lders. B. F i na l  Setup  for H i gh  L ithotomy with Under-the-Buttocks d ra pe 
with p lastic pouch; wh ite band ca n be used to ho ld  i nstru ments. 

TRADITIONAL EXCISIONAL 

HEMORRHOIDECTOMY (CLOSED 

FERGUSON TECHNIQUE) 

Delineation of Hemorrhoidal Cushions and Skin 
Incisions 

faci l itate the sk in i ncis ion, which shou ld spare the anoderm 
but inc lude the hemorrhoida l  bundle.  Th is  inc is ion can be 
m in im ized by underm in ing  d i rectly underneath the hem
orrho ida l  bundle at the d i stal aspect and cutt ing inward 
d i rectly i nto the anal cana l  to sta rt the d i ssection (FIG 6) .  

• After perform ing a proper anoscopy us ing seria l  d i lation 
of g raded H i l l -Ferguson retractors, a hemorrhoida l  bund le  

Dissection of the Hemorrhoidal Vascular Tissue 
from the Internal Sphincter 

can be read i ly exposed.  Us ing a forceps or hemostatic • 

c lamp, the hemorrhoida l  cushions can be gathered to 
After cutt ing d i rectly under  the hemorrho id bund le  
d i sta l l y  and  th rough  the dermis, a Metzenbaum scissor 
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F IG 6 • De l i neat ion of  hemorrho ida l  cu sh ions  and  sk i n  
i n c i s i on .  E l evat ion of  the anoderm w i th  a c l amp d i sta l  to the  
hemorrho ida l  cu sh ion  a l l ows fo r  a precise inc i s ion .  

ca refu l l y  and  sharp ly sepa rates the vascu l a r  submucosa l 
t issues from the adherent, often f ibrous i nterna l  sph i nc
ter and i ntersph i ncter ic g roove (FIG 7) .  

• A ru le  of thumb: D i ssect the sph i ncter from the hemor
rho id rather  than hemorrho ida l  t issue from the sph incter. 

Continued Skin Excision and Pedicle Isolation 

• As the su rgeon d issects the sph i ncter off the hemorrhoid,  

the operat ion prog ress by better eas i ly de l i neat ing the 
hemorrho ida l  bund le .  

• As the inc i s ion reaches a point proxi ma l ly, the hemor
rho id bund le  is de l i neated comp letely and  iso lated ceph
a l ad, and  i n  such a manner the vascu l a r  ped ic le  of the 
hemorrho id i s  effect ively iso lated. 

Pedicle Clamp, Specimen Removal, and Suture 
Ligation 

• With the hemorrho ida l  t issue na rrowed down to a 
ped ic le, th i s  vascu l a r  structure ca n be c lam ped with a 
hemostat, the speci men cut and  removed, and  a suture 
l igatu re of absorba b le  suture ca n be app l ied, leavi ng the 
ta i l  long (FIG 8) .  

Closure 

• 

• 

Us ing  the  same suture a n d  the  ped i c l e  suture l i ga 
t ion  a s  a n  e l evated anchor, cont i nuous  (FIG 9) or  run 
n i ng ,  lock ing  b i te s  can  be taken to c lo se  the i n c i s ion ,  
g rabb i ng  sma l l  f ibers of the  i ntern a l  s ph i n cter a s  one  
works d i sta l ly to anchor  the  cut edges a n d  promote 
hemostas i s. 
U pon leav ing the l i m its of the ana l  sph i ncter and  thus  
the m ucosa, no fu rther  deeper t i s sue anchor ing i s  used .  
One va r iant of the c losu re i s  to t ie  the sutu re to itse lf, 
every two b ites, wh ich can effect ively act as a muco
sa l  p roctopexy unti l  the end of the m ucosa l open ing  is 
reached .  The suture i s  t ied to itse lf at the d i sta l  aspect of 
the anoderm.  

a su bstant ia l  "tunne l "  i s  created; to save anoderm, the • The same process is repeated in the other  two quadra nts 
and ca n be mod ified for a reas that a re not in the trad i 
t iona l  quad rants. 

edges of the "tunne l "  a re s im ply cut d i rect ly toward the 
proxi ma l  aspect of the hemorrhoid,  which can he l p  make 

B 

FIG 7 • A. D issect ion of the hemorrho ida l  vascu l a r  t issue from the i nterna l  sph incter. Us ing scissors, d issect the sph incter from 
the hemorrho id rather  than hemorrho ida l  tissue from the sph incter. B. The ped ic le  is  i so lated . 
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Hemostasis Assessment and Packing 

• After comp let ion of hemorrho idectomy, a repeat ex
a m i nat ion us ing H i l l -Ferguson retractors i s  performed to 
ensure conti nued hemostas i s .  After ver if ication of hemo
stas i s, a Su rg ice l  is tucked i nto the ana l  ca na l ,  wh ich can 
be removed at any t ime or  with fi rst f latus o r  defecat ion .  
Shou ld  b leed ing  be encou ntered, an  i nterrupted suture 
or  f igu re-of-e ight suture can be app l ied l i bera l ly. 

FIG 9 • Closure .  Us ing the same suture and  the pedic le  
sutu re l igat ion as an  e levated anchor, cont inuous  o r  runn i ng, 
lock ing bites can be taken to c lose the i nc is ion,  g rabb ing  sma l l  
f ibers of  the i nterna l  sph incter as one works d i sta l ly to  anchor 
the cut edges and  promote hemostas is .  

RUBBER BAND LIGATION OF 

HEMORRHOIDS 

Isolation of the Hemorrhoidal Cushion 

• Anoscopy is performed us ing ser ia l  d i lat ion of e ither 
g raded H i l l -Ferguson retractors or  office anoscopy 
(Bu ie, H i rsch man,  l i g hted Welch Al lyn) to demonstrate 
that there is an  i nterna l  hemorrho id of g rade II o r  I l l 
c l assif icat ion .  

• Pressu re can then be p laced aga i nst the anoscope, wh ich 
wi l l  make the a l ready protrud ing  hemorrho id even more 
prom i nent (FIG 1 0) .  

B 

FIG 8 • A. Suture l igat ion of hemorrho ida l  vascu l a r  ped ic le .  
After the hemorrho ida l  ped ic le  has  been transected at i ts  or ig in  
and  the hemorrho ida l  t i s sue has been removed, the ped ic le  
i s  suture l igated for hemostas is .  B. Suture i s  kept long,  as an  
anchor ing stitch .  

FIG 1 0  • Hemorrho ida l  band i ng: i so lat ion of  the hemor
rho ida l  ped ic le  with an anoscope.  
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Rubber Band Application 

• With the a noscope p ressu re be ing  m a i nta i ned, a Ba rron 
l igator i s  used to l i gate the hemorrho id  (FIG 1 1 ) by 
fi rst pass i ng  the  hemorrho id -se i z i ng  forceps th rough  
the wi ndow of the  l i g ator after the  l i gator has  been  
loaded .  

• The forceps then grab the protrud i ng  i nterna l  hemor
rho id as broad ly  as poss ib le  (FIG 1 1 A,B) and  the l i gator 
i s  pushed d i rect ly down onto the hemorrho id unti l  the 
base of the hemorrho id i s  reached wh i l e  se iz ing forceps 
has the hemorrho id sti l l  e levated .  

A 

SUTURE LIGATION OF INTERNAL 

HEMORRHOIDS 

• The l i gator fi res the rubber  band around the base of the 
hemorrho id (FIG 1 1 C) . It i s  of the utmost i m portance 
that the l igat ion i s  performed defi n it ively proxi m a l ly to 
the dentate l i ne  (FIG 1 1 D) .  

Maintenance o f  Band Ligation 

• To comp lete the proced u re, a f ine gauge short need le  
(25 gauge)  is used to i n st i l l  2 to 3 m l  of loca l  anesthetic 
subm ucosa l l y  on the "cap" of the l igated hemorrho id to 
create a l a rge  " m ushroo m "  that w i l l  p revent s l i ppage of 
the rubber band .  

FIG 11 • Rubber  band app l icat ion .  A,B. The forceps grab the 
p rotrud i ng  i nterna l  hemorrho id as  broad ly  as possi b le .  C. The 
l igator i s  pushed d i rectly down onto the hemorrhoid unt i l  
the base  of the hemorrho id  i s  reached .  D. The l igator fi res the 
rubber  band around the base of the hemorrho id .  It is  of the 
utm ost im portance that the l igat ion i s  performed defi n it ively 
p roxim a l ly to the dentate l i ne  (dotted arrow). 

Suture Ligation • 

p laced to comp letely encom pass the hemorrho ida l  bun 
d l e  without pass ing  the need le  through the cryptog lan
du la r  i nterface and  thus  red uc ing the chance of a bscess. 
The suture is tied i n  such a way that the knot l ies toward the 
most cephalad portion of the internal  hemorrhoid. Such a 
p lacement can sometimes gather and fixate the interna l  
hemorrhoid proxima l ly i n  add ition to the vascu lar  l igation. 

• After anoscopy demonstrates the i nterna l  hemorrhoid,  
a f ig u re-of-e ight  sutu re of a bsorbab le  sutu re mater ia l  i s  

1 3 1 9  
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DOPPLER-GUIDED LIGATION OF THE 

HEMORRHOIDAL TERMINAL ARTERY 

BRANCHES AND MUCOSAL PROCTOPEXY 

USING TRANSANAL HEMORRHOIDAL 

DEARTERIALIZATION DEVICE 

Isolation of Distal Branches of the Hemorrhoidal 
Arteries 

• 

• 

• 

The THD device is a specif ica l ly des igned anoscope/ 
proctoscope eq u i pped with a Dopp ler  probe that faces 
outward and a l i g ht sou rce attached to a p ivot cage 
for a specif ica l ly des igned suture and need le  d r iver 
set (FIG 12A) .  Cont inuous  Dopp ler  aud io  waveform is  
provided with a double crysta l  that i s  made to focus and 
capture the l a rger  d i ameter a rter ies located i n  the su per
f ici a l  l ayers of the recta l wa l l .  
Fo l lowing l u b r icat ion and  a thorough anoscopy us ing 
ser i a l  d i lat ion with  g raded H i l l -Ferguson retractors, the 
proctoscope is i nserted through the ana l  cana l  reach ing  
the d i sta l rectum (rough ly 6 to 7 em f rom the ana l  verge) .  
By mov i ng  the  p roctoscope with the  Dopp le r  u ltra
sound activated, one  ca n hear the  waveforms gen 
e rated a n d  i so late the  s ix  strongest waveforms that  
corre l ate to s ix  e q u i d i sta nt pos it ions  a round  the  ana l  
ca n a l  (FIG 128) .  

Transfixion with Suture Ligature 

• Once a hemorrho ida l  a rtery is l ocated, the recta l mu 
cosa and  submucosa l wa l l  a re transfixed w i th  a fig u re
of-e ig ht/"Z-stitch "  to l i gate the a rtery (FIG 12C) . This  

A 

Doppler 
u ltrasound 

Artery Needle beam 

Pivot Needle holder 

transfixion sutu re is performed with the provided 2-0 ab
sorba b le  polyg lyco l i c  acid with a %-i n  need le at the pre
fa br icated notch, i nsert ing  the need le  d r iver tip i nto the 
p rovided p ivot cage (FIG 120), which i s  i n  the center of 
the proctoscope's l umen .  The p ivot cage is used twice to 
perform an appropr iate f igu re-of-e ig ht/Z-st itch to l i gate 
the a rtery. 

• The suture is then t ied after the Dopp ler  p robe is re
moved . Th i s  remova l a l l ows the operat ing su rgeon's f in
ger  to s l ide deep i nto the ana l  ca na l  to set the knot .  The 
ta i l  i s  l eft long,  as th i s  suture wi l l  act as an  anchor for the 
upcom ing  m ucosa l proctopexy. 

Mucosal Proctopexy 

• Ho ld i ng  the THD proctoscope as a cont inued retractor 
and ho ld ing  the long anchor  ta i l  aga i nst the scope, mu
cosa l and  subm ucosa l b ites can be taken  to e l i m i nate the 
pro lapse of the hemorrho id o r  m ucosa. These b ites a re 
taken d i sta l  to the transfix ion site at a step s ize of ha lf a 
cent imeter and  can be t ied back to the anchor  stitch to 
create the "mucopexy" (FIG 1 3) .  

• Note that th i s  mucopexy term inates at least 5 mm proxi
ma l ly to the dentate l i ne  and i s  t ied to the fi rst anchor  
stitch for a substant ia l  m ucosa l  proctopexy and  to avo id  
potent ia l  abscess format ion .  

• Th i s  proced u re is repeated five more t imes for a com
p leted p roced ure .  

• At the concl us ion an anoscopic  exa m i nat ion of each su
tu re s ite i s  pe rformed to ver ify no undue b leed ing  which 
can be treated with sutu re l igat ion .  A Su rg ice l l i g ht pack
ing i s  p l aced i n  the anal cana l  and  can be removed any 
t ime or  by fi rst f latus o r  defecat ion .  

Doppler 
probe 

Dearterializer Light source 

FIG 12 • The THD device. A. Th i s  device i s  a specifi ca l ly des igned anoscope/proctoscope equ i pped with a Dopp ler  p robe that 
faces outward and a l i ght sou rce attached to a p ivot cage for a specifi ca l ly des igned sutu re and  need le  d r iver set. (Continued) 
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FIG 12 • (Continued) B. Us ing the Dopp ler  u ltrasound,  
one ca n hear  the waveforms generated and  iso late the 
s ix strongest waveforms that co rre l ate to s ix equ id ista nt 
posit ions around the ana l  ca na l .  C. Once a hemorrho ida l  
ped i c l e  i s  located, the recta l mucosa and  subm ucosa l wa l l  
a re transfixed with a f igu re-of-e ig ht!Z·st itch t o  l igate 
the ped ic le .  D. Deta i l ed view of need le  ho lder  with the 
prov ided 2-0 polydioxanone (PDS) suture on a 5/8- in 
need le  i n serted i nto the p ivot. 

FIG 13 • M ucosa l proctopexy. Ho ld ing  the THD proctoscope as a 
cont inued retractor and ho ld ing  the long a nchor ta i l  aga i nst the 
scope, mucosa l and subm ucosa l b ites can be taken to e l im inate 
the pro lapse of the hemorrhoid or  mucosa . These b ites a re taken 
d ista l  to the transfix ion site at a step s ize of ha lf  a centimeter and 
can be t ied back to the anchor stitch to create the mucopexy. This 
mucopexy termi nates at least 5 mm prox ima l ly to the dentate 
l i ne  and i s  tied to the fi rst anchor stitch for a substant ia l  mucosa l 
proctopexy and to avoid potent ia l  abscess format ion .  

1 321 



1 322 P a r t 4 OPERATIVE TECHNIQUES IN  COLON AND RECTAL SURGERY 

SCLEROSANT INJECTION OF 

HEMORRHOIDS 

Delineation of Hemorrhoidal Cushions and 
Verification of Anatomy 

• After perform ing a proper anoscopy us ing seria l d i lation 
of g raded H i l l-Ferguson retractors, a hemorrhoidal bundle 
can be read i ly exposed us ing a H i l l-Ferguson retractor with 
countertraction provided by the opposite hand ho ld ing a 
gauze.  At th is  point, it is essent ia l  to note that there should 

• 

• 

be no external  component and that the i nterna l  hemor
rhoids to be targeted a re g rades I and I I .  
Us ing  a n  ang led sp i na l  need le  ( 1 8- to 22-gauge with 
a bend of 30 deg rees a n  inch from the t ip), the proxi
mal aspect of the hemorrho ida l  bund le  is  fou nd and  a 
subm ucosa l i nject ion of a sc lerosant so lut ion of the su r
geon's cho ice, usua l ly between 3 and  5 m l  in vo l u me, i s  
performed (FIG 14) .  
Accurate i nject ion revea l s  swe l l i n g  o f  t h e  mucosa with
out b l anch ing  of the mucosa, with a "str iat ion s i gn"  
i nd i cative of  b r i dg i ng  hemorrho ida l  ve ins .  

FIG 14 • Sc lerosant i nject ion of hemorrhoids .  Us ing an  ang led 
sp ina l  need le  ( 1 8- to 22-gauge with a bend of 30 deg rees an 
inch from the ti p), the prox ima l  aspect of the hemorrhoida l  
bundle i s  found and a subm ucosa l i nject ion of a sc lerosant 
solution of the surgeon's choice, usua l ly between 3 and 5 m l  in 
vo lume, is performed. 

PEARLS AND PITFALLS 

I nd i cat ions 

I nc i s ions 

• A thorough eva l uat ion of the anorectum with c lassif icat ion of the hemorrho ida l  cush ions  i s  
essent ia l  i n  p ick ing the opti ma l  p roced u re .  

• Ru l i ng  out inf lam mation or  pr ior  rad iat ion  can he l p  p revent wound com p l icat ions .  
• Operative hemorrho ida l  treatment req u i res a fa i l u re of conservative thera py. 
• Sc lerotherapy has  l i m ited i nd icat ions but is i nva l uab le  in the a nticoag u l ated patients, as it 

creates no b leed i ng .  
• Dopp ler-g u ided tech n iq ues a re fo r  those with i nterna l  hemorrho ida l  d i sease without externa l  

com ponents. 

• Spar ing the anoderm red uces postoperative pa in  and ana l  stenos is .  
• I n  tra d it iona l  hemorrho idectomy, i so lat ion of the hemorrho ida l  ped ic le  can be done as soon as 

the hemorrho ida l  bund l e  na rrows. Never "chase the hemorrho id"  proxi m a l ly i nto the rectum
it can be very d ifficu l t  to l igate a lost " b leeder" appropr iately if it retracts and  such a proxi m a l  
d i ssect ion w i l l  n o t  imp rove the patient's sym ptoms o f  b l eed ing ,  i rr itat ion,  or  p ro l apse. 
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• I n c l ud ing  fi bers o f  the under ly ing sph incter du r i ng  ru n n i n g  c losure of  the mucosa l gap  may 
prevent a d i ssect ion-based hematoma.  

• When perform ing  a mucosa l p roctopexy or  a sutu re l igat ion,  it is  im portant that the stitch 
rema in s  p roxi ma l  to the dentate l i n e  to prevent cryptog l andu l a r  i nterface a bscess formation .  

• Us ing  a long i n it i a l  anchor  stitch for  the hemorrho ida l  pedic les can a lways p rovide a mucosa l  
proctopexy by gather ing the m ucosa and  tyi ng  back to the anchor  whi le  c los i ng .  

• I n  order to  reduce the r i s k  o f  ana l  stenos is, m i n i m ize the amount of  no rma l  t issue resected/ 
i n corporated between hemorrho idectomy sites. A sma l l  anoderma l  i nc i s ion with subm ucosa l 
d issect ion of the vascu la r  t issue may a lso he lp .  

• Su rg i ca l  hemostas i s  i s  paramount.  
• U p  to 5 to 8 postoperative days, the hemorrho ida l  pedic le can s lough or  suffer from i nfect ion 

and  cause pronounced b leed i ng .  
• Most postoperative b leed ing  occu rs as a resu lt o f  poor  l igat ion and  req u i res u rgent suture 

l i gation .  

• Although the anchor  stitch i s  often wel l  affixed, the mob i l ity of  m ucohemorrho ida l  pro la pse 
makes for an i nsuff ic ient p roctopexy if the knot that i s  made between the anchor  and the run
n i ng  suture i s  not set  p roxim a l ly by the operat ing su rgeon .  The p roctopexy i s  meant to gather  
the mucosa l t issues and  s l i de  them cepha lad ;  as such, the knot must l i e  near  the anchor ing 
sutu re, not  towa rd the ana l  verge. 

• I t  i s  im perative that the band i s  p laced 1 to 2 em proxi ma l  to the dentate l ine to m i n im ize 
postband i ng  pa i n .  

• Many su rgeons on ly  band one hemorrho id at each  v is it  to  m i n i m ize d iscomfort; m u lt ip l e  
l igat ions a re associated w ith  g reater pa in ,  vasovaga l  syncope, and  u r i na ry retent ion .  

• Shou ld  vasovaga l  sym ptoms or  su bsta nt ia l  d i scomfort occu r, i nject ion of a loca l  anesthetic with 
ep inephr ine ca n be performed to he lp  a l l eviate sym ptoms; perha ps, the best  treatment i s  to 
remove the band .  

• Although band ing seems trivia l ,  there a re severa l reported cases of necrot iz ing pelvic i nfect ions 
lead i ng  to seps is  and  even death after e lective band l igat ion .  It  i s  a lso advised that the surgeon 
be m i ndful  of treat ing  the immunocomprom ised patient. 

• Some surgeons a re concerned a bout i ntravenous i nject ion of sc lerosa nt, so withd rawa l with the 
i nject ing  need le  i s  he lpfu l  before i nject i ng .  

• l ntram ucosa l i nject ion ( i nduces mucosa l b l anch i ng)  must be avoided because it can lead 
s loug h i ng  and  u lcerat ions .  

• No m ucosa l swe l l i ng,  however, may mean the i nject ion i s  too deep and  can resu lt  i n  p rostatic 
abscess, pye loph lebit is, and sma l l  soft t issue/recta l  u l cerat ion .  

• These operations can all be safely performed in the outpa
tient setting. 

• Signs and symptoms of vasovagal episodes or pelvic sepsis 
are explained to the patient. 

OUTCOMES 
• A bare minimum of intravenous fluids should be adminis

tered to reduce the risk of postoperative urinary retention. 
We limit our intraoperative fluid use to less than 200 mL. 

• Routine use of diluted liposomal bupivacaine (Exparel ) has 
dramatically reduced postoperative pain, shortened recov
ery, and reduced postoperative narcotic use. 

• Postoperatively, warm water tub soaks are used to relax the 
levators, reduce levator spasm, and alleviate urinary retention. 

• Postoperatively, we prescribe a low-dose narcotic (hydroco
done-acetaminophen) ,  an oral nonsteroidal antiinflamma
tory drug (NSAID ) (ketorolac 10 mg three times a day for 
5 days) ,  and a low-dose muscle relaxant (diazepam 2 mg 
orally three times a day to assist with pelvic floor spasm) .  
Prescription narcotic medications are unnecessary after in
office rubber band ligation. 

• The patient is given instructions to consume a high-fiber diet 
(25 g per day) ,  slowly increase water intake to match fiber 
intake, refrain from straining, and consume a daily or twice
daily dose of a stool softener such as polyethylene glycol. 

• Operative excisional hemorrhoidectomy has, by far, the low
est recurrence rate but results in increased patient pain post
operatively. Recurrence rates are quoted at 1 .4%.  

• Doppler-guided ligation is a newer modality of  treating hem
orrhoids that still has yet to attain long-term follow-up data 
to accurately assess recurrence rates. In a study of 1 70 pa
tients with a majority having grade III disease ( 82 .7%) ,  con
trol of bleeding was obtained in 159  patients (93 .5 % )  and 
control of prolapse in 1 52 ( 8 9 . 5 % ) ,  with mean follow-up 
1 1 .5  ± 12 (range, 1 to 41 ) months . 

• Eighty percent of patients with grade I or II hemorrhoids 
will note improvement in symptoms after rubber band liga
tion and up to 70% will remain completely symptom free. 
The recurrence rate, though, is higher with banding than 
with surgical excision. 

• The results of sclerotherapy in resolving internal hemor
rhoids have been evaluated in small trials and retrospec
tive reviews. Many researchers have found the benefits of 
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injection therapy to be short-lived and somewhat compara
ble to diet control. However, in the actively bleeding/oozing 
anticoagulated patient, a modality that does not promote 
further bleeding may be invaluable. Khoury et a!. prospec
tively randomized 120 patients with grades I and II disease 
to single versus multiple injections, with nearly 90% report
ing resolution or improvement in symptoms 1 year after 
injection and no difference with regard to the number of 
treatment sessions required. 

COMPLICATIONS 

• Bleeding with severe hemorrhage (occurring less than 5% of 
all cases ) 

• Urinary retention 
• Infection of closed hemorrhoidectomy sites 
• Fecal impaction 
• Anal stenosis 
• Skin necrosis 
• Intramucosal or suture abscess from ligation techniques 
• Cryptoglandular abscess 
• Tenesmus 

• Persistent or excessive levator spasm 
• Pelvic sepsis, necrotizing soft tissue infections, anorectal necrosis 
• Systemic absorption of sclerosant solution leading to acute 

respiratory distress syndrome (ARDS)  
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Daniel Albo 

DEFINITION 

• An anal fissure is an acute longitudinal tear or a chronic 
ovoid ulcer in the squamous epithelium of the anal canaL 

• They are also often referred to as fissure in ano. 
• The exact etiology of anal fissures is debated. Risk factors 

that increase the likelihood of developing an anal fissure 
include the following: 

Increased sphincter tone 
Chronic constipation 
Straining to have a bowel movement, especially if the 
stool is large, hard, and/or dry 
Sedentary lifestyle 
Sexual practices: anal intercourse, insertion of anal/rectal 
foreign bodies 
Overly tight or spastic anal sphincter muscles :  failure of 
relaxation of the anal sphincter during bowel movements 
Decreased blood flow to the perianal skin 
Scarring in the anorectal area 
Inflammatory bowel disease, such as Crohn's disease and 
ulcerative colitis 
Anal cancer, especially after radiation therapy 
Tuberculosis 
Sexually transmitted diseases (such as syphilis, gonorrhea, 
chlamydia, chancroid, HIV) 
Leukemic infiltrates 
Decreased blood flow to the anorectal area 
Anal fissures are also common in women after childbirth 
and in young infants. 
Women are more commonly affected than men ( 5 8 %  
v s .  42 % ) .  

DIFFERENTIAL DIAGNOSIS 

• Hemorrhoids (specially thrombosed hemorrhoids) 
• Anal canal cancer 
• Anal trauma 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients typically present with intense anal pain during and 
especially after defecation. The pain can last for several min
utes to a few hours after having a bowel movement. 

• Although patients are often asymptomatic between bowel 
movements, they often develop a "fear of defecation" and 
may try to avoid defecation secondary to the pain. 

• Chronic constipation is common. 
• Some bright red anal bleeding, especially on the toilet paper, 

IS common. 
• On physical exam, the anus appears tight and spastic . The 

pain is usually severe enough that the patient will not tolerate 
a digital rectal exam in the office.  

• On anoscopy, which oftentimes is done under conscious se
dation due to severe anal pain, the fissure is usually linear, 
although ovoid-shaped fissures are oftentimes seen as welL 

• Anal fissures are almost universally present along the poste
rior midline in men and they are often associated with a sen
tinel skin tag at the squamous-columnar epithelial junction 
(anal verge) .  In women, they can also be seen on an anterior 
location ( FIG 1 ) .  

• Anal fissures seen i n  Crohn's disease and tuberculosis are 
frequently painless. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Diagnosis is made by visual inspection. Unless findings sug
gest a specific cause or the appearance and/or location is 
unusual, further studies are not required. 

• In selected cases, flexible sigmoidoscopy or colonoscopy 
may be indicated.  

SURGICAL MANAGEMENT 

• The majority of anal fissures will resolve with medical man
agement and will not require surgery. 

• Medical management includes the following: 
Aggressive prevention of constipation 

Increase fiber and decrease fat in the diet 
Fiber supplementation 

Increase water intake 

FIG 1 • Ana l  f issure. With an anoscope i nserted in the ana l  
ca na l ,  a n  ana l  f issure can be seen  i n  the poster ior  m i d l i n e  of  the  
squamous ep ithe l i um  of  the ana l  can a l .  A sent ine l  sk in  tag  ca n be 
seen on the d ista l end  of the f i ssure on  the ana l  verge.  

1325 
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Use of moist pads (flushable baby wipes) for wiping and 
anal hygiene 
Avoiding straining or prolonged sitting on the toilet 
Soaking in a warm bath (also called a sitz bath ) ,  10 to 
20 minutes several times a day, to promote the relaxation 
of the anal muscles 

• These conservative measures lead to healing of the anal fis
sure in a few weeks to a few months in 80% to 90% of 
patients. However, when these conservative measures alone 
are not successful, pharmacologic intervention can also be 
instituted. This includes the following: 

Topical nitrates ointment: Examples include nitroglyc
erin ointment 0 .4% (Rectiv) and glyceryl trinitrate oint
ment (Rectogesic ) .  Although effective, they are dose 
dependent. Disabling headaches are common at higher 
doses, making patient compliance with the treatment 
unreliable. 
Topical calcium channel blockers, including nifedipine or 
diltiazem ointment, are as effective as nitrate ointments 
but with significantly less side effects. Examples include 
topical nifedipine 0 .3 % with lidocaine 1 .5 %  ointment 
and diltiazem 2% ointment. 

• Combination of medical therapies may offer up to 9 8 %  cure 
rates. 

• A combined surgical and pharmacologic treatment, admin
istered by colorectal surgeons, is periodic direct injection 
of botulinum toxin (Botox) into the anal sphincter to relax 
it. Oftentimes, these injections prove less and less potent 
with each application. With patients spending thousands of 

FIG 2 • Mod if ied l ithotomy posit ion .  The legs a re p laced on 
st i rrups with padd i ng  to he lp  prevent neu rovascu l a r  i n ju r ies .  

dollars and not achieving a permanent cure, they oftentimes 
elect to have surgery. 

• When conservative medical therapy fails, surgery is considered. 

Preoperative Planning 

• Mechanical bowel preparation is not necessary. 
• Fleet enemas are prescribed for the night before and the 

morning of surgery to clear the rectal vault. 
• Intravenous cefoxitin is administered within 1 hour of skin 

incision. 
• A preoperative time-out and briefing is conducted with the 

entire surgical team in attendance. 
• An anal block with bupivacaine extended-release liposome 

injection is associated with both pain relief for 72 hours and 
a 45 % reduction in total opioid consumption at 72 hours. 

Positioning 

• The patient is placed supine on a modified lithotomy posi
tion with the legs on padded stirrups to prevent neurovascu
lar injuries to the calves ( FIG 2 ) .  

• Alternatively, the patient can b e  placed i n  a prone j ackknife 
position on a split-leg table, with the surgeon positioned be
tween the legs ( FIG 3) .  The buttocks are spread apart with 
tape. 

• The author prefers to perform these procedures under gen
eral anesthesia. 

• Using headlights is critical for good visualization. 

FIG 3 • Prone jackkn ife posit ion .  The lower extrem ities a re 
p laced on a sp l it- leg ta b le  posit ion to a l low the su rgeon to 
operate from i n  between the patient's legs .  
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CLOSED LATERAL INTERNAL 

SP HINCTEROTOMY (TRANSCUTANEOUS) 

• Us ing  l ub r icat ion, perform a gent le ana l  d i lat ion with 
two f ingers. 

• An anoscope is used to confi rm the presence of the ana l  
f issure. 

• With the patient on a modif ied l ithotomy position and 
pa lpati ng with  the t ip of your  r ight  index f inger, identify 
the ana l  i ntersph incteric g roove (FIG 4) .  The i ntersph i nc
ter ic g roove i s  a d i st i nct g roove in the ana l  cana l ,  form ing 
the lower border of  the pecten ana l  i s ,  mark ing  the change 
between the su bcutaneous part of the externa l  ana l  
sph incter and the border of the interna l  ana l  sph incter. 

• For the c losed i nterna l  l atera l sph incterotomy, the au 
thor p refers to u se  a cata ract sca l pe l  due  to the verti
ca l  p l ane  of the cutt ing  edge of the b lade (FIG S), as 
opposed to the ob l i que  plane of the cutt ing edge of 
a no .  1 1  b l ade .  Th i s  makes it eas ier to cut the i nterna l  
sph incter more eve n ly as the sca lpe l  i s  withd rawn from 
the i ntersph incter ic g roove. 

• P lace your l eft i ndex fi nger  i n  the ana l  cana l .  In cases of 
H IV or hepatit is B/C i nfect ion,  i nsert an ana l  specu l u m  
i nstead o f  i nsert i ng  you r own f inger  as a precaut ion to 
avoid potent ia l  t ra nsmiss ion of com m u n icab le  d isease i n  
case o f  inadvertent i n ju ry t o  you r  i ndex f inger  d u r i n g  the 
sph i ncterotomy. 

Vertical cutting edge --- --- Non-cutting edge 

FIG S • A cata ract sca lpe l .  This sca l pe l 's b lade has a vertica l 
cutt i ng  edge and  a b l unt edge on the opposite s ide, mak ing  
i t s  shape and  s i ze  idea l  to i nsert i n  the i ntersph incter ic g roove . 

• Us ing  a no .  1 1  b lade sca lpe l  on your r ight hand, create a • I ntroduce a cata ract b lade sca l pe l  through th i s  sk in  
open ing  and  i nto the i ntersph i n cter ic g roove, w i th  the 
b lade of the kn ife i n  between the i nterna l  and  externa l  
ana l  sph incter musc les and  unt i l  the t ip  of the b lade i s  
l ocated j ust d i sta l to the level of the dentate l ine (FIG 6) .  
The  b l ade  shou l d  be i n serted para l le l  to  the sph incter 

sma l l  open i ng  on the skin over ly i ng  the i ntersph i ncter ic  
g roove on the patient's l eft latera l s ide .  Perform ing  the 
c losed latera l i nterna l  sph incterotomy on the ana l  cana l 's 
l eft latera l s ide is eas ier  for a r ight-handed su rgeon to 
perform (sca lpe l  i n  your dom inant hand) .  

FIG 4 • The intersph incteric g roove. The i ntersphincteric 
groove can be easi ly palpated by the su rgeon's r ight index 
f inger between the external and interna l  anal sphincters. 

1 327 
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I nternal sph incter 

External sph incter 

lntersphincteric groove 

Intact 
epithelial 
l in ing 

Cut internal 
sphincter 

''·_-.:Tr----- lntact external 
sph incter 

FIG 6 • C losed i nterna l  latera l  sph incterotomy: i n se rt ion of 
the cata ract sca lpe l  i nto the i ntersph incter ic  g roove. The b lade 
of the cata ract sca lpe l  i s  i nserted i nto the g roove, para l l e l  to  
the p l ane  of the sph i ncters, i n  order to avo id  inadvertent 
i n ju ry to the externa l  sph incter upon i nsert ion .  

FIG 7 • Closed interna l  latera l  sph incterotomy. The cata ract 
sca l pe l  b lade i s  fi rst pushed i nterna l l y  toward the ana l  ca n a l  
and  i s  t h e n  withd rawn (dotted arrows), cutt i ng  the i nterna l  
sph incter i n  the process. The i ndex f inger  ins ide  the ana l  ca n a l  
a l lows the su rgeon t o  g a u g e  the proper depth o f  transect ion 
through the sph incter without v io lat ing the ep ithe l i a l  l i n i n g  
o f  the ana l  ca n a l .  

• 

• 

• 

• 

• 

musc les, so that it is or iented on an anter ior/poster ior  
d i rect ion,  therefore prevent ing acc identa l  cutt ing  of the 
externa l  sph incter on the way i n .  • 

Alternative ly, you can use a no .  1 1  b lade sca lpe l  if a 
cata ract sca lpe l  is not ava i l ab le .  
Now, turn the b lade of  the cata ract sca l pe l  90 degrees so  
that  the l eft latera l  cutt ing  edge i s  fac ing  i nward, toward 
the i nterna l  a n a l  sph incter. 
Press the cutt ing  edge of the b lade towa rd you r  i ndex 
f inger  (p laced i n  the ana l  cana l ), cutt ing the i nterna l 
sph incter in the p rocess (FIG 7) .  As you withdraw the 
sca lpe l  outwa rd, f in i sh  cutt ing  the i nterna l  sph incter 
even ly  i n  one sweep ing  motion .  Repeat this maneuver if • 

necessa ry. 
If you transected the i nterna l  sph incter a ppropr iate ly, 
you shou ld  feel the anus  re lax i m med iate ly. • 

Avo id  cutt ing  the m ucosa of the ana l  cana l  beca use th i s  
cou l d  lead to trou b lesome ana l  f istu lae  postoperative ly. 
In the event that the a n a l  cana l  mucosa is cut, reap
prox imate it with ru n n i n g  fast-a bsorba b le  3-0 suture. 
The p resence of you r  i ndex finger i n  the ana l  cana l  a l 
l ows you  to  fee l  the b lade as it cuts th rough  the i nterna l  
sph incter and  he lps p revent cutt i ng  the mucosa of the 
ana l  ca n a l .  

M i nor  b leed ing  from the sk in  open i ng  a t  the end  of 
the p roced u re i s  not uncommon;  ho ld i ng  p ressure from 
ins ide  and outs ide  the ana l  cana l  i s  usua l ly a l l  that it i s  
necessa ry to ach ieve hemostas is .  If more troub lesome 
b leed i n g  occu rs from the transected i nterna l  sph incter 
m usc le bed, you can i nject thromb in  g l ue  i nto the area 
and hold p ressure .  I n  the rare cases where the b leed i ng  
does not  stop, you  may  have to  open  the over lay ing mu
cosa of the ana l  ca na l  to expose the b leeder and  control 
it surg ica l ly. 
P lace a tampon in the ana l  ca na l  at the comp let ion of 
the procedure for hemostas i s; the patient can remove it 
postoperatively . 
I n  patients with l a rge  left latera l hemorrho ids, the c losed 
l atera l i nterna l  sph i ncterotomy can be performed on  the 
patient's r ight latera l s i de, in between the r ight a nter ior 
and r ight poster ior  hemorrhoida l  pedic les .  Th i s  he lps 
reduce the r i sk of b leed i ng  from a transected hemor
rho ida l  ped ic le .  The techn ique  used is the same as the 
one  descr ibed here, but us ing your r ight i ndex f inger  
i n  the ana l  cana l  and  cutt ing  with the sca lpe l  i n  you r  
left hand .  
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OPEN LATERAL INTERNAL 

SP HINCTEROTOMY 

• Us ing  l ub r icat ion, perform a gent le ana l  d i lat ion with 
two f ingers. 

• An ana l  specu l u m  is inserted to confi rm the presence of 
the ana l  f issure and  to expose the ana l  ca na l .  

• With the patient on a modif ied l ithotomy position and 
pa lpati ng with  the t ip of your  r ight  index f inger, identify 
the ana l  i ntersph incteric g roove (FIG 4) .  The i ntersph i nc
ter ic g roove i s  a d i st i nct g roove in the ana l  cana l ,  form ing 
the lower border of  the pecten ana l  i s ,  mark ing  the change 
between the su bcutaneous part of the externa l  ana l  
sph incter and the border of the interna l  ana l  sph incter. 

• M a ke a rad i a l  inc i s ion with a no .  1 5  b lade sca l pe l  over 
the i ntersph i ncter ic  g roove on the patient's left latera l  
s ide  and  extend it towa rd the ana l  ca na l  for  a d ista nce of 
1 to 1 . 5 em (FIG SA) .  

• 

• 

• 

• 

• 

Perform i n g  the open l atera l i nterna l  sph incterotomy on 
the ana l  ca na l 's l eft latera l  s ide i s  eas ier for  a r ig ht-handed 
su rgeon to perform.  In patients with l a rge  left latera l  
hemorrho ids, the c losed latera l  i nterna l  sph incterotomy 
can be performed on the patient's r ight latera l  s ide, i n  
between t h e  r ight a nter ior and  r ight poster ior  hemor
rho ida l  pedic les .  Th i s  he l ps reduce the r isk of b leed i n g  
from a transected hemorrho ida l  ped ic le .  
Us ing  Metzenbaum scissors to deve lop a subm ucosa l 
p l ane, sepa rate the ana l  mucosa from the u nder ly ing 
i nterna l  sph i ncter (FIG SB) .  
The  d i sta l  aspect o f  the i ntern a l  ana l  sph incter and  the  
med i a l  aspect o f  the externa l  ana l  sph incter a re exposed .  
The i ntersph i ncter ic  g roove is d i ssected gent ly  with 
Metzenbaum scissors, comp letely separat ing the i ntern a l  
sph incter from the externa l  sph incter. 
The i nterna l  sph incter is then transected fu l l  th ickness 
(FIG SC) u nder  d i rect v isua l izat ion with Metzenbaum 

Internal sphincter 
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FIG 8 • Open i nterna l  l atera l sph incterotomy. A. A rad i a l  skin I nC I S IOn i s  made. B. A subm ucosa l d i ssect ion i s  performed 
expos ing the i ntern a l  and  externa l  ana l  sph i ncters. C. The i nterna l  sph incter is  cut to the l evel of the dentate l i ne .  0. The sk in 
inc is ion i s  c losed with runn i ng  a bsorbab le  suture.  
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scissors to the leve l of the dentate l i n e  (typ ica l ly a bout 
2 em i n  length) .  

• If you transected the i nterna l  sph incter a ppropr iately, 
you shou ld  feel the anus  re lax i m med iate ly. 

• Hemostas i s  is ca refu l ly ach ieved with e lectrocautery. 
• The inc i s ion is c losed with a ru n n i ng,  rap id ly  a bsorba b le  

3 -0  suture (FIG 80) .  
• P lace a tampon i n  the ana l  ca na l  at the comp let ion of the 

procedure for hemostas is .  

Other Procedures 

• The Lord p roced u re :  D i l at ion of the anus  is performed 
i n it ia l ly with two f ingers and then s lowly stretch i ng  the 
anal cana l  (over 2 to 3 m i n utes) unti l  it accommodates 

PEARLS AND PITFALLS 

• 

fou r  f ingers. The d i lat ion,  performed by movi ng the two 
f ingers around in a c i rcu l a r  fash ion,  accomp l ishes what 
was or ig i n a l ly descr ibed as a "contro l l ed"  d isrupt ion of 
the i nterna l  sph incter. The problem is  that there i s  rea l l y  
no way of contro l l i n g  the d i s rupt ion of the sph i ncter i n  
t h i s  way and  it i s  easy t o  d is rupt t h e  externa l  sph i ncter 
as we l l .  Th i s  p rocedure has  l a rge ly  been abandoned due  
to a n  unaccepta bly h i g h  inc idence of  ana l  i nconti nence 
associated with it . 
Exc i s ion ofthe fissure with poster ior  open sph i ncterotomy: 
This proced u re has  a l so been l a rge ly abandoned due to 
the deform ity that it prod uces in the ana l  ca n a l  and u nac
cepta bly h i g h  i nc idence of ana l  i ncont inence associated 
with it .  

Patient posit ion i ng  • The  author prefers the mod ified l i thotomy posit ion w i th  the l egs  e l evated .  

V isua l izat ion 

l ntersph i ncter ic  g roove 

C losed i nterna l  l atera l sph incterotomy 

Open i nterna l  l atera l sph incterotomy 

Postoperative care 

POSTOPERATIVE CARE 

• Us ing head l i ghts is cr it ica l for good v i sua l ization .  

• I t  i s  cr it ica l ly i mportant to  proper ly identify the i ntersph i ncter ic  g roove. 
• Gent le  pa l pat ion with the tip of the right i ndex f inger  a l l ows for eas ier  loca l iza

t ion of this g roove. 

• A left latera l i ntern a l  sph incterotomy i s  easier to perform for a r ig ht-handed su r
geon .  

• A r ight l atera l i nterna l  sph incterotomy may be preferred i n  pat ients with l a rge  
left l atera l hemorrho ids .  

• Us ing a cata ract b lade g reatly fac i l itates a more u n iform transect ion of the i nter
na l  sph incter. 

• Cut the i nterna l  sph incter as you withdraw the b lade out. 
• Having you r  left i ndex f inger ins ide the anal ca n a l  he lps p revent accidenta l ly cut

t ing the anal mucosa . 

• Sepa rate the i nterna l  and  externa l  sph incters. 
• Cut the i nterna l  sph incter to the leve l of the dentate l i ne .  
• This  resu lts i n  h igher  inc idence of ana l  sph i ncter dysfu nction postoperatively when 

compa red to the c losed tech n ique .  

• Agg ressive prevent ion of const i pat ion w i th  a bowel reg imen i s  mandatory. 

• This procedure is typically performed on an outpatient basis. 

• Wiping after bowel movements is only allowed with flush
able baby wipes (no toilet paper) to prevent irritation. 

• Use of zinc oxide ointments may help accelerate the healing 
of deep anal fissures. • The patient removes the anal tampon the day after surgery 

or during the first bowel movement. 
• Aggressive prevention of constipation with a bowel regimen 

is mandatory. 
• The patient is placed on a high-fiber, low-fat diet. 
• The author recommends over-the-counter fiber supplemen

tation (totaling 25 to 35 g of fiber per day) .  Stool softeners 
and increasing water intake are also necessary to promote 
soft bowel movements and to aid in the healing process. 

• Judicious use of laxatives. 
• Nonsteroidal antiinflammatory agents are prescribed. Nar

cotic use is used sparingly due to their tendency to induce 
constipation. 

• Warm sitz baths for comfort purposes are used. 

OUTCOMES AND POSTOPERATIVE 

COMPLICATIONS 

• Garcia-Aguilar and colleagues have published perhaps the most 
comprehensive analysis of outcomes after open internal sphinc
terotomy (OIS) and closed internal sphincterotomy (CIS) .  

• Overall, both techniques accomplish excellent results in 
terms of resolution of pain and healing of the fissure. 

• Differences in persistence of symptoms (3 .4% OIS vs. 5 . 3 %  
CIS ) ,  recurrence o f  the fissure ( 1 0 .9% vs. 1 1 .7% CIS ) ,  and 
need for reoperation (3 .4% OIS vs. 4% CIS ) were statisti
cally not significant. 
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• However, statistically significant differences were seen i n  the 
percentage of patients with permanent postoperative diffi
culty controlling gas (30 .3 % vs. 23 .6%;  P < .062 ) ,  soiling 
underclothing (26 .7% vs. 1 6 . 1  %; P < . 0 0 1 ) ,  and acciden
tal bowel movements ( 1 1 . 8 %  vs. 3 . 1  %; P < . 00 1 )  between 
those who underwent OIS and those who had CIS. 

• Although 90% of patients reported general overall sat
isfaction, more patients undergoing CIS ( 64.4 % )  than 
OIS (49 .7% ) were very satisfied with the results of the 
procedure. 

• The author concluded that lateral internal sphincterotomy 
is highly effective in treatment of chronic anal fissure but 
is associated with significant permanent alterations in con
tinence . CIS is preferable to OIS because it effects a similar 
rate of cure with less impairment of control. 
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Chapter 46 Operative Treatment of Rectal 
Prolapse: Perineal Approach 
{Aitemeier and Modified 
Delorme Procedures) 
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Valerie Bauer 

DEFINITION 

• Rectal prolapse is a " falling down" of the rectum caused by 
weakness in surrounding supportive tissues. Straining dur
ing constipation secondary to functional disorders of elimi
nation ( anismus) and anatomic causes of outlet obstruction 
such as middle and anterior pelvic organ prolapse (entero
cele, sigmoidocele, rectocele, hysterocele, and cystocele) are 
major risks factors . Other risk factors include low anterior 
cul-de-sac, multiparity, anal sphincter muscle weakness, 
levator diastasis, redundant rectosigmoid, and neurologic 
disease. 1  Recognition of the type of prolapse determines op
erative approach. Internal intussusception includes all layers 
of the rectum and rectosigmoid through the rectum and into 
the anal canal but not beyond. Partial thickness prolapse 
involves protrusion of the redundant mucosal layer of the 
rectum for a distance of 1 to 3 em from the anal margin 
( FIG 1A) .  True prolapse consists of a full-thickness protru
sion of all layers of the rectum through a sliding hernia of 
the cul-de-sac so that the rectum is out of the body ( FIG 1 8) .2 

A 

B 
FIG 1 • Presentat ion of fu l l -th ickness recta l p ro l apse.  A. M ucosa l 
pro la pse showing  concentr ic c i rc les of m ucosa l fo lds  i n  assoc iat ion 
with hysteroce le .  B. Large pro la pse i n  recurrent d isease after a 
fa i l ed Alteme ier  procedure showi ng engorged mucosa and  l oss 
of concentr ic fo lds .  
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DIFFERENTIAL DIAGNOSIS 

• Prolapsed and incarcerated internal hemorrhoids may appear 
similar to rectal prolapse. The appearance of concentric folds 
differentiate rectal prolapse from hemorrhoidal prolapse, 
which appears as radial invaginations relative to anatomic 
location of the internal hemorrhoidal cushions. 

• Enterocele and sigmoidocele is the combined prolapse of 
posterior vaginal wall and herniation of the respective seg
ments of bowel through the anterior cul-de-sac, which may 
cause anterior rectal prolapse and bleeding. 

• Hysterocele and cystocele involve vaginal prolapse, which can 
also contribute to the "pulling down" of the fascial support of 
the rectum. 

• Rectal cancer or polyps may act as a lead point from which 
colorectal prolapse occurs, hence underscoring the impor
tance of diagnostic colonoscopy to rule out proximal muco
sal pathology as a cause of intussusception. 

• Inflammatory colitides should be considered for findings of 
isolated rectal ulceration, seen in the anterior rectum at the 
point of retroperitoneal fixation, where repeated internal 
prolapse forms. A discrete anterior solitary rectal ulcer is 
approximately 4 to 10 em from the anal verge. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Successful perineal proctosigmoidectomy for full-thickness 
prolapse (Altemeier ) and mucosectomy for partial mucosal 
prolapse (modified Delorme) depends on proper determina
tion of type of prolapse. Therefore, accurate history and rec
ognition of physical examination findings is of paramount 
importance.  

• Surgery for isolated internal prolapse is currently not performed 
in lieu of conservative management to include dietary and be
havioral modifications, such as pelvic muscle rehabilitation for 
treatment of functional elimination disorders. However, future 
understanding of the relationship between posterior internal 
pelvic organ prolapse and middle/anterior pelvic organ pro
lapse may redefine guidelines for surgical indication using a 
multidisciplinary approach to multiorgan repair to include 
colorectal, urogynecology, and urology subspecialists. 

• A thorough history must identify causes of constipation (and 
excessive straining) such as dietary and social behaviors 
( inadequate fiber intake, sedentary lifestyle ) ,  medications, 
and medical conditions (hypothyroidism, electrolyte distur
bances, interstitial cystitis, pelvic organ prolapse, anxiety, or 
psychiatric disturbances ) .  

• Past surgical history of multiple prior pelvic operations (hys
terectomy, sacrocolpopexy, coloproctostomy) increases op
erative risk for complication. Prior abdominal repair of rectal 
prolapse with rectosigmoid resection is a contraindication to 

-
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perineal proctectomy due t o  altered mesenteric blood flow 
and risk for distal ischemia. 

• Risk factors for colorectal cancer and polyps is determined 
through family history and personal history of changes in 
bowel habits, bleeding, and results of most recent colonoscopy. 

• Obstetric and urogynecologic history aims to determine risk 
factors for anal muscle weakness and pelvic organ prolapse, 
such as number of intrauterine pregnancies, term vaginal deliv
eries, large-birth-weight baby, prolonged labor, use of forceps, 
high-grade vaginal tear, absence of controlled episiotomy, and 
urinary incontinence. Additionally, nulliparity has been asso
ciated with higher incidence of rectal prolapse as well.3•4 

• Initial presentation is commonly described as " something 
falling out that has to be pushed back in. "  Other possible 
initial complaints include a feeling of fullness in the pelvis, 
severe pain ( levator muscle spasm) ,  bleeding, incomplete 
evacuation with splinting or positional maneuvers to elimi
nate, excessive straining, mucus or fecal staining, perineal 
discomfort and burning (due to chronic moisture) ,  improved 
pain on lying down, and fecal urgency with "nothing there . "  

• Initial anorectal examination i s  done in  prone jackknife or 
lateral Sims position. It begins with inspection of the perianal 
skin. In the absence of grossly visible prolapse at the anal mar
gin, a patulous anus, fecal smearing, and thickening (lichenifi
cation) of anoderm due to chronic perineal moisture suggests 
rectal or mucosal prolapse. The appearance of the anus may 
be flat due to loss of compliance and function of the pelvic 
floor musculature (perineal descent syndrome) .  Visible scars 
due to episiotomy or prior anorectal surgery should be noted. 

• Vaginal examination may reveal anterior vaginal prolapse (cys
tocele) or posterior vaginal wall prolapse (rectocele, enterocele) .  

• Digital rectal examination determines anal sphincter tone and 
function. Patients with full-thickness prolapse often have little 
to no resting or squeeze tone due to levator muscle separation 
and pudendal nerve damage. Patients are asked to squeeze to 
give some indication of sphincter strength (diagnostic of fecal 
incontinence) .  Digital palpation of the perineal body may also 
reveal anterior thinning and sphincteric defect due to prior 
obstetric injury or other mechanisms of levator separation. 

• Digital compression in the anterior rectum may reveal recto
cele. The patient should be asked to strain during digital pal
pation to evaluate for paradoxical contraction or lack of anal 

sphincter relaxation ( indicative of functional elimination dis
order, anismus) .  Similarly, exaggerated strain may reproduce 
internal prolapse and/or rectocele, which is appreciated by 
luminal protrusion into the posterior wall of the vagina. 

• Anorectal examination uses a side-viewing anoscope 
(Hirschman) to evaluate the anal canal. Internal hemorrhoids 
may or may not prolapse with rectal prolapse. However, 
they may be inflamed, bleeding, or thrombosed due to exces
sive straining from outlet obstruction caused by the prolapse. 
Patients with rectal prolapse complain more of hemorrhoidal 
disease due to a lack of awareness of rectal prolapse. Rigid 
proctosigmoidoscopy allows for evaluation of the rectum 
and sigmoid up to 25 em from the anal verge for evidence 
of prolapse or other mucosal disease. Anterior solitary rectal 
ulcer is classically seen between the first and second valve of 
Houston and represents the point of recurrent internal pro
lapse. Release of air insufflation and having the patient bear 
down as the scope is withdrawn will prolapse redundant tis
sue into the aperture of the proctosigmoidoscope, which is 
diagnostic of rectal prolapse in the office.  

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Having the patient squat or strain, especially after adminis
tration of fleet enema, will help protrude the prolapsed rec
tum. This test is performed in the clinic and is diagnostic of 
rectal prolapse (toilet test ) .  

• Defecography uses fluoroscopic imaging t o  evaluate the struc
ture and function of posterior, middle, and anterior pelvic floor 
during the three phases of elimination-rest, squeeze, and 
strain. It may be used to diagnose rectal prolapse if it is not clin
ically evident. Pelvic floor structures are visualized using thick 
barium paste instilled into the rectum, a barium-impregnated 
tampon in the vagina, oral contrast for small bowel, and intra
venous contrast for visualization of the bladder. Internal rectal 
prolapse is demonstrated during strain in image (FIG 2A.B) .  

• Pelvic floor physiology testing determines preoperative func
tional baseline of the anal sphincter, especially when there is 
associated fecal incontinence. These tests include anal ma
nometry, rectal sensation, and anal electromyography (EMG).  

• Pudendal nerve terminal motor latency (PNTML) determines 
neurogenic impediment to anal sphincter muscle function. 

FIG 2 • A. C ine  defacog raphy d u r ing  the 
i n it i a l  stra i n  phase of e l i m i nat ion shows 
foreshorten i ng  of rectum with ear ly  i nterna l  
i ntussuscept ion .  B. T h e  pro la pse p rog resses 
with stra in ,  but not beyond the ana l  ca na l ,  
i l l ustrat i ng  i nterna l  recto-recta l  i ntussuscept ion 
(arrows) without mucosa l or  fu l l  th ickness 

B prolaspe.  
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Although pudendal neuropathy is not a contraindication for 
repair of rectal prolapse, its presence may predict poor out
come in improvement of fecal incontinence associated with 
rectal prolapse after surgery and should be discussed with 
the patient preoperatively.5 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Perineal repair of rectal prolapse is favored for patients with 
high-risk surgical comorbidites. Therefore, medical and 
cardiac risk stratification should be obtained prior to surgery 
and discussed with every patient, including the possibility of 
complication due to comorbid condition. 

PERINEAL PROCTECTOMY 

(ALTEMEIER PROCEDURE) 

Preparation after Anesthesia Induction 

• R ig id  p roctos igmoidoscopy is performed to ensure there 
is c lean preparat ion .  Res idua l  stool may be suct ioned and  
the rectum i rr igated with sa l i n e  o r  d i l uted Betad i ne  so lu 
t ion u nt i l  c l ean .  

• A fu l l  per inea l  and  vag i na l  preparat ion is performed 
using Betad i ne  sol ution .  

• A Fo ley catheter is i n serted .  
• Loca l a nesthes ia ,  us ing a tota l of 30 mL 0 .25% M a rca i ne  

w i th  1 :200,000 ep inephr ine ,  is  i nfi ltrated th rough  a 22-
gauge sp ina l  need le  i n  the i ntersph i ncter ic  g roove c i r
cu mferent i a l ly. 

• A Lone Sta r retractor system (CooperSurg ica l l nc, Trumbu l l ,  
CT) i s  posit ioned us i ng  sma l l  hooked retractors p laced at  
the dentate l i ne  ci rcumferentia l ly (FIG 3) .  

Incision 

• The pro la psed segment is g rasped with Babcock c l amps .  
• E lectrocautery is used to score a c i rcumferent i a l  inc i s ion 1 

to 1 Y, em proxi ma l  to the dentate l i n e .  Th i s  is deepened 

FIG 3 • P lacement of the Lone Sta r retractor us ing hooked 
e last ic bands attached to the dentate l ine i n  a c i rcumferent i a l  
fash ion .  

• Surgery is done under general anesthesia; however, in  the 
high-risk population, the procedure can be performed under 
spinal or even local anesthesia. 

• Patients undergo preoperative bowel preparation and fleet 
enemas before the procedure. 

• Previous intraabdominal resection for repair of rectal pro
lapse increases ischemic complications from subsequent 
perineal resections, and it is considered a relative contraindi
cation to perineal repair. 

Positioning 

• The patient may be placed in lithotomy position using candy 
cane or Allen stirrups or in prone j ackknife position. 

FIG 4 • A fu l l -th ickness inc i s ion i s  p laced 1 to 1 . 5 em from the 
ana l  verge us ing e lectroca utery a round  the rectum .  

• 

th roug h  a l l  the layers of recta l wa l l  c i rcu mferent i a l ly 
(FIG 4) .  
C lamps a re app l ied t o  t h e  d ista l e d g e  o f  t h e  rectum . 

Anterior Dissection of the Hernia Sac 

• A deep pouch of Doug las  is often encou ntered and  d i s
sected free from the a nter ior seg ment of the rectum 
(FIG S) .  

• The hern i a  sac is resected, a l lowi n g  access to the i n 
traabd o m i n a l  cavity a n d  de l ivery of  excess red undant 
bowe l .  

• The per itonea l  edges a re rea pprox imated us ing a bsorb
able sutu re, thus excl ud ing  the abdom i n a l  cavity. 

Posterior Dissection 

• An energy device, such as Ensea l  (Eth icon E ndo-Su rgery 
I nc, C inc in nati ,  OH) ,  may be used to seal  and  d iv ide the 
mesorectum (FIG 6) .  

• Red undant bowel is freely de l ivered (FIG 7A) .  The extent 
of de l ivery may va ry accord i ng  to the deg ree of pro la pse 
and  extent of surg ica l d issect ion (FIG 78) .  
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FIG 5 • Sharp d i ssect ion frees the a nter ior hern ia  sac (as 
noted by the arrows) from the prolapsed recta l t issue. 

Posterior Levatorplasty 

• A mod if icat ion of the Alteme ie r's operat ion i nvolves 
the add it ion of a levatorp lasty, which i s  the p l i cat ion of 
e ither the a nter ior or the poste r ior  levator a n i  m uscles 
with long-term a bsorbab le  sutu res such as  polyd ioxa
none (PDS). P lacat ion of e ither the a nter ior or  poster ior  
l evator muscles decreases pe lv ic  out let apertu re and  de
creases recu rrence wh i l e  i m prov ing cont inence.6 Ante
r ior  l evatorp lasty i s  associated with a h igher  i nc idence of 
dyspareun ia  than poster ior  l evatorp lasty. 

• The l evator a n i  m usc le is g rasped on each s ide with a 
Babcock c l amp  and  reapproxi mated us ing two to th ree 
i nterru pted sutu res (FIG 8) .  Care shou ld  be taken to en
su re that  two f ingerb readths pass  th roug h  the rema i n i ng  
a perture to  avo id  excessive compress ion o f  the rectum B 

and  subsequent const ipation .  F IG 7 • A,B. Va r iab le  degrees of  redundant pro la pse may  be  
observed i n  the mob i l izat ion and  de l ivery of  bowel .  

FIG 6 • An energy device that enab les sea l i n g  o f  mesorecta l 
vascu lature may be used to safe ly and  ra p id ly d iv ide the 
mesorectum i n  the p rocess of mob i l iz i ng  the red undant recta l 
prola pse. 

• If the per itonea l  cavity is entered, the peritoneum i s  
c losed with absorba b le  sutu res. The bowel  i s  fastened 
to the per itoneum and  a nter ior t i ssue us ing i nterrupted 
a bsorba b le  sutures. 

Resection of Redundant Rectosigmoid 

• 

• 

• 

• 

The level of transect ion is determ i n ed by the v ia b i l ity of 
the bowel and  approximat ion to the p roxi m a l  free edge 
of the d ista l  resected cuff. D iv is ion beg in s  a nter ior ly. In  
order to p revent retract ion of the rectum i nto the pelv is, 
fou r  corner sutu res a re p laced and  left tagged pr ior  to 
comp letely transect ing the rectum .  
Absorbab le  2 -0  Vicry l  sutu res a re p laced fu l l  th ickness i n  
i nterru pted fash ion,  reapprox imat ing t h e  bowe l .  
U pon comp let ion, r ig id  proctoscopy i s  performed t o  en
sure the v iab i l ity of the bowel proxima l  to the anastomosis 
and a lso to assess the i nteg rity of the bowel ,  ru l i ng  out a 
poss ib le  perforation that m ight have been incu rred du r ing 
the d i ssect ion .  
The Lone Sta r retractor i s  removed and  the anastomosis 
i s  i nter ior ized.  

1 33 5  
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FIG 8 • I l l u strates p l icat ion tech n ique  of the poster ior  l evator a n i  
musc les .  Note that two f ingerbreadths pass through t h e  rema i n i n g  
apertu re i n  the rea pprox imated levator a n i  musc le t o  avo id  excessive 
compress ion of the rectum and subseq uent const i pation .  

DELORME PROCEDURE 

• This  proced u re was described by Delorme in 1 900, for 
repa i r  of mucosa l pro lapse, and i nvolves stri pp ing of the 
mucosa from the prolapsed bowel ,  p lacati ng the denuded 
muscu la r  wa l l ,  and reanastomosing the mucosa l r ings.' 

Preparation after Anesthesia Induction 

• 

• 

The patient is pos it ioned and  prepared i n  s im i l a r  fash ion 
than that of a n  Alteme ier  p rocedure .  
The subm ucosa i s  inf i ltrated us ing a loca l anesthetic such 
as 0.25% bu p ivaca i ne  with 1 :200,000 ep inephr ine  i n  order 
to reduce bleed ing  and fac i l itate the plane of d i ssect ion .  

Incision 

• 

• 

A c i rcu l a r  inc i s ion is made through the mucosa approxi
mately 1 em proxi ma l  to the dentate l i n e  (FIG 9A) .  
A s leeve of  mucosa and  subm ucosa i s  sharp ly d i ssected 
from the under ly ing muscle to the apex of p rotrud ing  
bowel and  the po int  at wh ich there is some tens ion 
(FIG 98) .  

Plication of muscularis propria 
• The denuded musc le (m uscu lar i s  propria) is prepa red for 

long itud ina l  p l icat ion by p lac ing serial A l l is c l amps i n  each 
quadrant.  Vicryl sutu res a re p laced in  al l  four quadrants, 

FIG 9 • A. The mucosa is 
d i ssected 1 .0 to 1 . 5 em proxi ma l  
to  the dentate l i ne, and  (B) 
it i s  then str ipped off of the 
muscu lar i s  propr ia .  
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beg i n n i ng from proxima l  to the inc ised mucosa and end
i ng  at the leve l  to where the mucosa i s  d i ssected (FIG 10) .  
The  p lacati ng  sutu res a re t i ed  after conf irmation of  a bso
l ute hemostas is .  

Resection and anastomosis 

• The str i pped mucosa is then excised and  anastomosed to 
the d i sta l  mucosa with i nterru pted a bsorbab le  sutu res. 

FIG 10 • The muscu lar i s  propr ia i s  
p l icated i n  a l l  fou r  quadra nts. 
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PEARLS AND PITFALLS 

I n d icat ions • A thorough h i story and  physica l exam inat ion shou ld  be obta i ned, i n c l ud i ng  i n -office adm in istra-
tion of enema to reproduce and confi rm fu l l -th ickness o r  parti a l  recta l pro l apse. 

• C l i n i ca l  suspic ion for i nterna l  pro lapse may be d i agnosed with sym ptoms of incomp lete defecat ion 
and  defecogram showi ng rectorecta l i ntussuscept ion with o r  without obstruct ion .  

• Pr ior  h i story of recta l pro la pse repa i r  i ncreases r i sk for  ischem ia  on su bsequent per i nea l  repa i r  if 
the i n it i a l  procedure i nvolved d iv i s ion of mesenter ic b lood flow. 

• Comp lete co lonoscop ic  eva l uat ion shou ld  be performed to ru le  out proxi ma l  cause of obstructed 
defecat ion o r  p ro l apse.  

D issect ion • I dentif icat ion,  resect ion,  and  c losure of the a nter ior hern ia  a re im portant for ob l iterat i ng  the her-
n i a  sac contri but ing to the anter ior pro l apse. 

• Care shou ld  be taken to prevent d iv i s ion of the mesentery p roxima l  to the bowe l edge i n  order to 
m i n i m ize a nastomotic ischemia  and tens ion .  

Levatorp lasty • P lacat ion of e ither the a nter ior or poster ior  levator musc les decreases pe lv ic  out let a pertu re and  
decreases recu rrence wh i l e  im prov ing  cont inence. 

• Anter ior  l evatorp lasty i s  associated with h i ghe r  i nc idence of dyspareun i a .  
• Poster ior  l evatorp lasty shou ld  a l low two fi ngerb readths between  the bowel and  muscle approxi

mation to m i n i m ize const ipat ion postoperative ly. 

R ig id  p roctos igmo idoscopy • Eva luates for potent ia l  u n recog n ized recta l perforation  that may have been undetected dur i ng  the 
d issect ion 
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POSTOPERATIVE CARE 

• Regular diet is usually resumed on postoperative day 1 .  
• The Foley catheter i s  removed the day after surgery. The patient 

can be discharged on postoperative day 1 .  
• A bowel regimen should b e  implemented to minimize con

stipation and excessive straining postoperatively. The patient 
should be educated to take adequate fiber intake and gentle 
cathartics, such as milk of magnesia, each day for 2 weeks 
until the anastomosis has healed. Avoidance of excess straining 
should be stressed, along with orders for nothing per rectum. 

OUTCOMES 

• Perineal proctosigmoidectomy has variable reported recur
rence rates ranging from 1 0 %  to 25% in large clinical studies. 
The addition of posterior levatorplasty improves recurrence 
rates down to 7.7% and also increases time to recurrence 
from 13 .3  months to 45 .5 months.6 

• The Delorme procedure has similarly high recurrence rates 
but has been favored to perineal proctosigmoidectomy in 
cases of extreme comorbid conditions or failed surgery for 
prolapse.8 

COMPLICATIONS 

• Anastomotic dehiscence ( intrapelvic leakage is uncommon) 
is usually due to tension and/or poor blood supply. There-

fore, extreme care must be taken to mobilize the bowel 
adequately and to avoid transecting the mesentery too far 
proximally. 

• Bleeding occurs in 5% of patients, with resulting pelvic he
matoma. 

• Anastomotic stricture: Most patients will develop some de
gree of stricture, but it rarely requires dilatation. 
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Karin M. Hardiman 

DEFINITION 

• Rectal prolapse is the full-thickness protrusion of the rectum 
through the anus. The rectum intussuscepts and then pro
gresses onward to come out of the anus. 

DIFFERENTIAL DIAGNOSIS 

• It is important to differentiate rectal prolapse from prolaps
ing hemorrhoids (FIG 1 ), as the treatment paradigms are 
completely different. 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• Rectal prolapse is most common in multiparous elderly women 
with long-standing constipation. A small percentage is also 
seen in young male patients. Scleroderma and psychiatric dis
orders are also more common in patients with rectal prolapse. 

• Patients describe having tissue extrude from their anus that 
usually retracts on its own or with manual pressure . Pro
lapse is most often associated with episodes of straining but 
it can occur even with ambulation, especially in elderly fe
male patients . It is important to elicit how much they are 
prolapsing, how often, and how much it is bothering them 
in order to decide whether to operate. Prolapse is often as
sociated with mild bleeding and mucus. 

• It is important to elicit any bowel habits dysfunction that 
has to be addressed. Recurrence rates of prolapse are higher 

Anterior 

A 

after surgery when severe constipation or obstructed defeca
tion due to pelvic floor dysfunction are not addressed. 

• The patient should be asked about their continence as the sur
geries for prolapse described here do not immediately improve 
continence. After prolapse surgery, about half of patients have 
some improvement in continence over time, but if their incon
tinence is severe and they cannot squeeze on exam, they may 
be better served with an ostomy. Intense counseling is criticaL 

• Associated gynecologic and/or urologic pelvic floor dysfunc
tion issues ( including difficulty with urination and uterine 
prolapse) commonly seen in rectal prolapse patients should 
be addressed in a multidisciplinary fashion together with a 
urogynecologist. 

• Patients often come with digital photographs of their pro
lapse that allow for confirmation of the diagnosis. Other
wise, it is important to elicit the prolapse in the clinic to be 
able to differentiate it from prolapsing hemorrhoids. 

• The best way to confirm the rectal prolapse is to give the 
patient 5 minutes on the toilet to elicit the prolapse and then 
examine them. Rectal prolapse looks like a single long tube 
sticking out with concentric ring; prolapsing hemorrhoids 
look like multiple individual quadrants of tissue ( FIG 1 ) . 

• Physical exam should include digital rectal exam to assess 
for masses. Having the patient push during the exam allows 
the examiner to feel for enterocele, rectocele, and cystocele. 
In addition, the patient should be asked to squeeze to assess 
the sphincter muscles. 

B 

FIG 1 • It is i m portant to d i fferenti ate (A) recta l pro la pse from (B) pro laps ing  i nterna l  hemorrho ids .  Recta l  pro la pse is p ro laps ing  t issue 
that has fu l l  concentr ic r ings (patient i s  i n  sup ine  posit ion, i n  candy canes) .  Pro laps ing  i nterna l  hemorrho ids  i s  a mucosa l pro lapse i n  th ree 
sepa rate bund les (patient is  in a prone jackkn ife posit ion) .  

1339 

I 
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• Patients with an incarcerated rectal prolapse may on occa
sion present to the emergency room. In these cases, the treat
ment depends on the appearance of the bowel. If viable, 
gentle reduction with sedation, reassurance, and education 
are usually all that is needed and the patient can follow up 
electively; if not viable, a perineal proctectomy is needed. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Any patient being evaluated for rectal prolapse should have 
a colonoscopy to rule out either a malignancy acting as the 
lead point of the prolapse or a synchronous tumor. 

• In patients that are unable to elicit prolapse or bring you a 
picture, a defecography can be very helpful. During this pro
cedure, the patient's small bowel, rectum, and vagina are all 
filled with contrast and the patient is asked to have a barium 
bowel movement while the radiologist takes a video. This 
often demonstrates the prolapse along with other types of 
pelvic floor dysfunction. The prolapse may not be seen on 
defecography, as evacuation of barium requires less straining 
than evacuation of hard stool in constipated patients. 

SURGICAL MANAGEMENT 

Operative Planning and Strategy 

• The choice of operation is dependent on many factors in
cluding patient health, prior surgeries, the operating sur
geon's comfort with laparoscopy, and whether the patient 
has a history of constipation. 

• If the patient is healthy enough, then an abdominal rather 
than a perineal approach should be offered due to the lower 
risk of recurrence. Otherwise, they may be better served with 
a lower risk perineal operation or no operation at all. 

• Rectal prolapse is not dangerous unless incarcerated, so not 
all patients are offered operation. 

• Abdominal surgery for rectal prolapse should include dis
section posterior to the mesorectum with fixation of the 
mobilized rectum j ust below the sacral promontory, as this 
fixation decreases the risk of recurrence. The fixation can be 
performed with sutures or with mesh. 

• In constipated patients, resection of the sigmoid colon is rec
ommended. In these cases, although not proven beneficial by 
Cochrane review of available evidence, either a full bowel 
preparation or just enemas can be performed preoperatively 
at the surgeon's discretion. 

LAPAROSCOPIC SUTURE RECTOPEXY 

Insufflation, Port, and Team Setup 

• The surgery can be performed open or laparoscopically. 
Laparoscopic surgery is associated with significant short
term advantages over open surgery. 

• Preoperative antibiotics are given within 1 hour of incision 
to decrease the risk of postoperative wound infection and 
are stopped within 24 hours of surgery. 

• Heparin prophylaxis is given perioperatively to lower the 
risk of deep vein thrombosis. 

Positioning 

• Any rectal prolapse should be reduced manually prior to 
starting the operation. 

• For laparoscopic operations, the patient is placed on a lithot
omy position with the legs on Yellofin stirrups and with the 
thighs parallel to the ground to avoid conflict with the sur
geon's arms ( FIG 2 ) .  Avoid pressure on the calves and lateral 
peroneal nerves. 

• Both arms are tucked and padded to avoid nerve injuries ( for 
open cases, the arms are placed on arm boards laterally) .  All 
lines and cords are kept out of the tucking. 

• Tape the patient across the chest over a towel to secure him/ 
her to the operating room (OR) table. 

FIG 2 • Pat ient posit ion i ng  for l aparoscop ic  recta l prola pse 
repa i r. The patient i s  p laced in a l i thotomy position with the 
th ighs  para l le l  to the ground to avoid confl i ct with the su rgeon's 
arms .  The patient is p laced on a beanbag with both arms tucked 
and taped to the table over a towe l .  

Posterior Dissection 

• 

• The abdomen is accessed with e ither a Veress need le  or a 
H assan port at the i nfer ior  port ion of the u m b i l icus and  
carbon d ioxide (C02) pneumoperitoneum is  estab l i shed . 

The patient is p laced i n  a steep Trende lenburg posit ion 
with the left s ide up .  The bowe l i s  p laced i n  the upper  
abdomen .  The s igmo id  co lon and  rectum a re often very 
red undant  and  can be ha rd to man ipu late. At t imes, th i s  
may req u i re add it iona l  port p l acement.  

• Port p lacement (FIG 3) :  A 5-mm i nfra u m b i l i ca l  camera 
port is i n serted for the 30-deg ree camera .  Th ree 5-mm 
work ing ports a re i n serted i n  the r ight  lower quadra nt, 
the r ight upper  quadra nt, and  the left lower quadrant .  

• The su rgeon sta nds on the patient's r ight s ide, with the 
scru b n u rse next to h i m/he r. The ass istant stands on the 
l eft s ide of the ta b le  (FIG 4) .  

• The rectos igmoid  is pu l led toward the abdom i n a l  wa l l ,  
tent ing upward the base  of  i t s  mesentery at the sacra l 
promontory (FIG 5) .  The per itoneum is i ncised a long  the 
root of the mesoco lon  with cautery across the promon
tory and  towa rd the r ight and left posterolatera l aspect 
of the cu l-de-sac. 
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FIG 3 • Laparoscopic rectopexy port placement. A 5-mm 
i nfraumb i l ical camera port is i nserted for the 30-degree camera. 
Three 5-mm working ports are i nserted in  the r ight lower 
quadrant, the right upper quadrant, and the left lower quadrant. 

• 

• 

The rectum is then l ifted a nter ior ly toward the abdomi 
na l  wa l l  i n  order  to revea l  the a lveo la r  p l ane  i n  the pre
sacra l space located between the mesorectum and the 
presacra l fascia (FIG 6) .  D i ssect the presacra l space d is
ta l ly with a n  energy device unt i l  reach ing  j ust a bove the 
ana l  can a l .  D ig ita l recta l exa m i nat ion may be needed 
to confi rm the d i sta l  extent of d i ssect ion i s  appropr iate 
(FIG 7) .  
Avoid  penetrat ion i nto t h e  endopelv ic  fasc ia  a l o n g  the 
latera l  pe lv ic wa l l ,  because th i s  can lead to ser ious b leed
i ng  from the hypogastric ve in  and  its  branches .  A lso, 
d i ssect i ng  i nto the p resacra l fascia cou ld  resu lt in cata
stroph i c  b leed i ng  from the presacra l venous p lexus .  

Surgeon 

Scrub 
nurse 

Anesthesiolog ist 

FIG 4 • OR tea m setu p .  The surgeon stands on the patient's 
r ight s ide with the scrub n u rse next to h i m/her. The ass ista nt 
stands on the l eft s ide  of the ta b le .  

• The sym pathetic nerves shou ld  be identif ied and  pre
served i ntact i n  the retroper itoneu m .  

• M i n i m ize u n necessa ry d i ssect ion of the latera l  recta l 
sta l ks .  

Rectopexy 

• Comp letely reduce the pro lapse by retract ing  the recto
s igmo id  j unct ion in a cepha lad  d i rect ion .  

FIG S • The rectos igmo id  i s  pu l led toward the abdom i n a l  
wa l l , tenti ng o u t  the base o f  its mesentery per itoneum at 
the sacra l promontory. The per itoneum is  i ncised a long  the 
root of the mesoco lon  (dotted line) across the promontory 
towa rd the r ight posterol atera l cu l-de-sac. 
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FIG 6 • The rectum is l ifted anter ior ly toward the abdomina l  
wa l l  i n  o rder  to revea l the a lveo la r  p l ane  between the  
mesorectum and the p resacra l fasc i a .  

• The rectopexy sutu res (bra ided nonabsorba b le  or ab
sorbab le  sutu res) a re p l aced sta rt i ng  j ust be low the top 
of the promontory. Wh i l e  retract ing  the rectum anter i
or ly, th ree sutu res a re p laced along the m i d l i ne, from 
the p resacra l fascia to the back of the mesorectu m, p lac
ing the most d i sta l  stitch fi rst (FIG 8) .  S H  need les w i l l  fit 
through 5-mm ports if the cu rve of the need le  i s  s l i ght ly 
f lattened .  

• When p lac ing these stitches, it is i m portant to have the 
need le  enter at a r ight ang l e  to the bone and  then turn 
the need le  after the bone i s  fe lt  so that a wide swath 
of p resacra l  fascia i s  i ncorporated in the stitch (FIG 8) .  
Pu l l  up  on the mesorectum and p l a ce  the stitch through 

FIG 8 • Stitch p lacement for rectopexy. The stitches a re 
p laced a long the m i d l i ne, sta rt ing  with the fi rst one a few 
cent imeters d ista l to the promontory and  movi ng  u pwa rd.  
The need le  should enter the p resacra l fasc ia at a r i ght 
ang le .  When bone is felt, turn the need le  to enc i rc le a 
wide swath of presacra l fasc i a .  Pu l l  up on the mesorectum 
and p lace the stitch through the back of the mesorectum 
to pu l l  the rectum upwa rd when tying  the knots. 

Sacral 
promontory 

Rectum 

Instrument at distal 
extent of d issection 

behind rectum 

FIG 7 • D ig ita l  recta l exa m i nat ion a l lows pa l pati ng  an 
i n strument p laced at the d ista l end of d issect ion,  confi rm ing  
that  the poster ior  d i ssect ion has  reached the top of  the 
ana l  ca na l .  

the back  o f  the mesorectum to p u l l  the rectum upward 
when tyi ng the knots. It i s  he lpfu l  to use a knot pusher or  
an  automatic tyi ng device to t ie  the knots i n  the na rrow 
confi nes of the p resacra l space. 

• Another im portant t ip  is not to remove any m isp laced 
stitches but i nstead to just t ie  them, as remova l can resu lt  
i n  s ign if icant b leed ing  from the presacra l ve ins .  

Closure 

• Assess the abdomen for hemostas is; remove a l l  ports and  
c lose sk in  i nc i s ions w i th  a bsorba b le  suture.  

Mesorectum 

Presacral 
fascia 

Needle 
entering 

presacral 
fascia at a 
right angle 

Rectum 

promontory need le  driver 
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HAND-ASSISTED LAPAROSCOPIC 

SURGERY RESECTION RECTOPEXY 

• H a nd-assisted lapa roscop ic  surgery (HALS) in co lorecta l 
su rge ry has  the same short-term outcome advantages 
of conventiona l  l a pa roscop ic-assisted (LA) su rgery over 
open surgery, i n c l ud ing  less pain, faster recovery, lower 
i nc idence of wound compl icat ions, and reduction of ca r
d iopu lmonary comp l ications, espec ia l l y  in the obese and  
i n  the e lder ly. 

• Adva ntages of HALS over conventiona l  LA co lorecta l su r
gery i nc l ude  the fo l l owing :  
• Reintroduces tact i l e  feedback i nto the f ie ld  
• Shorter learn ing  cu rves; eas ier  to teach 
• Shorter operative t i mes and  l ower convers ion to 

open rates 
• H ighe r  usage rates of m i n i m a l ly i nvasive surgery 

Port Placement, Team, and Operating Room Setup 

• Sta rt by p lac ing  a hand  access port through  a 5- to 6-cm 
Pfa nnenstie l  i nc i s ion .  Care is taken to avo id  b ladder  
i n ju ry (FIGS 9, 1 3 ) .  

• I nsuffl ate the C02 pneumoperitoneum;  a 5-mm port i s  
p l aced through the hand port .  

• I nsert a 5-mm supra u m b i l i ca l  camera port .  
• I nsert two 5-mm worki ng ports i n  the r ight and  left lower 

quadra nts, respectively. 
• The operat ing  team and  OR setup is otherwise ident ica l  

as previous ly descr ibed (FIG 4) .  

5 mm 

5 mm 5 mm 
0 

Hand port 

FIG 9 • HALS rectopexy port p l acement.  A 5-mm su pra
u m b i l i ca l  camera port is  i nserted for the 30-deg ree camera. 
Two 5-mm worki ng  ports a re i nserted i n  the r ight lower 
quadra nt and the left lower quadra nt.  The hand port (Gel  Port) 
is i n serted th roug h  a 5- to 6-cm Pfannenst ie l  i nc i s ion .  

POSTERIOR DISSECTION 

• 

• 

• 

• 

• 

• 

The pat ient is p l aced i n  a steep Trende l enbu rg pos i 
t ion  with the l eft s ide up.  Us ing you r  r ight hand, gen
t ly  pu l l  the sma l l  bowe l out of  the pe lv i s  and  p l aced 
it i n  the upper abdomen .  A l apa rotomy sponge, i n 
serted v ia  the hand  port, can be used to ho ld  the  sma l l  
bowel out o f  the pe lv i s  a n d  a l so t o  c l ean  the camera t i p  
i ntracorporea l ly. 
The s igmo id  co lon  and rectum a re often very redundant 
and  can be ha rd to man ipu l ate. HALS g reatly fac i l itates 
th i s  maneuver. If necessa ry, i nsert an add it iona l  port for 
th i s  pu rpose. 
Us ing  the hand, the rectos igmo id  j u nct ion i s  pu l led to
ward the a nter ior  a bdom i n a l  wa l l  and pub is, tent i ng  out 
the per itoneum at the sacra l promontory. This pe rito
neum i s  i n c ised with cautery across the promontory and  
towa rd the poste rolatera l  cu l -de-sac on the r i gh t  and  
l eft s ides .  
The rectum i s  then l ifted a nter ior ly toward the abdomi 
na l  wa l l  i n  order  to revea l  the a lveo l a r  p l ane  i n  the pre
sacra l space located between the mesorectum and the 
presacra l fascia (FIG 6) .  Di ssect the presacra l space d is
ta l ly with an energy device unt i l  reach ing  j ust a bove the 
ana l  ca na l .  D i g ita l recta l exam inat ion may be needed to 
confirm the d i sta l extent of d i ssect ion i s  appropr iate. 
Avo id  penetrat ion i nto the endopelv ic  fasc ia  a long the 
latera l  pe lv ic wa l l ,  because th i s  can lead to ser ious b leed
i ng  from the hypogastric ve i n  and  its  branches .  A lso, 
d issect i ng  i nto the p resacra l fascia cou l d  resu l t  in cata
stroph i c  b leed i n g  form the presacra l venous p lexus .  
The sym pathetic nerves should be identif ied and  pre-
served i ntact i n  the retroperitoneum.  

• M i n i m a l  d issect ion of the latera l  recta l sta l ks shou ld  be 
performed.  

Sigmoid Resection 

• 

• 

• 

• 

• 

This  step shou ld  on ly  be performed if the patient has  a 
red undant co lon  and  severe const ipat ion .  
The mesentery of the s igmo id  co lon  i s  sepa rated from 
the retroper itoneum b l unt ly by med ia l  to l atera l d i ssec
t ion sta rt ing  at the o r ig i na l  open i ng  made in the perito
neum at the sacra l .  The i nfer ior  mesenter ic a rtery i s  l ifted 
up and  the left u reter and  gonada l  vesse l a re identif ied 
and  left i ntact i n  the retroper itoneum (FIG 1 0) .  
Once th i s  d issect ion reaches the abdom ina l  s i de  wa l l ,  the 
attachments between the s igmoid co lon and  the latera l  
per itoneum a re d iv ided .  
The mesentery to the bowel  to be resected i s  d iv ided 
with the L igaSure or  Ha rmon ic, stay ing c lose to the 
bowel unt i l the top of the rectum is reached d i sta l ly and  
the po i n t  appropr iate fo r  a nastomosis i s  reached proxi
ma l ly. Th is  p roxima l  point is  where the p roxima l  co lon  
reaches the rectum i n  the posit ion it w i l l  be i n  after the 
rectopexy. 
The bowe l is d iv ided d i sta l ly at the top of the rectum as 
defi ned by the sp layi ng of the ten iae co l i .  Th i s  d iv i s ion 
can be done with a lapa roscop ic  gastroi ntest ina l  anasto
mosis (G IA), Contour, o r  thoracoa bdom ina l  (TA) sta p le r  
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FIG 1 0  • Schematic (A) and  operative (B) p ictu res. Med ia l  to late ra l  mob i l izat ion of the mesosigmo id  co lon .  The 
mesentery of the s igmoid co lon i s  sepa rated from the retroper itoneum b l u nt ly by media l  to latera l d i ssect ion sta rt i ng  at 
the or ig i na l  open i ng  made i n  the per itoneum at the sacra l promontory. The i nfer ior  mesenteric a rtery ( I MA) i s  l ifted up 
and the left u reter and gonada l  vesse l a re identif ied and l eft i ntact i n  the retroper itoneum.  

p l aced th roug h  the hand  port .  Th i s  posit ion i s  est imated 
by pu l l i n g  the top of the rectum up  to the top of the 
sacra l promontory. The proxi m a l  bowe l i s  then pu l led • 

through the hand  port and  is d iv ided extracorporea l ly. 
A 3 1 -m m  end-to-end a nastomosis  (E EA) anv i l  i s  then 
p l aced i n  the open end of the descend ing  co lon .  

wou ld  i nd icate a d i s rupt ion i n  the a nastomotic l i n e  and  
may necessitate revis ion of  the a nastomosis .  
If there is undue tens ion on  the a nastomos is, the lat
era l  and retroperitonea l  attachments to the descend ing  
co lon  shou ld  be d iv ided .  

The end-to-end co lorecta l a nastomosis with a 3 1 -m m  
EEA (FIG 1 1 ) i s  performed after t h e  rectopexy sutu res 
a re p laced but before they a re t ied .  

Rectopexy 

• The l id  of the hand port can be left on or off for p lacement 
An underwater air test i s  performed to check for a nas-
tomotic leak (FIG 1 2) .  Perform after tyi ng the rectopexy • 

sutu res. Perform th i s  test with a co lonoscope so that the 
a nastomosis ca n be viewed at the same t ime .  An a i r  leak 

of the rectopexy sutu res depend ing on surgeon preference. 
The rectopexy sutu res a re to be p laced sta rt ing  j ust 
below the top of the promontory. A long,  bra ided 
non a bsorbab le  sutu re on a n  S H  need le is  used to perform 

FIG 11 • The end-to-end co lorecta l anastomosis 
is performed with a 3 1 -mm EEA. 
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sutu re rectopexy. Alternatively, a bsorbab le  suture or 
mesh can be used.  

• The rectum is he ld  out of the way with a retractor, and  

F IG  1 2  • An underwater a i r  test i s  performed to  check for 
a nastomotic leak. An a i r  leak wou l d  i nd i cate a d is rupt ion 
i n  the a nastomotic l ine and  may necessitate rev is ion of the 
a nastomosis .  

rect u m  i s  h itched up h i g he r  o n  the  sacru m than it was 
prev ious ly. This  s hou l d  be  repeated for each of the 
th ree stitches .  

th ree sutu res a re p laced i n  the m id l i n e  f rom the p resacra l • If a resect ion is being performed, p lace the sutu res, tag 
them, and then t ie them after perform ing the a nastomosis . 

• 

fascia to the back of the mesorectu m, p lac ing  the most 
d ista l stitch fi rst (FIG 8) .  
When  p l a c i ng  these stitches, it i s  im portant to  have the  
need le  enter the t issue a t  a r i gh t  ang l e  to  the bone  and  
then  tu rn  the need le  after the bone  i s  felt so  tha t  a wide 
swath of p resacra l fasc ia  is  enc i rc led .  Another t ip  i s  not 
to remove any misp laced stitches but i nstead to j ust t ie  
them, as  remova l can resu l t  i n  s i gn if icant b leed ing  from 

Closure 

• The rectus musc les and  per itoneum ca n be approximated 
with a bsorbab le  suture o r  not. 

• The a nter ior fascia is c l osed with runn i ng  polyd ioxanone 
(PDS) sutu res. 

the p resacra l ve ins .  • The wound is i rr igated and  the sk in  is c losed with run
n i ng  a bsorbab le  su bcuticu l a r  sutu res. • The rect u m  s h o u l d  be  p u l l ed  up (with any p ro-

l a pse reduced)  and the st itch s hou l d  then be p l aced • The 5-mm port sites a re c losed with a bsorbab le  su bcu
t icu l a r  sutu res. th rough  the back of the mesorectum such that the  

OPEN RECTOPEXY WITH OR WITHOUT 

SIGMOID RESECTION 

Pfannenstiel Incision 

• M a ke a 1 0-cm Pfannenst ie l  inc i s ion two f ingerb readths 
a bove the pubis .  Div ide the anter ior fascia with ca utery, 
ta k ing  care to leave the rectus muscles i ntact. Th i s  d iv i 
s ion shou ld  cu rve super ior ly  at the latera l edges so as  not 
to d iv ide the ob l ique musc les .  

• Create a p l ane  between the a nter ior fascia and  the an 
ter ior  surface of  the rectus m usc le us ing  ca utery and  f in
ger  d issect ion whi le  l i ft i ng  up  on the fasc ia  with Kocher  
c l amps (FIG 1 3) .  Th i s  p lane  shou ld  extend  down to the 
pub i s  i nfer ior ly and  super ior ly up  about 6 em.  

• 

• 

F ind  the m i d l i ne  between the rectus muscles and  sharp ly  
enter  the abdomen severa l cent imeters from the pub i s  in  
order to avo id enter i ng  the b ladder. 
With the b ladder  retracted med ia l ly, the poster ior  rec
tus sheet/peritoneum is  i n c ised i nfero latera l ly in order 

FIG 13 • Pfannenst ie l  inc is ion .  The p lane between the ante
rior fascia and the a nter ior su rface of the rectus musc le has 
been created wh i l e  l ift i ng  up  on  the rectus fascia with Kocher 
c l amps.  Th i s  p l ane  should extend down to the pubis i nfer ior ly 
and  super ior ly up  a bout 6 em.  

1 345 
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FIG 14 • Pfannenst ie l  i nc i s ion .  The poster ior  rectus sheet/ 
per itoneum is  i n c ised i nfero l atera l ly with the b ladder  
retracted med i a l ly to avo id  in ju r ing  the b ladder. 

to avoid i nju r i ng  the b ladder  (FIG 14) .  This  can be done 
b i l atera l ly o r  on  one s ide or  the other. 

• P lace a wound  protector (FIG 1 5) .  

Posterior Dissection 

• P lace the patient in Trende lenburg posit ion .  P lace a 
Bookwa lter (or s im i l a r) retractor for exposure .  

• P u l l  the rectos igmo id  forwa rd and  i nc ise the per i 
tone u m  at the sacra l promontory. At the top of the 
promontory, the sym pathet ic hypogastr ic nerves shou ld  
be ident if ied a n d  preserved .  They  fo rm a wishbone 
he re and  extend  forwa rd a round  the rectum (FIG 1 6) .  

FIG 1 5  • P lacement o f  t h e  wound  protector. 

FIG 1 6  • I dentif icat ion of the hypogastr ic nerves. At the top 
of the promontory, the sym pathetic hypogastric nerves shou ld  
be identif ied and  p reserved .  They form a w i shbone here and  
extend  forwa rd a round  the rectum .  

• 

• 

• 

If these a re d iv ided i n  a m a l e  pat ient, the conseq uence 
i s  retrograde ejacu l at i on .  
P lace a S t .  Mark's retractor i n  th i s  per itonea l  open i n g, 
p u l l  forwa rd and  super ior ly on the rectum, and  d iv ide 
the a lveo la r  p lane between the mesorectum and  the p re
sacra l fascia with the Bovie ca utery, ta k ing  care to stay 
out of the presacra l venous p lexus (FIG 1 7) .  
As  the  d issection proceeds, t he  St. Mark's retractor should 
be p laced more d ista l ly so that appropriate tension is a lways 
maintained. This d i ssection should be carried out posterior 
to the rectum down to the level of the pelvic floor. 
The l atera l sta l ks shou ld  be left i ntact as much as pos
s ib l e  du r i ng  th i s  d i ssect ion .  Usefu l tools for th i s  d issect ion 
i nc lude  the long t ip  for the Bovie as  we l l  as the extender  
that ca n be p laced between the long t ip  and  the hand
p iece and  bar iatr ic  St .  Ma rk's retractors. 

Pelvic brim 

Alveolar 
tissue between 
mesorectum 
and presacral 
fascia 

FIG 17 • Exposu re of the p resacra l space us ing the St. Ma rk's 
retractor. P lace the retractor beh ind  the mesorectum and  
p u l l  forward and  upward to  revea l  the a lveo l a r  p l ane  of  the  
p resacra l space. The  d i ssect ion i s  carr ied down to  the level 
of the pelv ic f loor; reposit ion the retractor freq uent ly to 
ma inta in  the proper tens ion to revea l  the correct t issue p lane .  
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• Check the extent of the d i sta l  d i ssect ion by p lac ing  one  
hand or  su rg ica l i nstru ment i n  the abdomen at the most 
d i sta l extent of the d i ssect ion and  then reach under  the • 

d ra pes to p lace a f inger  in the anus  to feel the other  
hand through the poster ior  recta l wa l l .  The d i ssect ion 
shou ld  extend to the top of the ana l  ca na l .  

• Any pro la pse shou ld  aga i n  be reduced at th i s  t ime .  • 

Sigmoid Resection 

• 

• 

• 

• 

This  step shou ld  on ly  be performed if the patient has  a 
very red undant s igmo id  co lon  and  severe const i pation .  
The  tech n ique  fo r  open  s igmo idectomy has  been  de 
scr ibed e l sewhere i n  th i s  book. 
The bowel is  d iv ided d i sta l ly at the top of the rectum as  
defi ned by the sp lay ing of the ten iae .  
The proxi ma l  po int  of  tra nsect ion i s  where the proxi m a l  
co lon reaches the prox ima l  rectum i n  the posit ion it w i l l  
be i n  after the rectopexy. Th i s  posit ion i s  est imated by 
pu l l i ng  the top of the rectum up to the top of the sacra l 
promontory. 
The co lorecta l anastomosis with 3 1 -m m  EEA sta p le r  i s  
performed after the rectopexy sutu res a re p l aced but be
fore they a re t ied .  

• 

• 

• 

is attached to the promontory and  then sutu red to the 
rectum or  mesorectum can a lso be used.  
The rectum is  he ld  out of the way with a retractor and  
th ree sutu res a re p laced i n  the m i d l i n e  from the p resacra l 
fascia to the back of the mesorectu m, p lac ing  the most 
d ista l stitch fi rst. 
When p lac ing these stitches, it i s  i m portant to have the 
need le  enter the p resacra l t issue at a r ight ang le to the 
bone and  then turn the need le  after the bone i s  felt so 
that a wide swath of p resacra l fasc ia i s  enc i rc led (FIG 8) .  
Another t ip  i s  not to remove any misp l aced stitches but 
i nstead to j ust t ie  them as remova l can resu lt i n  s i gn if i 
cant b leed i ng  from the p resacra l veins .  
The rectum should be pu l led u p  (with any pro lapse re
duced) and  the st itch shou ld  then be p l aced through the 
back of the mesorectum such that the rectum is  h itched 
up  h ighe r  on the sacrum than it was previous ly. This 
shou ld  be repeated for each of the th ree st itches. 
Alternative ly, the stitches can be attached to the latera l  
sta l k  on  one s ide o r  the other. 
If a resect ion is be ing  performed, p lace the sutu res, tag 
them with hemostats, and then t ie  them after perform
ing the anastomosis with a 3 1 -m m  EEA sta p le r. 

Closure 
Rectopexy 

• The rectus muscles and  per itoneum ca n be approxi mated 
• The rectopexy sutu res a re to be p laced sta rt ing  j ust be low 

the top of the sacra l promontory. Use a long,  bra ided • 

nonabsorba b le  suture on an SH need le  to perform the • 

suture rectopexy, or a bsorba b le  sutu re or even mesh that 

PEARLS AND PITFALLS 

with a bsorbab le  suture or not. 
The anterior fascia is then c losed with runn i ng  PDS sutu res. 
The wound is  i rr igated and the sk in  c losed with ru n n i n g  
a bsorba b le  subcuticu l a r  sutu res. 

D iagnos i s  • M ust d ifferentiate recta l pro la pse from pro laps ing  i nterna l  hemorrho ids  

Poster ior  d i ssect ion • M ust stay i n  the correct p lane and  i n  the m i d l i ne; otherwise, severe b leed i ng  may occur. 

S igmo id  resect ion • Perform resect ion on ly i n  patient's very redundant s igmoids and  with severe under ly ing const ipation .  
• The a nastomosis  shou ld  be tens ion-free without red undancy. 

Rectopexy • Always check and  be su re that the recta l pro la pse is reduced before perform ing  the rectopexy. 
• P lace sutu res through presacra l fascia below top of promontory. 
• Tie, rather than remove, m i sp laced p resacra l stitches to avoid b leed i ng .  

POSTOPERATIVE CARE 

• The orogastric tube is removed at the completion of the case. 
• Patients are offered liquids the day of surgery and their diets 

are advanced to a general diet as tolerated. Reasons not to 
advance the diet include nausea, vomiting, and abdominal 
distention. Flatus is not needed for diet advancement but is 
preferred prior to discharge home. 

• Length of stay varies, with laparoscopic and HALS suture 
rectopexy often being as short as 2 days and open resection 
rectopexy as long as 7 days. 

• Chemical and mechanical prophylaxis for deep vein throm
bosis should be started in the operating room and should be 
continued postoperatively. 

• Early ambulation is important. 

• Pain is managed with a combination of narcotic and nonnar
cotic medications, starting with mostly intravenous medica
tions and quickly converting over to oral medications. 

• The Foley catheter is left in place 2 days due to the low pel
vic dissection. Upon removal, the patient should attempt 
to void frequently and intermittent straight catheterization 
should be performed as needed for retention. Some patients 
will continue to need this at home. 

• Patients should be placed on fiber and/or an osmotic laxa
tive such as MiraLAX as soon as they are able to tolerate 
oral intake. The goal is one or two soft bowel movements 
a day such that straining is avoided. The medication can be 
titrated at home to reach this goal as not all patients have a 
bowel movement prior to discharge. 



1 348 P a r t 4 OPERATIVE TECHNIQUES IN COLON AND RECTAL SURGERY 

OUTCOMES 

• Recurrence rates are very low, with most series reporting less 
than 5% recurrence. 

• If recurrence occurs in the case of rectopexy alone, rectopexy 
can be performed again with or without resection. 

• If recurrence occurs after resection and rectopexy, further 
attempts at repair must be chosen carefully so as not to de
vascularize any bowel . 

COMPLICATIONS 

• Pelvic bleeding in the postoperative period is avoided by me
ticulous technique and hemostasis. If it occurs and is not pro
fuse, it will usually stop by withholding all anticoagulants . 

• Wound infection is the most common complication and 
should be treated by opening the skin and packing the 
wound until healing occurs . 

• The risk of anastomotic leak is 2 %  to 5 % .  
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DEFINITION 

• The term peritoneal surface disease (PSD) describes the 
intraabdominal dissemination of neoplasms to perito
neal surfaces and is a term complementary to peritoneal 
carcinomatosis. 

• Cytoreductive surgery (CRS) and hyperthermic intraperito
neal chemotherapy (HIPEC) have been shown to be effective 
treatment options for a variety of epithelial primaries.  The 
scope of this chapter is to analyze the role of CRS/HIPEC 
in the management of selected colon cancer patients with 
peritoneal dissemination. 

• The operation is a two-step process: 
Surgical resection (CRS) of involved organs and perito
neal surfaces, followed by 
Delivery of heated chemotherapy (HIPEC) to the perito
neal cavity 

• During HIPEC, a heated chemotherapy solution is circulated 
in the abdominal cavity to treat any cancer cells that may 
remain after CRS. Delivering chemotherapy at the time of 
cytoreduction allows a more complete distribution in the 
peritoneal cavity and exposes tumor-to-drug concentrations 
higher than that achieved with systemic chemotherapy. 

• Thus, the theoretical advantage of CRS/HIPEC, which is 
now routinely performed in specialized centers, is that it 
treats macroscopic diseases surgically and microscopic dis
eases pharmacologically. The results of a prospective ran
domized trial testing this hypothesis are expected to be 
released soon. 

• The goal for CRS/HIPEC applied to PSD from colon can
cer is the complete cytoreduction of all macroscopic disease 
prior to perfusion with HIPEC. Therefore, appropriate can
didates are identified based not only on their ability to toler
ate aggressive CRS but also on the likelihood of obtaining a 
complete cytoreduction. 

• Careful selection of patients can help ensure that only those 
who can expect to have the greatest benefits are subjected to 
the inherent risks of this treatment paradigm. 

PATIENT SELECTION 

• Patient selection is based predominantly on the extent of dis
ease and the functional reserves of the patient. 

• Preoperative evaluation includes complete history and phys
ical, review of previously obtained pathology, and infused 
computed tomography (CT) of the chest abdomen and pelvis 
or dedicated abdominal magnetic resonance imaging (MRI ) .  

Preoperative lab  work includes blood counts, electrolytes, 
liver function panel, and carcinoembryonic antigen ( CEA) 
levels. 

• Our selection criteria include the following: 
The patient is medically fit to undergo CRS/HIPEC with
out signs of kidney, liver, or bone marrow dysfunction 
preoperatively. 
The patient's Eastern Cooperative Oncology Group (ECOG) 
functional status is less than or equal to 2.  
There is no extraabdominal disease or retroperitoneal 
disease. 
There is low-volume peritoneal disease (preferably a peri
toneal carcinomatosis index less than 14) that is poten
tially completely resectable. 
Any parenchymal hepatic metastasis should be limited 
and should not require anatomic liver resection. 

• Malignant ascites and bowel obstructions are predictors of 
incomplete resection and worse overall survival.  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Infused CT of the chest, abdomen, and pelvis is the standard 
preoperative imaging study and helps to rule out extraab
dominal disease, extensive hepatic metastases, and insur
mountable small bowel involvement. Sites of impending 
obstruction may also be identified. 

• Although the sensitivity of CT scan for detecting PSD is low, 
it is useful in determining overall operability. Solid disease 
components may be hidden in patients with large volumes 
of malignant ascites ( FIG 1 ) .  

• MRI may detect PSD with u p  t o  100% sensitivity, yet has 
a significantly high false-positive rate, especially after prior 
operations. This is because MRI is incapable of recognizing 
a difference between scar tissue and recurrent PSD. 

• Positron emission tomography (PET) is rarely used given 
that sensitivity and specificity are prohibitively low, espe
cially in patients with limited disease. 

• Endoscopy can allow clinicians to tattoo second colonic pri
maries in less than 5% of the patients. Endoscopic ultra
sonography is unlikely to change the management of these 
patients . 

• Diagnostic laparoscopy can assist in determining the extent 
and stage of PSD prior to CRS/HIPEC. 

• The peritoneal carcinomatosis index (PCI) is the most com
monly used staging system for PSD. It provides a way to 
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FIG 1 • I nfused CT of a patient with l a rge  vo l ume  of ma l i g nant 
ascites. The PCI i s  ca l cu lated based on the s ize of so l id  d isease 
components but it i s  not poss ib l e  to d i st i ngu ish so l i d  components 
from ascit ic f l u i d  in patients with a l a rge  vo l ume  of ma l i g nant 
ascites. I n  these cases, we use the ascites score to eva l uate 
patients for the operat ion .  

standardize the extent of disease. I t  has  been shown to have 
prognostic value and certain scores have been used as a cut
off in deciding when CRS/HIPEC is appropriate. Calculating 
the PCI involves dividing the abdomen into nine regions and 
the small bowel into four regions. For each region, a score of 
0 (no tumor) ,  1 (tumor up to 0.5 em) ,  2 (tumor up to 5 em) ,  
or  3 (tumor > 5  em)  is applied to assist in  understanding 
tumor burden. Scores for each of the 12 regions are tabu
lated to derive the PCI score. 

• We calculate ascites score in patients with voluminous 
ascites ( FIG 2 ) based on preoperative imaging. Patient 
with colorectal primaries and ascites score greater than 3 
(or three out of nine abdominal areas with ascitic fluid 
while on supine position on the CT table) have minimal 
chances to achieve a complete CRS. In these patients, we 
start the operation with diagnostic laparoscopy to establish 
resectability. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative assessment includes a history and physical, 
laboratory evaluation consisting of blood counts, compre
hensive metabolic panel, CEA, and a blood type with cross
match of four units of packed red blood cells. 

• Splenectomy vaccines are routinely administered at least 
2 weeks prior to the operation when splenectomy is 
anticipated. 

• At the surgeon's discretion, ureteral stems may be placed 
prior to incision. This is generally appropriate for patients 
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FIG 2 • Schematic for ca lcu lat ing the ascites score. One  point 
i s  assigned for the p resence of ma l i gnant ascites i n  each of n i ne  
abdom ina l  reg ions  on sup ine  CT. The  n i ne  reg ions  corre l ate with 
those used to ca l cu late the PCI .  

with a good possibility of ureteral involvement, prior 
retroperitoneal surgical exploration, or large volume of 
disease. 

• A bowel preparation is routine. Patients with a bowel ob
struction may benefit from the use of enemas. 

• Prophylactic antibiotics are administered prior to induction 
of anesthesia. 

• Both mechanical and pharmacologic deep vein thrombosis 
(DVT) prophylaxis is instituted as appropriate. 

Positioning and Team Setup 

• The majority of patients are placed supine. In cases of rectal 
cancer, induced PSD at modified lithotomy position is pre
ferred ( FIG 3) .  

• I n  the modified lithotomy position, the legs are placed in 
Allen or Yellofin stirrups .  All pressure points are padded to 
prevent neurovascular injuries and/or calf myonecrosis. 

• The thighs are positioned level with the abdomen, as this 
allows placement of a self-retaining retractor without creat
ing excessive pressure between the retractor and the patient's 
thighs. 

• The perineum is positioned flush with the edge of the operat
ing room table. 

• The arms are placed in a neutral position and supported 
with suitable armrests. 

• The surgeon starts at the patient's right side, with the as
sistant standing to the patient's left side and with the scrub 
nurse standing to the surgeon's right side ( FIG 4) .  If the pa
tient is in a modified lithotomy position, a second assistant 
would be standing in between the patient's legs. 
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F IG  3 • Pat ient posit i on i ng .  If a l a rge  bowe l resect ion i s  
a nt ic i pated, t h e  patient i s  p laced on a mod if ied l ithotomy 
position, with the legs on  Ye l l of in  sti rrups .  The th ighs  a re 
pos it ioned leve l with the abdomen,  as th i s  a l l ows p lacement 
of a se lf-reta i n i ng  retractor without creat ing  excessive pressu re 
between the retractor and  the patient's th ighs .  The arms a re 
tucked. A l l  pressure poi nts a re padded to prevent neu rovascu l a r  
in ju r ies and/or ca l f  myonecros is .  

CYTOREDUCTIVE SURGERY 

• After p repp ing  and  drap ing  the abdomen,  an inc i s ion i s  
made from the x ipho id  to the pub i s  to fac i l itate com- • 
p lete exposure of the peritonea l  cavity. 

• If the fa lc iform l i gament is p resent, it is resected i n  con
t i nu ity with the round l i gament pr ior  to plac ing a f ixed 
retractor (Bookwalter or  b i l atera l Thom pson) .  • 

• Al l  ad hes ions from previous operat ions a re lysed to a l low 
a l l  a reas of the per itonea l  cavity to be exposed to H I PEC.  

• It is i m portant at th i s  point to proceed with a deta i led map
p ing  of the d istr ibut ion of d isease pr ior to commenc ing 

Anesthesiolog ist 

FIG 4 • Tea m  setup .  The su rgeon sta rts at the patient's r ight 
s ide, with the assistant stand i ng  to the patient's l eft s ide and  with 
the scru b n u rse stand i ng  to the su rgeon's r ight s ide .  A second 
ass ista nt, if ava i l ab le ,  sta nds i n  between the patient's legs. 

with a ny organ resect ion .  I nvas ion of major vascu la r  retro
peritonea l  structu re or d isease at the porta he pat is shou ld 
not be undertaken for  colon cancer-i nd uced PSD.  
CRS is then undertaken to remove a l l  v is ib le tumor de
pos its  if possi b le .  O n ly peritonea l  surfaces i nvolved by 
tumor  deposits a re stri pped from the abdomina l  wa l l  
u s i n g  e lectrocautery. 
The g reater omentum is routi ne ly removed as it is near ly 
a lways a site of tumor deposits i n  patients with carcino
matosis (FIG 5) .  Any other i nvolved tissue or  organ not 
vital to the patient is a lso removed.  Dur ing resect ion of 
the lesser omentum (if there is no g ross i nvolvement), we 

FIG S • I ntraoperative photog raph of a patient with 
per itonea l  carci nomatosis .  Th icken i ng  of the omentum 
from tumor  imp l ants i s  referred to as  "omenta l  ca ke . "  
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attem pt to preserve the vaga l  branches go ing to the stom- • 

ach .  This  w i l l  spare the patient a long- lasti ng gastroparesis 
and wi l l  s ign ificantly improve postoperative qua l ity of l ife. 

• Sp lenectomy is performed i n  case of d i rect i nvolvement 
or  any identif ied i nvolvement of the left hem id i aph ragm 
i n  o rder  to fac i l itate a comp lete d i aph rag matic stri pp i ng .  • 

Attent ion shou ld  be taken to avo id  i n ju ry to the ta i l  of 
the pancreas.  I n  case of a d i sta l pancreatectomy, a d ra i n  
shou ld  be left i n  p lace .  Even  though the inc idence of  
pancreatic leak i s  not h i ghe r  w i th  CRS/H I PEC, the associ- • 

ated morta l ity is s i gn if icant ly h igher  and  shou ld  be taken 
i nto cons iderat ion .  

GRADING THE RESECTION 

• 

• 

• 

• 

The deg ree of resect ion is judged by the surgeon at the 
conc lus ion of the cytoreduct ion .  
Res idua l  d i sease i s  eva luated by measu r ing  the d i ameter 
of the l a rgest rema i n i n g  tumor deposits. 
The two c lass if icat ion systems i n  use a re the R status of re
sect ion and the comp leteness of cytored uct ion (CC) score 
(Tab le  1 ) .  Comp lete cytoreduction of a l l  g ross d i sease i s  
des ignated RO or  R 1  or  CC-0 . 
We defi ne  comp lete CRS as no macroscop ic  evidence 
of d i sease at comp let ion of CRS and  we g roup RO/R 1 
resect ions togethe r. We very rarely c la im  RO resect ion i n  
per itonea l  carci nomatosis, maybe on ly  i n  o l igometastat ic 
per itonea l  d i sease. I n  add it ion,  the patholog ist ca nnot 
practica l ly eva l uate the marg i ns, of the p lethora of speci
mens, that CRS produces. 

If du r i ng  the p roced u re the surgeon feels comp lete 
cytoreduction i s  not possi b le  or  carr ies undue  r isk for 
the patient, the operat ion is aborted or ta i l o red to de lay 
bowel  obstruct ion,  as i ncom p lete CRS offers no su rviva l 
advantage i n  co lon cancer-i nduced PSD.  
I f  a bowel resect ion  i s  req u i red,  no  d ata ex ist rega rd i n g  
t h e  t i m i n g  o f  creat i n g  a n  a nastomos i s; t hu s, any  a nas
tomosis req u i red cou l d  be made pr ior to o r  fo l l ow ing  
H I PEC .  Req u i red ostom ies a re created fo l l owi n g  H I PEC .  
We encourage the use  of  d ivert ing  loop i l eostomies  i n  
cases where a low a nter ior  resect ion (LAR) with pr imary 
a nastomosis is performed.  

Table 1: Grade of Resection 

R Status 

RO-clear 
marg ins 

R 1 -involved 
marg ins 

R2a 

R2b 
R2c 

Diameter of Completeness of 
Largest Remaining Cytoreduction 
Tumor Deposits Score 

O m m CC-ON-no v is ib le  d isease 
fo l lowing neoadjuvant 
chemotherapy 

CC-OS-no v is ib le 
d isease rema ins  

2 .5  m m  C C - 1  
5 m m  CC-2 
> 5  m m-20 mm 
>20  m m-25 mm 
>25 mm CC-3 

The two classification systems in use are the R status of resection and the 
completeness of cytoreduction (CC) score. Complete cytoreduction of all 
gross disease is designated RO or R 1 or CC-0. 

HYPERTHERMIC INTRAPERITONEAL 

CHEMOTHERAPY 

• Decid i ng  whether or not to proceed with H I PEC is based 
on the degree of resect ion ach ieved but i s  a lso i nfl uenced 
by i n st itut iona l  p rotocols .  Although  H I PEC has a ro le  in 
patients fo l lowing  a com p lete cytoreduction, it i s  u n l i ke ly 
to pro long su rviva l fo l lowing  incomplete cytored uct ion .  
We do, however, perfuse patients with massive ma l i g nant 
ascites identif ied at exp lorat ion even if a comp lete cyto
reduction i s  not ach ieved. Th i s  he lps prevent the return of 
the ascites and i s  of pa l l iat ive benefit for the patient. 

• Severa l  factors that i nf luence the efficacy of the chemo
thera py i nc l ude  dose,  t im i ng, d i str ibut ion,  temperatu re, 
tumor  respons iveness, tumor  s ize, system ic  chemother
a py, and  pr ior  surgery. 

• The ratios of per itonea I drug concentrat ions to p lasma 
drug concentrat ions a re dependent both on the mo
lecu l a r  weight and  water  so lu b i l ity of the part icu l a r  
chemothera py (Tab le  2) .  The most common ly  u sed  che
motherapeutic agents for co lon cancer a re m itomyc in  C 
(M MC) and  oxa l i p lat i n .  

• H eat i ng the  chemotherapy i ncreases the penetrat ion  of 
agents i nto tumor  deposits and  enha nces the i r  cytotoxic 

• 

effects. The des i red temperatu re of the perfusate i n  the  
a bdomen ranges  f rom 4o•c  to 42"C .  Du r i ng  H I PEC, the  
pat ient  i s  coo led to p revent system i c  hyperthe rm ia .  
Lower i ng  the  room temperature and  us i ng  room tem
peratu re i ntravenous  fl u i d s  acco m p l i sh th is  pass ive 
coo l i n g .  
Perfus ion for co lon pr imar ies a t  ou r  i nstitut ion i s  gen
era l ly ma i nta ined for  1 20 m i n utes with MMC or  oxa l i 
p lat i n .  Perfus ion t i mes may  be decreased to  avoid 
system ic  a bsorpt ion i n  pat ients deemed to be part icu
lar ly  suscept ib le .  Factors that may make a patient more 

Table 2:  Chemotherapeutic Agents Used in 
Hyperthermic Intraperitoneal Chemotherapy 
for Colorectal Cancer 

Agent 

Floxurid ine 
M itomycin C 
Oxa l iplatin 

Molecular 
Weight 

246 Da 
334  Da 
397  Da 

Peritoneal Fluid 
Concentration to 

Plasma Concentration 

2000 : 1 
7 5 : 1  
2 5 : 1  
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suscept ib le  to drug tox icity i nc lude  extens ive peritonec
tomy, poor performance status, o r  old age .  
The perfusate i s  d ra i ned fo l l owing  the des ignated t ime 
per iod  for  perfus ion .  The abdomen is exp lored once 
aga i n  and anastomoses o r  ostomies a re created .  We do 
not rout ine ly p lace d ra i ns, with the except ion of patients 
undergo ing d i sta l pancreatectomy. The abdomen is 
c losed and  the p rocedure i s  conc luded .  
Several techn iques for  perfusing with H I PEC have evolved . A l l  
consist of  a closed c ircuit to mainta in  consistent hyperthermia 
and temperature monitoring (FIG 6A.B) .  There is insufficient 
evidence to support one technique over another. 

Video touch screen 

r--- Ro l ler pump 

Inflow catheter 

A 

B 

Hyperthermic Intraperitoneal Chemotherapy Delivery 
Modalities: The Closed Abdominal Technique 

• The c losed tech n ique  is one of the two most com mon ly 
used H I PEC techn i q ues.  

• This  tech n ique  i nvolves the p l acement of i nflow and  out
f low catheters through the skin pr ior  to sutu r ing  the sk in  
c losed i n  a tempora ry yet watert ight manner  (FIG 7) .  

• Tem porar i ly  c los ing at the leve l of the sk in  wh i l e  leavi ng  
the fasc ia  open  a l l ows contact of  the perfusate to the  
l i ke ly contam inated su bcuta neous t issue on e i the r  s ide of 
the i n c i s ion .  

FIG 6 • A. Schemat ic  of a H I PEC perfus ion c i rcuit .  
B. Photograph of the perfus ion c i rcu it .  F low of 
isoton i c  f lu id is  estab l i shed i nto the patient.  Inf low 
and  outflow temperatu res a re mon itored and  the 
perfusate i s  titrated to a n  outflow temperature 
of 40°( to 42"C. The chemotherapeut ic agent i s  
added at th i s  po i nt. The perfusate exits the patient, 
i s  fi ltered, and cyc led back through the heat pump  
and  i nto the patient fo r  the set per iod of  t ime .  

1 353 
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FIG 7 • A photog ra ph dep icti ng  the c losed abdom ina l  
tech n ique .  There a re two i nflow and  two outflow ca n n u las 
that a l l ow the abdomen to be i n  cont i nu ity with the perfus ion 
c i rcu it. The abdomen has been c losed temporar i ly  with a 
runn ing  suture at the sk in  l eve l .  

• The operat ing room personne l  massage the abdomen (gen
tly shaking it i n  a back-and-forth rocking fashion) to help 
d i str ibute the perfusate throughout the abdomen (FIG 8) .  

• The i ncreased pressu re i n  the c losed techn ique  theoreti
ca l ly provides deeper penetrat ion of the chemothera py 
i nto t issues. 

• For these reasons, the closed techn ique  is ou r  p referred 
approach to de l iver ing  H I PEC .  

FIG 8 • D istr ibut ion of the perfusate. The operati ng room 
personne l  massage the abdomen (gently shak ing  it i n  a back 
and  forth rock ing fash ion)  to help d istr ibute the perfusate 
throughout the abdomen .  

Hyperthermic Intraperitoneal Chemotherapy Delivery 
Modalities: The Open, or Coliseum Technique 

• The open techn ique  is a lso a common ly  used H I PEC 
tech n ique .  

• This H I PEC techn ique invo lves sutu r ing p lastic sheeting 
c i rcumferentia l ly around the patient's sk in i ncis ion and 
secur ing it to the fixed retractor (FIG 9) .  This expands the 
potentia l space with a "co l i seum-l i ke"  device, wh ich a l lows 
the bowel to float freely in a la rger vo lume of perfusate. 

• Th i s  techn ique  theoretica l ly i ncreases exposure of a l l  su r
faces to the chemothera py. 

• The open tech n ique  a l l ows the surgeon to man ipu late the 
i ntraabdom ina l  contents and may fac i l itate a more even 
d istr ibut ion of heat and agent throughout the abdomen .  

• Due to concern regard i n g  exposure of operat ing  room 
personne l  to the chemotherapeut ic agent with the open 
tech n iq ue, spec i a l i zed educat ion and  tra i n i ng  of i nvolved 
personne l  i s  mandatory. Other  safety efforts i nc lude 
restr ict ion of  operati ng  room traffic, smoke evacuators, 
fi ltrat ion masks, and  waterproof gowns. 

Hyperthermic Intraperitoneal Chemotherapy 
Delivery Modalities: Other Techniques 

• Other moda l it ies of perfus ion have been deve loped i n  
a n  attem pt t o  com b ine  t h e  advantages o f  both t h e  open 
and  c losed tech n iques but a re not wide ly used .  

• These tech n iques may p rovide more even drug and  tem
peratu re d i str ibut ion ;  however, they a re genera l ly com
p lex and do not e l i m i nate al l  safety r isks to operat ing  
room personne l .  

Smoke evacuator tubing 

Perfusion 
cannulas 

Self-retaining retractor 

FIG 9 • The open or "co l i seum"  H I PEC tech n ique  i nvolves 
sutu r ing p lastic sheet ing c i rcu mferentia l ly around the patient's 
sk in  i nc is ion and  secu r ing it to the fixed retractor. Th i s  expa nds 
the potent ia l  space with a " co l i seum- l i ke "  device, wh ich a l l ows 
the bowe l to f loat freely in a l a rger  vo l ume  of perfusate. 
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PEARLS AND PITFALLS 

CRS/H IPEC goa l  • Comp lete cytored uct ion pr ior  to H I PEC i nfus ion 

Pat ient selection • I t  i s  cr it ica l  to sel ect appropr iate ca nd idates. I m porta nt e lements to assess i nc lude the fo l l owing :  
• Patient's performa nce status 
• Extent and d i str ibut ion of d i sease 

• Cons ider use of l apa roscopy. 

CRS • Remove everyth ing  with tumor deposits: (nonvital) organs and peritoneum .  
• If a bowel resect ion i s  req u i red, a n  a nastomosis may be created p r io r  to o r  fo l l owing  H I PEC.  
• Req u i red ostom ies a re created fo l lowi ng H I PEC .  
• The two predom i nati ng  c l assif i cat ion systems a re used : R status of resect ion and  the CC score. 

H I PEC • Perfuse for  1 20 m i n utes at 40°C to 42°C. 
• Temperatu re >42°C g reatly i n creases morb id ity/morta l i ty. 
• The closed abdomen and  open (co l iseum) tech n iques a re most freq uently used.  

Postoperative care • C lose ICU mon itor ing is req u i red .  
• Postoperative com p l icat ion rates a re h igh :  A h i gh  i ndex of c l i n ica l susp ic ion i s  req u i red .  

POSTOPERATIVE CARE 

• The goal is for extubation in the operating room, followed 
by hemodynamic support and close fluid monitoring in the 
intensive care unit (ICU) .  

• Seventy-five percent of  our patients require close monitoring 
in ICU postoperatively for a median stay of 1 day, whereas 
25% are admitted directly to the floor. 

• Total parenteral nutrition is not routinely initiated postop
eratively. A nasojejunal feeding tube is often but not always 
placed in the operating room for early initiation of trophic 
feeds. 

• Broad-spectrum intravenous antibiotics are not continued 
postoperatively. 

• Patients are kept NPO until exhibiting return of bowel func
tion. Nasogastric tubes are used as necessary. 

• The Foley catheter is removed within 48 hours; however, it 
is kept for 5 days in cases where an LAR was performed and 
for 10 days in cases of a cystectomy or bladder repair. 

• Patient-controlled analgesia (PCA) or thoracic epidural 
analgesia is used postoperatively at the discretion of the 
surgeon. 

• Mechanical and pharmacologic DVT prophylaxis is started 
on the day of the operation. 

• Aggressive chest physical therapy is instituted. Early ambu
lation is encouraged. 

• The median hospital stay for our first 1 ,000 CRS/HIPEC 
patients is 8 days. 

• Postdischarge follow-up: Patients are discharged home 
with 2 weeks of prophylactic enoxaparin and are initially 
seen for a postoperative checkup 2 weeks following dis
charge from the hospital .  Follow-up thereafter includes 
an examination, tumor markers, and CT imaging every 
3 months.  

COMPLICATIONS 

• Given the extent of the surgical resection required to achieve 
adequate cytoreduction, morbidity is significant. Major 
morbidity over the last 5 years for our institution is 27% 
with 3 . 8 %  mortality. 

• Complications are frequently divided into two groups: 
secondary to the operation itself or toxicity from the chemo
therapeutic agent. 

• The complications of CRS essentially depend on the com
bination of organs resected and are similar with that de
scribed in the general surgery literature . The gravity of 
the complication may be significantly worse and depends 
on the physiologic reserves of the patient (which are com
monly depleted) ,  the extent of CRS, ECOG, and impact of 
chemotherapy. 

• Twenty-three percent of patients are likely to require a 
blood transfusion at some point during their operation or 
hospitalization. 

• Predictors of morbidity include older age, higher PCI, 
greater number of visceral resections, poorer performance 
status, and higher drug dose. 

• Morbidity rates are related to the experience of the center 
performing CRS/HIPEC. 

• Common causes of death are bowel perforation, respiratory 
failure, bone marrow suppression, thromboembolic events, 
and sepsis. 

• Preoperatively, diabetes, the presence of ascites, bowel 
obstruction, and poor performance status are predictors of 
increased mortality rates. 

• Despite the significant rates of morbidity and mortality, 
CRS/HIPEC remains the only hope many of these patients 
have for long-term survival. Therefore, any legitimate 
evaluation of the complications following CRS/HIPEC must 
be compared to the inherent complications of PSD and its 
natural history without such treatment. 

OUTCOMES 

• The CC has been shown to be an important independent 
predictor of survival. The average rate of complete cytore
duction among high-volume centers is about 60% to 75 % .  

• Predictors o f  incomplete cytoreduction include poor perfor
mance status, disease outside of the peritoneal cavity, more 
than three hepatic metastases, biliary or ureteral obstruction, 
multifocal bowel obstructions, the presence of malignant 
ascites, and extensive disease in the gastrohepatic ligament. 
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• A consensus statement on the locoregional treatment of 
colorectal PSD recommends CRS/HIPEC as the treatment of 
choice for patients without distant metastatic disease and in 
whom complete cytoreduction is deemed feasible. 

• CRS/HIPEC in our institution has a median survival of 
33 .6  months in colorectal cancer patients who achieved a 
complete CRS and 2 1 .2 months if CRS/HIPEC is performed 
with synchronous hepatic resection of limited liver disease. 
This has to be compared with the 10 to 14 months median 
survival obtained with second-line chemotherapy and the 
3 months median survival obtained with third-line chemo
therapy for stage IV colorectal cancer patients . 

• It is important to mention that systemic chemotherapy and 
CRS/HIPEC are complementary treatment and not in lieu of 
each other. 

• These patients should be treated in a multidisciplinary fash
ion. Multiple lines of chemotherapy result in decrease in 
ECOG functional status, which is a well-documented pre
dictor of increased postoperative morbidity and mortality. 
Conversely, upfront CRS/HIPEC resulting in major morbid
ity will deprive the patient from timely administration of 
systemic chemotherapy. 

• Despite these results, HIPEC for this cohort has not been 
universally accepted in the oncology community and contro
versy remains . 

• Patient quality of life is another key outcome following CRS/ 
HIPEC. Our quality-of-life data indicate that patients return 
to their baseline between 3 and 6 months postoperatively. 
The expected decrease in quality of life immediately follow
ing such therapy and its duration should be communicated 
to patients considering CRS/HIPEC. 

MAIN POINTS OF CYTOREDUCTIVE 

SURGERY/HYPERTHERMIC 
INTRAPERITONEAL CHEMOTHERAPY FOR 

PATIENTS WITH PERITONEAL SURFACE 

DISEASE FROM COLON CANCER 

• CRS/HIPEC involves surgical resection of all seeded organs 
and peritoneal surfaces followed by heated chemotherapy 
within the abdomen. 

• When planning CRS/HIPEC for patients with PSD from co
lonic primary lesions, appropriate patient selection hinges 
on the feasibility of obtaining a complete cytoreduction and 
the patient's ability to undergo the procedure. 

• The sensitivity of preoperative CT in determining distribu
tion of disease is small. 

• The goal of CRS/HIPEC is the removal of all visible disease 
prior to perfusion with HIPEC. Incomplete cytoreduction 

offers no survival benefit in patients with PSD from colonic 
primary lesions. 

• Many factors influence the efficacy of HIPEC. There are also 
many ways to perform HIPEC, each with their own advan
tages and disadvantages. 

• Close monitoring is required postoperatively, as complica
tion rates are high. Clinicians should maintain a high index 
of suspicion for complications. 

• CRS/HIPEC may offer a survival benefit in low-volume 
patients with colon cancer-induced PSD when a complete 
cytoreduction is obtained. This treatment modality should 
be offered in addition to systemic chemotherapy. 
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Chapter 1 Fine Needle Aspiration of a 
Breast Mass 
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Judy C. Pang Claire W. Michael 

DEFINITION 

• Fine needle aspiration (FNA) biopsy is a percutaneous proce
dure that uses a fine gauge needle with or without a syringe to 
sample fluid from a cyst or extract cells from a solid palpable 
mass for cytologic analysis. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A focused history should be obtained from the patient including 
duration of the mass, changes in size, associated pain, or fluctu
ations of the mass with menstrual cycle. Prior history of trauma 
or malignancies should also be ascertained. On physical exami
nation, localizing the mass as within the breast parenchyma, 
lower axilla, or subcutaneous/cutaneous tissue of the chest wall 
is important. The differential diagnoses may be different. In ad
dition, noting any skin changes such as redness, warmth, or 
edema is also helpful. Determining the size and quality of the 
mass as well as depth and relation to other structures is essen
tial for an adequate sample while minimizing complications. 
There are no absolute contraindications to FNA. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Mammographic and ultrasound findings can be helpful in 
arriving at an accurate diagnosis. Knowing whether a lesion 
is solid or cystic can help select the appropriate needle 
and syringe. For lesions that are nonpalpable or difficult 
to palpate, image-guided ( i .e . ,  ultrasound) FNA is recom
mended to ensure proper sampling of the mass. 

DIFFERENTIAL DIAGNOSIS 

• Benign ( i .e . ,  fibroadenoma, cyst) 
• Malignant ( i .e . ,  carcinoma, lymphoma) 
• Atypical (core biopsy or surgical excision required for definitive 

diagnosis) 

EQUIPMENT 

• 

• 

• 

Alcohol  pads to c leanse the sk in  and  ga uze pads to app ly 
pressu re after comp let ion of the procedure 
Loca l  anesthetic is optiona l .  
Beve led hypodermic  need les 
• A 23-gauge need le is preferred and  typ ica l ly the one  

to start w i th .  If i nadeq uate mater ia l  i s  obta ined,  a 
22-gauge need le  can be used espec ia l ly for les ions 
with m i n i m a l  stroma ( i .e . ,  lymphoma,  me la noma) 
or  a 25-gauge need le  for  rubbery or  f ib rous masses 
( i .e . ,  f ibroadenoma) .  

• The length of the need le is typica l ly 5/8 i n  to 1 %  in ,  
which i s  just long enough to reach the target. Shorter 

• 

• 

• 

• 

NONOPERATIVE MANAGEMENT 

• For patients who opt not to undergo a biopsy, short-term 
follow-up (4 to 6 months) with repeat imaging and clinical 
examination to document stability or changes is recommended. 

SURGICAL MANAGEMENT 

• Alternative procedures to FNA biopsy are core needle biopsy 
and surgical excision of mass. 

• For solid masses, FNA biopsy provides cells for cytology, 
whereas core needle biopsy obtains tissue. In situations 
where an experienced cytopathologist is not available or tis
sue architecture is necessary to make a diagnosis (e .g . ,  differ
entiating between in situ and invasive disease) ,  core needle 
biopsy is preferred. 

• Surgical excision should be reserved for cases where FNA or 
core needle biopsy was inconclusive. It may be considered 
for small breast masses where the patient is strongly desirous 
of excision. 

Preoperative Planning 

• Prior to the FNA, the location of the palpable mass should 
be confirmed with the patient. The mass should be examined 
in the upright and supine position to determine the ideal 
position for the biopsy. 

Positioning 

• The patient may be upright or supine depending on the loca
tion of the mass. The patient should be positioned to opti
mize palpation and sampling of the mass. 

Approach 

• FN A can be performed using ( 1 )  a needle, syringe, and syringe 
holder; (2 )  a needle and syringe; or ( 3 )  a needle only. 

needles a re eas ier to man ipu late beca use they w i l l  
not bend .  

A s l i p-t ip  syr inge i s  best  as  it is  easy to hand le and  pro
vides a good sea l .  A Luer lock syr inge may a l so be used, 
but it can be d iffi cu lt  to remove the need le .  A 1 0-ml 
syri nge  i s  preferred as  it a l l ows the hand to be c loser  to  
the ta rget and  on ly  2 to 4 m l  of  suct ion i s  needed for 
asp i rat ion .  For la rger  cyst ic  les ions, a 20-ml syr inge may 
be advantageous.  
A syringe holder a l lows for one-handed gr ip  and appl ication 
of suction leaving the other hand free to stab i l ize the target. 
G l ass s l ides and  cover s l i ps 
S l i de  ho lder  for a i r-dr ied s l i des 
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• N i nety-five percent ethano l  (EtO H) i n  a j a r  for fixat ion of 
s l ides or spray fixative. If the j a r  is not s lotted for sepa-

and eosin, rap id Papan icolaou for f ixed s l ides, and G iemsa 
and D iff-Qu i k  for a i r-dr ied s l ides .  

rat ing  s l i des, us ing paper c l i ps on  a lternati ng  s l ides can • Need le  r i nses can be performed i n  RPMI  (ce l l  b lock or  
f low cytometry for lym phoma), 10% buffered forma l i n  
(ce l l  b lock), or  Cytolyt (th i n  prep) .  • 

ach ieve the same goa l .  
There a r e  d ifferent ra p id sta ins  that c a n  b e  used for ade
quacy checks i nc l ud ing  to l u i d i ne b l ue, rap id  hematoxy l i n  

FINE NEEDLE ASPIRATION USING NEEDLE, 

SYRINGE, AND SYRINGE HOLDER1•2 

• Carefu l ly pa l pate the mass to est imate the s ize and  depth 
as we l l  as  assess the structu res nea rby to avoid ( i .e . ,  
major b lood vessels, bone, and lung especia l l y  with sma l l  
b reasts) . 

• F ix the mass f i rm ly  i n  p lace with the f ingers .  

• 

• For l a rge les ions, use the thumb and  oppos ing f inger  
(FIG 1 ) .  

• For sma l l e r  les ions, p lace the forefi nger  and  m idd l e  
f i nge r  on top  of  the mas s  and  then  spread them 
apart, stretch ing  the sk in  (FIG 2) .  

P lan  the ang l e  o f  the need le  at the entrance po i n t  o f  the  
sk in  and  determ ine  the depth of  penetrat ion .  
• If the need le  enters at 90 deg rees to the mass, the 

need le  shou ld  penetrate the sk in  on  top of the mass 
(FIG 3A,B) .  

• If the need le  enters at a 30- to 45-degree ang l e, 
which is oftent imes more comfortab le  and  pract ica l ,  
compensate for the acute angle by penetrat ing  the 
sk in  adjacent to the mass and  not on top of the mass 
(FIG 4A,B) .  

• When enter ing at 90 deg rees, penetrat i ng  too deep 
with the need le  can potentia l ly resu l t  i n  a pneumo
thorax. I f  th i s  is  a concern (e .g . ,  mass near  the chest 
wa l l ) ,  a 30- to 45-deg ree ang l e  is  p referred.  

• To sta b i l ize the i nstrument, rest the barre l  of the 
syri nge on  the forefi nger  of the pa l pat ing  hand or  
use the thumb to sta b i l ize the syr inge as you enter  
the mass .  Once the need le  is  i n  the mass, the thumb 
ca n be removed (FIG 4A) .  

• Extract i ng  mater ia l  
• For cyst ic  les ions, app ly ing suct ion without back and  

forth movement i s  suffic ient .  
• For so l id  masses, 1 5  to 20 excu rs ions a re made before 

suction i s  released and the need le  i s  removed from 
the mass. If b lood is seen at the h u b, the number  

FIG 1 • F ixat ion of a l a rge  mass  us ing the thumb and  
oppos ing f inger. 

FIG 2 • F ixat ion of sma l l e r  mass us ing forefi nger  and  m idd l e  
f inger. 

B 

FIG 3 • A,B. Need le  enter ing  90 deg rees to the mass shou ld  
penetrate the sk in  on  top of the mass.  
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B 

FIG 4 • A.B. Need le  enter ing 30 to 45 degrees to the mass shou ld  penetrate the sk in  adjacent to the mass 
and  not on top of the mass .  

of excu rs ions should be l i m ited and suct ion re leased 
before reach i ng  1 5  to 20. Always release the suct ion 
before pu l l i ng  the need le out of the patient; other
wise, a l l  the mater ia l w i l l  f low i nto the barre l  of the 
syr i nge, which wi l l  be very d iffi cu lt  to extract (FIG S) .  

• Adeq uate sa mp l i ng  

A 

c 

• To samp le  d ifferent a reas of a wel l -defi ned l a rge  
le s ion ,  it i s  preferab le to make sepa rate passes to 

FIG 5 • A. Need le  p laced in mass .  B. Withdraw p l unger 
creat ing 2 to 4 ml of vacuum/suct ion and perform 15  to 
20 excurs ions. C. Release the p l unger/suct ion before pu l l i ng  
need le  out  of  the patient. 

samp le  d i fferent a reas .  This i s  a lso p refera b le  in 
we l l -defi ned les ions .  In i l l-defi ned ta rgets, espec ia l ly 
f ibrocyst ic  changes of the breast, it is best to red i rect 
wh i l e  samp l i ng  in a fa n l i ke fash ion .  To avo id  tea r ing  
the t i s sue  and  caus ing  b leed ing ,  the need le  shou ld  
be retracted to the surface of  the ta rget (but  sti l l  i n  
t h e  patient) before red i rect ing (FIG 6) .  

• Typica l ly, two to th ree passes a re adequate. Addi 
t iona l  passes a re performed if the ta rget i s  l a rge  or  
the sa mp le  is  i nadequate. However, typ ica l ly more 
than  th ree passes i s  not recommended as  often 
t imes the y ie ld  of d i agnost ic  mater i a l  decreases with 
each subsequent pass due to blood. The fi rst pass i s  
tradit iona l ly the best. 

• Zajde la 's tech n iq ue, which uses on ly  the need le  with
out a syri nge or  syri nge holder (FIG 7A) .  This  tech n ique  
i s  idea l  fo r  sma l l  ta rgets as it i ncreases sensit ivity to the  
d ifference i n  cons istencies between norma l  breast t issue 
and the les ion that cannot be appreciated as we l l  with a 
syri nge and  syr inge ho lder. In add it ion,  it is less b loody. 
However, th i s  tech n ique  often y ie lds l ess mater ia l  than 
when suction i s  used, and  there i s  a r isk of overflow of  
mater ia l  if  the les ion  i s  cyst ic .  A syri nge (without the 
p l unger) can be used if needed (FIG 7B) .  

F IG  6 • To samp le  d i fferent a reas, red i rect the need le  i n  a 
fa n l i ke fash ion .  
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PREPARING SLIDES1·2 

• Expu ls ion of mater ia l  
• The need le is fi rst d i sconnected from the syr inge 

(FIG 8) .  The p lunger  i s  then pu l led back a l l  the way 
before reattach ing  the need le (FIG 9A,B) .  If us ing 
the Zajde la  techn ique  with the need le  and  syri nge, 
d isconnect the needle from the syri nge before 
putt ing the p lunger  back i nto the syr inge .  

• With the t ip  of the need le  on the s l i de  (bevel down), 
the p l unger  is  forcefu l ly pushed so that al l  the mate
rial i s  on one s l i de  (FIG 1 0A,B) .  If there i s  abundant  

A 

FIG 7 • Zajde la 's techn ique  us ing 
on ly a need le  (A) or  a need le  and  a 
syr inge without the p l unger  (B) . 

mater ia l ,  the p l unger  can be pushed s lowly so that " 
on ly  a sma l l  amount of mater ia l  is p laced on each 
s l i de .  The s l ides shou ld  be labe led with patient iden
tif ie rs ( i .e . ,  name and  b i rth date) with a penc i l .  

• If there is rema i n i n g  mater ia l  in the h u b, it can be 
r insed for cytocentrifugat ion ( in  Cytolyt) or  ce l l  
b lock ( 1 0 %  buffered forma l i n  o r  RPMI )  (FIG 1 1 ) .  I f  
add i t iona l  smears a r e  des i red, t h e  fl i p  tech n ique  can 
be used where the need le  i s  secured i n  the rubber 
top of a Vacuta iner  tube .  The hub i s  then fl icked B 

-

FIG 1 0  • A.B. With the t ip  of the need l e  on the s l i de  (beve l 
down), the p l u nger  is forcefu l ly pushed so that a l l  the mater ia l  
i s  on one s l i de .  I f  there is abu ndant mater ia l ,  the p l u nger  ca n 
be pushed s lowly so that on ly  a sma l l  amount of mater ia l  i s  
p l aced on  each s l i de .  

repeated ly onto a s l i de .  Drop lets of  the mater ia l  on 
the s l ides can then be smeared.  (FIG 12) .  

• Smear ing techn i q ues 
• Rest the edge of a second s l i de  on top of the s l i de  

FIG 8 • D isconnect need le  f rom syri nge .  that  conta in s  the asp i rate mater ia l  (FIG 1 3) .  

F IG  9 • A,B. The p l u nger  i s  pu l led back a l l  t he  way 
(A) before reattach ing  the need le  (B) . 

FIG 1 1  • The need le  can be r i nsed i n  RPMI ,  1 0 %  buffered 
forma l i n , o r  Cytolyt. 
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FIG 12 • Secure the needle i n  the rubber top of a Vacuta i ne r  
tube .  F l i ck  the h u b  repeated ly onto a s l i de .  

FIG 1 3  • Rest a s l i de  on top  of  the s l i de  that  conta in s  the  
asp i rate mater i a l .  

F IG  14  • Rotate the top  s l i de  so  tha t  it i s  para l le l  to the  
bottom s l i de .  

• Rotate the top s l i de  so that it is level with the bot
tom s l i de  (FIG 14) .  

• Keep ing  both s l ides l evel ,  app ly l i g ht pressure and  
s l i de  the top  s l i de  over the bottom s l i de  (FIG 1 5) .  

• The end  product shou ld  be a s l i de  with mater ia l  i n  
a n  ova l confi gu rat ion o f  even th i ckness (FIG 1 6) .  
Virtua l ly, a l l  the mater ia l  s hou l d  be on the bottom 
s l ides .  M icroscop ica l ly, the ce l l s  shou ld  be we l l  pre
served with i ntact cytop lasm .  If too much p ressure 
i s  app l ied,  there w i l l  be crushed nuc le i  and few 

FIG 1 5  • Apply l i ght p ressure and  s l i de  the top s l i de  over the 
bottom s l i de .  

r r 

FIG 1 6  • End  product with mater i a l  i n  a n  ova l confi gu ration .  

• 

ce l l s  with p reserved cytop lasm.  If the s l ides  a re not 
ma i nta ined l evel  to each other, the mater ia l  w i l l  be 
scra ped and lost and d i stort ion w i l l  be present. 

Other tech n iq ues 
• P lace a c lean s l i de  exact ly para l l e l  to the bottom 

s l i de  conta i n i ng  the asp i rate mater i a l  and  s l i de  
apart .  The mater ia l  w i l l  be p resent on both s l ides 
(a lso p roduces good smea rs) (FIG 1 7A,B) .  

• For b loody aspi rates, t i l t  the s l i de  and  a l low the b lood 
to d ra i n  i nto co l l ecti ng  med ia  (FIG 18A,B) .  The par
t icu lates rema in i ng  on the s l i de  is then scraped with 
the edge of a nother  s l i de  and then smeared onto 
a sepa rate s l i de  (FIG 1 8C,D) .  Alternat ively, the par
t icu lates on the or ig ina l  s l i de  ca n be smeared d i rectly 
with a sepa rate c lean s l i de  (FIG 1 8E) .  

F IG  1 7  • A.B. P l a ce  a c l ean  s l i de  exact ly para l l e l  to 
the bottom s l i de  conta i n i n g  the asp i rate mater ia l  
and  s l i de  apart .  
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r 

A B 

D 

FIX SLIDES 

• The s l ides shou ld  be i m mersed i n  9 5 %  EtOH or fixed by 
spray fixat ion (FIG 1 9) .  Th i s  shou ld  be done as qu ick ly as  
possi b le  after smea r i ng  the s l i des to p revent a i r-d ry a rt i 
fact. Alternative ly, s l ides may be left to a i r  d ry without 
fixat ion .  Idea l ly, both a i r  d ried and  f ixed s l ides shou ld  be 
made for cyto log ic  eva luat ion .  

FIG 18  • A. B loody aspi rate. B. Tilt 
the sl ide and a l low the b lood to 
dra in i nto col l ecting media .  C. Scrape 
rema in ing  particu lates on the s l ide 
with the edge of another s l ide and 
then smear  onto a separate s l ide 
(D) or smear the particu lates on the 
or ig ina l  s l ide d i rectly with a separate 
c lean s l ide (E) . 

FIG 1 9  • F ix s l ides im med iately i n  9 5 %  l i q u i d  EtOH or  
spray fix. 
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PEARLS AND PITFALLS3 

I n d icat ions 

Major d i agnost ic  pitfa l l s  

Major l i m itat ions 

• Pa lpab le  masses: A br ief h i story and  focused physica l exa m i nat ion shou ld  be performed . 
• D iagnostic : p r imary neoplasms (ben i gn  vs. ma l i gnant), tumor recu rrence, secondary or metastatic 

tumors, infl ammatory d iseases (uncom mon), atypica l  ep ithe l i a l  les ions (req u i re add it iona l  stud ies) 
• Therapeutic :  evacuat ion of s imp le  cysts 

• Fa lse negative: sma l l  focus of carci noma ar i s ing  in a backg round of a predom i nantly ben ign  les ion 
( i .e . ,  f ib rocyst ic  change), carc inoma ar i s ing  i n  a comp lex pro l i ferative les ion ( i .e . ,  pa p i l loma),  we l l 
d ifferentiated carc inomas, ra re t u m o r  types, extensively necrotic or  cyst ic  ca rc i nomas, samp l i ng  
error, i nadequate smears 

• Fa lse posit ive: f ib roadenoma, pap i l l oma/pap i l l a ry les ions, atypica l  ducta l hyperplas ia ,  p reg nancy
associated/l actat iona l  changes, fat necrosis, co l l agenous spheru los i s, sk in  ad nexa l tumors 

• I n ab i l ity to d isti ngu ish between i nvasive and  i n  s itu carci noma 
• Accu racy i s  often dependent on the s ize of the les ion ( less  sens itive if <0.5  em) .  
• Low accu racy i n  tumors with a p redomi nant necrotic/cyst ic  component 
• Lack of spec if ic  d iag nosis for major ity of benign les ions 
• Need fo r b iopsy (core o r  exc i s iona l )  of a l l  les ions with an  "atypica l "  d i ag nosis 
• Ab i l ity to perform hormone receptor and  HER-2/neu ana lysis can on ly  be done with accu racy if an  

adequate sa mp le  is  obta i ned .  

POSTOPERATIVE CARE • Vasovagal reaction 

• Pressure should be applied to the site for a few minutes to 
assure hemostasis, and then a sterile dressing is applied. 

OUTCOMES 

• 80% to 100% sensitivity, with a specificity of over 99% 
• 3 %  to  5 %  false-negative and 0 .5% to  2 %  false-positive rate 
• Implementing the "triple test" is essential (correlation of 

clinical, radiologic, and cytologic findings) 

COMPLICATIONS 

• Low complication rate and most complications are minor 
• Pain 
• Bleeding/hematoma 
• Infection 

• Pneumothorax 
• Epithelial displacement/tumor seeding 
• Artifacts occurring after aspiration may interfere with ra

diographic interpretation and histologic evaluation of sur
gical resection ( epithelial displacement can mimic invasive 
carcinoma) .  
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DEFINITION 

• The wire-localized excisional biopsy (or needle-localized 
biopsy) is used to obtain tissue for the diagnosis of a non
palpable, image-detected abnormality. There are various 
methods for localizing breast lesions for excision, including 
wire localization, cutaneous markers, and radiocolloid oc
cult lesion localization (ROLL) .  Wire localization is the most 
frequently used method and is described in this chapter. 

• It is preferable to use image-guided biopsy as a first step (ste
reotactic biopsy or ultrasound or magnetic resonance imag
ing [MRI] -guided biopsy) ,  as this avoids surgery in patients 
with benign disease and allows for a definitive oncologic op
eration in patients with malignant disease. Thus, the wire
localized excisional biopsy should be limited to patients 
who failed image-guided biopsy or are not suitable candi
dates. Wire-localized lumpectomy is a similar procedure 
for patients who have already been diagnosed with breast 
cancer, where the goal is a complete excision of the cancer 
with an adequate margin of surrounding normal tissue. For 
wire-localized lumpectomy, often, two wires are needed to 
" bracket" the cancer in order to assure complete removal. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A bilateral breast exam should be performed in all patients for 
whom wire-localized breast biopsy is being contemplated for 
two reasons. First, to assess whether or not the lesion is truly 
nonpalpable. If the abnormality is palpable, then wire local
ization will not be necessary. If an abnormality is palpated, 
it is critical to review with the radiologist to be sure that the 
palpable abnormality corresponds to the imaging abnormal
ity being recommended for biopsy. The second reason for bi
lateral breast examination is to make sure there are no other 
palpable occult abnormalities that may also require biopsy. 

• For patients with biopsy-proven cancer who are to un
dergo wire-localized lumpectomy, a thorough history and 
physical examination is necessary to make sure they are 
suitable candidates for breast conservation therapy (BCT) .  
Contraindications to  BCT include prior radiation, colla
gen vascular disease, first or second trimester of pregnancy, 
multicentric cancer, or widespread calcifications (see Part 5,  
Chapter 5,  Lumpectomy) .  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The preoperative imaging is essential to the procedure. Prior 
to the decision to perform a wire-localized breast biopsy, the 
breast imaging should be reviewed to determine whether the 
patient is a suitable candidate for an image-guided biopsy, as 
this is the preferable first step. The patient's allergies, medica
tions (specifically aspirin or anticoagulants ) ,  or the presence 
of a bleeding diathesis should be reviewed. Contraindications 

1370 

to stereotactic core needle biopsy include an inability to ad
equately visualize the target lesion or an inability of the pa
tient to remain in the position required for the procedure. 
Some patients may exceed the weight limit for the stereotactic 
table. Other factors that may preclude stereotactic core nee
dle biopsy include higher breast density; lesions close to the 
skin, chest wall, or axilla; or the presence of breast implants. 

• Prior to coming to the operating room (OR), the patient un
dergoes needle localization under image guidance. After local 
anesthesia, a rigid introducer needle with a hooked wire within 
it is directed toward the site of the abnormality using bipla
nar mammography ( FIG 1A) or ultrasound ( FIG 1 8) .  The rigid 
needle is then removed, leaving the wire secured by the hook 
so it is not easily withdrawn or redirected ( FIG 2A.B) .  

• I n  many cases, a wire-localized excision i s  recommended 
after an image-guided core needle biopsy-demonstrated 
atypia (lobular carcinoma in situ [LCIS] ,  atypical ductal hy
perplasia [ADH] , atypical lobular hyperplasia [ALH],  or flat 
epithelial atypia [FEA] ) .  It is also often recommended after 
a needle biopsy of papilloma or radial scar. In these cases, 
a fraction may upstage to in situ or invasive cancer. 1-6 It is 
good to review the pathology and indications for the biopsy 
prior to the procedure. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Performing a breast exam after the localization will be diffi
cult, as the wire will be secured by a variety of methods that 
will preclude physical exam. These should not be removed 
until the patient is positioned in the OR to minimize the 
chance of dislodging the wire during transport. 

• Prior to taking the patient back to the OR, the localization 
films should be reviewed. Specifically, the surgeon should 
note the proximity of the abnormality to the wire, the direc
tion of the wire from the point of skin entry, and how far 
the lesion is from the skin, as this may impact the degree of 
sedation (if any) . 

• Although the risk of infection after breast surgery is low, it 
tends to be higher than average for a clean surgical proce
dure, and several studies have shown that antibiotic prophy
laxis significantly reduces the risk of postoperative infection. 7 

Positioning 

• The patient should be positioned supine. Often, the localiza
tion wire is placed laterally, so the ipsilateral arm may need 
to be at 90 degrees. 

• Once the patient is on the OR table and positioned, the tape 
and dressings securing the wire should be removed carefully 
as not to dislodge the wire. A gentle breast exam can be per
formed at this point to see if the lesion is palpable. In addi
tion, light palpation while watching the external portion of 
the wire can give the surgeon an idea of what direction the 
wire is heading. 

-
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U ltrasound 
transducer 

Abnormality Introducer 
B need le with wire 

FIG 1 • Placement of the r ig id  need le  us ing  b ip l ana r  
mammography (A) or u ltrasound  (B) . 

B 
Local ization 

wire 
Rigid need le 

withdrawn 
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FIG 2 • A.B.  T h e  r ig id  need le  i s  withd rawn, leavi ng t h e  wi re 
in the locat ion of the abnorma l ity. 
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• The localization wire is often quite long and with a signifi
cant portion outside of the skin. The case will be facilitated 
by cutting the wire to a more workable length. Care must 
be taken not to advance the wire or pull the wire back (or 
out ) .  It is also important not to cut the wire so close to the 
skin that it disappears . Secure the wire at the level of the skin 
prior to cutting with a wire cutter ( FIG 3) .  

FIG 3 • The w i re i s  secured a t  t h e  leve l o f  t h e  sk in  wh i l e  excess w i re 
is cut. It is im porta nt not to d i s lodge the w i re as we l l  as to leave an  
adequate amount. 

ANTICIPATING THE LOCATION OF THE 

ABNORMALITY 

• After the d ress ings  have been removed, the su rgeon uses 
the site and d i rect ion of the w i re a long with the cran ia
cauda l  (CC) and lateral-med ia l  (LM) v iews to determ ine  
the location of  the abnorma l ity i n  the breast .  A sma l l  BB  
i s  usua l ly p l aced at the s i te  where  the w i re enters the 
sk in ,  so it i s  possi b le  to est imate how far through  the 
breast t i ssue the wi re extends .  Remember, the b reast i s  
compressed dur ing the mammog raphy but not on the 
OR  tab le, so the measurement on the f i lm  may not be 
exact. It  is  often he lpfu l  to ident ify the n ipp l e  on the 
mam mogram as  an  add it iona l  l andmark .  

• The CC view (FIG 4A) demonstrates both the anter ior
poster ior  and  the l ateral-med ia l  l ocation of the ab
norma l ity but g ives no i nformation regard ing  the 

B 

• 

• 

super ior-infer ior locat ion .  With a l atera l ly p l aced wi re, 
the CC view ca n be used to est imate how deep the les ion 
i s  and  how med i a l  (espec ia l ly when a l so us ing the n ipp l e  
as an  add it iona l  l andma rk) .  
The  LM view (FIG 4B) demonstrates the  anter ior-poster ior 
or ientation as we l l  as the super ior-infer ior  but g ives no 
information rega rd ing  the lateral-med ia l  l ocation .  Aga in ,  
w ith  a latera l ly  p laced wi re, the deviation f rom the sk in  
B B  to the hook of the wi re can be used to assess whether 
the wi re i s  heading super ior ly or  i nferior ly. 
U s i ng  both v iews, the  s u rgeon shou ld  a l so note where 
the  abnorma l ity is in re lat ion to the  w i re .  Typ i ca l ly, the 
rad io log i st attem pts to p l ace the  re i nforced port ion of  
the  w i re i n  c l ose prox im ity to the  l e s ion .  It  i s  cruc i a l  
t o  know t h e  re lat ive prox im ity o f  t h e  w i re t o  t h e  le 
s ion  a n d  i n  what d i rect ion  the  w i re s its re l at ive to the 
les io n .  

F IG  4 • T h e  loca l i zat ion f i l m s  show t h e  re lat ionsh ip  
between the sk in ,  the wi re, and  the abnorma l ity. I n  the 
CC view (A), the dot shows the entry point i n  the sk in .  
The fi l m  shows the l e s ion  to be poster ior  and  latera l ,  but  
th i s  fi l m  does  not  revea l  the anter ior-poster ior  posit ion .  
The hook and  rei nforced port ion of the w i re a re d ista l  
(med i a l) t o  t h e  les ion .  I n  t h e  LM view (B), y o u  c a n  a g a i n  
s e e  t h e  les ion i s  poster ior, b u t  n o w  you c a n  s e e  that it sits 
super io r ly. It may seem l i ke the w i re trave l s  through the 
b reast for some d i stance but most of that i s  externa l .  The 
white dot shows where it enters the sk in .  



SKIN INCISION AND IDENTIFICATION OF 

THE WIRE 

• Us ing both the preoperative imag ing  and  exa m i nation of 
the breast, the su rgeon ca n est imate the d i rect ion of the • 

wire and  the d istance to the rei nforced port ion of the 
wi re. Us ing a water-so l ub l e  marker, an  i nc is ion should be 
marked out (FIG S) .  For les ions c lose to where the w i re 
enters the sk in ,  the i nc is ion ca n be p lanned at the entry 
s ite. Otherwise, the inc is ion shou ld  be p laced d i rectly over 
the pred icted site of the mam mograph i c  abnorma l ity. 

• When mark ing the i nc is ion,  it shou ld  be kept in m ind  
that  if th i s  les ion i s  ma l i gnant, you  may  be retu rn ing  for 
a reexc is ion l u m pectomy or  a mastectomy. Therefore, 
the i nc i s ion shou ld  be p laced in a way that does not 

FIG S • An i nc is ion i s  marked out over the ant ic i pated site of 
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comprom ise that.  For les ions near  the n ipp le-areo la r  
comp lex, a c i rcu mareo lar  i nc is ion i s  cosmet ica l ly appea l 
ing ,  but excessive tunne l ing i s  d i scouraged as th i s  wi l l  a lso 
comp l i cate a reexc is ion l u m pectomy if cancer i s  present. 
The inc i s ion shou ld  be kept sma l l  at fi rst, as it can be 
lengthened later if need be (FIG 6) .  As these a re typica l ly 
performed with j ust loca l anesthes ia or l ight  sedation, 
the skin i s  anesthetized pr ior  to any inc i s ion .  

the abnorma l ity, keep ing  i n  m ind a reexc is ion l u m pectomy or  FIG 6 • A sma l l  inc i s ion is made i n  the sk in  after i nfi ltration 
mastectomy shou ld  the pathology return as  ma l i gnant.  of loca l  anesthes ia .  

EXCISION les ion is deep to the i nc is ion,  the d i ssect ion is cont inued 

• The goa l  of the wi re-loca l ized exc is iona l  b iopsy is to 
make the d i ag nosis wh i l e  removing as l itt le  breast tis
sue as  poss ib le .  If the CC and LM views suggest that the 

Abnormal ity 

A 
Local ization 

wire B 

poster ior ly so as to avoid removi ng excessive t issue ante
rior to the les ion and wi re (FIG 7A) .  For more superfi c i a l  
les ions, f laps shou ld  be e l evated short ly after inc i s ion but 
kept th ick enough to avoid concavity at the site (FIG 7B) . 

Abnormal ity 

Localization 
wire 

FIG 7 • The subcutaneous fat and  breast parenchyma a re d iv ided with cautery. For deep les ions (A), d issect a fa i r  d i stance to 
avo id  tak ing  excessive t issue anter ior to the les ion (ca us ing concavity) . For superfic i a l  les ions (B), th i ck  f laps shou ld  be e l evated 
short ly after inc i s ion .  
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FIG 8 • The w i re is identif ied p roxima l  to the ant ic i pated site 
of the abnorma l ity. 

• If the inc i s ion does not pass through the entry site of the 
wi re, the next step i s  to identify the shaft of the wi re 
prox ima l  to the les ion .  D issect ion is carr ied down to the 
wi re, tak ing  care not to l and on top of the abnormal 
i ty but rather  on the w i re proxi ma l  to the abnorma l ity 
(FIG 8) .  

• Once the w i re is identif ied, it is g rasped with a hemo
stat on the spec imen s ide, and  the shaft of the w i re i s  
retracted i nto the wound .  Ta ke care to secu re the wi re 
adequately so it is not d is lodged (FIG 9A,B) .  

• 

• 

At the po int where the wire enters the b reast, g rasp the 
t issue with an  Al l i s  c lamp.  Be  ca refu l to g rasp a bove or  
below the w i re and  not the w i re d i rect ly, as retract ion on 
the c l amp may d is lodge the wi re (FIG 1 0) .  
Dissect ion then cont inues para l l e l  t o  t h e  wi re, ma i nta in 
i ng  a c i rcu mference of approximately 1 em of breast t is
sue around the wire .  Th i s  is mod if ied based on the s ize 
of the abnorma l ity and the re lat ionsh ip  between the 
wi re and  the les ion .  For exa m p le, for a les ion s itt ing  
approxi mately 1 em anter ior  to the w i re, a larger  mar
g i n  is taken anter ior ly, whereas a sma l l e r  marg in  can be 
taken deep to the wire. 

• For mam mograph i c  masses, pa l pation a long the w i re w i l l  
often a l low the su rgeon to  identify the abnorma l ity and  
proceed w i th  exc is ion,  s imp l ifyi ng  the p rocedure .  

• Dissect ion conti n ues unt i l  you a re confident you a re past 
the location of the abnorma l ity and  the spec imen can be 
transected (FIG 1 1 ) .  Often, the w i re w i l l  be encou ntered 
du r i ng  this step, so take care not to d iv ide the wi re, po
tenti a l ly leavi ng the hooked end in the patient. If the 
wire i s  identif ied at this poi nt, v isua l ize where on the 
wi re you a re .  I f  you a re at the hook and the f i lms  show 
the hook is d ista l to the les ion,  you shou ld  be f ine .  If you 
encou ntered the rei nforced port ion of the wi re, g rasp 
the rema i n i ng  t issue i n  the d i rect ion of the w i re and  con
t inue the d i ssect ion unti l  you a re past the hook. 

A 

B 

Abnormality 

Localization 
wire 

FIG 9 • A. The wi re is secured at the b reast with a hemostat. 
B. Forceps a re then used to p u l l  the externa l  port ion of the 
w i re through the sk in  and  out of the wound . 

Abnormal ity 

Localization Bovie 
wire dissecting 

underneath 

FIG 10 • An A l l i s  c l amp is  used to g rasp the breast t issue (do 
not grab the wi re) and d i ssect ion cont in ues para l l e l  to the 
w i re i n  a l l  d i rect ions .  



Abnormal ity 

ORIENTATION 

Local ization Bovie 
wire dissecting 

underneath 

• I m m ed iately upon remov ing  the l es ion,  ma inta i n  the or i 
entat ion and  p lace 2-0 s i lk  sutures for the patho log i st .  
I f  th is returns as cancer, th is a l l ows for s imp le  reexc is ion 
of any i nvolved marg in  as opposed to a reexc is ion of 
the ent i re cavity. It  is  often p refera b le  to p lace one or  
two or ient ing sutu res before comp lete remova l of the 
speci men .  

Long stitch = lateral 
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FIG 11 • Once the c i rcumferent ia l d i ssect ion is past where 
you est imate the les ion to be, the speci men i s  transected, 
tak i ng  care not to d iv ide the w i re (a nd leave the hook) .  

• 

• 

Th ree sutu res a re recommended to or ient the mass cor
rectly for the patholog ist and  avoid errors .8 We recom
mend p lac ing a short sutu re super ior ly, a long suture 
latera l ly, and  a double sutu re deep poster ior ly (FIG 1 2) .  
It  i s  a l so often benefi c ia l  to  p lace rad iopaque c l i ps on the  
speci men to  a l l ow fo r  or ientation of  the les ion on  the  
speci men mam mograms .  Fo r  examp le, if the w i re enters 
latera l ly, p lac ing  a s i ng l e  c l i p  super ior ly and  a doub le  c l i p  
poster ior ly a l lows you  to or ient the speci men on the f i lms  
(FIG 1 3A,B) .  I n  the case of  a wi re-loca l ized l u m pectomy 
for cancer, th i s  a l l ows for reexc is ion of a potent i a l ly c lose 
marg i n .  For a b iopsy, if the abnorma l ity i s  not with i n  the 
speci men,  th i s  may help the su rgeon identify i n  what d i 
rect ion add it iona l  t issue shou l d  be samp led .  

FIG 1 2  • The les ion  is or iented with  th ree mark ing  sutures 
prior to send ing  to rad io logy for spec imen mam mography. 
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1 376 P a r t 5 OPERATIVE TECHNIQUES IN  BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A B 

FIG 1 3  • A.B.  Spec imen mammography shows the c l i p  and  wi re to be comp letely removed .  

SPECIMEN RADIOGRAPHY AND 

ADDITIONAL TISSUE 

• Spec imen rad iography is performed to confi rm that the 
a rea of concern has  been removed (FIG 1 3A,B) .  The spec
imen  mam mogram shou ld  demonstrate the presence of 
the m icroca lc if icat ions of concern or  the p resence of a 
c l i p  p l aced with i n  the spec imen .  It shou ld  a l so show that 
the ent i re w i re has  been removed. If the w i re becomes 
sepa rated from the speci men,  send both to rad io logy to 
document its remova l .  

• If the les ion is identif ied on speci men rad iography, the 
wound  can be c losed.  If the les ion i s  not present, then 
add it iona l  t i s sue shou ld  be excised and  sent to rad io l 
ogy. It may be c l i n i ca l ly evident what  a rea needs  further 

CLOSURE 

• Once the b iopsy is comp lete, hemostas is  is assu red and  
the wound  i s  i r r igated with sa l i ne .  

• For an exc i s iona l  b iopsy, the su rgeon shou ld  not try to 
reapproximate the b reast t issue.  The cavity w i l l  fi l l  with 

• 

• 

exc is ion based on exposure of the w i re du r i ng  the d i ssec
t ion .  The use of rad iopaque c l i ps on the spec imen,  as  we l l  
as othe r  l andmarks on t h e  or ig i na l  mammograms, may 
a l so he lp ident ify where to excise add it iona l  t i ssue.  
If a second speci men fa i l s  to identify the les ion,  it be
comes a judg ment ca l l  whether to cont i nue  or  abandon 
the p roced u re .  For u ltrasound-vis i b l e  les ions, i ntraopera
tive u ltrasound may be able to identify the abnorma l ity. 
In the case of a c l i p  that shou ld  have been in the speci
men,  somet i mes these can get d is lodged and suct ioned 
out. F i lter i ng  and  x-ray ing the f lu id i n  the suct ion can is
ter can sometimes revea l  a d is lodged c l i p .  Otherwise, it 
may be prudent not to cont inue  and plan on re imag ing  
and,  if necessa ry, retu rn ing  to the OR rather  than tak i ng  
a n  excessive amount of  b reast t issue.  

seroma and  f ibr in,  and  u lt imate ly, f ibrous t issue, which 
wi l l  ma i nta in  the normal contou r. 
The inc i s ion is c losed with a bsorbab le  deep derma l  su
tu res, fo l l owed by e ither a su bcuticu l a r  st itch or  t issue 
adhesive. Drains should not be used.  
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PEARLS AND PITFALLS 

I nd icat ions • Image-g u ided b iopsy i s  the preferred approach to the nonpa lpab le  abnorma l ity. Review the case 
with the rad io log ist to confi rm whether th i s  i s  an  opt ion .  

P lacement of inc i s ion • Keep i n  m ind  that if ma l i gnant, the patient may need a reexc is ion l u mpectomy or  mastectomy. 
Or ient you r  inc i s ion with th i s  in m i n d .  

Identifyi ng the w i re • Take care not to move or d i s lodge the w i re dur i ng  the posit ion ing, prepp ing,  and  d rap ing  of the 
patient.  

• I dentify the wi re ear ly and  secure it whi le b r i ng ing  it i nto the wound so that it does not become 
d is lodged d u ri ng  the proced u re .  

Exc is ion • G rasp the t i ssue,  not the w i re, whi le exc i s ing the les ion so as not to acc ident ly pu l l  the w i re out. 
• Dur ing  d i ssect ion,  pa l pate the a rea to identify the mass or  if you a re too c lose to the wire. 

Spec imen mammog raphy • Th ree or ientation sutu res a re necessa ry to avo id  error. 
• C l i ps can he lp  or ient the spec imen on the mammography so as to gu ide  a reexc i s ion .  

C losure • Do not try to rea pproxi mate the breast t issue or p lace a d ra in .  

POSTOPERATIVE CARE 

• After a breast biopsy, the patient should be placed in a breast 
binder or supportive brassiere. This helps sustain hemosta
sis and relieves tension on the skin closure imposed by the 
weight of the breasts. The patient should be encouraged to 
wear the support bra day and night for 1 week after surgery. 

OUTCOMES 

• In experienced hands, the failure rate of wire-localized biopsy 
is low, although published reports suggest the wire localiza
tion failure rate can range from 0% to 20%.  Factors associ
ated with failure include lesion type and size, distance from the 
wire, breast shape and size, and volume of excised tissue.9-11 

COMPLICATIONS 

• Seroma 
• Hematoma 
• Infection (cellulitis or abscess ) 
• Pneumothoraces (rare) 
• Retained wire fragments 
• Failure to identify abnormality 
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DEFINITION 

• Subareolar duct excision is defined as the surgical removal 
of lactiferous ducts in the immediate subareolar space. The 
terms "major duct excision" or "central duct excision" refer 
to excision of the entire bundle of ducts contained within 
the central nipple stalk; microdochectomy refers to selective 
excision of a single abnormal duct. 

ANATOMY 

• The lactiferous ducts drain converging ducts from lobes 
of the breast gland and serve as a conduit for milk egress 
via the nipple during lactation ( FIG 1 ) .  Most women have 
approximately 7 to 20 ducts that are distinct and functional 
sources of milk during lactation. At the base of the nipple, 
the lactiferous ducts widen centrally in a spindle shape over 
a short distance. This region is called the lactiferous sinus 
and can expand in lactation to 8 mm as a reservoir for milk. 
Surrounding the lactiferous ducts is a system of smooth 
muscle fibers that contract in response to nipple stimula
tion and oxytocin release, facilitating milk flow through the 
nipple . 1  

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Subareolar duct excision is undertaken in cases of abnormal 
nipple discharge for two purposes: 

To obtain diagnostic biopsy tissue and rule out malignancy 
To provide resolution of the bothersome discharge 

• Abnormal, or "pathologic," nipple discharge is characterized 
by the following features: 

Discharge from a single duct 
Spontaneous discharge 
Clear or bloody discharge 

Lactiferous duct 

FIG 1 • Norma l  anatomy of subareo la r  lactiferous ducts and  
s i n uses. 
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• The history should be focused on questions to determine the 
laterality and quality of the discharge as well as whether it is 
spontaneous or only occurs with manual expression. 

• Physical exam should include a thorough examination of 
both breasts and axillae. 

• In addition, a detailed examination is necessary for both 
nipple-areolar complexes and the subareolar tissues. 

• Inspect the nipples for crusting, bloodstained ducts, or any 
visible protuberances or nodules. 

• The deep tissue of the areolae should be palpated carefully 
for any small nodules and to determine if subareolar pressure 
results in nipple discharge. 

• The nipple itself should be palpated by rolling the nipple 
between the thumb and forefinger in order to best detect any 
small nodules located centrally within the nipple stalk. This 
should be performed first for the breast without discharge to 
set a normal comparison to the breast that is symptomatic. 

• If no discharge has been identified up to this step of the examina
tion, then attempt should be made to elicit discharge from both 
nipples, by applying pressure to the areola at the base of the 
nipple, then grasping the base of the nipple between the thumb 
and forefinger and drawing upward with gentle pressure. 

• Throughout the examination, for any nipple discharge 
observed, its location (o'clock position) and quality of the 
fluid should be noted. 

IMAGING AND OTHER DIAGNOSTIC STIJDIES 

• All women with abnormal nipple discharge should undergo 
diagnostic mammogram and ultrasound. Prior to the imag
ing studies, the imaging team should be informed about the 
symptom of nipple discharge and which breast is affected. 

• Because nipple discharge can be associated with underlying 
malignancy, the primary purpose of diagnostic imaging is 
to look for possible signs of malignancy. Another goal of 
imaging is to evaluate the subareolar tissues for any findings 
that would explain the presence of nipple discharge. 

• Generally, subareolar ducts are not visible with ultrasound 
unless they are abnormally dilated. A small nodule visualized 
within a dilated subareolar duct indicates a likely diagnosis 
of intraductal papilloma ( FIG 2 ) .  

F IG  2 • U ltrasound  o f  a subareo la r  nodu le .  

-



• Evaluation with magnetic resonance imaging (MRI) is con
troversial. It detects more lesions than standard imaging for 
women with nipple discharge but is imperfect in ruling out 
malignancy associated with nipple discharge.2 

• Ductography can be considered as a diagnostic test. This 
is a radiographic procedure that entails cannulation of the 
duct with abnormal discharge, then injection of contrast dye 
with immediate mammographic imaging. This procedure 
can identify and map out abnormal ducts and identify some 
intraductal filling defects, but it does not provide diagnos
tic tissue. For these reasons, it is not a required component 
of the evaluation and is intentionally avoided in some prac
tices. Although it may help to localize the etiology of the 
discharge, it cannot reliably exclude malignancy or eliminate 
need for duct excision.3 

• Another approach to diagnostic evaluation is via ductos
copy, a microendoscopic procedure to directly visualize 
the duct ( s )  with discharge. This requires special equip
ment and skill, with a learning curve for technical success .  
Ductoscopy can help to identify lesions and guide excision 
but has not been proven in large numbers of women to 
improve diagnosis to the point that duct excision can be 
avoided. 4•5 

DIFFERENTIAL DIAGNOSIS 

• Intraductal papilloma 
• Duct ectasia 
• Carcinoma, either invasive or ductal carcinoma in situ 
• Paget's disease 

NONOPERATIVE MANAGEMENT 

• Nonoperative management can be considered for cases of 
nipple discharge when 

The discharge occurred on only one occasion and was not 
reproducible on examination 
Both mammogram and ultrasound show no abnormalities.6•7 
In this case, 3-month follow-up history and physical exami
nation is recommended. 

• Alternately, if imaging identifies a benign-appearing lesion and 
percutaneous core biopsy confirms a benign intraductal papil
loma with complete or near complete removal by imaging, 
then observation is also appropriate with follow-up imaging 
in 3 months. 

INCISION PLANNING 

• 

• 

• 

I n  genera l ,  i nc i s ions a re p l aced at the a reo l a r  edge . 
An i nc i s ion at the i nfer ior  areo lar  edge is preferred if 
poss ib le  for bette r cosmesis, espec ia l l y  if the i nvolved 
duct i s  l ocated centra l ly on  the n i pp l e  su rface and  
the imag i ng does  not  demonstrate any abnorma l it ies 
(FIG 3) .  
Otherwise, i nc i s ions can be p laced a long the a reo la r  
border i n  the o'c lock posit ion of  the abnorma l ity, for 
e ither a per iphera l ly located d uct with d ischarge o r  if 
there i s  an  imag ing  abnorma l ity a few cent imeters from 
the n i pp le .  
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SURGICAL MANAGEMENT 

• Subareolar duct excision removes the lactiferous ducts under 
the nipple, the primary connection between the nipple and 
the milk-producing lobules of the breast, so patients must be 
counseled that lactation from the operated breast should not 
be possible after surgery. 

• Selective and focused excision of the single abnormal duct 
may be performed in an attempt to preserve other ducts for 
future lactation, but due to the very close proximity of the 
remaining ducts, scar tissue from the operation may still 
impair future lactation. 

• In women who are past childbearing age, a plan to remove 
the entire bundle of subareolar ducts is preferred because 
future lactation is not needed, and this approach reduces the 
chance of recurrent discharge from another duct and need 
for repeat operation in a field of scar tissue. 

• The patient should be informed of the possibility of a diag
nosis of malignancy yet reassured that benign findings are 
most likely. 

Preoperative Planning 

• For subareolar mass lesions that are non palpable and identi
fied only by imaging, preoperative localization with either 
a wire or a radioactive seed should be performed to ensure 
intraoperative guidance to the target. 

• Before surgery, patients should be counseled that they may 
experience continued discharge in the first few weeks post
operatively, as postoperative fluid in the subareolar space 
may discharge via the nipple duct until healing is complete. 
This should resolve completely by 4 to 6 weeks. 

Positioning 

• The patient should be positioned supine . 
• The ipsilateral arm is generally positioned at approximately 

90 degrees, although the arm could also be tucked based on the 
patient's body habitus and preferences of the anesthesia team. 

Approach 

• The general approach is to dissect under the areola toward 
the nipple, isolate and excise the central duct bundle, and 
follow any abnormal ducts to complete removal, along with 
simultaneous excision of any nonpalpable lesions identified 
on preoperative imaging. 
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• The length of the inc i s ion shou ld  be l a rge  enough that 
the su rgeon has  adequate v isua l izat ion of the su bareo la r  
space without req u i r i ng  excess retract ion and  ischemia  

a reo la ,  but a shorter i nc i s ion i s  p refe rred when possi b le  
to he lp  preserve b lood supp ly  to the n ipp l e  and  a reo l a r  
dermis .  

of the a reo la r  edge .  Depend ing  on the areo lar  s ize, the • Pr ior to i nc is ion,  correct surg ica l s ite and  p lan  shou ld  be 
confi rmed with the operative team .  i nc i s ion m a y  go up  t o  5 0 %  o f  t h e  c i rcu mference o f  the 

DUCT CANNULATION 

• Once the f ie ld  is prepped and  d ra ped, attem pt shou ld  be 
made to ca nnu late the i nvolved duct. 

• A fi ne lacr ima l  duct p robe (4-0) shou ld  be he ld  ready i n  
t h e  domi nant hand  f o r  ca nnu lat ion pr ior  t o  express i ng  
the n ipp l e  d i scha rge .  

• The n ipp le  shou ld be g rasped between the thumb and 
forefi nger of  the nondom inant hand at the n ipp le  base 
and d rawn upward g radua l ly (FIG 4) .  If no d ischarge i s  
seen,  i ncreas ing pressure can be app l ied to a reasonab le 
degree. The goa l  i s  to e l i cit a s ing le  t iny d rop of f lu id  at the 
sk in su rface; a smal ler d rop of f lu id  wi l l  be more he lpful  i n  
identify ing the  location of  the  abnormal  duct (FIG 5) .  

• The n ipp l e  shou ld  be pu l led away from the breast gently 
i n  order to e longate the suba reo la r  lactiferous s inus and  
imp rove the chance of  cannu l at ion (FIG 6) .  

• The lacr ima l  duct probe shou ld  be gently p robed a long 
the n ipp le sk in  su rface at the s i te of the expressed fl u i d .  
T h e  g o a l  i s  to f i n d  t h e  open ing  rather  t h a n  m a k e  a fa lse 
passage; the probe w i l l  s l i de  easi ly i nto the d uct once it i s  
i n  the r ight locat ion (FIG 7) .  

F IG  4 • Manua l  express ion of  n ipp le  d ischarge.  

FIG 6 • Ca nnu lat ion tech n ique .  

F IG 7 • Can n u lated d uct w i th  p robe advanced.  

• The p robe shou ld  be gently advanced as fa r as it w i l l  
eas i ly  go .  If it does not  pass g reater than 1 em beyond 
the n ipp le sk in  su rface, then the depth of the ca nnu la
t ion shou ld be noted as  a s ign  that there may be a very 
superfic i a l  obstruct ing mass les ion .  

• If no d ischarge is identif ied or if the duct can not be can
nu l ated desp ite severa l  attem pts, the procedure shou ld  

FIG 5 • Vis i b le  t iny d rop of f l u id  at n ipp le  su rface. proceed to inc i s ion .  



INCISION 

• Pr ior to inc i s ion ,  loca l anesthetic can be used but shou ld  
not  be i njected d i rect ly i nto the a rea of the subareo la r  
ducts. If used, it shou ld  be i njected i ntraderma l ly d i rect ly 
at the p l an ned inc i s ion site (no more than 1 m L) and ad
d it ion a l ly in a per iphera l  fash ion  i nto the fou r  quad ra nts 
of the b reast to create a loca l  f ie ld  b lock.  

• The sk in  shou ld  be i ncised sharp ly with a sca lpe l ,  ta k ing  
ca re  to ma i nta i n  a b lade ang l e  that  i s  perpend icu l a r  to  
the sk i n .  

• The inc i s ion shou ld  be deepened a few m i l l i meters i nto 
the su bcuta neous fatty t issue (FIG 8) .  

ELEVATION OF THE AREOLAR SKIN FLAP 

• The areo lar  sk in  edge is then retracted superior ly (sk i n  
hooks or  sutures cou l d  be used), and  d issect ion p roceeds 
in the d i rect ion of the n i pp le  toward the centra l duct 
bund le  (FIG 9) .  

• Care shou ld  be taken to perform the d i ssect ion  at a 
depth to preserve some su bcuta neous  fatty t i ssue unde r  
the a reo l a r  sk in ,  as  th i s  w i l l  h e l p  to p rotect the v ia b i l 
ity o f  the a reo la r  sk i n  and  n i pp l e .  S i m i l a r ly, the latera l 
edges of the d i ssect ion f ie ld  shou ld  na rrow as the  cen
tra l  d uct bund l e  i s  app roached (FIG 1 0) .  

• Attent ion shou ld  be pa id  to the  l ocat ion  of d i ssect ion  
and  i t s  prox im ity to the n i pp l e, look ing  c lose ly  for 
the ducts, wh ich  appear  as  na rrow vert i ca l  t ubu l a r  or  
strand- l i ke structu res .  The d u cts may be v i s ib ly  d i sco l 
ored (FIG 1 1 ) . 

FIG 9 • Retract ion of the sk in  f lap .  
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F IG  8 • I nc i s ion i nto subcuta neous t issue.  

FIG 10 • Na rrowing the d i ssect ion f ie ld  towa rd the n i pp le .  

F IG 1 1  • A v i s i b l y  abnorma l  d uct w i th  d i sco lored i ntra l u m i n a l  
f l u i d .  
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ISOLATION AND EXCISION OF THE 

CENTRAL DUCT BUNDLE 

• D i ssect ion  then proceeds i n  vert i ca l  fash ion  on the 
latera l s ides  of the  d uct bund le  unde r  the n i pp l e .  
Th i s  shou ld  p roceed to the far  s i de  of  the n i pp l e  
(FIG 1 2) .  

• The duct bund le  shou ld  be pa l pated between the thumb 
and  fi nger  to confirm the presence of  the d uct p robe and  
any other sma l l  pa l pab l e  nodu les .  

• The centra l duct bund le  shou ld  then be transected at the 
deep aspect of the n i pp le  dermis .  If us ing e lectroca utery, 
the "cutt i ng"  mode shou ld  be chosen at a low energy 

• 

• 

• 

• 

sett ing to m i n i m ize therma l  damage to the n i pp le  
derm i s .  
As the  d u ct b u n d l e  i s  t ran sected, the  ca n n u l a t i ng  
probe wi l l  be i dent ifi ed .  I t  may be withd rawn if i t  
becomes d iffi cu l t  to m a i nta i n  its pos it i on  i n  the  d u ct 
(FIG 1 3) .  
The d uct b u n d l e  s h o u l d  be retracted away from 
the  breast, d i ssect i n g  c i rcumferent i a l ly a ro u n d  the 
d u ct b u n d l e  to a depth of a p proxi mate ly  4 to 5 em 
o r  fa rth e r  a long a pa rt i c u l a r  g ross ly  a b n o r m a l  d u ct 
(F IG 1 4) .  
The t issue speci men shou ld  b e  transected a t  its base and  
or iented for  the patho log i st (FIG 1 S) .  
The  open  wound  shou l d  be pa l pated fo r  any abnorma l i 
t ies, and  the n i pp le  dermi s  shou ld  be pa l pated between 
the thumb and  f inger  to ensure that there a re no  any 
superfic i a l  nodu les present that were not exc ised.  I n  the 
event of a sma l l  nodu le with i n  the n i pp le  derm is, a t iny 
sk in  inc i s ion i n  the n i pp le  ca n be made to remove the 
les ion .  

FIG 1 3  • Tra nsect ion of the ducts j ust deep to the n ipp l e  
dermis .  

FIG 1 2  • Vertica l d issect ion a long both s ides of the duct FIG 14 • D issect ion of ducts deeper i nto the breast 
bund le .  parenchyma .  
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F IG  1 5  • Or ientation o f  the speci men .  

n i p p l e-areo l a r  com p l ex, the  n i pp l e  w i l l  be l e s s  l i ke ly  to  
retract. 

• After  hemostas i s, t he  pa renchym a l  a n d  su bcuta neous  • The parenchym a l  c losure  may be performed as a s im 
p l e  d i rect a pproxi mat ion  of t i s sues, i n  whateve r o r i 
entat ion  resu lts i n  l east tens ion  a n d  a bsence of s k i n  
d i m p l i n g  (FIG 1 6) .  I f  the  defect i s  l a rg e r, i t  may req u i re 
a sma l l  loca l  t i s sue advancement  fl a p  or u n d erm i n i n g  
o f  the  breast g l a n d  from the  sk i n .  I n  t h a t  case, i t  i s  
p refe ra b l e  to avo id  further  d i ssect ion  u n d e r  the  a reo
lar  sk in and obta i n  donor t i s sue from the  other  s ide of 
the cavity. 

t i s sue defect in the  s uba reo l a r  reg ion  m u st be c losed i n  
order  to avo id  n i p p l e  retract ion  i n  the  h ea l i n g  phase .  
I f  the re i s  a so l i d  buttress of t i s sue under ly ing  the  

A 

FIG 1 6  • Closure of the deep tissue. A. Media l-to- latera l 

• If the n ipp l e  is effaced, it may be he lpfu l  to p lace a pu rse
str ing  stitch in the deep dermis  around the n ipp l e  base 
to recreate the norma l  n i pp l e  shape and prevent n ipp le  
retract ion i n  the hea l i ng  phase (FIG 1 7) .  

• The sk in  shou ld  be c losed in two layers, with bur ied i n 
terru pted sutu res i n  the deep dermis  and su bcuta neous 
t issue, fo l l owed by a ru nn i ng  i ntraderma l  stitch i n  the 
sk in  edge .  Care shou ld  be taken to p lace the deep der
ma l  sutu res so that the a reo la r  sk in  edge is at or s l i ght ly 
a bove the b reast sk in  edge (but not lower) (FIG 1 8), or  
the n ipp l e-a reo la r  comp lex wi l l  have a sunken- in  appear
ance. If the a reo la  is sma l l , resu l t ing in an inc i s ion with 
g reater curvatu re, the f inal layer of skin c losure shou ld  
use  m u lt ip l e  shorter b ites (FIG 1 9) .  

closu re, (B) super ior-to-infer ior closure. FIG 17 • Pu rse-str ing suture i n  the deep dermis  of the n ipp le .  
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FIG 1 8  • Appeara nce after c losure of the deep derma l  layer FIG 19 • I nt raderma l  suture for f inal layer of c losure .  
of i nc is ion,  with the a reo la r  edge at or  above the breast sk in .  

• Adhesive d ress ings on the dermis of the n i pp le itse lf shou ld • 

be avoided.  If an inc is ion was requ i red in the n i pp le dermis  
D ress i n g s  that  create excess p ressure on  the  n i p
p l e  s h o u l d  a l so be avo i ded .  If a p ress u re d ress i n g  i s  
des i red,  i t  shou l d  h ave a " d o n ut "  o p e n i n g  fo r  the  
n i p p l e .  

for an  i ntraderma l  nodu le, t h e  n i p p l e  inc is ion shou ld be 
c losed with fine i nterrupted nonabsorbab le  sutu res. 

PEARLS AND PITFALLS 

Preoperative counse l i ng • Preoperative counse l i ng shou ld  address 
• Focused duct exc is ion versus exc is ion of the ent i re d uct bund le  
• I n ab i l ity to lactate after su rgery from the operated b reast 
• Li kely patho log ic  fi nd i ngs  
• Poss ib le  n ipp le  d ischarge i n  the postoperative hea l i n g  per iod 

Inc i s ion p l ann i ng  • I nfer ior a reo l a r  edge  i s  preferred .  

Subareo la r  d i ssect ion • Be ca refu l to preserve su bcuta neous fat under  the a reo l a r  sk in  and  to l i m it d i ssect ion to as na rrow 
a f ie ld as possi b le  to red uce risk of skin necrosis .  

C losure • Proper c losure of the deep and  superfic i a l  t issues under  the n ipp le-areo lar  comp lex is cr it ica l  to 
avoid n ipp l e  retract ion with hea l i ng ,  and  cons ider a pu rse-str ing stitch to reestab l ish  norma l  n i p
p le  project ion .  

POSTOPERATIVE CARE 

• The incision should be kept clean and dry. 
• Clothing that creates excess pressure on the nipple 

should be avoided, and patients may choose to use a 
donut-type foam dressing to relieve any pressure on the 
nipple .  

• Showering is permitted. 
• If any nonabsorbable sutures were placed in the nipple skin, 

they are removed at 1 week. 

OUTCOMES 

• Subareolar duct excision for abnormal nipple discharge is 
highly successful, with resolution of discharge in the vast 
majority. Recurrent discharge is reported in the range of less 
than 5 % . 8  

• Pathology findings are most often benign (papilloma or 
duct ectasia ) ,  but malignancy is found in the range of 0% to 
20% .8,9 

• The likelihood of successful lactation after duct excision is 
not well characterized.  

COMPLICATIONS 

• Bleeding and infection are possible complications after every sur
gical procedure but are rare with this procedure. Avoidance of 
antiplatelet therapies and anticoagulants per surgical routine will 
help to minimize risk of bleeding, and a single preoperative dose 
of intravenous antibiotics is recommended prophylactically. 

• Skin necrosis is also rare but devastating if it occurs; for 
this reason, careful attention should be paid to preserving 
blood supply to the areolar tissue and limiting the extent of 
dissection under the areolar skin, with focused excision of 
the central ductal tissue. 
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Cary 5. Ka ufman 

CRYOABLATION TREATMENT FOR 

BREAST FIBROADENOMAS-OVERVIEW 

• Cryoablation is a minimally invasive, innovative treatment 
for breast fibroadenomas. The treatment is performed in an 
office setting rather than an operating room, resulting in a 
cost-effective and patient-friendly procedure with little to no 
scarring. Published reports demonstrate that cryoablation 
as primary treatment for breast fibroadenomas is safe and 
effective and at long-term follow-up, demonstrates progres
sive resolution of the treated area, with excellent patient and 
physician satisfaction (Table 1 ) .  

• About 8 0 %  o f  the approximately 1 . 3  million biopsies per
formed annually in the United States reveal benign condi
tions, primarily benign tumors or fibrocystic change. The 
most common benign breast tumor is a fibroadenoma. 1-3 

• Although not life threatening, benign breast tumors can 
cause fear, anxiety, and discomfort in the patient, and defini
tive treatment is often desired.3-5 

• Fibroadenomas consist of a proliferation of epithelial and 
connective tissue elements within the lobular region of the 
breast. They are usually sharply demarcated from the adja
cent breast tissue and give the clinical and imaged appear
ance of being encapsulated.5 

• They often grow to a size of 2 to 3 em and are multiple in 
20% of women.4•6-9 

• Approximately 1 0 %  of women will experience a fibroad
enoma in their lifetime. Although most common in young 
women, fibroadenoma occurs in every age-group from ado
lescents to octogenarians.1 •2•7•10 •1 1 

DIFFERENTIAL DIAGNOSIS 

• These benign breast tumors have a classic physical examina
tion: rubbery texture, smooth and well defined, circular to 
oval, and freely moveable within the breast. 

• Other breast lesions that may have similar clinical presen
tations include phyllodes tumors, juvenile fibroadenomas, 
breast cancer (particularly medullary carcinomas) ,  or breast 
cysts . Diagnosis is resolved by imaging and core needle 
biopsy. 

• Cryoablation has only been proven effective for biopsy
proven fibroadenomas (Table 2 ) . 12-16 

Table 1: Potential Advantages for Cryoablation 
in the Treatment of Fibroadenoma 

Reasons  to consider ab lat ion tech n iq ues:  
Smal l  puncture inc is ion 
A procedure not surgery 
Less scarri ng  
Min ima l  d iscomfort 
Less i nvasive 
Less expensive 

1386 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Patients with small- to medium-sized single tumors that are 
not too close to the skin or nipple are appropriate candi
dates for cryoablation. Indications and contraindications are 
listed in Table 3 .  

• The target lesion must b e  clearly visible with ultrasound and 
not be within 1 em of the skin or immediately deep to the 
nipple. 

• A histologic diagnosis using a core biopsy should demon
strate a classic fibroadenoma without atypia. Other histo
logic lesions are not appropriate for cryoablation. 

• Tumors should be measured in three dimensions and the 
longest dimension used to calculate freezing time ( FIG 1 ) .  

• I t  i s  important t o  discuss with the patient the process of 
cryoablation and the progressive resorption of the residual 
necrotic debris over time ( FIG 2 ) .  

• The candidate should not currently have breast cancer i n  the 
ipsilateral breast and be otherwise healthy. She should not be 
pregnant, breastfeeding, or have breast implants . 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• If the patient is in the mammography screening age-group, 
a pretreatment screening mammogram should be obtained 
and be normal except for the fibroadenoma ( FIG 3 ) .  

• There are classic imaging findings o f  fibroadenoma o n  both 
ultrasound and mammography, but histology is needed for 
an accurate diagnosis1•3•9•17 ( FIGS 3 and 4A,B, ultrasound 
and mammogram of a fibroadenoma) .  

• The differential diagnosis includes the larger and faster 
growing juvenile fibroadenomas and phyllodes tumors . 1•7•9 

• Large-core needle biopsy is the diagnostic method of choice 
because of the need to differentiate between benign and ma
lignant tumors in general and fibroadenoma from phyllodes 
tumor in particular. 1 •9 

MANAGEMENT OPTIONS 

• There are three treatment options for a confirmed fibroade
noma: ( 1 )  serial observation ( "watchful waiting" ) ,  (2) surgi
cal removal, and ( 3 )  cryoablation. Surgery for fibroadenoma 
provides definitive treatment while confirming the diagno
sis and eliminating patient anxiety and future monitoring. 
Drawbacks to surgical excision include patient discomfort, 
anesthetic and surgical recovery, skin incision and potential 
scarring as well as operating room costs . 1 8  

• On the other hand, many women choose serial observation 
with the advantages of no surgical pain, avoidance of the 
operating room and anesthesia, less cost, and only a mini
mal scar from the large-core needle biopsy. Drawbacks to 
conservative management include ongoing patient anxiety 
regarding the presence and potential growth of a lump, 
the inconvenience of serial office visits, and the confusion 
of physical examination and mammography evaluations 
caused by the mass effect. 7• 19  

-
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Table 2:  Published Reports of Cryoablation for Fibroadenomas 

Mean Freeze Any Sti l l  Volume Cosmesis Satisfied 
Size Time Skin Growth Palpable Deer (%) by Patient Patient 

Author Fibroadenomas (n) (em) (min) Injury @ 1 y @ 1 y @ 1 y @ 1 y @ 1 y 

Edwards' 3 1 0  1 . 8 N/A 0% None 33% 97% 92% 1 00% 
N u rkob 444 1 . 8 2 2  0% None 35% 7 1 %  82% 88% 
Hahn'  23  <3 .0  1 0  4% None 22 % 76% 96% 96% 
Kaufmand 70 2 . 1  1 5  6% None 25% 89% 1 00% 97% 
Tota l/average 847 1 . 9 1 6  3 %  None 29% 83% 93% 95% 

'From Edwards MJ, Broadwater R ,  Tafra L ,  et a!. Progressive adoption of cryoablative therapy for breast fibroadenoma i n  community practice. Am J S u rg .  2004; 
1 88:22 1 -224. 

bFrom Nurko J, Mabry CD, Whitworth P, et at. Interim results from the FibroAdenoma Cryoablation Trea tment Registry Am J S u rg.  2005; 1 90(4):647-65 1 .  
'From Hahn M, Pavlista D, Danes J, e t  at. Ultrasound guided cryoablation o f  fibroadenomas. U ltrasc h a l l  Me d .  2 0 13;34(1):64-68. 
dFrom Kaufman CS, Littrup PJ, Freman-Gibb LA, et a!. Office-based cryoablation of breast fibroadenomas: 1 2-month followup. J Am C o l i  S u rg.  2004; 1 98:9 1 4-923. 

Table 3: Indications and Contraindications for 
Cryoablation for Fibroadenomas 

I nc lus ion  criteria for f ibroadenoma cryoablat ion :  
1 .  Lesion m ust be sonograph ica l ly  v is ib le .  
2 .  D iagnosis of fi broadenoma m ust have h isto log ic  confirmation .  
3 .  Lesion size m ust b e  < 3  e m  i n  la rgest d i ameter. 

Contra i nd i cations for cryoablation :  
1 .  Pathology suggestive of phyl lodes tumor or  ma l i g nancy 
2. Poor u ltrasound v isua l ization 
3. Patho log ic  d iagnos is of fibroadenoma nonconcordant with imag ing  or  

physical exam inat ion 

Note: After cryoab/ation, patients should be followed with ultrasound assess
ment and physical examination at 6, 1 2, 1 8, and 24 months postprocedure. 

Resorption of Cryoablation Debris over Time 

80 

1:: 60 

� D. 40 

20 

3 6 9 1 2  
Months Postprocedure 

+ % Debris volume (ultrasound) - % Palpable (patient) 

FIG 2 • Postcryoab lat ion reso l ut ion of pa lpab le  and  u ltrasound
v is i b l e  cryo les ion over the fi rst yea r. Most cryo les ions fu l l y  
d issolve over the yea r, but tumors larger  than 2 em w i l l  take 
longer to resorb .  

FIG 1 • U ltrasound  of f ib roadenoma pr ior  to treatment .  S ize, 
posit ion ,  and  two orthogona l  v iews a re take n .  

F IG  3 • Mam mogram demonstrati ng  ova l fi b roadenoma .  
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FIG 4 • A.B. Class ic u ltrasound  image of 
f ibroadenoma demonstrat ing  wel l-defi ned 
borders and  homogeneous so l id mass with 
edge shadowing .  

• Cryoablation for fibroadenoma has  the advantage of  being an 
office-based procedure with no need for systemic anesthesia, 
minimal discomfort, skin incision similar to the core biopsy 
site, and the expectation of lower overall costs of treatment 
compared with surgical excision. Drawbacks include slow 
progressive resorption of residual palpable debris. 

• Multiple reports in the United States and Europe of favorable 
outcomes make cryoablation for fibroadenoma an attractive 
alternative for patients . 12-16•20 As a result of these reports, 
the American Society of Breast Surgeons has produced a 
statement in support of cryoablation as an acceptable alter
native method of treatment of fibroadenoma.21 

POSITIONING AND PROCEDURE 

DESCRIPTION 

• Pr ior to the proced u re, the cryoab lat ion mach ine  shou ld  
be prepa red, wh ich typica l l y  i nc l udes fi l l i n g  the Dewars 
with l i qu i d  n itrogen .  

• Cryoa b lat ion is an office-based ster i l e  p roced u re with 
preparat ion s im i l a r  to that of a n  u ltrasou nd-g u ided core 
need le  b iopsy. H ave a ster i l e  cryoprobe ava i lab l e  and  a 
ster i l e  f ie ld  setup with equ ipment s im i l a r  to that needed 
for core need le  b iopsy. I n  add it ion to the ster i l e  i n stru
ments, m u lt ip l e  syr inges  of ster i l e  sa l i ne  shou ld  be ava i l 
ab le  fo r  i nject ions to  d i stance the sk in  away from the  
cryoprobe dur i ng  the p roced u re .  

• The cryoprobe shou ld  be tested j ust pr ior  to use.  
A backup probe should be ava i lab l e  i n  case the p robe 
tests defective. Dur ing the test, no a ir  bubb les should be 
d i scharged from the t ip  of the probe. 

• Most cryoab lat ion devices have an automated treatment 
program that i s  based on the longest tumor d i mens ion 
to ca lcu l ate treatment t imes .  To i n it iate the automated 
treatment protoco l on  the cryoa b lat ion device, enter the 
f ibroadenoma s ize measu rement i nto the cryomach ine .  

• Note the d istance beyond the f ibroadenoma that the probe 
must extend for the symmetric d istr ibution of the freez ing .  

• Identify the ideal  sk in entry site to create a cryoprobe 
pathway along the long axis of the fi broadenoma with 
adequate c i rcumferent ia l  d istance for the cryoprobe iceba l l  
t o  b e  entirely with in  t h e  breast a n d  away from t h e  ski n .  

• I nject loca l  anesthet ic  i n  the sk in  and  a long  the path to
ward the fi b roadenoma .  I nfi ltrate some local anesthetic 
deep to and around the per iphery of the ta rget les ion .  
Some loca l i s  va l uab le  beyond  the ta rget for  the " past
point i ng"  of the cryoprobe beyond the tumor. 

• 

• 

Use a no .  1 1  sca l pe l  b lade to make a 3-mm entry site for 
the cryoprobe.  
Ca refu l ly p lace the tested cryoprobe a long the des i red 
track i nto and through the f ibroadenoma (FIG SA) . Th i s  
may take some t ime to be su re the cryoprobe l ies with i n  
t h e  center o f  t h e  f ibroadenoma.  Before a f i n a l  pathway i s  
chosen, be su re that  the cryoprobe l ies i n  the m id-center 

A 

FIG S • A. U ltrasound  exa m i nat ion of probe p lacement to 
confi rm centra l locat ion with i n  f ibroadenoma .  B. U ltrasound  
v iew of  p robe  i n  tumor  v ia  transverse image .  C. U ltrasound 
v iew of probe i n  tumor  v ia long itud i na l  image .  
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of the ta rget les ion .  Move you r  target ing u ltrasound  i n  
a l l  d i rect ions t o  confi rm cryoprobe centra l p lacement 
both long itud i na l ly and  transversely (FIG SB,C, two 
orthogona l  u ltrasound  v iews of posit ion of cryoprobe 
with i n  f ibroadenoma) .  

• Some f ibroadenomas a re very dense, ca us ing  the cryo
probe to deviate off the des i red centra l pathway. It may 
take repeated efforts to p lace the p robe in the center of 
a very rubbery tumor. 

• One method to fac i l itate centra l probe posit ion i s  
to obta i n  a core need l e  b iopsy j u st pr ior  to p lac ing  A 
the probe. If the core need l e  b iopsy is obta ined from 
the des i red centra l pathway, it w i l l  be easier to p lace the 
treatment cryoprobe i n  the same path. 

• Once the cryoprobe has  adequately been p l aced and  the 
d i sta l " past-po int i ng"  has been measu red, you a re ready 
to i n itiate the cryoa blat ion sequence.  

• Press the sta rt button and  use the u ltrasound u n it to doc
ument the deve lopment of the iceba l l .  Obta i n  m u lt ip l e  
measurements, especia l ly iceba l l  s i ze, at the end of  each 
of the th ree phases of treatment:  fi rst freeze, thaw, and  
second  freeze (FIG 6A,B) .  

A 

B 
FIG 6 • A. Dur i ng  proced u re, su rgeon ho lds  both 
cryoprobe and u ltrasound transducer. Cont inuous  
v i sua l izat ion of  both cryoab lat ion mach i ne  and  u ltrasound  
image i s  req u i red .  B. Ongo ing  u ltrasound  mon itor ing of 
sk in  br idge is necessa ry. Avo id p ress ing  sk in  too c lose to 
iceba l l  format ion with u ltrasound  transducer. 

B 

FIG 7 • A. Use of pa l pat ion over iceba l l  to confi rm sk in  
i s  moveab le  and  not frozen to iceba l l , wh ich can cause 
sk in  damage. B. Pa l pation of iceba l l  d u ri ng  cryoab lat ion 
confi rm ing  sk in  not attached to iceba l l .  

• Dur i ng  the proced u re, conti nuous ly mon itor the sk in  
br idge to be su re sk in  does  not  get  frozen and  attached 
to the iceba l l .  Freely i nject sa l i ne  between the iceba l l  and 
the sk in  to " l ift" the sk in  away from the deve lop ing  ice
ba l l .  Sk in  that becomes attached to the iceba l l  may be 
in ju red and resu lt  i n  scar. 

• Tips to avoid sk in  i nj u ry d u ri ng  cryoab lat ion i nc lude  the 
fo l l owing :  ( 1 )  Touch and  move the sk in  hor izonta l l y  over
ly ing the iceba l l  format ion to confi rm there i s  a l a rge 
subcutaneous port ion of mobi le fat separat ing the ice
ba l l  from the sk i n .  Repeated movement of the sk in  over
ly ing the iceba l l  confi rms it i s  not becoming  attached 
(FIG 7A,B) .  (2) Avoid  cont inuous  pressu re of the mon itor
ing u ltrasound  transducer push i ng  the sk in  down onto 
the deve lop ing  iceba l l  na rrowi ng  the d i stance between 
the iceba l l  and  the sk in ;  (3 )  move the d i sta l  end  of the 
cryoprobe toward the poster ior  (chest wa l l )  d i rect ion so 
that the d ista nce from the deve lop ing  iceba l l  to the sk in  
i s  maxi m ized.  (4) If you wish more d i stance from the ice
ba l l  to the sk in ,  i nject sa l ine between  the sk in  and  i ceba l l  
t o  l ift t h e  s k i n  away from t h e  iceba l l  deve lopment. Th is  
can be done repeated ly as needed .  Avo id  adherence of 
the sk in  to the iceba l l  at a l l  t imes .  

• The treatment cons ists of two h i g h  freeze cyc les sepa
rated by a thaw cyc le .  Each cyc le  i s  usua l ly the same 
l ength of t ime,  for examp le  or  e.g. ,  8 m i n utes each for a 
tota l treatment t ime of 24 m i n utes. 

• The cryoab lat ion device w i l l  freeze h i gh  for the fi rst and  
second  freeze cyc les .  Du r i ng  the freez ing ,  cont in uous 
u ltrasound mon itor ing  wi l l  v i sua l ize a n  iceba l l  g rowi ng  
as it envelopes the ta rget l e s ion .  At  the end of  the fi rst 
freeze, the iceba l l  w i l l  be much l a rger  than  the ta rgeted 
tumor  (FIG SA-D) .  
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• When the automated cryoab lat ion mach ine  reaches the 
end of the second freeze, it wi l l  a utomatica l l y  go i nto a 
wa rming  mode.  The cryoprobe ca nnot be removed wh i l e  
it i s  frozen .  The t ip  of  the probe w i l l  warm after a bout 
30 seconds of warm ing  so that the cryoprobe may be 
gent ly removed .  

• At the end of the p roced u re, the patient w i l l  sti l l  be ab le  
to fee l  a f i rm frozen a rea, wh ich is  the iceba l l  (FIG 9) 
that w i l l  thaw with i n  an hour, but there w i l l  sti l l  rema i n  
a pa l pab l e  mass, wh i c h  is  the res idua l  necrot ic debr i s .  I t  
w i l l  t ake  seve ra l months fo r  t he  debr i s  to  be resorbed.  

• A Steri-Str ip is p laced on the entry wound s im i l a r  to a 
core need le  b iopsy d ressi ng .  Ca refu l not to p lace a t ight  
adhesive bandage on the a rea beca use it wi l l  swe l l  s ig
n if icantly over the next 2 days and  b l i sters ca n deve lop .  
(see " Postoperative Care" ) .  

FIG 8 • Ser ia l  U ltrasound  I mages 
of Cryoa blat ion A. Dur ing  i n it i a l  
iceba l l  deve lopment. B. Tra nsverse 
view of iceba l l  at the end of fi rst 
freeze cyc le .  C. Long itud i na l  v iew of 
ice ba l l  at end of second freeze cyc l e .  
D. Tra nsverse v iew of  iceba l l  after 
cryoprobe remova l .  

FIG 9 • I m med iate posttreatment pa l pation  o f  iceba l l .  

PEARLS AND PITFALLS 

Les ion locat ion • I f  the ta rget les ion i s  c lose to the chest wa l l ,  then after p lacement of the p robe d u ring  the i n it i a l  
i c ing  phase, l ift d i rect ly u p  off the chest wa l l  w i th  the probe i n  the tumor. Th i s  w i l l  a l l ow the ice
ba l l  to form without attachment to the pectora l i s  major. After the ice ba l l  i s  adeq uately formed, 
a bout 2 m i n utes i nto the freezing ,  you can release the tract ion away from the chest wa l l .  

• I f  t h e  les ion i s  l ocated c lose t o  t h e  s k i n  b u t  away from t h e  n ipp l e, then after p lac ing t h e  p robe i nto 
the tumor  and confi rm ing  satisfactory posit ion, i nject l idoca i ne  i n  the space between the sk in  and  
the tumor. Try to spread your f l u i d  with i n  the rema i n i ng  space between the sk in  and  the tumor. 
After you have over 1 em of f l u id  in the u ltrasound "window, " proceed with freez i ng .  Be ready to 
i nject further  sa l i ne/l idoca ine  du r i ng  the freez ing  per iod for the fi rst 4 m i n utes. Thereafter, the ice
ba l l  w i l l  be u n l i ke ly to get too much b igger  unt i l  the second freeze. 

• On concern du r i ng  treatment i s  that there is a p rog ressive iceba l l  en l a rgement, and freq uent sk in  
reassessment must be made to avo id  freeze i nj u ry. An easy way to te l l  if  the iceba l l  i s  gett ing too 
c lose to the skin is  to exam ine  the mob i l ity of the skin over the iceba l l .  If the sk in  has much move
ment, (si m i l a r  to the sk in  of you r  hand over your knuck les) then the ice ba l l  i s  not too c lose.  I f  there 
i s  l i m ited hor izontal  movement of the sk in ,  i nject more fl u i d .  If there i s  no sk in  movement, stop 
the p roced u re unt i l  you can i nject more fl u i d  and  create a better br idge .  
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• Avoid freez ing  les ions immed iately d e e p  t o  a reo la  and  c lose t o  t h e  t r u e  n ipp le, especi a l l y  if the 
pat ient i s  a young woman who wishes to b reastfeed i n  the future .  Dur ing the cryoablat ion,  the im
med iate su rrou nd ing  t i ssues may be i nj u red o r  destroyed .  Th i s  usua l l y  i s  not a prob lem with i n  the 
body of the b reast, because a smal l  su rround ing  marg in  of norma l  breast t i ssue i s  often removed 
with f ibroadenoma exc i s ion .  But when the im med iate su rrou nd ing  tissue inc l udes major m i l k  
ducts, o n e  must be caut ious i n  treat ing that patient.  There i s  l itt le  exper ience o f  treat ing  these pa
t ients and later determ in i ng  the a b i l ity of these women to b reastfeed.  

• There i s  anecdota l data on cryoa blat ion of nonfi b roadenomas .  Although  ear ly i n  ou r  exper ience, 
other  les ions were treated with success, the cu rrent accepta b le  i nd i cat ions for cryoablat ion a re 
for treatment of f ibroadenomas .  I n  the sma l l  ser ies of nonfi b roadenoma patients, they responded 
s im i l a r  to the f ibroadenoma cryoab lated pat ients .  H owever, a c l i n i c ian wou ld  have l itt le  c l i n ica l  
support if there were comp l icat ions on a nonf ibroadenoma pat ient .  We wou ld  refra i n  from treat
ing those patients. 

• Treating fibroadenomas during pregnancy. There is l itt le  data on cryoab lat ion du r i ng  p reg nancy. 
Rap id ly g rowi ng or pa infu l  les ions shou ld  cons ider su rgery d u r ing  preg nancy, whereas others 
may wait .  

• For two tumors c lose together i n  the same quad ra nt, both less than 2 em, it i s  possi b le  to p l ace the 
p robe through  both les ions at one t ime and  treat both s imu lta neous ly. If they can not be treated 
s imu ltaneous ly, then us ing the same probe i n  the same quadrant would be reasonab le  if the entry 
site were unchanged .  If there a re two sepa rate punctures to be made or if the les ions a re in d if
ferent quadrants of the same breast, then two separate p robes wou l d  be optim a l .  When treat ing  
f ibroadenomas of  both b reasts, two sepa rate probes shou ld  be used.  

• Some f ibroadenomas a re very dense and  seem to forb id entry of the cryoprobe.  The best a p
p roach is to reeva l uate you r  entry site and  you r  opt ions to "ho ld "  the tumor  in p l ace wh i l e  you 
advance the probe i nto it . One m ust be ca ut ious to avoid past-po int ing and push ing  through the 
tumor  once the probe enters it fu l ly. One tech n ique  i s  to sta rt the p robe i nto the les ion,  and then 
use you r  opposite hand to manua l ly b race the tumor  whi le  you advance the probe s lowly with 
your domi nant hand.  A s low twist i ng  of the probe may a l low the cryoprobe to enter the les ion .  
Use p l enty of l idoca i ne .  If it seems i m poss ib le  to enter the les ion,  cons ider tempora ri ly removing 
the cryoprobe and  us ing a spr ing- loaded core need le to take a few " b ites" of the tumor at the 
p l an ned s i te of cryoprobe entry. By creat ing  a sma l l -bore ho le  with the need le  b iopsy device, the 
cryoprobe may be ab le to enter the tumor  more eas i ly. Care to keep the cryoprobe ster i l e  wh i l e  
y o u  u s e  t h e  core b iopsy too l .  

POSTOPERATIVE CARE ments of ice packs and ibuprofen will aid in decreasing the 
swelling. Patients who are warned of the swelling and local 
tenderness will less likely be alarmed when it occurs . • Bandage dressing over the entry site is very important to absorb 

some fluid that may drain out of the entry site. The treatment 
is essentially a burn of the interior of the breast. As with other 
burns, the area will swell over the next 2 to 3 days. A dressing 
over the area must accommodate the skin stretching and tissue 
swelling; otherwise, there will be blistering of the skin where 
tape or other adhesive dressings are placed. 

• The entry site is closed with a Steri-Strip . Over the Steri
Strip can be placed a couple 2 X 2 gauze pads and then all 
covered with a Tegaderm-like adhesive waterproof dressing. 
Be careful not to stretch the adhesive dressing over the gauze 
because the tissue will swell. Stretch the skin and lay the 
unstretched dressing over the gauze so that the swelling of 
the skin over the next couple days will not create blistering 
at the corners of the dressing from a sheer effect that occurs 
with tissue swelling under a tight Tegaderm-like plastic. Do 
not stretch the Tegaderm-like plastic dressing on the skin 
but rather stretch the skin as you place the unstretched Tega
derm-like dressing over the gauze. 

• Immediately after the procedure, patients have a cold firm 
spot on their breast, which is numb. They typically are able 
to drive themselves home after a few minutes of relaxation 
while getting dressed, since no sedation is necessary. 

• Inform the patient that her tissue will swell significantly over 
the next few days, which may also be tender. Local treat-

• Sometimes, surrounding tissue is damaged and swells more 
than expected. If the lesion was on the chest wall, cryoabla
tion of pectoralis muscle will be more painful than breast 
tissue ablation. Supportive pain medicine will allow this to 
resolve. In other patients, there is significant swelling in and 
around the cryoablated tissue. This is more likely with lon
ger ablations or larger areas of normal breast tissue ablated. 
This occurs with cancer ablations due to longer treatment 
times. With tissue swelling, one must be cautious of skin tap
ing or Steri-Strips during these first few days. Due to the 
swelling, there may be a sheering force on the skin by the 
tape, and skin blisters may occur. This is strictly due to tape 
applied too tight for the amount of tissue swelling that may 
occur. Avoid tape close to the cryoablation area. Pain may be 
due to blisters forming under the tape. 

• Due to the complete destruction of all cells within the cryo
ablation target, all blood cells will lyse and exude their 
hemoglobin into the tissues. The entire treated area will turn 
a deep shade of red-purple merging to yellow green over 
the next week to 10 days. An informed patient will not be 
alarmed when these color changes occur. By 2 weeks, all the 
color is gone ( FIG 1 0A-C) . 

• The patient is advised to call the office as needed for the first 
5 days to let us know of the changes that have been described. 
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FIG 1 0  • A-C. C l i n ica l  images of patient postcryoab lat ion at 1 week, 1 month, and  6 months .  Note, the 
ecchymosis extends i n  a l a rger  a rea than the f ibroadenoma due  to the lys i s  of b lood ce l l s  i n  the a rea but 
resolves prom ptly. 

It is not likely at all to have a significant posttreatment hem
orrhage or infection. However, patients might think both of 
these events might be happening due to the typical changes 
postcryoablation. 

• After these initial changes, the patient will be able to feel a 
firm oval mass at the site of the cryoablation zone. It will 
not be very tender but will be larger than the patient's origi
nal lesion or, if it was nonpalpable prior to cryoablation, 
it is now palpable to the patient. Knowing this change in 
physical exam will occur is helpful to prevent the patient's 
concern when they first palpate the area after the initial 
swelling is gone. 

Long-Term Postprocedure Management 

• After the initial healing period, the patient enters a long
term resolution phase. During this time, the patient will have 
very slow resolution of the residual mass left by the necrotic 
central cryoablative zone. Typically, there is little pain in the 
area. Properly informed patients express little concern when 
feeling the persistent cryonecrotic mass over several months 
as it resolves ( FIG 2 ) .  

• Follow-up office visits . Some clinicians treat the patients 
and simply advise the patients of expected local changes 
in the breast and do not follow their patients in the office. 
This is not the advised method of follow-up, but some clini
cians just wait for patients to call or return as needed. This 
method creates unnecessary anxiety in the patient and likely 
decreases patient satisfaction. We recommend regular fol
low-up exams for 1 year after cryoablation. 

• As time goes on, patients are seen less frequently to con
firm the residual mass is decreasing as well as to reassure the 
patient that all is well. The first posttreatment visit is about 
2 to 4 weeks after the cryoablation. Next visit is 2 months 
later. Next visit is 3 to 4 months after that. Thereafter, every 
3 to 6 months until the lesion has disappeared. 

• With each visit, the area is examined with or without focal 
ultrasound measurements . With each exam, note the size of 
the residual cryonecrosis and reassure the patient of slow 
and progressive absorption. 

• Most patients are younger than 40 years and not candidates 
for routine mammographic screening. If they are older than 
40 years, preferably, their most recent mammogram was just 
prior to their cryoablation. Routine screening may follow. 
The first mammogram postcryoablation will have imaging 
changes from the procedure. If the imager is unaware of the 

treatment, they will note increased density and mass effect 
with indistinct margins in the area of the previously benign
appearing lesion. The unaware imager may consider the 
image BIRADS 4 and suggest a biopsy. However, clarifying 
the treatment events will modify the reading to either 
BIRADS 3 or 2, suggesting serial follow-up imaging.22•23 

• The speed of resorption of the residual cryoablation debris 
relates to the original size of the target lesion. For tumors 
less than 2 em, the area normally disappears within 1 year 
posttreatment. For those larger than 2 em, it may take longer 
than a year. Almost all lesions over 2 em are not palpable by 
2 years. Ultrasound visualization of the residual cryoablated 
tissue remains visible for longer periods but that is similar to 
surgical scar seen by ultrasound. Ultrasound identification 
of the treated area is difficult to find by 3 years. 

• Long-term (over 3 years) imaging changes vary from no 
evidence of treatment to residual scar similar to surgical bi
opsy changes. Mammograms may occasionally show focal 
calcifications in the area or radiating fibrosis, but the most 
common mammographic image is fatty replacement of the 
treatment area.22 Ultrasound imaging most often demon
strates nonspecific breast tissue with some areas of hy
poechoic scar over time. The iceball is usually at least 3 0 %  
larger than the treated lesion then slowly resorbs .  The tissue 
within the iceball becomes firm and much more noticeable 
than the prior tumor. Nonpalpable tumors become palpable 
immediately. Over the first 1 to 2 months, these areas will 
start to decrease in firmness .  It will not be until about 6 
months before they dissolve. Continue to reassure the pa
tient that the firmness they feel is normal and expected. 
Anxiety of finding a new mass when none was present pre
viously can readily undo the benefits of the procedure. 

• Some patients may have a persistent firm mass for 6 to 
9 months. If the cryoprobe was placed accurately and the 
treatment given properly, these patients will need to wait 
for the expected resolution of the palpable mass. For lesions 
over 2 em, it will take over 6 months before their lesions 
start to noticeably decrease in size. Signs of a successful 
cryoablation include no growth in the palpable mass after 
the first month, and that after 6 months, there seems to be a 
slight softening of the mass, although it is difficult to notice. 
There should be no progressive measurable growth in the 
"mass . "  Reassurance is necessary for both the doctor and 
the patient during this time. By 9 months, it is clear that 
the cryolesion is getting smaller and the firmness is decreas
ing. By 12 months, there is noticeable change, even if the 
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lesion is not gone. Progressive decrease in size is noticeable 
on ultrasound and palpation ( FIG 2) .  

• The ultrasound picture o f  cryoablated tissue i s  similar to 
surgical scar. There is typically an irregular hypoechoic 
shadowing mass, noticeably more suspicious on ultrasound 
than prior to cryoablation, but smaller than original lesion. 
The clues of normalcy are that there is no progressive growth 
but slow and progressive decrease in overall size . These le
sions are followed but not biopsied unless there is growth 
( FIG 1 1A,B ) . 

OUTCOMES 

• Many reports have demonstrated the effectiveness of cryo
ablation of fibroadenomas. These reports are consistent in 
their results in properly chosen patients . After treatment, 
clinical and imaging evidence of the lesion slowly resorbs 
until the area disappears . Imaging evidence of the targets 
also disappears (Table 2 ) .  

• After initial positive reports o f  this technique, a Current Pro
cedural Terminology (CPT) code was assigned to this process. 
Many payers reimbursed for this procedure. However, due to 
limited use of this method of treatment, many payers reversed 
their acceptance of payment and reclassified this procedure as 
investigational. Yet, the data supporting this method of treat
ment as acceptable has been repeated in the peer-reviewed lit
erature in many sites.  The few negative comments are mostly 
reports of slow resorption of the treated lesion. 

COMPLICATIONS 

• Most complications can be prevented, or said another way, 
most complications are iatrogenic. These include choosing a 
patient who has too narrow a window between the skin and 
the lesion, making skin injury more likely. 

• Other complications include blistering on the skin due to 
swelling of the skin under adhesive from Steri-Strips or the 
Tegaderm-like dressing. 

• Although ecchymosis and swelling is expected, significant 
hemorrhage and infection is quite rare. 
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Michael S. Sabel 

DEFINITION 

• Lumpectomy is defined as the complete excision of a breast 
tumor with an adequate margin of surrounding normal 
tissue. Lumpectomy plus breast irradiation are the essen
tial components of successful breast conservation therapy 
(BCT) . Lumpectomies for nonpalpable cancers require wire 
localization. Other terms for lumpectomy include partial 
mastectomy, tumorectomy, or tylectomy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• For BCT to be successful, it must be possible to ( 1 )  obtain 
negative surgical margins around the tumor while still main
taining a cosmetically acceptable result and (2 )  safely deliver 
radiation therapy. A thorough history and physical examina
tion is necessary to carefully select patients for BCT. Abso
lute contraindications to BCT are listed in Table 1 .  

• A thorough history should b e  performed prior to treatment, 
including a detailed past medical history, present medica
tions and allergies, and a personal and family history of 
cancer. 

• Prior radiation to the breast is a contraindication to BCT. 
For patients who may have had chest wall radiation for indi
cations other than a prior breast cancer ( such as mantle ra
diation for Hodgkin disease ) ,  it may be helpful to obtain the 
prior records and review the fields treated. These patients 
may be eligible for a partial breast irradiation technique 
(Part 5,  Chapter 7 ) .  

• Patients with a history of  autoimmune or  collagen-vascular 
diseases, such as scleroderma, lupus, or dermatomyositis, 
may have abnormal reaction to radiation therapy, which 
significantly compromises the cosmetic outcome. For some 
types of collagen-vascular disease, such as Raynaud phe
nomenon, rheumatoid arthritis, or Sjogren's syndrome, the 
response to radiation is not as severe and these patients may 
be considered for BCT. 

• A detailed family history is critical to assess the risk of a 
future breast cancer, and consider genetic counseling and 
testing. High-risk patients may want to consider bilat
eral mastectomy as they are at considerable risk of a sec
ond primary cancer. The data is mixed regarding the local 

Table 1 :  Absol ute Contraindications to Breast 
Conserving Surgery 

Unable to receive rad iation therapy 
Prev ious chest wa l l  i rradiat ion 
Need to de l iver radiat ion dur ing pregnancy 
Scleroderma or active system i c  l upus  erythematosus 

M u lticentric d isease 
D iffuse suspic ious ca lcificat ions on mammography 
I nab i l ity to ach ieve adequately negat ive margins 

1394 

recurrence rate among patients with a known or suspected 
BRCA 1 or 2 mutations who opt for BCT. Some, but not all, 
studies suggest an increased risk. 1 •2 The decision to pursue 
BCT in known BRCA1/2 carriers should be made following 
extensive discussion with a genetic counselor. 

• Patient age, nodal status, histologic tumor type, tumor grade, 
and extensive intraductal component (EIC) are not contrain
dications to BCT as long as negative margins can be obtained. 

• If an adequate lumpectomy can be performed, prior breast 
augmentation with breast implants are not an absolute 
contraindication, and radiation can be delivered to the 
augmented breast using standard techniques and doses. 
However, capsular contraction is a risk. If the tumor is close 
to the implant, preventing negative margins (cancers some
times invade the fibrous capsule around the implant) ,  the 
implant may need to be removed. 

• A complete, bilateral breast examination should focus on 
both assessing the cosmetic implications of lumpectomy and 
identifying additional areas of concern to rule out multicen
tric disease. Any additional suspicious masses should be bi
opsied, and cancer ruled out, prior to proceeding with BCT. 

• The size of the mass relative to the size of the breast, loca
tion of the mass, proximity to the skin and amount of skin 
needed to be resected, and symmetry of the breasts should be 
noted. For some patients with a large tumor relative to the 
size of the breast, neoadjuvant chemotherapy may be consid
ered to downstage the primary tumor. For other patients in 
whom a poor cosmetic outcome with standard lumpectomy 
is predicted, an oncoplastic approach should be considered 
(Part 5, Chapter 6 ) .  

• A detailed examination of  the bilateral axillary, supraclavicu
lar, and cervical lymph nodes should be undertaken, and any 
suspicious lymphadenopathy worked up prior to surgery. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients require bilateral mammographic evaluation, 
with appropriate magnification views, within 3 months of 
surgery ( FIG 1 ) .  The tumor size, the presence of microcalci
fications, and the extent of calcifications outside of the mass 
should be noted. Some patients with palpable cancers may 
still require wire localization of the calcifications to assure 
complete removal at the time of lumpectomy. 

• Any additional areas of abnormality should be worked up 
and biopsied to rule out multicentric cancer. Multicentric dis
ease is typically a contraindication to BCT; however, patients 
with two tumors close enough that they can be removed in 
one specimen with an acceptable cosmetic outcome can still 
be considered candidates for BCT. 

• The use of magnetic resonance imaging (MRI) to determine 
eligibility for BCT has been increasing. Although MRI may 
more accurately determine the extent of the tumor or iden
tify multicentricity, particularly in women with dense breast 
tissue (for whom mammography is less sensitive ) ,  its use is 

-
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FIG 1 • B i l atera l mam mogram demonstrat ing  a l eft b reast cancer. 
A. R ight  breast .  B. Left breast. 

controversial. MRI is highly sensitive but has limited speci
ficity and is limited in its ability to visualize ductal carcinoma 
in situ (DCIS ) .  Studies have shown that the use of MRI ap
pears to increase the mastectomy rate without decreasing re
excision or local recurrence rates.3 The need for MRI should 
be evaluated on a case-by-case basis. 

• Accurate histologic assessment of the primary tumor, in
cluding histologic subtype and hormone receptor status, is 
necessary in evaluating the breast cancer patient for suit
ability for BCT. This is best accomplished through a core 
needle biopsy rather than fine needle aspiration biopsy or 
excisional biopsy. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Prior to taking the patient back to the operating room, the 
presence of the palpable cancer should be confirmed with 
the patient. In the preoperative area, the mass should be ex
amined in both the upright and supine positions . 

• With the patient in the supine position, the mass should be 
carefully marked. 

• Although the risk of infection after breast cancer surgery is 
low, it tends to be higher than average for a clean surgical pro
cedure, and several studies have shown that antibiotic prophy
laxis significantly reduces the risk of postoperative infection.4 

Positioning 

• Lumpectomy is often performed in conjunction with a 
sentinel lymph node biopsy. Therefore, the patient should be 
positioned supine with the ipsilateral arm at 90 degrees. 

• If intraoperative analysis of the sentinel lymph node and pos
sible axillary lymph node dissection is planned, the ipsilateral 
arm should be prepped into the sterile field. Otherwise, the 
ipsilateral arm can be secured.  

• If sentinel lymph node biopsy is to be performed in conjunc
tion with lumpectomy, then the blue dye should be injected 
at this point. The skin is prepped with alcohol and either 
isosulfan or methylene blue dye is injected peritumoral (see 
Part 5,  Chapter 8 ,  Sentinel Lymph Node Biopsy for Breast 
Cancer) (FIG 2 ) .  

F IG  2 • Peritu mora l  i nject ion o f  b l ue  dye pr ior  t o  l u m pectomy 
for performance of sent ine l  lym ph  node (SLN) b iopsy. 
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PLACEMENT OF INCISION 

• The sk in  i n ci s ion shou ld  be p laced d i rect ly over the pa l pa
b le  mass (FIG 3) .  One  should avo id  excessive tunne l i ng .  
Th i s  may  com prom ise the marg ins  and  make a reexc is ion 
for c lose or  positive marg ins  u n necessar i ly  d ifficu lt .  

• When there is adequate d i stance between the sk in and the 

For sma l l e r  tumors i n  relat ively l a rger  breasts, where 
there is adeq uate b reast parenchyma, cu rvi l i near  i nc i s ions 
are accepta b le .  H owever, when sk in  or  a fa i r  amount of 
t issue i s  to be removed, cu rvi l i near  inc i s ions  wi l l  co l l apse 
the b reast i nfer ior ly so that the n i pp le  poi nts downwa rd . 
I n  th i s  s ituat ion, rad i a l  inc i s ions  w i l l  resu l t  i n  less d i stor
t ion of the n i pp le-a reo la r  comp lex. 

tumor, sk in does not need to be removed. However, when • A l l  i nc i s ions  m ust be p l an ned with a n  eventua l  mastec
tomy in m i n d  shou ld  attem pts at breast conservat ion  
fa i l  (FIG S) .  The i nc i s ion  s ize needs to be adequate to  
remove the  mass and  su rrou n d i n g  ma rg i n .  U s i ng  a sma l l  
i nc i s ion for cosmetic benefit resu lts i n  excess ive man ipu 
l a t i on  of  the  tumor  a n d  i nvolved marg in s  t ha t  req u i re 
reexc i s ion .  

the tumor is close to  the sk in ,  an  e l l i pse of  sk in over the  
tumor shou ld  be removed w ith  the l umpectomy specimen .  

• I n  the upper  hem isphere of the breast, cu rvi l i near  inc i 
s ions fo l lowing  the Langer l i nes (the  norma l  l i nes of ten
s ion i n  the sk in )  a re idea l .  I n  the lower hemisphere, the 
i nc is ions can e ither be c i rcu mareo lar  or  rad i a l  (FIG 4) .  

. 
........ 

. 

.. 

FIG 3 • Placement of inc i s ion with i n  the La nger  l i nes of 
the breast d i rectly over the pa lpab le  cancer. The inc i s ion is 
p l an ned l a rge  enough to remove the cancer without excess 
m a n i pu lat ion . 

FIG 4 • Potenti a l  l i nes of exc is ion for breast l u m pectomy. 
In the upper  hem isphere of the breast, cu rvi l i near  inc i s ions  
a re best, keep ing  with i n  the La nger  l i nes of the sk i n .  I n  the 
lower hem isphere, e ither cu rvi l i near  or  rad i a l  inc i s ions  a re 
accepta b le .  
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FIG 5 • Potent ia l  mastectomy inc i s ions i f  breast conservation fa i l s .  Lum pectomy i nc i s ions shou ld  b e  p lanned with a poss ib le  
mastectomy i n  m i nd  shou ld  negative marg ins  not  be atta inab le .  

SKIN INCISION AND RAISING OF FLAPS 

• An inc i s ion is made in the sk in  go ing  j ust deep to the 
dermis .  For les ions c loser to the sk in ,  sk in  f l aps shou ld 
be i m med iately e levated i n  a l l  d i rect ions over the mass 
(FIG 6) .  Adequate su bcuta neous fat shou ld  be left on the 
f laps, which shou ld  get p rog ress ively th icker as the f laps 
a re e levated (a pproximately 45 deg rees) . Excess ively th i n  

• 

B 

f laps lead to excessive retract ion and  concavity with ra
d i at ion and shou ld  be avoided by exc i s ing the skin over 
the mass .  
For deep-seated tumors, after d iv id i ng  the sk in ,  the 
breast t i ssue may be d iv ided stra i ght down to approxi
mately 1 em over the mass before beg i n n i n g  the d i ssec
tion around the tumor  (FIG 7) .  

1 397 

FIG 6 • Ra i s i ng  of  f l aps over the tumor. Excess ively th i n  f l aps  shou ld  be avo ided .  The f laps shou ld  get  th icker as they  a re e l evated .  
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Tumor 

EXCISION 

• The exc is ion is then ca rr ied out with the goa l  of ma in 
ta i n i ng  1 -cm g rossly free ma rg i n s  a round  the mass .  Th i s  i s  
best accomp l ished by retract ing  the mass with the i ndex 
f inger  of the nonoperative hand  so you a re constantly 
awa re of the marg i n  and ma i nta i n i ng  a 1 -cm r im of nor
ma l  b reast t issue or fat as d issect ion cont in ues toward 
the chest wa l l  (FIG SA,B) .  

• The t issue is d iv ided c i rcumferent i a l ly around the mass .  
Once it i s  free, it can usua l ly be e l evated out of the 
wound  (FIG 9) .  The sk in  inc i s ion m ust be l a rge  enough 
so that  the resected port ion  can be eas i l y  b rought out; 
strugg l i ng  to de l iver a mass through a sma l l  i nc i s ion 
leads to excessive man ipu lat ion and  posit ive marg i n s  on 
f i na l  pathology. 

• Before the les ion is comp letely removed from the body, 
the spec imen shou ld  be or iented with 2-0 s i l k  sutu res. 
Or ientat ion is cr it ica I so that if reexc is ion for c lose or  
positive marg ins  a re needed,  th i s  can be l i m ited to j ust 
the i nvo lved marg in  (as opposed to reexc i s ing the ent i re 
cavity) . Th ree sutu res a re necessa ry to or ient the mass 
correct ly for the patho log i st and avo id  errors (FIG 1 0) . 5 

At th i s  j unctu re, we recommend p lac ing  a short 2-0 s i l k  
sutu re a t  the super ior  ma rg i n  and  a long s i l k  suture a t  
the latera l  ma rg i n  (FIG 1 1 ) .  

• The spec imen is now comp letely removed by d iv id i ng  the 
deep marg i n  (FIG 1 2) .  For les ions c lose to the chest wa l l ,  
the deep marg i n  shou ld  i nc lude  the fascia of the pecto
ra l i s  major musc le .  In ra re cases, exc i s ion of some of the 
pectora l i s  i s  necessa ry to assure a negative deep marg i n .  
Once excised, a th i rd doub le-stra nded or ientat ion suture 
i s  p laced at the deep marg i n  (FIG 1 3) .  

F IG  7 • The  b reast parenchyma is  d iv ided unt i l  approx
imately 1 em above the tumor  before d issect ing  around the 
tumor  for a deep-seated tumor. 

Tumor 

FIG 8 • With the tumor  retracted with the i ndex fi nger, the 
surgeon d issects around it ,  ma i nta i n i n g  1 em of norma l  b reast 
t issue around the tumor. 

A 

B 



FIG 9 • The ent i re tumor  is excised c i rcumferent ia l ly and  
de l ivered f rom the wound .  

F IG 1 1  • Mark ing  sutu res a re p l aced p r io r  to comp lete 
exc is ion of the speci men so as not to lose the or ientat ion .  

C h a p t e r  5 LUMPECTOMY FOR BREAST CANCER 

Long stitch = lateral 

FIG 10 • Three suture marking system for l umpectomy 
specimens. A 3-0 s i l k  short stitch is p laced superiorly, a long stitch 
is p laced latera l ly, and a double stitch is p laced deep (posteriorly) . 

FIG 1 2  • The poster ior  t issue is d iv ided last, comp let ing  the 
l u m pectomy. 

FIG 1 3  • Lum pectomy spec imen with mark ing  sutures. 
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INTRAOPERATIVE MARGIN ANALYSIS 

• Without i ntraoperative ma rg i n  ana lysis, reexc i s ion rates 
to obta i n  negative marg i ns can be as h i gh  as 30% to 
50% .  I ntraoperative ma rg i n  ana lysis i s  h i g h ly recom
mended to m i n i m ize reexc is ion rates to as  low as  1 0 % .6 
After or ientation,  the marg ins  of the spec imen a re i n ked 
using s ix co lors and then sect ioned at 2- to 3-mm i nter
va l s  (FIG 14) .  

• After g ross exa m i nat ion of the ma rg i n  status, sect ions 
a re taken for each susp ic ious marg i n  (FIG 1 S) .  Sect ions 
6- to 7-1-Lm th ick  a re cut on  a - 20°( cryostat and  sta ined 
with  a rap id  hematoxy l i n  and  eos in techn ique  (with 
two leve l s  of each t issue b lock exa m i ned) .  Any marg ins  
i n  which i nvasive o r  i n  s i tu  carc i noma extend to with i n  
2 - m m  a re reported t o  t h e  surgeon (FIG 1 6) .  

• A reexc is ion of the c lose marg in  ca n then be performed 
by g rasp i ng  the top of the marg in  with a n  Al l i s c l amp 
and  exc i s ing back  a nother  0 .5  to 1 em around the hemi 
sphere i n  need of  reexc i s ion (FIG 1 7A,B) .  The new mar
g i n  shou ld  be appropriately marked for the patho log i st 
(FIG 1 8) .  

F IG  14 • The  speci men i s  i n ked with s ix co lors and  sect ioned 
for i ntraoperative marg i n  ana lysis .  

FIG 16 • DCIS i s  identif ied c lose to the ma rg i n .  This 
i nformation i s  rel ayed to the surgeon so a reexc is ion of that 
marg i n  ca n be performed.  

FIG 17 • A. An add it iona l  i nfer ior  ma rg i n  i s  obta i ned based 
on  the i ntraoperative marg i n  ana lys i s .  B. The top of the cavity 

FIG 1 5  • The sect ions a re g rossly exa m ined for i nvo lved i s  g rasped with an  A l l i s  and the ent ire hem isphere i s  excised 
ma rg i ns .  approximately 1 em back from the cavity. 



CLOSURE 

• Once the l u m pectomy is com p lete, hem ostas is  is assured 
a n d  then surg ica l  c l i ps a re p laced with i n  the cavity at 
the s ix a natomic  locat ions (anter ior, poster ior, med i a l, 
l atera l ,  super ior, a n d  infer ior) (FIG 1 9) .  This  helps i n  the 
p l a n n i n g  of rad iat ion thera py, part icu lar ly  for a boost or  
for part i a l  breast i rrad iat io n .  

F IG 1 9  • C l i ps a re p laced a r o u n d  t h e  l u m pectomy cavity to 
aid in the del ivery of rad i at ion .  

C h a p t e r  5 LUMPECTOMY FOR BREAST CANCER 

FIG 1 8  • A mark ing  stitch des ignat ing the new, t rue  m a rg i n  
after reexcis ion .  

• 

• 

For the sta ndard l u m pectomy, the su rgeon shou ld  not 
try to rea pprox imate the b reast tissue. The cavity w i l l  
fi l l  w i t h  serom a  a n d  f i b r i n ,  a n d  u lt imately f ib rous t issue, 
wh ich  w i l l  m a i nta i n  the norma l  contour. For  la rge de
fects, oncoplastic tec h n i q ues ca n be considered, which  
a re d iscussed i n  Part 5, Chapter 6 .  
The i nc is ion is  c losed with a bsorba b le deep derm a l  su
tu res, fo l l owed by either a su bcuticu l a r  st itch or  t issue 
ad hesive (FIG 20) .  Drains should n ot be used . 

FIG 20 • The sk in  is rea pproxi mated with a bsorba b le deep 
der m a l  sutu res . 
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PEARLS AND PITFALLS 
I n d ications • A com p l ete h i story and p hysica l and review of the breast i m a g i n g  shou ld  take p l ace to assure the 

patient is  a su itab le  ca n d i d ate for BCT. 
• Susp ic ious les ions o n  exa m o r  i m a g i n g  shou ld  be b iops ied pr ior  to p roceed ing  with BCT. 

P lacement of inc i s ion • I nc is ions shou ld  be created, kee p i n g  i n  mind a poss ib le  mastectomy shou ld  BCT fa i l .  
• I n  t h e  i nfer ior  port ion o f  t h e  b reast, rad i a l  i nc is ions c a n  g ive super ior  cosmetic outcomes com p a red 

to curvi l i near  i nc is ions .  
• M a ke the inc is ion l a rge enough to remove the tumor  without excess ive m a n i pu lat ion .  Th i s  

decreases the c l ose/positive m a rg i n  rate a n d  the need for reexc i s ion .  

Ra i s ing  of f laps • Th in  f laps  w i l l  lead to excessive retract ion a n d  concavity after rad i at io n .  Avoid  them by excis i n g  the 
sk in  ove r the tumor  with the l u m pectomy. 

• F l a ps shou ld  get p rog ressively th i cker as they a re ra ised.  

Exc i s ion • M a i nta i n  at l east 1 em of g rossly norma l  marg ins  around the mass throug hout the exc i s ion .  
• I ntraoperative marg in  a n a lysis can g reatly reduce reexc is ion rates, lea d i n g  to lower  mastectomy 

rates and i m p roved cosmetic outcome.  

Or ientation • Th ree or ientat ion sutu res a re necessa ry to avo id  error. 
• Place two sutu res before com p l ete exc is ion of the tumor  to avo id  los ing the or ientat ion .  

C losure • Do not try to reapproxi mate the b reast tissue or p l ace a d ra i n .  

POSTOPERATIVE CARE 
• After a lumpectomy, the patient should be placed in a breast 

binder or supportive brassiere. This helps sustain hemosta
sis and relieves tension on the skin closure imposed by the 
weight of the breasts . The patient should be encouraged to 
wear the support bra day and night for 1 week after surgery. 

OUTCOMES 
• Long-term recurrence rates after lumpectomy and radiation 

therapy range from 5% to 22 % ,  compared with 4% to 14% 
for mastectomy. Survival rates are equivalent? 

• Among women undergoing lumpectomy and radiation, 
excellent or excellent/good cosmetic results were noted at 
3 years in 73 % and 96%,  respectively.8 This is primarily 
driven by the volume of breast tissue resected, with scores 
higher among women with less than 35 cm3 resected com
pared to women with greater than 85 cm3•9•10 

COMPLICATIONS 
• Seroma 
• Hematoma 
• Infection (cellulitis or abscess ) 
• Altered sensation to the nipple 
• Close or positive margins 
• Poor cosmetic outcome 
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Chapter 6 Oncoplastic Breast Surgery 
I 

---------------------------------------- -t ----------------------------------------------------- · 

Kristine E. Calhoun Benjamin 0. Anderson 

DEFINITION 
• Breast-conserving therapy was first introduced as a treat

ment option for women with breast cancer beginning in 
the 1970s, with multiple clinical trials having since dem
onstrated equivalency in terms of overall survival between 
lumpectomy with radiation and mastectomy.1•2 

• For breast conservation to be effective, the cancer must 
be resected with adequate surgical margins while simulta
neously maintaining the breast's shape and appearance. 
Unfortunately, satisfying these dual goals may prove to be 
challenging. 3 

• In a traditional lumpectomy, the skin is opened, the tumor 
removed, and the wound closed without any specific effort 
being made to obliterate the internal cavity. Closing the re
maining fibroglandular tissue may result in cosmetic defects 
if alignment of the breast tissue is suboptimal. Although such 
an approach may work well for smaller tumors, declivity of 
the skin and/or displacement of the nipple-areolar complex 
(NAC) may be the end result if the lesion removed from the 
breast is sizable. 

• In 1 994, Werner P. Audretsch was one of the first to advo
cate the use of "oncoplastic surgery" for repair of partial 
mastectomy defects by combining the techniques of volume 
reduction with immediate flap reconstruction.4 Although 
initially used to describe partial mastectomy combined with 
large myocutaneous flap reconstruction using the latissimus 
dorsi or the rectus abdominis muscles, oncoplastic surgery 
currently refers to a series of surgical approaches that use 
partial mastectomy and breast flap advancement to address 
tissue defects following wide resection. 

• The most widely used techniques, which will be described in 
this chapter, include the parallelogram mastopexy lumpec
tomy, batwing mastopexy lumpectomy, lateral segmentec
tomy lumpectomy, donut mastopexy lumpectomy, reduction 
mastopexy lumpectomy, and the central lumpectomy.3•5 

ANATOMY 
• One of the fundamental challenges for the oncoplastic breast 

surgeon is to determine how the individual cancer is distrib
uted within the breast and to assess whether the lesion can 
be resected as a single en bloc fibroglandular resection. 

• The modern anatomic analysis of ductal anatomy suggests 
that the number of major ductal systems is probably fewer 
than 10 .  The size of ductal segments can be incredibly vari
able, with some presenting as a narrow "pie slice " of tissue; 
in other cases, a single ductal segment can occupy up to 25% 
of the total breast volume. 6 

• Not all ducts pass radially from the nipple to the periphery 
of the breast, as some travel directly back from the nipple 
toward the chest wall. Single ductal segments may radiate 
to the sternal (medial) and clavicular (superior) aspects of 
the breast, with two or three ductal branches layered on 
each other, creating a fuller pad of fibroglandular tissue in 

the axillary (lateral ) and abdominal (inferior) aspects of the 
breast? Although the ductal branches appear to interdigitate 
with each other within the breast parenchyma, the segments 
do not communicate with each other via ductal anastomoses. 

• In contrast to breast ductal anatomy, the fibroglandular 
tissue of the breast has a rich anastomotic circulatory bed, 
which allows oncoplastic resection and mastopexy fibro
glandular advancement to be safely performed with mini
mal threat to tissue viability. This well-collateralized breast 
vasculature allows the surgeon to remodel large amounts of 
fibroglandular tissue within the skin envelope without major 
risk of breast devascularization and subsequent necrosis. 

• The axillary and internal mammary arteries are the most 
common origins of the arterial blood supply of the breast. 
By maintaining communication with one of these two 
arterial connections, adequate blood supply to the breast 
parenchyma is maintained during tissue advancement and 
mastopexy closure. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patients should undergo standard preoperative history and 

physical, with special attention given to any prior breast sur
gical history, including the placement and location of breast 
implants. 

• Tissue biopsy, preferably using core needle sampling, should 
be performed and conclusive proof of malignancy docu
mented, with mandatory internal review of all external 
pathology slides required at our institution. 

• Every effort should be made to make the tissue diagnosis by 
needle sampling, as an excisional biopsy scar may compli
cate the placement of the subsequent lumpectomy incision. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Patients considered for oncoplastic lumpectomy should 

undergo a standard preoperative breast imaging workup, 
which typically includes a combination of mammography 
and ultrasound, with or without breast magnetic resonance 
imaging (MRI) .  Although mammography may underesti
mate the extent of disease, especially if ductal carcinoma in 
situ (DCIS) is present, it is still warranted and is often the 
initial diagnostic study. 8 

• Although still controversial, the use of MRI may contribute 
greatly to the surgeon's ability to preoperatively determine 
the extent of disease present, especially for more mammo
graphically subtle or occult cancers. Compared with mam
mographic and ultrasound images, the extent of disease seen 
on MRI may correlate best with the extent of tumor found 
at pathologic evaluation. 

• Although sensitivity is high, MRI has a low specificity of 
67.7% in the diagnosis of breast cancer before biopsy.9 Up to 
one-third of MRI studies will show some area of enhancement 
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that needs further assessment but ultimately prove to be histo
logically benign breast tissue. 3 

• For cancers containing both invasive and noninvasive com
ponents, a combination of imaging methods (mammography 
with magnification views, ultrasonography, and/or MRI) 
may yield the best estimate of overall tumor size. 10 

SURGICAL MANAGEMENT 
• The indications, as well as the contraindications, for onco

plastic surgery are the same as those of traditional breast
conserving surgery. In general, such techniques are only 
offered to those otherwise believed to be breast preservation 
candidates, including patients with single quadrant disease 
and individuals who can tolerate and have access to postsur
gical radiation therapy. 

• The techniques described in this chapter are easily learned 
and implemented by breast surgeons, even those lacking for
mal plastic surgery training. 

Preoperative Planning 

• While planning oncoplastic resections, as with traditional 
lumpectomy, the surgeon needs to accurately identify the 
area requiring removal, which is often aided by the use of 
preoperatively or perioperatively placed localization wires. 

• Single wire localization for larger breast lesions may be more 
likely to result in positive margins, because the surgeon lacks 
landmarks to determine where the true boundaries of non
palpable disease are located. For such scenarios, multiple 
bracketing wires may assist the surgeon in achieving com
plete excision at the initial intervention ( FIG 1 ) .  

Positioning 

• Before the procedure, consideration should be given to 
marking skin landmarks with the patient in the upright sit
ting position. 

• Relevant landmarks to be identified include the inframam
mary crease, the anterior axillary fold at the pectoralis major 
muscle, the posterior axillary fold of the latissimus dorsi 
muscle, the sternal border of the breast, and the periareo
lar circle. Identifying these structures with the patient in the 
sitting position is very important to the final cosmetic out
come, because these sites may be challenging to accurately 
locate once the patient is anesthetized and lying supine on 
the operating room (OR) table. 

PARALLELOGRAM MASTOPEXY 

LUMPECTOMY 

FIG 1 • M u lt ip le  bracket ing  w i res used to perform a w i re 
loca l ized exc is ion of a l a rger  les ion .  

Approach 

• The patient should be supine on the OR table with the arms 
abducted. 

• It is preferable to have both breasts prepped and draped 
into the field so that visual comparison with the patient in 
a beach chair position is possible as the wound is closed. 
Such an approach allows the surgeon to identify areas of 
unsightly tugging or dimpling inadvertently created during 
closure so that they can be addressed at that time. 

• Multicolored inking can help orient the specimen and is best 
performed by the operating surgeon ( FIG 2 ) .  

F I G  2 • M u lt ip le  i n k  co lors a re used t o  or ient t h e  l u m pectomy 
speci men .  

• Rem ova l of the over ly i n g  para l le logram of sk in  avoids 
excessive, red u n d a nt skin from being left beh i n d  after 
exc i s ion a n d  h e l ps prevent dec l iv ity. 

• The m ost bas ic  of the oncop lastic  tech n i q u es, th i s  i n 
volves remova l of the sk in  i s l and  l ocated d i rectly superfi
c ia l  to the known d isease and is  most com m o n ly used for 
super ior  pole o r  latera l cancers - "  

• 

• 

Be caut ious when desi g n i n g  the sk in  e l l i pse, because 
remova l of too broad of a n  i s l and  can cause su bsta nt ia l  
sh ift i ng  of the NAC.  
A rou n d ed p a ra l l e l o g r a m  with two equa l  length  l i nes 
i s  d rawn,  thus m a r k i n g  the  sk in i s l a n d  to be exc ised 
i n  conj u n ct ion  with the  u n d e r l y i n g  target les ion a n d  
su r ro u n d i n g  t i ssues (FIG 3) .  For  l e s i o n s  i n  the  u p p e r  
b reast, i nc i s ions  s h o u l d  be c u rv i l i ne a r, w h e reas les ions  

• For upper  i n n e r  q u a d ra nt les ions, the sk in  i s l and exci
sions shou ld  be sma l l  or  performed us ing  a s imp le  rea p
proximat ion of b reast tissue and skin without remova l of 
any sk in  i s landY 



FIG 3 • The rounded para l l e logram,  with two equa l  l i n e  
lengths, t o  excise a s k i n  i s l a n d  e n  b l o c  with t h e  tumor. 

l ocated with i n  the  lower breast, i n c l u d i n g  the  3 o 'c lock 
a n d  9 o 'c lock pos it ions ,  shou ld  h ave a ra d i a l ly p l aced 

C h a p t e r  6 ONCOPLA5TIC BREAST SURGERY 

FIG 5 • The l u m pectomy speci men is l i fted off the pectora l i s  
m usc le .  

i s  undermi ned so that breast tissue advancement can be 
performed over the m uscle (FIG 6) .  

p a ra l l e l o g ra m .  • The marg ins  of the resid u a l  cavity a re then sh ifted 
together  by the advancement of b reast t issue over m us
cle and the d efect i s  sutu red at the deepest edges us ing  
3-0  a bsorba b le  suture .  The d i rect ion of t i s sue advance
ment can be adjusted depen d i n g  on the locat ion of the 
f ib rog l a n d u l a r  defect and the excess tissue that can be 
sh ifted to close it. The goal of the mastopexy is  to per
form as com p l ete of a c losure over the pectora l i s  m usc le 
as possi b le  to d i sco u rage com m u n ication between the 
a nter ior sk in  a n d  the deeper t issues (FIG 7). 

• The proposed sk in  i nc i s ion is made to b reast parenchyma 
(FIG 4) .  

• After exc is ion of the sk in  i s l and ,  short-d ista nce m astec
tomy-type sk in  f laps a re ra i sed a long  both s ides of the 
wou n d .  

• Dissect ion is carr ied down to the chest wa l l ,  the b reast 
g l a n d  is l i fted off the pectora l i s  m uscle (FIG 5), a n d  a 
sta ndard tumor  resect ion is performed.  

• Four  to s ix mark ing  c l i ps a re typ i ca l ly p laced at the base 
of the defect with i n  the surro u n d i n g  f ib rog l a n d u l a r  • The superfi c i a l  t issue layer is c losed with interrupted sub

derma l  a bsorba b le  sutu res (we use 3-0 sutu res), whereas 
the skin is  c losed by a bsorba b le  su bcutic u l a r  sutu res 
(we use 4-0 sutu res) in rout ine  fash ion  (FIG 8) .  

t issue.  
• Once resect ion is com p l ete a n d  hemostas is  obta i ned, the 

f ib rog l a n d u l a r  t issue at the level of the pectora l i s  fasc ia  

FIG 4 • The sk in  of the rounded para l le logram is d iv ided 
with a sca lpe l  down to the b reast parenchyma .  

F I G  6 • T h e  f ibrog l a n d u l a r  t issue i s  e levated off t h e  pectora l i s  
fascia i n  order to advance it ove r the m usc le .  
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B c 

FIG 7 • A-C. The f ib rog l a n d u l a r  t issue is adva nced over the pectora l i s  m uscle to sepa rate the deeper tissues from the overlyi n g  
s k i n .  

F IG 8 • Closure of the r o u n d e d  para l le logra m .  

BATWING MASTOPEXY LUMPECTOMY 

• For ca ncers adjacent to or deep to the NAC, but with
out d i rect i nvolvement of the n i pp le, l u m pectomy can be 
performed without sacr if ice of the n i pp le  itse lf .  

• The batwing  a pproach s i m u lta neous ly preserves NAC 
v iab i l ity as  we l l  as the b reast mound by us ing  mastopexy 
c losure to c lose the resu lti n g  f ib rog l a n d u l a r  defect of the 
fu l l -th i ckness resect ion .  

• Two s i m i l a r  sem i c i rc le  i nc is ions a re made with a n g led 
"wings" o n  each s ide of the a reo la  (FIG 9) .  The two ha l f  
c i rc les a re posit ioned to a l low them to be rea pproxi
mated to each other  at wound c losure.  

• Rem ova l of these sk in  wings  a l l ows the sem ic i rc les to be 
sh ifted together  without creat ing  red u ndant  sk in  folds 
at c losure (FIG 1 0) .  

• F i brog l a n d u l a r  t issue d i ssect ion is carr ied down deep 
to the known cancer. I n  most s ituat ions, th i s  d i ssect ion 
is  carr ied down to the chest wa l l ,  w ith  the breast g l a n d  
l i fted off the pectora l i s  m uscle i n  a fash ion  s i m i l a r  to that 
for the para l le logram l u m pectomy (FIG 1 1 ) .  

• Fo l lowing  fu l l -th ickness resect ion of the targeted le
s ion,  some m o b i l izat ion of the f ib rog l a n d u l a r  tissue for 

FIG 9 • P lan ned i nc is ion for a batwing  mastopexy. Two 
sem ic i rcu l a r  inc i s ions  with a n g led wings  on each s ide of the 
a reo l a .  
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mastopexy c losure may be req u i red .  The breast t issue is 
e levated off of the chest wa l l  at the p l ane  between the 
pectora l i s  m usc le a n d  breast g land a n d  the rem a i n i n g  
f ib rog l a n d u l a r  t issue i s  t h e n  adva nced t o  c lose t h e  resu lt
i n g  defect. 

• We typica l l y  secu re the f ib rog l a n d u l a r  t issue to itse l f  
but do not  p lace anchor ing  stitches i nto the chest wa l l , 
thereby a l lowing  the rea pprox imated b reast tissues to 
move on the chest wa l l  a n d  adjust to fi n d  its m ost n atu
ra l  way to sett le  i n  for f inal  hea l i n g .  It is  important to re
member that what looks perfect o n  the chest wa l l  when 
the patient is  sup ine  on the O R  ta b le  may not sit as  we l l  
w h e n  s h e  s its upr ight a n d  t h e  b reast becomes pendu l ous .  

• The superfi c i a l  l ayer is c losed i n  the same fash ion  as the 
para l le logram mastopexy l u m pectomy (FIG 1 2) .  

• As th i s  p roced u re can ca use some l ift i n g  of the n i p p le, 
it may create asym metry when com p a red to the contra
l atera l b reast. I f  des i red, a contra latera l l i ft can be per
fo rmed.  Although  th i s  can be performed concurrently 
at the t ime of l u m pectomy, it may be prefera b le  after 

FIG 10 • The sk in  is  i nc ised for a batwing  mastopexy. adjuvant rad iat ion has f in ished a n d  the treated breast 
has "dec lared " its new size and shape.  

FIG 11 • The exc is ion i s  carr ied down to the ch est wa l l  and FIG 1 2  • The sem ic i rc les a re sh i fted together  without 
excised off of the under ly ing  pectora l i s  m usc le .  creat ing  red u n d a nt sk in  fo lds  at c losure .  

LATERAL SEGMENTECTOMY 

• A va r iat ion of the para l le logram l u m pectomy, the latera l 
seg mentectomy is espec i a l ly usefu l for les ions located 
with i n  the lower breast, i n c l u d i n g  the 3 o'c lock a n d  
9 o'c lock posit ions .  

• The sk in  para l le logram is p l aced rad i a l ly a n d, at the cor
ner  of the para l le logram which  comes c losest to the n i p
p le, the des ign shou ld  be posit ioned such that the c losed 
inc i s ion  after resect ion w i l l  approach the NAC tangenti a l  
t o  t h e  per iareo l a r  l i n e  (FIG 1 3) .  T h i s  reduces deviat ion 

FIG 1 3  • A para l le logram for a latera l seg mentectomy, 
p laced rad i a l ly so that when c l osed, the i nc is ion w i l l  a pproach 
the NAC ta ngent ia l  to the per iareo la r  l i ne .  
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A 

FIG 14 • A.B. The ent i re spec imen down to the 
chest wa l l  i s  excised off of the pectora l i s  m usc le .  

of the NAC toward the les ion ,  a condit ion that can resu lt  • 
from scar contract ion .  

• This rad ia l  approach g ives more projection to the n i pple, 
avo id ing the downwa rd disp lacement, which can be ca used 
by a purely horizonta l scar in the lower pole of the breast. 

• The proposed sk in  i nc is ion is made to b reast parenchym a .  
• After exc is ion of the sk in  i s l and ,  short-d ista nce mastec

tomy-type sk in  f laps a re ra ised a long  both s ides of the 
wou n d .  

• Dissect ion is carr ied down to the chest wa l l ,  the breast 
g l a n d  is  l i fted off the pectora l i s  m uscle, and a sta n d a rd 
tumor  resect ion is performed (FIG 14) .  

• Four  to six mark ing  c l i ps are typica l ly p laced at the base of 
the defect with i n  the surro u n d i n g  f ibrog l a n d u l a r  t issue. 

• Once resect ion is com p l ete a n d  hemostasis obta i ned, the 
f ibrog l a n d u l a r  t issue at the level of the pectora l i s  fasc ia  
is  undermi ned so that breast t i s sue advancement can be 
performed over the m usc le .  

• The marg ins  of the resid u a l  cavity a re then sh ifted to
gether by the adva ncement of b reast tissue over m uscle 
and the defect is  sutu red at the deepest edges us ing 
3-0 a bsorba b l e  suture.  

CENTRAL LUMPECTOMY 

• 

• 

• 

The cosmetic i m pact of n i pp le  rem ova l ,  wh ich  is a n  un
fortunate necess ity when cancer  i nvolves the NAC, l i ke ly 
accou nts for the com m o n  use of mastectomy among 
these i n d iv idua l s  desp ite the existe nce of the a lternative 
opt ion of centra l l u m pectomy. 
Altho u g h  centra l l u m pecto my removes the NAC a n d  
under ly ing centra l t issues, it typica l l y  leaves beh i n d  a 
s ign if icant b reast m o u n d .  
T h e  cosmetic outcome with centra l l u m pectomy c a n  range 
from good to outsta n d i ng, depend ing  on the woman's 

• 

• 

B 

The s u p e rfi c i a l  t i ssue layer  is c l osed with i nter rupted 
s u b d e r m a l  a bsorb a b l e  sutu res (we use 3-0 sutu res), 
w h e reas the s k i n  i s  c l osed by a bsorba b l e  su bcut icu
lar  sutu res (we use 4-0 sutu res) i n  rout i n e  fas h i o n  
(F IG 1 S) .  

F I G  1 S • T h e  latera l seg mentectomy inc i s ion  after c losure.  

body ha b itus, and  may be better tolerated than mas
tectomy and  subseq uent reconstruct ion,  particu la r ly in  
women with large breasts where tota l mastectomy may 
create promi nent asym metry. 
In centra l l u m pectomy, the i nc i s ion can be made in the 
pattern of a l a rge para l le log ram,  which  encom passes 
the ent i re NAC. Ang l i n g  the i nc is ion a long  the lay of the 
breast when the patient is  u pr ight may lead to a more 
natura l  posit ion of the sca r. 
After excis ion of the sk in  is land, short-d ista nce mastectomy
type sk in  f laps a re ra ised a long both sides of the wound .  



FIG 1 6  • The centra l seg mentectomy cavity after exc i s ion of 
the tumor  down to the u ndery ing  pectora l i s  m usc le .  

• Dissect ion is carr ied down to the chest wa l l ,  the breast 
g l a n d  is l i fted off the pectora l i s  m uscle, a n d  a sta n d a rd 
tumor  resect ion is performed (FIG 1 6) .  

• Four  to s ix mark ing  c l i ps a re typ i ca l ly p laced at the base 
of the defect with i n  the surro u n d i n g  f ib rog l a n d u l a r  
t issue.  

• Once resect ion is com p l ete a n d  hemostas is  obta i ned, the 
f ib rog l a n d u l a r  t issue at the level of the pectora l i s  fasc ia  

REDUCTION MASTOPEXY LUMPECTOMY 

• For cancers i n  the lower po le of the breast, trad i t iona l  
l u m pectomy us ing c i rcu m a reo l a r  inc i s ion  may resu lt  i n  
unaccepta b le  downtu r n i n g  of the n i pp le  due  to scar  con
tracture after rad i othera py. 

A 

B 

FIG 1 8  • A,B. P lan ned i n c is ion for a red uct ion mastopexy, 
i n c l u d i n g  a keyho le  pattern i nfer ior ly a n d  de-epith e l i a l izat ion 
above the a reo l a .  
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is undermi ned so that b reast t issue advancement can be 
performed over the m usc le .  

• The marg ins  of the resid u a l  cavity a re then sh ifted 
together by the advancement of b reast tissue over 
m uscle and the defect i s  sutured at the deepest edges 
using 3-0 a bsorba b le  suture.  The superfi c i a l  t issue layer 
is  c l osed with i nterrupted subdermal  a bsorba b le  sutu res 
(we use 3-0 sutu res), whereas the sk in  is  c losed by a bsorb
able su bcuticu l a r  sutu res (we use 4-0 sutu res) i n  rout ine  
fash ion  (FIG 1 7) .  

F IG  1 7  • The breast t issue is  adva nced over the m uscle a n d  
the sk in  c l osed i n  rout ine fash ion .  

• 

• 

This  u n p leasant cosmetic outcome can be prevented by 
us ing  the tech n i q u e  of red uct ion mastopexy l u m pec
tomy, especia l ly for resect ion of les ions i n  the lower 
hemisphere of the b reast between the 4 o'clock a n d  
8 o'c lock posit ions .  
A red uct ion m a m m o p l asty keyho le  pattern i nc is ion is 
made (FIG 1 8A,B) and the skin a bove the a reo la  is 
de-epithe l i a l ized i n  preparation for skin c losure .  

• A super ior  ped ic le  f lap  is created by i nfra m a m m a ry inc i 
s ion  a n d  underm i n i n g  of the b reast t i s sue off the pec
tora l fasc ia  to m o b i l ize the NAC and under ly ing  tissues 
(FIG 1 9) .  

• For cancers l ocated in the i nfe rolatera l or i nferomed i a l  
quad ra nts, the keyho le  pattern can be rotated s l i g htly to 
a l low for a more latera l or med ia l  exc is ion w h i l e  at the 

FIG 19 • Through the i nfra m a m m a ry inc is ion the breast 
t issue i s  e levated off the pectora l i s  fascia to m o b i l ize the NAC 
and under ly ing tissues. 
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FIG 20 • The resu ltant cavity after a fu l l -th ickness exc is ion 
of the tumor. 

same t ime, the NAC is m oved i n  a d i rect ion opposite to 
that of the surg ica l  defect." 

• Commenc ing  i nfer ior ly a n d  p roceed i n g  super ior ly  be
neath the tumor, fu l l -th ickness exc is ion of the lesion is  
acco m p l ished, with at least a 1 -cm m acroscop ic  marg in  
of norma l  t issue, a n d  the sk in  over ly i ng the l e s ion  is  
removed (FIG 20) .  

• Recentra l ization of the NAC is performed to recreate a 
harmon ious  breast s ize a n d  shape.  The med ia l  a n d  lat
era l  b reast f laps a re undermi ned a n d  sutu red together  
to fi l l  the exc is ion defect, leav ing  a typ ica l  i nverted T sca r 
(FIG 21A,B) .  

• U p l ift ing  of the NAC by v i rtue of remova l of the super ior  
sk in  i s l and  h e l ps restore a youthfu l a p pearance to the 
breast but can create m i l d  asym metry i n  com pa rison to 
the contra l atera l breast (FIG 22) .  

• For  pat ie nts with macro m ast ia ,  cons i stent posit ion 
i n g  of the  b reast for  ra d i ot h e ra py may be d iffi cu lt, 
resu lt i n g  in dos i n g  i n ho m og e n e ity and su bopti m a l  
treatm e nt.13 These pat ients ca n benefit from red u ct ion  
mastopexy l u m pecto my u s i n g  a u n i latera l o r  b i l atera l 
a p p roach .  

DONUT MASTOPEXY LUMPECTOMY 

• The d o n ut mastopexy l u m pectomy is best used for seg
menta l ly d i str ibuted cance rs located in the upper o r  lat
era l  breast to ach ieve resect ion of long,  n a rrow seg ments 
of b reast t issue.  

• This  tech n i q u e  avoids a v i s ib le  long  rad i a l  scar p laced 
a g a i nst Kraiss l 's or  La nger's l i nes wh i l e  a l lowing for 
adeq u ate marg in  resect ion .  

• 

• 

Two concentr ic l i nes a re p laced around the a reo la  a n d  
a per ia reo l a r  "donut"  sk in  i s l a n d  is exc ised, with on ly  a 
per i  a reo l a r  scar v is i b le  after th i s  operat ion (FIG 23) .  

De-epith e l i a l izat ion b y  separat ing  th i s  sk in  i s l and from 
the under ly ing t issues is performed, ta k ing  ca re to avo id  
fu l l  devascu la r izat ion of the a reo lar  sk i n .  

A 

B 

FIG 21 • A.B. The NAC is recentra l ized a n d  the med i a l  a n d  
l atera l f l aps a re undermi ned a n d  re-a pproxi mated, resu lt ing  
i n  the c lass ic  i nve rted T sca r. 

FIG 22 • The red uct ion mastopexy ca n resu lt  in asym metry 
compa red to the contra latera l b reast that may req u i re a 
contra l atera l reduct ion i n  the future.  

FIG 23 • Two concentr ic c i rc les a re d rawn around the a reola,  
with approximately 1 em between them. 



FIG 24 • The donut mastopexy inc i s ion .  

FIG 25 • A sk in  f l ap  is  deve loped off of the tumor-bea r ing  
q u a d ra nt .  

FIG 26 • A wedge-sha ped exc 1s 1on of the tumor-bea r ing  
tissue is  performed down to the under ly ing  pectora l is m usc le .  

C h a p t e r  6 ONCOPLASTIC BREAST SURGERY 

• The width of the d o n ut sk in  i s l and  shou ld  be a p p roxi
mately 1 em but is  somewhat dependent on the size of 
a reo la  and expected extent of exc is ion (FIG 24) .  

• Rem ova l of t h i s  t i ssue r i n g  is req u i red to a l l ow for both 
a d e q u ate access and expos u re to the  b reast t i ssue a n d  
c losure o f  t h e  s k i n  enve lope a r o u n d  t h e  re m a i n i n g  
fi b rog l a n d u l a r  t i ssue that w i l l  reduce t issue vo l u m e 
overa l l .  

• A sk in  envelope is created in a l l  d i rect ions around 
the NAC. 

• The q u a d ra nt of breast t issue conta i n i n g  the ta rget 
les ion is fu l l y  exposed us ing the same d i ssect ion used for 
a sk in-spa r ing  mastectomy (FIG 25) .  

• The fu l l -th ickness breast g l a n d  is then sepa rated from 
the u n der ly ing pectora l i s  m uscle and de l ivered through 
the c i rcu m a reo l a r  inc i s ion .  

• The tumor-bea r ing  seg ment of breast t issue is resected 
in a wedge-sha ped fash ion  (FIG 26), with the width of 
tissue exc is ion ba la nced aga i nst the d ifficu lty that w i l l  be 
created by v i rtue of a n  overs ized seg m enta l defect. 

• The rema i n i n g  f ib rog l a n d u l a r  t issue is returned to 
the sk in  enve lope; the per iphera l  ap ica l  corners of the 
f ib rog l a n d u l a r  t i ssue a re secured to each other  a n d  then 
anchored to chest wa l l  (FIG 27) .  This  anchor ing m a i n 
ta ins  proper or ientat ion o f  the m o b i l ized f ibrog l a n d u l a r  
t issue with i n  the sk in  envelope d u r i n g  the i n it i a l  p hases 
of hea l i n g .  

• A p u rse str ing  us ing  a bsorba b le  3-0 suture is p laced 
around the a reo la  ope n i n g  at a s ize that rea pproxim ates 
the or ig i n a l  NAC. 

• I nterrupted inverted 3-0 a bsorba b le  sutu res a re p laced 
subderm a l ly a round the NAC, at which time the purse
str ing  suture is  tied and then 4-0 su bcuticu l a r  sutu res a re 
used to c lose the wound (FIG 28) .  

• U p l ift ing  of the NAC may create m i l d  asymmetry i n  
compar ison t o  t h e  u ntreated breast, s o  if  desi red, a con
tra l atera l l i ft can be performed to ach ieve sym metry 
(FIG 29) .  

F IG  27 • The f ib rog l a n d u l a r  t issue i s  rea pproxi mated to fi l l  
t h e  defect a n d  anchored t o  t h e  chest wa l l .  
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FIG 28 • The c i rc imareolar incis ion is closed in standard fash ion.  

PEARLS AND PITFALLS 

FIG 29 • As with the red uct ion m astopexy, the donut 
mastopexy w i l l  resu lt  in asym metry that may req u i re a 
contra latera l l i ft a n d/o r red uct ion .  

I n d ications • The same contra i n d i cat ions exist as with trad iti o n a l  l u m pectomy: 
• M u lticentr ic d i sease 
• Radiat ion contra i n d icat ion 
• I n a b i l ity to obta i n  negative surg i ca l  m a rg i ns 

N i pp le  a reo lar  u p l i ft ing  a n d  asym metry • May occu r with some tech n i q u es, name ly the batwing,  red uct ion,  and  donut masto-
pexy l u m pectom ies 

• Contra latera l red uct ion a n d/or l i ft may be necessa ry. 

Seroma formation • M o re common with l a rger  vo l u m e  resect ions 
• Cons ider sma l l  dra in  p lacement for a short t ime per iod . 

I nadequate marg ins  • W i l l  need  to be add ressed a g a i n  surg ica l ly 
• With l i m ited i n volvement, reexc is ion l i ke ly is feas ib le .  
• M u lt ip le  i nvolved m a rg i n s  may req u i re mastectomy to  c lea r. 

Long-term outcomes • Appear to have super ior  cosmetic resu lts with s i m i l a r  loca l  recurrence rates 

POSTOPERATIVE CARE 
• Drains are rarely required in standard partial mastectomy 

cases, as any seroma will generally be reabsorbed. 
• With more extensive dissections, such as the donut mas

topexy lumpectomy, fluid accumulation can become more 
pronounced and may require postoperative aspiration on 
occasion. A 15-Fr round Blake drain left overnight will help 
avoid excessive fluid accumulation in the dissected breast 
that might distort the oncoplastic closure . 

• Drains are typically removed either prior to discharge if kept 
overnight or on postoperative day 1 in the clinic. 

OUTCOMES 
• As with traditional lumpectomy, the main goal of all the 

oncoplastic approaches remains negative surgical margin 
resection. 

• Excision of calcified lesions, masses, and the intended tar
geted lesion should be confirmed with specimen radiography 
during surgery. 

• Additional oriented margins can be resected prior to masto
pexy closure when the radiograph suggests inadequate resec
tion may have occurred, hopefully eliminating the need for a 
delayed reexcision. 

• Some centers use intraoperative analysis with frozen section 
or cytology to aid in decisions regarding the resection of 
additional segments of tissue. 

• If subsequent reexcision is needed for inadequate surgical 
margins following the initial resection, use of the same inci
sion is preferred. 

• When the positive margin involves a minority of the specimen, 
the entire biopsy cavity does not need to be reexcised with 
only the involved margins of the previous biopsy cavity taken. 

• When all the margins of resection are involved, mastectomy 
may be needed to attain satisfactory surgical clearance. In 
this instance, it may be technically challenging to include 
both the initial oncoplastic incision and the NAC in a sub
sequent total mastectomy and consultation with the plastic 
surgeon in the event that immediate postmastectomy recon
struction is mandatory. 



• Although there are few large volume studies of long-term 
outcomes specifically addressing oncoplastic approaches in 
breast conservation, the results that are available are promis
ing. One investigation from Europe followed 148 women for 
a median of 74 months (range 10 to 108  months) and only 2 
were lost to follow-up. Among the remaining 146 individuals, 
there were only 5 (3 % )  women who suffered an ipsilateral 
in-breast cancer recurrence after 5 years and all had either T2 
or T3 tumors at presentation. 14 

• Although additional studies are needed, it seems reasonable 
to presume that oncoplastic approaches, which often results 
in wider margins of resection than the traditional segmental 
mastectomy, will continue to be a sound option for breast 
conservation therapy. 

COMPLICATIONS 
• When using oncoplastic approaches, surgeons without for

mal training must determine which procedures they are com
fortable performing without plastic surgery consultation or 
intraoperative collaboration.3 

• In addition to standard potential postsurgical complications, 
wound infection, fat necrosis, and delayed healing in the 
more advanced reduction mastopexy lumpectomy have all 
been reported with oncoplastic resections . 15 

• The blood supply of the external nipple arises from under
lying fibroglandular tissue using major lactiferous sinuses 
rather than the collateral circulation from surrounding areo
lar skin, so nipple necrosis may occur if dissection extends 
high up behind the nipple.3 
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Chapter 7 Brachytherapy Catheter 
Insertion for Breast Cancer 

I 
· ----------------------------------- �-----------------------------------------------------+ 

t Peter D. Beitsch 

DEFINITION 
• Breast conservation therapy (BCT) requires postlumpectomy 

radiation. 
• Radiation can be given to the entire breast as whole breast 

irradiation (WBI) or to the area at the highest risk of re
currence-the breast tissue surrounding the lumpectomy 
cavity-by accelerated partial breast irradiation (APBI) .  

• APBI can b e  delivered from a n  external source (3 -D confor
mal) or an internal source (brachytherapy) .  

DIFFERENTIAL DIAGNOSIS 
• Brachytherapy can be delivered via multiple inserted 

catheters ( interstitial multicatheter; FIG 1 ) or via a single 
insertion/multiple catheter device ( FIGS 2-4) (see videos 1 
and 2 in the accompanying eBook) .  

FIG 1 • M u lt ip le  catheter i nterstit i a l  b rachythera py. 

FIG 2 • Strut-adj usted vo l u me i m p l a nt (SAVI)-s ing le  i nsert ion 
m u lticatheter strut-based device. ©Cia n n a  Medica l ,  I nc .  
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FIG 3 • M a m moSite M L-si n g l e  i nsert ion m u lticatheter ba l l oon 
device.  

FIG 4 • Contu ra-s ing le  i n sert ion m u lticatheter ba l loon device. 

• Radiation oncologists usually perform the multiple catheter 
insertions and surgeons insert the single insertion/multiple 
catheter devices (which is the focus of this chapter) .  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patient selection for APBI is critically important (not every

one is a candidate) .  
• The American Society o f  Breast Surgeons 1 and the American 

Brachytherapy Society2 have published guidelines for patient 
selection (Table 1 ) .  

• The American Society o f  Radiation Oncology (ASTRO ) has 
published a consensus statement on patient selection for 
APBI (Table 2 ) . 3 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Controversy exists whether all patients undergoing APBI 

should get preoperative advanced breast imaging (magnetic 
resonance imaging [MRI] or positron emission mammogra
phy);  however, most surgeons only do so selectively. 

• Ultrasound skills by the surgeon are helpful for insertion but 
are not mandatory. 

-



C h a p t e r  7 BRACHYTHERAPY CATHETER I N SERTION FOR BREAST CANCER 1415 

Table 1: Patient Selection Guidelines for 
Accelerated Partial Breast Irradiation 

American 
Brachytherapy American Society of 

Criteria Society Breast Surgeons 

Age 2:50 2:45 
Histo logy IDC I DC, DC IS 
Tu mor s ize :53 em :53 em 
Node status NO NO 
Marg ins  Negative Negative 

!DC, invasive ductal carcinoma; DC/5, ductal carcinoma in situ. 

SURGICAL MANAGEMENT 
• Brachytherapy devices are routinely placed in the surgeon's 

office. 
• Cavity evaluation devices ( CEDs)  ( FIG 5) can be inserted at 

the time of the lumpectomy as a " space holder" until ex
changed in the office for the brachytherapy device. 

Preoperative Planning 

• Preoperative consultation with the radiation oncologist will 
be helpful in facilitating postoperative treatment scheduling. 

• Postlumpectomy placement in the office begins with the pre-
operative plan for the lumpectomy including 

Location of incisions (do not perform sentinel lymph node 
biopsy through the lumpectomy incision) 
Use of oncoplastic techniques (minimal flap rearrange
ment is okay but major flap movement with obliteration 
of the lumpectomy cavity negates the use of APBI) 
Thicker wound closure if possible (more tissue between skin 
and cavity may require skin resection and multilayer closure) 

OPERATIVE PLACEMENT OF A CAVITY 

EVALUATION DEVICE 

First Step 

• After l u m pectomy but before c losu re, a s m a l l  sk in  n i ck i s  
made latera l ly  or  i nfer ior ly  a n d  the C E D  is  tun ne led from 
the skin n ick i nto the l u m pectomy cavity (FIG 6) .  

Second Step 

• I nf late the ba l l oon with enough  sa l i n e  to fi l l  the cavity 
(FIG 7) .  

Third Step 

• Deflate the ba l l oon a n d  c lose the l u m pectomy wou n d .  

Fourth Step 

• Reinf late the ba l loon a n d  note the vo l u m e  used . Th i s  w i l l  
assist i n  choosi ng t h e  correct s i z e  o f  b rachytherapy de
v ice to be p l aced i n  the office.  
• There is no n eed to suture the C E D  to the sk in  as the 

inf lated ba l loon wi l l  ho ld  it i n  p l ace. 

Table 2: American Society of Radiation Oncology 
Consensus Statement on Patient Selection for 
Accelerated Partial Breast Irradiation 

" Suitable" " Cautionary" " Unsuitable" 

Defin it ion Off clinical trial Limited clinical data Only on trial 
Age 2:60 y 50-59 y <50 y 
T s ize :52 em 2-3 em >3 em 
Nodes Neg Pas 
Histo logy IDC ILC  or DC I S  
Marg ins Neg (>2 mm)  C lose (<2 mm)  Pas 
Path features No EIC or LVI E IC  or foca l LVI > 3 em E IC/DCIS  
Grade Any 
Mu lticentricity Unifoca l 
ER status Pas Neg 

/DC. invasive ductal carcinoma; ILC. invasive lobular carcinoma; DC/5, ductal carcinoma in situ; 
EIC. extensive intraductal component; LVI, /ymphovascular invasion; ER, estrogen receptor. 

Positioning 

• Operative : No changes needed for CED placement. 
• Office: Generally, brachytherapy devices are placed from lat

eral to medial to minimize the nontherapeutic radiation that 
other parts of the body receive as the brachytherapy seed 
travels into and out of each of the catheters. 

Lum pectomy 
cavity 

FIG 5 • Cavity eva l uat ion device. 

FIG 6 • Operative p l acement of C E D .  
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Sal ine 
inflated 
baloon 

OFFICE EXCHANGE OF CAVITY 

EVALUATION DEVICE FOR 

BRACHYTHERAPY DEVICE 

First Step 

• Review the patho l ogy to ensure neg ative marg ins  a n d  
negative senti ne l  node(s) a n d  confirm with t h e  rad iat ion 
oncolog ist that the patient i s  a ca n d idate for APB I .  

Second Step 

Saline 

1. 

FIG 7 • I nf lat i ng  the C EO. 

Third Step 

• Defl ate the CEO (not ing  the vo l u m e  used) a n d  remove it, 
i m m ed i ately p lac ing  the b rachythera py device through 
the same track i nto the l u m pectomy cavity (FIG 9) .  

Fourth Step 

• I nf late the ba l loon  with the same a m o u nt of sa l i n e  or  
expa nd the struts unt i l  they engage the cavity wa l l s .  

Fifth Step 

• Prep a n d  d rape the CEO a n d  the surro u n d i n g  b reast t is- • Ster i le ly  d ress the entrance s ite of the device. 
sue with Betad ine  o r  ch lo rhexi d i n e  and ster i le  d rape or  
towels  (FIG 8) .  

• I nject loca l  a n esthetic around the sk in  n ick .  

FIG 8 • Prep a n d  d ra pe the CEO a n d  surround i n g  b reast. 

Lumpectomy cavity 

Brachytherapy 
device 

FIG 9 • Exchange of brachytherapy device for CEO through 
same track without n eed for u ltraso u n d .  
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OFFICE PLACEMENT OF BRACHYTHERAPY 

DEVICE WITH ULTRASOUND GUIDANCE 

First Step 

• Review the patho l ogy to ensure negative m a rg i ns a nd 
negative senti ne l  node(s) and conf i rm with the radiat ion 
onco log ist that the patient i s  candidate for APB I .  

Second Step 

• Exa m i n e  the l u m pectomy cavity with u ltraso u nd to de
term i n e  the best size of brachythera py device and the 
best a pproach to p l ace the device (FIG 1 0) .  

• The approach is part ic u l a r ly i m portant for the strut
based device because it is  e l l i pt ica l and shou ld  be 
p laced a long  the long axis of the l u m pectomy cavity 
(ba l l oon devices w i l l  expand and make the l u m pec
tomy cavity conform to the ba l l oon) .  

• P lan  i n ci s ion -2 em from the edge of the cavity. 

Third Step 

• I nject loca l  a n esthetic i nto the sk in  n i ck site a nd the track 
that leads to the l u m pectomy cavity (FIG 1 1 ) .  

Fourth Step 

• Steri le ly  prep and drape the site and p lace the u ltraso u nd 
tra nsducer i nto a ster i l e  drape onto the f ie ld .  
• If a ster i le  tra nsducer cover is not ava i l a b le, you can 

c lean the tra nsducer with a lcoho l  swa b and use ster
i l e  ge l ,  but the hand us ing the u ltrasound w i l l  no lon
ger be ster i le  and therefore that hand ca n n ot touch 
a ny of the i nstru ments or  brachytherapy device. 

Fifth Step 

• Use a no .  1 1  b lade and make an a p p roxi m ately 1 2- m m  

F IG 11  • Loca l  a n esthetic a t  the i nsert ion site. 

Seventh Step 

• I n sert the brachytherapy device th ro u g h  the troca r track 
i nto the l u m pectomy cavity (FIG 14) .  

Eighth Step 

• I nfl ate the ba l loon u nt i l  you meet resista nce or deploy 
the struts u nt i l  they engage the cavity wa l l s  (FIG 1 5) .  

Ninth Step 

• Exa m i n e  the device p l acement with u ltrasound (FIG 1 6) .  

Tenth Step 

• Rem ove the center stiffener  rod and replace with a cath
ete r ca p to keep f lu id  out of the catheter (FIG 1 7) .  

i nc i s ion  (FIG 1 2) .  Eleventh Step 

Sixth Step 

• The troca r is i n serted i nto the cavity u nder u ltraso u nd 
g u ida nce (the l u m pectomy seroma may part i a l ly evacu
ate at this t ime) (FIG 1 3A,B) .  

F IG  1 0  • U ltrasound exa m i nat ion of the l u m pectomy cavity. 

• Ster i l e ly dress the device entrance s ite (FIG 18) .  

F IG  1 2  • Sk in  i n c i s i o n  at i n sert ion s ite. 

1417 
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A B Lumpectomy cavity 

FIG 13 • A,B. Trocar  i n sert ion i nto l u m pectomy cavity u nder u ltrasound g u ida nce. 

FIG 14  • B rachytherapy device p l acement i nto cavity u nder 
u ltrasound g u ida nce. 

FIG 16 • U ltrasound exa m i nat ion of the b rachythera py 
device p lacement.  

FIG 1S • I nf lat i ng the brachythera py device ba l loon .  

FIG 1 7  • Rep lac ing  the center catheter cap .  
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FIG 18 • Ster i l e  dress ing  a ro u nd the b rachytherapy device.  

PEARLS AND PITFALLS 
Poor conforma nce of 
ba l l oo n  device to cavity wa l l  

• I f  there is  a pocket o f  f l u id or  a i r  between t h e  ba l loon a nd l u m pectomy cavity wa l l  (as seen by 
u ltraso u nd), gent ly massage the b reast to evacuate the f lu id/a i r. 

D ra i nage th ro u g h  track • There is  often f lu id that wi l l  dra i n  out th ro u g h  the track of the CED o r  device.  Wa r n i n g  your pa
t ient a bout th i s  wi l l  often save a phone ca l l  at bedt ime (usu a l ly occurs when patient l ays down 
for bed) . 

Delay in device p lacement 
after l u m pectomy 

• As the l u m pectomy wound hea ls, the cavity w i l l  become f ib rotic and eventua l ly ob l iterates. Th is  
ca n vary between patients, but it is  genera l ly best to p lace the device with i n  4 weeks of the 
l u m pectomy. 

Avoid ing radiat ion reca l l  • I f  t h e  patient is  go ing  t o  b e  rece iv ing  chemothera py, i t  i s  best t o  wa it a m i n i m u m  o f  3 weeks 
after the last APB I treatment to prevent radiat ion reca l l  (poorly u nderstood phenomena of non
i nfect ious e rythema over ly i ng the l u m pectomy cavity) . 

M i n i m iz i n g  sk in  radiat ion • Altho u g h  the newer devices h ave m u lt ip le  catheters that a l low much better ta i lo r ing  of the ra
diation to m i n i m ize radiat ion to norma l  structu res (sk in ,  l u ngs, r i bs, heart, pectora l m usc le), it i s  
st i l l  best to create as much  dista nce between the sk in  and the brachythera py device as poss ib le, 
so you may need to excise sk in  over ly i n g  the b reast cancer and close the cavity i n  m u lt ip le  l ayers. 

POSTOPERATIVE CARE 
• Postinsertion care includes daily dressing changes, no show

ering ( sponge baths only until device removed) .  
• Most surgeons place the patient o n  antibiotics while the 

device is in. 
Cephalexin, Bactrim DS, and ciprofloxacin are commonly 
used. 

• Typically, the radiation oncologist will remove the device 
after the last treatment and Steri-Strip the opening. 

OUTCOMES 
• APBI has local recurrence rates of 2% to 5 %  at 5 years

similar to WBI.4-7 
• Overall survival and breast cancer-specific survival are also 

equivalent to similarly staged patients who receive WBI. 
• True recurrences (tumor bed) are usually treated with mas

tectomy, but elsewhere, recurrences (presumably new prima
ries ) may be treated with lumpectomy and APBI. 

COMPLICATIONS 
• Early complications4 

Infections-� 9 %  (no catheter explant due to infection) 
Seromas-� 30% 

Painful seromas-� 13% 
• Late complications 

Cosmesis-excellent/good, 90%;  and fair/poor, 1 0 %  
Fat necrosis-� 2 %  
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Chapter 8 Sentinel Lymph Node Biopsy 
for Breast Cancer 
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t Anees B. Chagpar 

DEFINITION 
• Sentinel node biopsy is a minimally invasive means to accu

rately stage the axilla in breast cancer patients. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• As always, a complete history and physical exam is war

ranted. If the patient has obvious clinically enlarged axil
lary lymph nodes on physical exam, ultrasound, and/or fine 
needle aspiration (FNA) or core needle biopsy may provide 
diagnostic information. If the biopsied node is positive, one 
could proceed to neoadjuvant chemotherapy and/or axil
lary dissection if primary surgery is planned. Alternatively, 
if the biopsied node is negative, sentinel node biopsy is still 
indicated for definitive evaluation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Lymphoscintigraphy is commonly performed in conjunction 

with sentinel lymph node (SLN) biopsy for breast cancer, 
although it is not absolutely necessary. 1 Depending on how 
the radionucleotide tracer is injected, lymphoscintigraphy 
may show drainage to the internal mammary nodes (see 
Part 5 ,  Chapter 9 ) .  If patients have had previous sentinel 
node biopsy and/or axillary node dissection, repeat sentinel 
node biopsy may be considered for staging ipsilateral recur
rent or new primary disease. In this circumstance, alternative 
drainage patterns are possible, and therefore, preoperative 
lymphoscintigraphy may be useful .2 

SURGICAL MANAGEMENT 
• Sentinel node biopsy is indicated for staging of patients with 

invasive breast cancer or those with ductal carcinoma in situ 
undergoing mastectomy. 

INJECTION OF RADIOACTIVE TRACER 

AND/OR BLUE DYE 

• Use of d u a l  tracer has been shown to be associated with 
h i g h e r  identif ication and lower false-negative rates3; 
h owever, part icu lar ly  in patients underg o i n g  sk i n-spa r ing  
mastectomy, surgeons may wish to forego b l u e  dye, as 
the dye may d isco lor  the skin and m a ke it more d iffi cu lt  
to eva l uate for sk in  ische m i a  or  necrosis .  
• I n  genera l ,  the rad i oactive tracer used is techneti u m  

Tc 99m su lfur  co l l o i d .  F o r  patients not undergo i n g  
lym phosc int igraphy, the tracer can be i njected i n  
t h e  p reoperative h o l d i n g  a rea .  H owever, i nject ion 
of th is  mater ia l  i s  pa infu l ,  and  adequate cou nts can 
often be obta i ned with i ntradermal  i nject ion after 

Preoperative Planning 

• Timing of sentinel node biopsy vis-a-vis neoadjuvant che
motherapy is controversial; some opt to perform this pro
cedure prior to initiation of neoadjuvant chemotherapy so 
as to most accurately stage the axilla, whereas others will 
do a sentinel node biopsy after completion of neoadjuvant 
chemotherapy so as to potentially spare patients who have 
had a pathologic complete response to the morbidity of a 
complete axillary dissection. 

Positioning 

• Patients are positioned supine. A roll may be placed under 
the ipsilateral shoulder so as to elevate the latissimus dorsi 
muscle. Care should be exercised to ensure that the arm is 
supported on folded sheets so as to avoid a brachial plexus 
stretch injury ( FIG 1 ) .  

• Intravenous lines, pulse oximeter devices, and blood pressure 
cuffs should be placed on other extremities if possible. 

FIG 1 • Patient posit ioned with ro l l  under  ips i latera l lat iss imus  
a n d  fo lded sheets to support a r m .  

i nduct ion of a nesthes ia .  The rad iotracer ca n b e  
i njected peritu mora l ,  intradermal  ( in  t h e  sk in  over 
the locat ion of the ca ncer), or  per iareo l a r  (four  i n 
tradermal  i nject ions a round  the a reola) .  If  i nject ion 
is  done on the same day as the operative procedu re, 
a dose of 0.5 mCi is  adequate. If  i nject ion is done the 
day pr ior  to surgery, 2 . 5  mCi  should be used . 

• Both isosulfan and methylene b lue dye have been 
used for SLN b iopsy; they va ry i n  their color, com
p l i cation prof i le, and cost. lsosu lfa n blue is  a more 
azure blue (which is easier to d isti ngu ish from venous 
structures) but is associated with less than 1 %  r isk 
of anaphylaxis4 and is s ign ificantly more costly than 
methylene b lue .  Methylene b lue is darker, associated 
with a h igher rate of skin necrosis, but is far chea per. 5  

142 1 
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In general ,  5 mL of these tracers a re used; if methylene 
b lue is chosen, it should be d i l uted 1 :2 with sa l i ne. 

• B l ue dye may be i njected peritu mora l  or us ing  a 
subareo l a r  approach .  The latter a l l ows for lym
phat ic  m a p p i n g  of m u lt ip le  tumors and those wh ich 
a re n ot eas i ly identifi ab le6 (FIG 2) .  For patients 
undergo ing breast conservat ion,  the subareo l a r  ap
proach may leave the pat ient with a " b l ue b reast" 
for some t ime .  

PREPPING AND DRAPING 

• The arm is prepped c i rcu mferent ia l l y  a long with the 
breast. The arm is d ra ped i nto the f ie ld  a n d  kept free 
such that the surgeon may move the arm in a ster i l e  fash
ion  d u r i n g  the case (FIG 3) .  

F IG  2 • Suba reo l a r  i njection of b l u e  dye. 

FIG 3 • Patient d raped with breast and axi l l a  in the f ie ld ;  the 
i ps i latera l arm is d ra ped i n  the ster i l e  f ie ld .  

INCISION 

• I dentif ication of the a rea of maxi m a l  rad ioactiv ity in the 
axi l l a  us ing  a handhe ld  gamma probe a l l ows one to pos i 
t ion the inc is ion over the senti ne l  node.  

• La ndma rks of the pectora l i s  a n d  lat iss imus  dors i  m uscle 
a re used to fash ion  a n  inc is ion for a n  axi l l a ry d i ssect ion 
of which the senti ne l  node inc i s ion would be a seg ment 
(FIG 4) .  A lazy S inc is ion wi l l  a l low for opti m a l  cosme
s is  and w i l l  a l low for extens ion super ior ly  and i nfer ior ly 
if needed for maxi m a l  v isu a l izat ion .  Alternative ly, i f  a 
conventi o n a l  mastectomy is p l a n ned, the senti ne l  node 
b iopsy can often be performed through the l atera l 
aspect of the same inc i s ion .  

• Loca l anaesthetic may be used for preem ptive a n a l gesia . 
The inc i s ion  is taken down throug h sk in ,  su bcuta neous 
t issue, and c lav i  pectora l  fasc ia .  

IDENTIFICATION OF SENTINEL NODES 

• Ca re is taken to remove the hottest node, a n d  any node 

FIG 4 • I nc i s ion p l a n n i n g .  The pectora l i s  a n d  latiss i m us 
dors i  m uscle borders a re ident if ied .  An "X" ma rks the a rea 
of maxi m a l  rad ioactiv ity. A lazy S inc i s ion  is  fash ioned for a 
potentia l axi l l a ry d i ssect ion g o i n g  through the X. A sma l l e r  
seg ment (ma rked by  the crosshatch l i nes) d e l i n eates the  
i nc is ion for  the senti ne l  node b iopsy. 

of whether they a re b l u e  or hot, as  tracers may n ot 
have trave l l ed to positive lymph nodes if lym phat ics a re 
o bstructed with tumor. 

with rad ioactive cou nts g reater than 1 0 %  of the ex vivo • Altho u g h  some have a rgued that the p roced u re can be 
term i n ated afte r th ree SLNs have been rem oved/ others 
have a rgued that a l l  n odes that f it the ear l ie r  mentioned 
cr iter ia  be removed .8 O n  average,  however, two sent ine l  
nodes  a re ident if ied .  • 

cou nts of the h ottest node.  I n  a d d it ion,  a l l  b l u e  nodes 
and those at the end of a blue lymphatic channe l  are a lso 
removed (FIG 5) .  

Pa l pation is  cr it ica l t o  identify any c l i n ica l ly susp ic ious 
lymph nodes; these should a l so be re moved regard less 
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FIG 5 • B l u e  SLN at the end of a b l u e  lymphat ic  cha n n e l .  

INTRAOPERATIVE EVALUATION 

• I ntraoperative eva l u at ion with e ither  touch preparat ion 
cytology or  frozen sect ion has been fou n d  to have a h i g h  
specif ic ity a n d  fa i r ly  h i g h  sensit iv ity (FIG 6) .  

• Some surgeons may opt to forego i ntraoperative eva l uat ion 
if  they do not i nten d  to com p l ete the axi l l a ry node d i ssect ion 
at the same operative sett ing  g iven the f i n d i ngs  of the sen
t ine l  node b iopsy. For  patients who fit the Amer ican Co l l ege 
of Su rgeons Onco logy G roup  Z001 1 cr iter ia ,  comp let ion axi l 
l a ry node d i ssect ion may be avoided if  o n l y  one to two sen
t ine l  nodes a re positive a n d  who le  b reast i rra d iat ion after 
part ia l  mastectomy i s  p l a n n e d .9 

CLOSURE 

• In genera l ,  if axi l l a ry node d i ssect ion is not performed, n o  
d r a i n s  a re req u i red .  The i nc is ion is  c losed i n  sta ndard fash
ion  with subdermal  and su bcuticu l a r  sutu res fo l l owed by 

POSTOPERATIVE CARE 
• After sentinel node biopsy alone ( i .e . ,  without axillary dis

section) ,  patients can go back to usual activities. No special 
exercises are required nor is there any need for lymphedema 
compression garments. 

OUTCOMES 
• Outcomes after sentinel node biopsy alone are outstanding, 

with no detriment in survival or local recurrence. Morbidity 
is low, especially compared to axillary dissection. 

COMPLICATIONS 
• Bleeding/hematoma 
• Infection 
• Seroma 
• Numbness/paresthesia 
• Lymphedema 
• Allergic reaction to isosulfan blue dye 
• "Blue breast" from blue dye injection 
• Skin or fat necrosis from methylene blue dye 

FIG 6 • I ntraoperative frozen sect ion resu lts. 

Steri-Str ips .  If, however, a n  axi l l a ry d i ssect ion is i n d i cated, 
the i nc is ion can be extended (as p l a n ned i n  the ear l ie r  
d iscuss ion) .  
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DEFINITION 
• Internal mammary node dissection is performed for both 

diagnostic and therapeutic purposes. This surgery is gener
ally performed in conjunction with breast cancer surgery as 
part of nodal staging. In modern times, this usually involves 
removal of lymph nodes from one or two parasternal inter
spaces as part of a sentinel node staging procedure. In the 
first descriptions of internal mammary node dissection, the 
entire internal mammary nodal chain was resected including 
the adjacent ribs. 1 With the advent of sentinel lymph node 
mapping, it is possible to perform a more minimally invasive 
procedure to resect in a directed fashion internal mammary 
nodes that are demonstrated to have lymphatic drainage 
from the breast. Internal mammary sentinel node drainage 
is identified on lymphoscintigraphy in 1 0 %  to 22% of map
ping studies .  Internal mammary drainage is more likely to be 
identified if the radionucleotide is injected in the peri tumoral 
region rather than subareolar. The technique described here 
to retrieve sentinel nodes can also be used to surgically bi
opsy small suspicious internal mammary nodes identified on 
preoperative imaging with computed tomography (CT) scan 
or breast magnetic resonance imaging (MRI ) .  

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• The breast cancer patient should have a careful evaluation 

with a complete history and physical examination as well 
as appropriate imaging studies. The patient's history should 
focus on specific breast complaints including how long the 
patient has been aware of the cancer in her breast, associ
ated symptoms and signs, and focal chest wall pain. It is 
important to ascertain the patient's medical history to assess 
the patient's risk for surgery related to intercurrent medical 
conditions. Prior surgery such as sternotomy, coronary artery 
bypass graft, thoracotomy, and breast augmentation should 
be noted, as these may complicate the performance of inter
nal mammary node dissection. Past history should include 
annotations about prior radiation to the chest wall such as 
mantle radiation for Hodgkin's disease. The patient should 
be queried about prior trauma to the anterior chest wall. 

• Physical examination includes the full examination of the 
breast to document any palpable mass lesion, including the 
size and location with respect to the quadrant of the breast and 
its distance from the nipple. The nodal basin should be care
fully examined including the cervical, supraclavicular, axillary 
basins, as well as the palpation of the parasternal region. If 
there are any evident abnormal nodes, these should be further 
evaluated with imaging including mammography and ultra
sound. Needle biopsy of suspicious nodes can be undertaken 
preoperatively in order to plan the therapeutic intervention. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• The standard imaging workup for a newly diagnosed breast 

cancer patient would include mammography and ultrasound 
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of the breasts . Many patients will have an MRI performed as 
well. This study permits visualization of the internal mam
mary nodal chain. If an abnormal lymph node is identified, it 
can be biopsied with a needle or targeted for excision at the 
time of surgery ( FIG 1A,B ) .  

• C T  scanning o f  the chest i s  not routine for the workup o f  that 
early-stage breast cancer. However, if a CT scan of the chest 
or positron emission tomography (PET)-CT is performed for 
other indications, internal mammary node enlargement may 
be identified ( FIG 2A,B) .  If the patient has palpable fullness 
in the parasternal region, a CT scan should be ordered to 
evaluate for internal mammary nodal metastases. 

• In order to identify the internal mammary nodal drainage 
in the sentinel node procedure, it is critical to inject a ra
diolabeled tracer for mapping of the pathways to the inter
nal mammary nodes. To maximize the chance of identifying 
internal mammary lymphatic drainage, it is important to 
perform the injections of technetium sulfur colloid in the 
peritumoral region rather than performing a subareolar in
j ection only. Lymphoscintigraphy can be performed to have 
a visual representation of the location of the internal mam
mary drainage ( FIG 3A-D) .  The area of radioactivity in the 
parasternal region can be marked on the skin by the nuclear 
medicine technician at the time of scanning ( FIG 4A,B ) .  

This increases the efficiency of  identifying the appropriate 
interspace for exploration for the sentinel node. Most com
monly, there will be one interspace that demonstrates a hot 
spot. However, more than one interspace may demonstrate 
a radioactive focus. The most common areas of drainage are 
the 2nd and 3rd interspaces. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• The lymphoscintigraphy should be reviewed prior to going 
into the operating room. It is important to consent the pa
tient specifically for the internal mammary exploration. 
Knowing from the lymphoscintigraphy that there is internal 
mammary lymphatic drainage, the surgeon can convey to 
the patient that this pathway can be pursued if the patient is 
agreeable. If it is the practice of the surgeon not to perform 
lymphoscintigraphy prior to surgery, then the interspaces 
can be examined intraoperatively with the gamma probe to 
identify foci of increased radioactivity in the parasternal in
terspaces. It remains important to consent the patient for 
the possibility of an internal mammary exploration with its 
potential complications. 

Positioning 

• The patient is positioned supine with the arms abducted 
to 90 degrees on padded arm boards. The skin prep of the 
chest wall should cross to the contralateral breast so that the 
sternum and parasternal regions are draped into the field of 
operation. 

-
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FIG 1 • A. Abnormal  r ight internal mammary lym ph node and right axi l l a ry lym phadenopathy seen on breast MR I  axia l  T1 postcontrast 
subtraction series. B. B reast MR I .  Sag itta l T1 reconstruction demonstrating the abnormal i nternal  mammary node. (Cou rtesy of Stephen Sei ler, 
MD, U n iversity of Texas Southwestern Medical Center.) 
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FIG 2 • A. Chest CT sca n demonstrat ing en larged left i nterna l  mammary node. B. PET sca n image shows f luorodeoxyg lucose (FDG) u ptake 
in  the left i nternal  mammary node. (Cou rtesy of Stephen Sei ler, MD,  U n ivers ity of Texas Southwestern Medica l  Center.) 
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FIG 3 • A. Lym phosci nt igraphy of b i l atera l 
breasts demonstrat ing  i nterna l  m a m m a ry noda l  
dra inage on the r ight i n  the a nter ior project ion .  
B. Anter ior  project ion of lym phosci nt igraphy 
showing rad ioactive u pta ke i n  two i nterspaces 
with fa i nt u ptake base of neck. In th i s  view, the 
axi l l a ry node is fa int .  C. Left a nter ior  ob l i que  
p roject ion shows the axi l l a ry u pta ke more 
i ntense ly. D. Lym phosci nt igraphy (anter ior  
p roject ions) with lymphat ic  dra inage to m u lt ip le  
i nterna l  m a m m a ry nodes.  
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FIG 4 • A. Lym phosc int igraphy demonstrat ing  i ntense rad ioactivity i n  the r ight axi l l a ry node bas in  
a n d  very fa int  rad ioactivity i n  the i nterna l  m a m m a ry basi n .  B. N ote "X " ma rks p l aced by the nuc lear  
med ic ine  tech n i c i an  to gu ide  gamma probe exa m i nat ion .  

INCISION AND INITIAL IDENTIFICATION 

OF AREA OF INTERNAL MAMMARY 

SENTINEL NODE 

• P lacement of the inc i s ion is governed by the p roced u re 
p l a n ned for resect ion of the breast tumor. For  patients 
hav ing b reast-conserv ing  surgery, the inc i s ion  for the 
pr imary tumor  is  p laced over ly i ng the pr imary les ion .  If  
the pr imary les ion is  near  to the a rea of i nterna l  mam
m a ry d r a i nage, then it may be feasi b le  to exp lore the  
i nterspaces v ia  the part ia l  mastectomy inc i s ion .  H owever, 
if the pr imary les ion is d ista nt from the pa rasterna l  re
g ion ,  then the inc i s ion for exp lorat ion of the i nterspace 
i s  p l aced over ly i n g  the a rea of foca l  rad ioactivity. 

• If the patient is undergo ing a mastecto my, the sta n d a rd 
mastectomy inc i s ion  is used for access ing  the pa rasterna l  
i nterspaces (FIG 5) .  When reconstruct ion is  p l a n ned, the  
mastectomy inc i s ion  i s  genera l ly more l i m ited w ith  the  
sk in -spa r ing  tech n i q u e .  H owever, the pa rasterna l  reg ion  
can be genera l ly accessed v ia  these i n c i s ions with  retrac
tion of sk in  f l aps, u n l ess there is  n i pp le  preservat ion  with 
the inc i s ion  p laced in the i nfra m a m m a ry l i ne .  In this c i r
cumstance, the inc i s ion  locat ion wou l d  be determi ned 
i n  a s i m i l a r  fash ion  as patients havi ng breast-conservi ng 
surgery. 

• It is much  eas ier to identify the a rea of foca l  rad ioactiv
ity i n  the i nterspaces after the breast is removed or after 
the part ia l  mastectomy i s  com p l eted . Th i s  reduces the 
a m o u nt of backg round rad ioactiv ity, which i ncreases the 
ease of identifyi ng rad ioactiv ity i n  a n  i nterna l  m a m m a ry 
node.  In order to f ind  an i ntern a l  m a m m a ry sent ine l  
node ,  it is  i m perative to h ave a strong s igna l  that  can  
be p i cked  u p  by  the g a m m a  probe to d i rect the inc i s ion  
p lacement.  

• Lym phazur in  b l ue, wh ich  is often i njected for identif i 
cation of the senti ne l  nodes i n  the axi l l a ,  should be in
jected pr ior  to beg i n n i n g  any resective p roced u re i n  the 

• 

• 

operat ing  roo m .  Lym phazur in  b l u e  a l o n e  w i l l  not be 
successfu l  i n  identifyi ng the i nterna l  m a m m a ry sent ine l  
nodes .  H owever, once  the a rea of rad ioactiv ity i s  ident i 
f ied a n d  exp lorat ion is  beg un ,  b lue lym phat ics or  sta i n 
i n g  o f  the sent ine l  nodes may be identif ied but n o t  with 
the frequency that it is  seen i n  the axi l l a ry nodes.  As with 
the rad ioactive tracer, the blue dye is  more l i ke ly to be 
identif ied in the i nterna l  m a m m a ry n odes if the i nject ion 
is  peritu mora l .  
After t h e  b l u e  dye is  injected, t h e  axi l l a ry sent ine l  node 
exp loration is then beg u n .  (Refer to Part 5, Chapter 8 for 
more i nformation on senti ne l  node d i ssect ion .) I n  most 
cases, there w i l l  be an axi l l a ry sent ine l  node identified i n  
those patients w h o  a lso have interna l  mammary dra inage.  
The mastectomy or  part ia l  mastectomy i s  then performed . 

FIG 5 • Sk in  spa r ing  mastectomy inc i s ion  with edge retracted 
to expose pa rasterna l  i nterspace. 
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EXPLORATION OF THE PARASTERNAL • For the part ia l  mastectomy patients, the i n it i a l  exa m i na
t ion with  a g a m m a  p robe may have to be done th roug h 
the sk in  over ly i n g  the i nterspaces if the part i a l  mastec
tomy inc i s ion  is  away from th is  a rea .  Because the sk in  sur
face is farther from the node, it can be more tech n i ca l ly 
d iffi cu lt  to identify the hot spot. Each i nterspace is exa m
ined a n d  cou nts taken as descr ibed for the mastectomy. 
When the foca l hot spot is identif ied, the inc i s ion  is made 
over ly i ng the i nterspace a l o n g  the ax i s  of the r ibs  (FIG 6) .  

The i n c i s i o n  is  ca rr ied t h r o u g h  the s k i n ,  the su bcuta ne
ous t issue, and any under ly ing breast t issue d own to the 
pectora l i s  m usc le .  A self-reta i n i n g  retractor is  p laced to 
expose the pectora l i s  m uscle wide ly. Lone Sta r hook re
tracto rs may be used if the th i ckness of the tissue in th i s  
port ion of the breast i s  t h i n .  

INTERSPACES 

• Us ing  the g a m m a  probe, the parasternal i nterspaces 
a re exa m i ned in seq uence from super ior  to i nfer ior. I n  
patients hav ing a sta n d a rd or  sk i n-spa r ing  mastectomy 
i nc is ion,  the skin edges ca n be retracted with a R ichard
son retractor o r  w ith  Lone  Sta r hooks, which can obviate 
the need for a n  assista nt to retract. With the pectora l i s  
m uscle exposed, the g a m m a  p robe is t h e n  p laced d i rect ly 
on the m uscle after pa l pati n g  the i nterspace. When an 
a rea of foca l rad ioactiv ity is  identif ied, cou nts a re taken 
for 1 0  seconds, two or  th ree t imes with a backgro u n d  
taken a cent imeter away t o  conf irm t h a t  it is  a foca l  hot 
spot. Cou nts a re taken at each i nterspace. 

A B 

FIG 6 • A. Pa rasterna l  inc i s ion  i n  conserved b reast with exposu re of pectora l i s  m usc le .  B. Lo ne Sta r hook retractors p l aced to 
retract sk in  to expose m usc le .  

DISSECTION THROUGH THE CHEST WALL 

• Once the pectora l i s  major m uscle is exposed overlyi n g  
the rad ioactive i nterspace, the fi bers of the pectora l i s  
m uscle a re s p l i t  a long  the i r  axis .  A sma l l  self-reta i n i n g  
retractor o r  Lone Sta r h ooks a re p l aced t o  h o l d  t h e  fi bers 
apart (FIG 7) .  Exa m i nat ion is performed a g a i n  with the 
gamma probe to conf irm that the rad ioact iv ity is  per
s istent deep to the pectora l i s  m uscle (FIG 8) .  If there i s  
pers istent rad ioactivity, then the i ntercosta l m uscles a re 
i ncised with e l ectroca utery over a 3- to 4-cm length ex
ten d i n g  from the sterna l  edge latera l l y  (FIG 9A) .  

F IG  7 • Pectora l is m uscle f i bers s p l it a n d  retracted t o  expose 
i ntercosta l m usc le .  
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Pectoral is 
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B 

FIG 8 • Exa m i nat ion is performed a g a i n  with the g a m m a  
p robe t o  confi rm t h a t  the rad ioactiv ity is  pers istent d e e p  to 
the pectora l i s  m usc le .  

FIG 9 • Exposure of i ntercosta l space i n  b reast conserv ing  surgery with i nte rcosta l  m uscle d iv ided (A) . Two i nterspaces exposed 
by d iv id i n g  i ntercosta l  musc le a bove and be low the rib v ia  this l i m ited inc i s ion .  The i nterna l  m a m m a ry vesse ls  a re med i a l ly 
l ocated i n  the i nterspace (B) . 

DISSECTING IN THE INTERSPACE TO 

RETRIEVE THE SENTINEL NODE 

• A th in ,  f i lmy  fasc ia  is i ncised deep to the i ntercosta l m us
c les to expose a t h i n  p laque  of fatty tissue that l ies j ust 
a nter ior  to the p leura .  Aga i n, the g a m m a  p robe is  used 
to loca l ize the node that w i l l  be i n  fatty tissue deep to 
the i ntercosta l m uscles.  The i ntern a l  m a m m a ry vesse ls  
a re most media l  i n  the i nterspace (FIG 1 0) 

• The sent ine l  nodes a re often q u ite sma l l  a n d  a re ye l l ow 
to ye l l ow tan i n  co l o r. Th us, the i r  i d ent if icat ion  may be 
somewhat ted ious .  Frequent use of the g a m m a  probe 
h e l ps to d i rect the d i ssectio n .  F ine i nstru ments a re used 
to tease out the fat around the nodal  t issue.  A sma l l  
K ittner  may b e  used t o  gent ly tease away the fatty 

• 

t issue to expose the nodes .  Sma l l  t ita n i u m  c l i ps can be 
used to l i gate f ine ca p i l l a r ies .  It i s  cr it ica l to avoid any 
b leed ing ,  wh ich can obscure the  sma l l  operative f ie ld .  
The lym p h  nodes may be i nt imately re l ated with the 
i ntern a l  m a m m a ry vesse l s, so a ny branches m u st be se
c u re ly l i g ated in d issect i n g  the node away from th ese 
vesse ls .  The p l e u ra w i l l  be exposed as the fatty t issue 
i s  teased away with the move ment of the l u n g  v is i b l e  
t h r o u g h  the t h i n  p l e u ra (FIG 1 1 ) .  

W h e n  the node is  removed, g a m m a  cou nts a re taken o f  
the node t o  confirm its rad ioact ivity (FIG 1 2) .  The i nter
space is  a g a i n  exa m i ned with the g a m m a  probe to con
f i rm there is  no res idua l  rad ioact ivity. If  there is  res idua l  
activ ity, further exp lorat ion is  done to  identify any other 
senti ne l  nodes i n  the i nterspace. 
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FIG 10 • Right  mastecto my proced u re with exposure of 
i nterspace showi ng i nterna l  m a m m a ry vesse ls  med i a l ly and 
ye l l ow sent ine l  node l atera l to vesse ls .  

FIG 11 • M a stectomy s ite with pectora l i s  m uscle retracted 
and p leura v i s ib le  afte r remova l of senti ne l  node.  

EXAMINATION OF THE INTERSPACE FOR 

A PLEURAL TEAR 

• The wound is i rr igated to c lear a l l  b lood and loose fat tissue 
that may obscure the f ie ld .  Then, i rr igation f lu id  is i nsti l l ed 
and left to pool i n  the i nterspace. The anesthesiolog ist can 

FIG 12 • I nterna l  m a m m a ry node ex vivo on g a m m a  probe 
to confirm rad ioactivity i n  resected spec imen .  

Th is  is  more i m portant if  the tear  is  l a rge .  A sma l l  red 
rubber  catheter can be put in the ope n i n g  with repa i r  
performed u p  t o  i t .  Pr ior  t o  tyi n g  t h e  sutu re, t h e  t u b e  can 
be asp i rated with the a n esthes io log i st g iv ing  a susta ined 
breath to the patient to i nf l ate the lung .  The tube i s  re
moved and the suture tied down.  

then de l iver a susta ined breath i nto the endotracheal  tube.  • If the tea r if q u ite sma l l ,  atte m pt ing  repa i r  may en
l a rge the ho le .  F lu id  can be p l aced i n  the i nterspace and 
wou n d  c losure beg u n  with the a n esthes io log ist m a i n 
ta i n i n g  l u n g  i nf lat ion .  

The i nterspace is  observed for  a i r  bubb les. If a i r  bubbles a re 
seen, a p leura l  tea r can be assumed.  

• One ca n asp i rate the f l u i d  a n d  look for the tea r. If the tea r 
can be identif ied, it can be repa i red with a 5-0 suture.  
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WOUND CLOSURE 

• The i ntercosta l m uscles ca n n ot be re l ia b ly c losed, as the 
sutu res tea r through the m usc le .  

• Close the poster ior  fasc ia  of the pectora l i s  m usc l e  in a 
r u n n i n g  fash ion  with 3-0 Vicryl suture.  

• Then, c l ose the a nter ior pectora l i s  m uscle or m uscle fas
cia, if p resent, with a ru n n i n g  3-0 sutu re (FIG 1 3) .  

• With mastecto my, a d r a i n  is p laced over ly ing  the chest 
wa l l  in the usua l  fash i o n .  C l osed suct ion  b u l b  i s  at
tached .  S k i n  c losure i s  then performed .  The derm i s  is 
c l osed with i nterru pted 3-0 or 4-0 a bsorba b l e  suture .  
The s k i n  i s  c l osed with a r u n n i n g  m on ofi l a ment a bsorb
able suture .  

• Wou n d  c losu re i n  the part ia l  mastectomy c i rcumstance 
shou ld  i nc lude  c losure of the d iv ided b reast tissue a nte
r ior  to the i nterspace to avo id  a soft t issue defect over 
the i nterspace. Th i s  i s  performed with e ither a ru n n i n g  
or  a n  i nterru pted 3-0 a bsorba b le  suture.  T h e  dermis  a n d  
su bcuta neous t issue is  c losed w i t h  i nterru pted 3 - 0  o r  
4-0 a bsorba b le  suture.  T h e  sk in  is  c losed w i t h  a ru n n i n g  
monofi lament a bsorba b le  suture.  

PEARLS AND PITFALLS 

FIG 1 3  • Closure of the a nter ior pectora l i s  m uscle or m uscle 
fascia, if present, with a ru n n i n g  3-0 suture.  

Preoperative 
p l a n n i n g  

• T h e  i njections  o f  t h e  rad ionuc l i de  f o r  lym phat ic  m a p p i n g  s h o u l d  be performed i n  t h e  peritu mora l  reg ion  
rather than subareo l a r  a l o n e  i n  order to  identify the lym phatic pathways to the i ntern a l  m a m m a ry nodes.  

P lacement of 
inc i s ion a n d  
exposure 

Exploration of 
the pa raster n a l  
i nterspaces 

D i ssect ion 
through the 
chest wa l l  

D i ssect ing  i n  the 
i nterspace 

C losure 

• M a k i n g  exposu re eas ier-If free f lap  breast reconstruct ion is be ing  done with a nastomosis  of vesse l s  to the 
i nterna l  m a m m a ry vesse ls, wait to remove the i nterna l  m a m m a ry senti ne l  node unt i l  the vessel exposu re i s  
done with  remova l of the costochondra l  cart i l age which g ives much wider  exposure (FIG 14) .  I f  the patient 
has b reast i m p l a nts, p repectora l ,  or  subpectora l ,  be certa i n  that the i m p l a nt is  we l l  retracted from the i nter
space to perm it adequate exposure but a l so to avo id  i m p l a nt i n ju ry. There w i l l  be a f ibrous capsu le  to be d is
sected th ro u g h  to get to the i ntercosta l m usc le .  

FIG 14  • Rem ova l of the costochondra l  cart i l age .  

• Perform ing  exa m i nat ion with  the g a m m a  probe after the breast or  b reast les ion is  rem oved w i l l  make iden
t if ication of the a rea of rad ioact ivity i n  the i nterna l  m a m m a ry noda l  cha in  eas ier, because of red uct ion of  
backgro u n d  rad ioactiv ity. 

• Reexa m i n e  with the g a m m a  probe at each layer th ro u g h  the chest wa l l  to be certa i n  there i s  pers i stent rad io
activ ity i n  the next layer. There can be a n  i ntra m a m m a ry node m ed i a l ly that p icks up rad ioactivity or back
ground radioactiv ity may h ave com p l i cated the exa m .  

• Avoid  excessive b leed i n g .  D i ssect ion m ust be ca refu l a n d  d e l i berate with secur ing  o f  even very sm a l l  vesse ls .  
An obscu red f ie ld  wi l l  i ncrease cha nce of p leura l  tears  o r  more major vasc u l atu re i nj u ry. When b iopsy is  be ing 
performed for a n  abnormal  i nterna l  m a m m a ry node identif ied on preoperative i m a g i ng,  it may be necessa ry 
to remove the costochondra l  carti l age to expose a n d  successfu l ly remove the e n l a rged node.  

• Know when to stop .  When perform ing  the su rge ry for sta g i ng,  do not r isk major vascu lature i n ju ry if you a re 
not ab le  to f ind  the node with usua l  maneuvers. P lace a tita n i u m  c l i p  to m a rk the a rea of increased rad ioac
tivity, which can i nform radiat ion p l a n n i n g .  
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POSTOPERATIVE CARE 
• In the recovery room, a chest x-ray should be performed if 

a pleural tear occurred to be certain there is no significant 
pneumothorax. 

• If the surgeon is early in experience, a chest x-ray may be 
done as routine postoperatively. 

• A small pneumothorax will generally not require therapy, as 
there is no intrinsic lung injury with ongoing air leak. 

• If there is a large pneumothorax causing symptoms, then a 
chest tube can be placed, which can usually be removed in 1 
to 2 days. 

• Usual postoperative pain management is acceptable for these 
patients. They generally do not complain of focal pain in the 
area of the internal mammary node resection. 

• Patients having breast-conserving surgery can be discharged 
home on the same day if there is no pneumothorax. 

OUTCOMES 
• Success in identification of the internal mammary sentinel 

node at surgery varies from 70% to 100%.2 
• Complications from internal mammary node biopsy are 

rare, ranging from 0% to 5 % .  Even when a pleural injury 
occurs, chest tube drainage is rarely required. 

• Recovery from this procedure is similar to that of the mas
tectomy or breast-conserving surgery performed at the same 
time. 

• Patients who undergo lymphoscintigraphy and biopsy of in
ternal mammary nodes that demonstrate lymphatic drainage 
have more accurate staging of their breast cancer, which can 
result in treatment changes. The rate of internal mammary 
sentinel node positivity ranges from 1 0 %  to 24% .  Among 
five series of internal mammary sentinel node biopsy, in 
approximately 37% of cases, the internal mammary senti
nel node was positive when the axillary sentinel node was 
negative.3-7 

• The 1 0-year survival for patients who are internal mammary 
node positive and axillary node negative is similar to those 
who are axillary node positive alone as reported by Veronesi 
and colleagues. 8 In this study, patients with either axillary 
or internal mammary node metastasis only had a 1 0-year 

survival of approximately 54% compared to 30% if both 
internal mammary and axillary nodes were positive. 8 This 
indicates the equivalent significance of knowing the inter
nal mammary nodal status as well as the axillary, if there is 
lymphatic drainage to the internal mammary nodal basin. 
In a modern series, patients with internal mammary nodal 
metastases had an overall survival of 97% at 5 years with 
multimodality therapy.9 

COMPLICATIONS 
• Pleural injury with or without pneumothorax 
• Bleeding from injury to internal mammary vessels 
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Michael S. Sabel Lisa Newman 

DEFINITION 
• A simple mastectomy, also commonly referred to as a total 

mastectomy, is the surgical removal of all breast tissue, in
cluding the nipple-areolar complex and enough overlying 
skin to allow closure. A simple mastectomy does not include 
removal of the axillary contents; when the breast tissue and 
axillary lymph nodes are removed en bloc, this is referred 
to as a modified radical mastectomy (MRM) ( see Part 5,  
Chapter 12) .  Variations of the simple mastectomy, typically 
performed in concert with immediate reconstruction include 
the " skin-sparing mastectomy, "  where the nipple-areolar 
complex is removed but the overlying skin is preserved; and 
the "nipple-areolar sparing mastectomy, "  where the native 
skin and nipple-areolar complex are preserved. These are 
described in Part 5,  Chapter 1 1 .  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• In clinically early-stage breast cancer, survival is largely 

driven by risk of distant organ micrometastatic disease and 
ability to control/eliminate this aspect of the cancer with ad
juvant systemic therapy. Locoregional manifestations of dis
ease in the breast and axilla can usually be controlled with 
surgery and radiation. Multiple prospective, randomized 
clinical trials have therefore documented survival equiva
lence between breast-conserving and mastectomy surgery 
for invasive breast cancer as well as for ductal carcinoma in 
situ (DCIS ) .  Lumpectomy for a diagnosis of breast cancer is 
usually followed by breast radiation to sterilize microscopic/ 
occult foci of disease in the remaining breast tissue, thereby 
reducing the incidence of ipsilateral breast tumor recurrence. 
Many women will nonetheless undergo total mastectomy as 
the primary breast surgical option either because of personal 
preference, medical contraindication to breast radiation, or 
because of disease features suggesting inability to achieve a 
margin-negative lumpectomy with a cosmetically acceptable 
result (e .g. ,  diffuse suspicious-appearing microcalcifications 
on mammogram, multiple breast tumors not amenable to 
resection within a single lumpectomy, unfavorable tumor
to-breast size ratio) .  It is important for the clinician to re
member that aesthetic acceptability must be defined by the 
patient. Total mastectomy is also the conventionally ac
cepted surgical approach for breast cancer prophylaxis in 
high-risk women such as those with hereditary susceptibility. 

• A detailed history and physical examination is imperative on 
the first consultation with these patients. In addition to the 
details of their breast cancer diagnosis, the history should 
cover medical comorbidities, medications, surgeries, aller
gies, and also any musculoskeletal issues, which could affect 
operative positioning and/or radiation treatment planning. 
Prior chest wall irradiation (such as for Hodgkin's lymphoma 
or as part of breast-conserving treatment for a past ipsilat
eral breast cancer) is a contraindication to reirradiation and 
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breast conservation for a new or recurrent breast cancer. 
Connective tissue disorders such as Sjogren's syndrome or 
scleroderma can result in severe radiation-related toxicity 
and patients with these medical conditions will typically re
quire mastectomy for management of breast cancer, even if 
the tumor is detected at a small size that would otherwise 
have been amenable to breast-conserving surgery. Patients 
that are unable to raise the arm above shoulder level may 
have difficulty tolerating the breast radiation tangents. 

• All breast cancer patients should have a detailed family can
cer history, focusing on both the maternal and paternal sides 
of the family. Patients with a strong family history, partic
ularly of breast and ovarian cancer, should receive genetic 
counseling. These patients may want to consider bilateral 
mastectomies for prevention of second cancers. 

• A bilateral breast and lymph node examination, includ
ing the axillary, cervical and supraclavicular lymph nodes, 
is critical. Any patient with clinically evident lymph nodes 
should undergo further evaluation, including axillary ultra
sound and fine needle aspiration (FNA) biopsy. 

• Breast examination should focus on the size and location of 
the tumor, fixation to the underlying musculature or over
lying skin, and skin changes, particularly those consistent 
with inflammatory breast cancer (erythema, swelling, peau 
d'orange) or locally advanced disease (bulky tumors, tumors 
with secondary inflammatory changes, or cancers associated 
with matted nodal disease ) .  These patients may require neo
adjuvant chemotherapy in order to downstage the cancer 
and to improve resectability. A coordinated multidisciplinary 
approach, including input from medical and radiation on
cology specialists promptly following the breast cancer diag
nosis, is important for efficient management planning and is 
vital to the successful treatment of these patients. 

• Early-stage breast cancer patients with a clinically negative 
axillary exam undergoing total mastectomy require axil
lary staging, which can usually be performed as lymphatic 
mapping and sentinel lymph node (SLN) biopsy. Mastec
tomy patients with axillary metastases documented by either 
needle biopsy or SLN dissection require standard levels 1 
and 2 axillary lymph node dissection (ALND ) or MRM, and 
postmastectomy locoregional radiation needs are then deter
mined by the full pathologic extent of disease identified in 
the breast and axillary contents. 

• All patients planning mastectomy should be presented the 
option of immediate reconstruction and a consultation with 
a plastic surgeon. Patients who opt for immediate recon
struction may be candidates for a skin-sparing or nipple
areolar sparing mastectomy. If postmastectomy radiation is 
being considered, this might impact the patient's options and 
eligibility for immediate reconstruction. Because the axillary 
nodal status is a strong predictor of postmastectomy radia
tion benefit, it may therefore be helpful to perform the SLN 
biopsy prior to the mastectomy surgery in cases where im
mediate breast reconstruction is planned. 

-



IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Breast imaging plays a vital role in the screening and diag

nostic workup for breast cancer. Imaging can define the ex
tent of the disease and help assess for any abnormalities in 
the contralateral breast. Bilateral mammography is essential 
for any patient with breast cancer. Any suspicious contra
lateral lesions should be worked up before making the final 
surgical decision. 

• Axillary ultrasound can be performed in many patients with 
a biopsy-proven invasive cancer to identify suspicious nodes 
suggestive of regional involvement. Suspicious nodes on ax
illary ultrasound should undergo an FNA biopsy with ultra
sound guidance. 

• It should not be assumed that any axillary node that is pal
pable or suspicious on ultrasound is malignant, as often they 
may be reactive. They should always be interrogated with 
FNA biopsy; and if the FNA is negative, then definitive ax
illary staging should be performed by SLN biopsy. At the 
time of lymphatic mapping and sentinel node dissection, it is 
important to excise any palpable/suspicious node, regardless 
of whether or not the node has any appreciable radiocolloid 
or blue dye uptake. If local resources permit, intraoperative 
evaluation of the sentinel node(s )  with frozen section analy
sis can also be useful so that the patient can proceed onto im
mediate completion of the ALND if metastatic nodal disease 
in confirmed. When frozen section analyses are available 
and planned, the patient must be consented preoperatively 
for possible conversion from total mastectomy to MRM. 

• The use of magnetic resonance imaging (MRI) is controver
sial. For patients undergoing mastectomy, MRI may detect 
contralateral cancers that were not visualized on mammog
raphy. For patients that hope to pursue breast-conserving 
surgery, a preoperative breast MRI may detect suspicious foci 
of disease in the breast such that mastectomy may be recom
mended. MRI usage has therefore been associated with in
creased rates of bilateral mastectomies. However, MRis are 
sensitive but not specific and may lead to false-positive find
ings that necessitate additional biopsies. Furthermore, the 
natural history of MRI-detected multifocal/multicentric le
sions in the cancerous breast is unclear, as these areas of oth
erwise occult disease would typically be radiated following 

CHOICE OF INCISION 

• The sta ndard inc i s ion  for a s i m p l e  m astectomy is the c las
s ic  Stewart i n ci s ion,  a n  e l l i pse or iented med ia l  to latera l, 
encom pass ing  the n i p p le-areo l a r  com p l ex and any pr ior  
b iopsy sca r (FIG 1 ) .  Alternative ly, the mod if ied Stewart 
inc i s ion  is  a n g led toward the axi l l a .  It has been suggested 
that the modif ied Stewa rt i nc is ion,  by exc i s ing  more of 
the derma l  lymphat ics r u n n i n g  toward the axi l l a, may 
prov ide better loca l  contro l .  

• I n  a d d it ion to the Stewa rt a n d  mod if ied Stewa rt, there 
a re a lternate options for a s imp le  mastectomy. The p l ace
ment and or ientation of the inc i s ion  m ust be based on 
the locat ion of the b iopsy scar  a n d/or the location of the 
tumor. For a pa lpab le  tumor, part icu l a r ly one  c l ose to the 
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lumpectomy for the known cancer. Retrospective and pro
spective studies of outcome following breast-conserving sur
gery in patients whose breast-conserving surgery eligibility 
was planned with versus without breast MRI have failed to 
demonstrate any significant differences in cancer-related out
comes.1-3 We do not recommend routine MRI but rather its 
use should be on a patient by patient basis. 

• In the absence of locally advanced disease (skin or muscle 
involvement, multiple matted nodes) ,  routine staging tests, 
such as computed tomography (CT) scan of the chest, abdo
men and pelvis, or bone scan, are not indicated. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• In the preoperative area, the breast to be removed should be 
clearly marked and confirmed with the patient. 

• Prophylactic antibiotics have been shown to reduce postop
erative infections and are indicated.4 Sequential compression 
devices should be placed prior to initiation of general anes
thesia for venous thromboembolism (VTE) prevention. 

Positioning 

• The patient should be positioned supine with the arm out 
laterally, taking care not to abduct the arm greater than 
90 degrees as this may cause an injury to the brachial plexus. 
For a simple mastectomy, it is not necessary to prep and 
drape the ipsilateral arm into the field. However, if an SLN 
biopsy with frozen section and possible ALND is planned, it 
may be reasonable to include the arm using a sterile stocki
nette and Kerlix wrap. The endotracheal tube should be po
sitioned toward the contralateral side of the mouth from the 
side of the mastectomy. 

• Position the table and lights to allow enough room above the 
arm for an assistant to stand. 

• If an SLN biopsy is to be performed and blue dye is to be 
injected, this can be done at this time. Either isosulfan blue 
dye or dilute methylene blue dye can be injected subareolar, 
periareolar, or peri tumoral, according to surgeon preference. 

• The chest wall, axilla, and upper arm are prepped into the 
field. Be sure to prep widely, extending across the midline 
and onto the abdomen and neck. 

sk in ,  the sk in  over the tumor  shou ld  be inc luded in the 
excised sk in .  P la n n i n g  of the sk in  i nc is ion i n  conj u n ct ion 
with  the p last ic  su rgeon can be q u ite h e l pfu l  i n  patients 
undergo ing sk in -spa r ing  mastectomy a n d  i m med iate re
construct ion .  I f  the patient has a surg ica l  cancer b iopsy 
i nc is ion,  th i s  scar shou ld  be resected with the u n der ly i n g  
mastectomy speci men .  I nc is ions located i n  p roxi m ity to 
the n i pp le-a reo l a r  com plex can be resected with i n  the 
centra l skin e l l i pse that is  being sacrif iced . I nc is ions that 
a re located remote from the centra l n i p p le-areo l a r  sk in  
can sometimes be resected as a sepa rate e l l i pse of  sacr i
f i ced skin,  as long as  the rema i n i n g  sk in  br idge is  wide 
enough  to rem a i n  v iab le .  The o ri g i n a l  surgical  cancer bi
opsy scars shou ld  not be left i ntact i n  the mastectomy 
skin f l aps because of the onco log ic  concern that this sk in  
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FIG 1 • Sta n d a rd inc i s ions  for a s imp le  mastectomy. The Stewa rt inc i s ion (left) i nvolves a hor izontal  e l l i pse that encom passes 
the n i p p le-a reo l a r  com p l ex and adeq uate skin to a l low a flat c losure .  The modif ied Stewa rt inc i s ion  is  a n g led towa rd the 
i ps i latera l axi l l a .  

F I G  2 • With a m a r k i n g  p e n  he ld  over t h e  n i pp le, t h e  breast 
is retracted i nfer ior ly (A) and the extent of the super ior  f l ap  
is m a rked . The b reast is  then retracted super ior ly  (B)  a n d  the  
i nfer ior extent is m a rked . Th is  a l l ows the su rgeon to est imate 
how much sk in  shou ld  be excised to e l i m i nate red unda ncy 
without u n d u e  tens i o n .  

may potent ia l ly h a rbor cancer ce l l s  (a n d  the mastectomy 
skin is  usua l ly n ot be ing rad iated, as is  the case fo l l owing  
l u m pectomy); a n d  f rom a wou n d  h ea l i n g  perspective, the  
su bcuta neous fat  deep to the tra u m atized inc i s iona l  sk in  
w i l l  be less hea lthy a n d  more l i ke ly  to n ecrose. O l d  surg i 
ca l  b iopsy scars that a re u n related to the ca ncer d i a g n o
s is  ca n be left i n  p lace .  Al so, percuta neous needle b io psy 
scars can be left i ntact on the sk in  f la ps, as  th ese have not 
been shown to contr ibute to r isk of loca l  recu rrence. 

• It is i m portant to remove enough sk in  so that there is no re
dundancy but not so much that there is undue  tension on 
the inc is ion .  A usefu l method to determ ine  the p lacement 
of the super ior and i nferior inc is ions is to ho ld a mark ing 
pen i n  the a i r  over  the n i pp le  and retract the breast i nferi
orly. Mark th is  site on the skin and then retract the breast 
superior ly to mark the i nfer ior extent (FIG 2A,B) .  

• When desi g n i n g  the e l l i pse, c losure w i l l  be fac i l itated 
by mak ing  sure the super ior  and i nfer ior  inc i s ions  a re of 
equa l  length (FIG 3) .  This can easi ly be assessed us ing  a 
3-0 s i l k  suture.  

FIG 3 • Confi r m i n g  the super ior and i nfer ior  i nc is ions a re of 
equa l  length w i l l  fac i l itate c losu re. 



• Before mak ing  the i nc is ion,  m a rk the bounda ries of the 
breast t issue.  Although  the b reast is  a n  obvious exter
n a l  featu re of the h u m a n  a natomy, its bounda ries deep 
to the sk in  a re less we l l  defi ned .  Lack ing  any c lear-cut 
capsu le  to d e l i neate b reast tissue from su rrou n d i n g  
fat a n d  su bcuta neous t issue, t h e  su rgeon m ust identify 
a nato m i c  l a n d m a rks that serve as reasonab le  a n d  re la
t ive ly constant structu res, beyon d  which  it is  u n l i ke ly to 
f ind  s ign if icant amou nts of breast t issue. These rad i a l  
bou n d a ries f o r  t h e  s k i n  f l aps essent ia l ly serve as  a p icture 
fra me; a n d  once these f laps a re com p l eted, the breast i s  

Superior margin:  
Clavicle or 2nd r ib 

Lateral margin: 
Lateral extent 

SKIN INCISION AND CREATION OF FLAPS 

• Once the sk in  i nc i s ion has been ma pped out on the breast, 
a sca lpe l  is used to cut through the sk in  a n d  dermis .  Cau
tery is used to then obta i n  hemostasis .  It is  i m portant to 
get i nto the r ight p lane to raise f laps at the sta rt. The 
i n it i a l  i nc is ion should extend through f u l l -th ickness sk in ,  
just barely expos ing  the su bcuta neous fat, a n d  no further. 
I nc i s ing through  deeper layers of su bcuta neous fat w i l l  
resu lt  i n  a sp lay ing o u t  o f  those fatty p lanes, and  these 
deeper tissues w i l l  spu r ious ly a ppear as a nter ior marg in  
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d i ssected off the pectora l i s  major m uscle en b loc  with the 
pectora l i s  fasc ia .  The conventi o n a l ly accepted per i phera l  
mastectomy f l a p  bou n d a ries a re a s  fo l l ows: super ior  m a r
g i n-clav ic le  or 2nd  r ib  ( identif ied by pa l pation);  i nfer ior  
marg in-infra m a m m a ry fold ( IM F); med i a l  m a rg i n
latera l border of the sternum ( identif ied by pa l pation);  
latera l m a rg i n-th e  l atera l extent of the breast t issue can 
be ma rked extern a l ly o n  the sk in  su rface a n d  the edge of 
the lat iss imus  dors i  m uscle is  a usefu l vert ica l  boundary 
that can be v isua l l y  identif ied from with i n  the mastec
tomy surg ica l  f ie ld  (FIG 4) .  

Inferior margin:  
l nframammary fold 

FIG 4 • To assu re remova l of al l  breast 
tissue, the d i ssect ion is performed to the 
c lavic le or  2nd r ib  super iorly, the I M F  
i nferior ly, the lateral border o f  t h e  sternum 
med i a l ly, and  the latera l  extent of the 
breast tissue or  edge of the latiss imus dors i  
m uscle latera l ly. 

surfaces when a n a lyzed a n d  i n ked in the patho logy 
l a boratory. The actua l  anterior m a rg i n  of the mastectomy 
spec imen (beyond the centra l e l l i pse of sacrif iced n i pp le
a reo lar  sk in)  shou ld  be defi ned by the surgeon v ia  d is
sect ion of the a ppropr iate-th ickness sk in  f laps. Fa i l i n g  to 
leave a sma l l  amount of tissue beneath the dermis  can 
lead to ischemia  a n d  wou n d  com p l i cat ions, and  th i s  can 
be part ic u l a rly concern ing  i n  cases i nvo lv ing immed iate 
reconstruct ion .  Conversely, an excess ively th ick  sk in  f lap  
leaves the patient at r i sk  for resid u a l  breast tissue on the  
chest wa l l ,  thereby i n creas ing r isk of  loca l  recu rrence. 
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FIG S • The surgeon's opposite h a n d  is used to provide 
adequate tens ion o n  the b reast t i ssue to a l l ow e levat ion of 
the super ior  f l ap  i n  the correct p l ane .  

• Sta rt ing  with the super ior  f l ap, sk in  h ooks a re used to 
e levate the sk in  a n d  p rovide a p p ropr iate tens ion for 
e levat ion of the flap (FIG S) .  The key to e levat ing  a n  ap-

FIG 7 • I f  done correctly, there wi l l  be a sma l l  a m o u nt of  
su bcuta neous fat  beneath the dermis  so that  the b lood supp ly  
i s  preserved .  

view of the d i ssect ion .  H owever, th i s  can lead to expos
ing the dermis  and poss ib ly  a b uttonho le  i n j u ry to the 
sk i n .  

propr iate f l a p  is  t h e  tens ion on t h e  b reast t issue.  I n it i a l ly, • The correct p l a n e  w i l l  leave a sma l l  a m o u nt of su bcuta
neous fat beneath the derm i s  so that the  b l ood supp ly  i s  
p reserved whi le  n ot leavi n g  any  breast t i ssue .  Th i s  p l a n e  
is  often avasc u l a r  (FIG 7) .  I nterm ittent ly i nspect i n g  a n d  
p a l pati n g  the  f l a p  w i l l  assu re the correct t h ickness. 
O l d e r  women (wh e re m uch of the breast i s  fatty-re
p laced) and heav ier  pat ients often h ave a th icker  f l ap  
of su bcuta neous fat  sepa rat i n g  the s k i n  f rom the un
der ly ing  breast pa renchym a .  I n  contrast, yo u n g e r  a n d  
t h i n  pat ients may h a v e  breast t issue c lose ly a b utti n g  
the derm is, a l lowing f o r  a very n a rrow m a r g i n  o f  error  
whi le  ra is ing the f l ap .  

a forceps can be used  to  get  i nto the r ight p l a ne; but  
once  that  p l ane  is identif ied, tract ion w ith  the contra
l atera l hand of the su rgeon using a lapa rotomy pad on 
the b reast t issue w i l l  be cr it ica l .  As the flap e levat ion  p ro
ceeds, it i s  i m po rtant to reposit ion the contra l atera l hand  
accord i n g ly. 

• It is i m perative that the assista nt h o l d i n g  the sk in  hooks 
m a i nta i n  retract ion stra i g ht u p  (FIG 6) .  Often,  a res ident 
wi l l  retract towa rd themse lves so they h ave a better 

FIG 6 • It i s  i m portant that the assista nt retract stra i g ht up 
wh i l e  the f lap is  raised; otherwise, exposu re of the dermis or 
i nj u ry of the f lap i s  more l i kely. 

• 

• 

• 

• 

F l a ps can be e levated us ing  cautery, scisso rs, or a sca l pe l .  
Ca utery w i l l  h e l p  prov ide hem ostas is  d u r i n g  t h e  p roce
d u re .  If  sharp d i ssect ion is  used, pressu re on the breast 
with a lapa rotomy sponge w i l l  h e l p  m a i nta i n  hemostas is .  
The super ior  f l ap  i s  com p l ete when you reach the level of 
the c lav ic le .  At th i s  poi nt, the pectora l i s  m uscle should be 
identif ied and the pectora l i s  fasc ia  d iv ided (scored) a l o n g  
the l e n g t h  of the f lap  (FIG 8) .  

A t  th is  poi nt, i f  a n  SLN b iopsy is to be performed, t h i s  
can usu a l ly be performed thro u g h  th i s  i n c i s i o n .  Perform
i n g  the SLN at th i s  t ime po int a l lows adequate t ime for 
i ntraoperative a n a lysis i f  convers ion to a n  MRM is  be ing  
cons idered.  The l atera l edge of the pectora l is m uscle is  
identif ied a n d  the c lav i pectora l fascia is identif ied and 
d iv ided .  Th i s  a l l ows access to the f ibrofatty tissue of 
the axi l l a .  The senti ne l  nodes ca n n ow be identif ied by 
us ing  the g a m m a  p robe or by fo l l owing  any b l u e-sta ined 
lymphatics.  
The med i a l  m a rg i n  shou ld  exten d  to the l atera l edge of 
the stern u m .  G o i n g  too fa r med i a l ly can lead to excess ive 
d og-ea r ing ,  wh ich  w i l l  need exc is ion and thus lengthen 
the inc i s ion .  I n  the case of b i l atera l mastectom i es, go ing 
too fa r med i a l ly can acc ident ly  connect the two i n cis io ns, 
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FIG 8 • At the super ior extent (c lav ic le  or  2nd  r ib), the 
pectora l i s  fascia i s  d iv ided along its length . 

FIG 9 • Visua l izatio n  of the edge of the latiss i mus  dors i  
m uscle assu res the com p l eteness of the latera l f l ap .  

potent ia l ly conta m i nat ing the prophylact ic s ide a n d  
com p l i cat ing reconstruct ion .  

• The i nfer ior  f l ap  is then e levated in an ident ica l  manner  
to  the level of the I M F. It is  important to  mark  th i s, as  
it ca n eas i ly  be lost wh i l e  e l evati n g  the f lap .  The assis
tant can prov ide feed back to the su rgeon as the I M F  i s  
approached . E l evat ing  past the IMF is  not  on ly  u n n eces
sa ry but can a l so com p l i cate reconstruct ion,  n ecessitat ing  
the p lastic surgeon to recreate it to  assu re sym metry. 

• F i n a l ly, the l atera l marg in  is deve loped.  As th i s  is not 
an M R M ,  it is  not necessary to thorough ly  m o b i l ize the 

REMOVAL OF THE BREAST TISSUE 

• O nce the f l aps have been com p l eted c i rcumferentia l ly to 
the a p p ropr iate l a n d m a rks, it is t ime  to exc ise the b reast 
t issue a n d  the pecto ra l i s  fascia off the pectora l i s  major  
m usc le .  It is i m porta nt to rem ove the fasc ia  with the 
spec imen  to assu re negat ive marg i ns .  Fa i l u re to excise • 
the fascia with the spec imen  may lead to a posit ive deep 
m a rg i n ,  i nc rease ch est wa l l  recu rrence, a n d  prompt the 
use of postmastectomy radiat i o n . 5  It ca n be usef u l  to 
resect a tiny sa m p l e  of pectora l i s  m usc le fi bers ( labe led 
as  sa m p l e  of add it iona l  poster ior  marg in)  to se rve as  
patho log i c  docume ntat ion that the mastectomy spec i -
men i nc l uded the pectora l i s  fasc ia .  Some patients can • 
h ave d iffuse DC IS  exte n d i n g  t h ro u g h o ut the b reast to 
its poste r ior  su rface, but by d efi n it ion ,  the n o n i nvasive 
natu re of this d i sease i s  such that documenti n g  resect ion 
of the pectora l i s  fasc ia  is  cons istent with a n  adequate 

lat iss imus  dors i  m uscle but identify ing the edge of these 
f ibers can enha nce the com p l eteness of the l atera l f lap  
(FIG 9) .  Avoi d i n g  a n  u n necessa ry m o b i l izat ion of the 
lat iss imus  dors i  m uscle i n  tota l mastectomy patients 
undergo ing i m med iate reconstruct ion is  especia l ly i m 
porta nt, as creat ing  extra d i ssect ion f laps i n  th i s  latera l 
t issue can comprom ise the p last ic  su rgery aesthetics. It is 
i m porta nt that the latera l extent of the b reast tissue i s  
removed . Th is  i nc l udes the axi l l a ry ta i l  of Spence, which  
extends around the super ior  aspect of the pectora l i s  
m uscle to the c lav i  pectora l  fasc i a .  

resect ion  a n d  f u rther  l oca l therapy i n  the form of post
mastecto my rad iat ion i s  u n necessa ry. Patients with p a l 
pab le  b reast tumors a b utti n g  the ch est wa l l  su rface 
s h o u l d  h ave a wedge of u n der ly ing  pectora l i s  m usc le at 
the site of the tumor  resected en b l oc with the mastec
tomy spec i m e n .  
T h e  b reast t issue is  retracted i nfer ior ly. T h i s  is  typica l ly 
done with the contra l atera l h a n d  but g rasp i n g  the fas
cia with a r ig ht-a n g l e  c l a m p  can fac i l itate th is .  The fas
cia is  e levated off the m uscle us ing  cautery, moving the 
ca utery back a n d  forth in the d i rect ion of the fi bers of 
the m uscle (FIG 1 0) .  This  tech n i q u e  m i n i m izes the d a m 
age t o  the pectora l i s  m usc le .  
Sma l l  perforators extend ing  from the pectora l i s  to 
the b reast should be g rasped with a hemostat o r  for
ceps a n d  cauter ized . There a re s l i g htly l a rger  perfora
tors med ia l ly. It is best to p reserve these if  possi b le .  If  
not, these should be g rasped and cauter ized o r  suture 
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FIG 1 0  • Retract ing  the b reast i nfer ior ly, the breast t issue 
and pectora l i s  fascia a re taken off the pectora l i s  major. The 
ca utery is  moved back and forth i n  the d i rect ion of the fi bers 
of the m usc le .  

l i g ated (FIG 1 1 ) .  I f  these a re accidenta l ly d iv ided,  they 
often retract i nto the m uscle and can be d i ff icu lt  to 
contro l .  Some patients (espec ia l ly o lder a n d/o r less f it  

FIG 12 • As opposed to the pectora l i s  fasc ia ,  which is  taken 
with the breast t issue, the fasc ia  over the serratus anter ior i s  
left i ntact. 

routi ne ly  identif ied th ro u g h  v isua l exposu re u n less the 
patient is  undergoing a n  ALN D .  

patients) w i l l  have a weakened, atten u ated, a n d  fatty- • I ntercosta l nerve b lock:  M a ny mastectomy patients w i l l  
benefit from i ntrao perative i nject ion o f  a p p roxi m ately 
5 ml of 0 . 5 %  ro pivaca ine  i nto 2 or  3 i ntercosta l spaces 
a long  the su rg ica l f ie ld  l atera l to the pectora l i s  m usc le .  
The su rgeon shou ld  notify the a n esthes ia staff who wi l l  
then g ive the patient a few extra deep  b reaths. At  maxi
m a l  end exp i rat ion,  the patient is  taken off the vent i l ator 
wh i l e  the su rgeon i njects the long-act ing  a n esthetic j ust 
at the i nfer ior  edge of the selected r ib  to b lock the asso
c iated i ntercosta l nerves. Vent i l ator-assisted resp i rat ions 
then resume .  If  i ntercosta l nerve b locks as we l l  as  i n ci 
s iona l  long-act ing  a n esthetic i nject ion is  p l a n ned, then 
the maxi m u m  vo l u m e  of safe anesthetic de l ivery (based 
o n  body weight of the patient) shou ld  be ca l cu lated . 

repl aced pectora l i s  m uscu lature.  Caut ion shou ld  be exer
cised d u r i n g  the latera l retract ion of the b reast in these 
cases, as  overly agg ressive tugg i n g  o n  the breast can 
resu lt  i n  the m uscle be ing i n advertently avu lsed from its 
costochondra l  a n d  sterna l  attachments. 

• Dissect ion of the b reast off the pectora l i s  m uscle con
t in ues i nfer ior ly toward the I M F  a n d  then out latera l ly. 
Resect ing  the pectora l i s  fascia has onco log ic  s ign if icance; 
h owever, fasc ia  over ly ing the serratus a nter ior  m uscle 
can be left i ntact (FIG 1 2) .  Dissect ing  deep to th i s  fasc ia  
a n d  expos ing  the serratus m uscle bed resu lts i n  u n n eces
sa ry b leed i n g  and ca n p lace the long thorac ic nerve at 
risk for i n ju ry, because this i m porta nt motor nerve is  n ot 

FIG 1 1  • Med ia l  perforators a re g rasped 
and cauter ized .  



DRAIN PLACEMENT 

• A c losed suct ion d r a i n  is p laced over the pectora l i s  major 
m uscle through a sepa rate sta b inc is ion a n d  sutu red in 
p l ace with a monofi lament sutu re (FIG 1 3) .  When in
sert ing  the dra in th ro u g h  the sk in  f l ap, it i s  usefu l to be 

CLOSURE 

• Alth o u g h  excess tens ion on the  i nc i s ion  can  lead to 
wo u n d  com p l icat ions, excess s k i n  w i l l  lead to red u n 
d a nt f la ps, w h i c h  can  be u n co mforta b l e  f o r  the pat ie nt; 
they can be d iffi cu lt to m o n itor for recu rrence a n d  can  
i nterfere with wea r i n g  a prosthes is .  I n  cases  where 
postmastecto my ra d iat ion a n d  d e l ayed reco nstruct ion  
i s  p l a n ned,  it may be h e l pf u l  to leave the s k i n  f l a ps a 
l itt le  looser, but a f loppy anter ior  s k i n  f l a p  w i l l  be u n 
s ig ht ly a n d  se rves as  a s ite f o r  recurrent seroma accu
m u lat i o n .  Excess sk in can  be exc ised,  so that the i nc i s ion  
a p p roxi m ates f lat o n  the  ch est wa l l .  Remember  that the  
pat ient  i s  l y ing  f lat  back, but once awake wi l l  s louch  
forwa rd s l i g ht ly, so a sma l l  a m o u nt of te ns ion  w i l l  be 
re l eased . 
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m i ndfu l of the location of the lat iss imus  dors i  m usc le .  I n 
advertent i n sert ion o f  the d ra i n  t h r o u g h  th i s  m uscle c a n  
resu lt i n  excessive b leed i n g  from the tract. I n  cases where 
the d r a i n  tract does b leed excess ively, the best remedy is 
to s i m p ly remove the dra in ,  apply pressu re, and replace 
the d ra i n  th ro u g h  a d i fferent tract. 

FIG 13 • A flat channe l  d ra in  is p laced over the pectora l i s  
m a j o r  m uscle through  a sepa rate sta b i n c i s i o n  p r i o r  t o  c los i n g .  

• 

• 

Com mon ly, the med ia l  a n d  l atera l aspects of the inc i 
s ion wi l l  "dog ear. "  Ofte n, these can be eas i ly  excised as 
a n  e l l i pse. There a re t imes, part i cu la r ly i n  o lder, heavier 
women, where exc i s ing  the l atera l dog ear  s i m ply moves 
the dog ear more poster ior ly. In these cases, a f ish-ta i l  
p lasty (FIG 14A-C) can be usefu l 6 
The derma l  layer shou ld  be cl osed with i nterrupted deep 
dermal  a bsorba b le  sutu res. Because the Jackson-Pratt 
(J P) d ra i n  w i l l  evacuate the postoperative seroma forma
t ion,  the mastectomy sk in  f lap c losure should be subject 
to m i n i m a l  tens ion .  A reasonab le  c losure a lternative ca n 
therefore rely on a few i nterru pted sutu res to l i n e  up the 
a p p ropr iate sk in  c losu re, fo l l owed by a r u n n i ng,  cont inu
ous a bsorba b le  deep derma l  suture.  The sk in  can be ap
p roxi m ated with a n  a bsorba b le  4-0 monofi l a m ent sutu re 
in a r u n n i n g  su bcutic u l a r  c losure or  a surg ica l  adhesive. 
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FIG 14 • For patients with excessive l atera l t issue that 
ca n n ot be exc ised as  a s i m p l e  e l l i pse, a f i sh-ta i l  p lasty can 
be usefu l .  A. The skin is  reapproxi m ated so the med i a l  
aspect c loses a ppropr iately. B. T h e  l atera l corner is  b ro u g ht 
med i a l l y, creat ing  two sma l l e r  e l l i pses super ior ly  a n d  
i nfer ior ly. These two e l l i pses a r e  t h e n  excised sepa rate ly 
and the wound is  c losed (C) so that there is  a Y extens ion 
latera l ly. 

PEARLS AND PITFALLS 
Patient expectations  • Pat ients who a re ca nd idates for b reast conservat ion therapy (B CT) shou ld  u ndersta nd there is  n o  

i m p rovement i n  surviva l w i t h  a mastectomy. 
• A l l  patients u n dergo ing  mastectomy shou ld  be offered consu ltatio n  with a p lastic su rgeon to 

d iscuss reconstruct ion options .  
• Patients may have concerns reg a rd i n g  cosmesis a n d  sexua l  identity after mastectomy that shou ld  

be add ressed p reoperative ly. 
• Pat ients shou ld  a l so u n dersta n d  the potent ia l  for red u n d a ncy or  dog ears after mastectomy a n d  

h ow these can be add ressed .  
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P l a n n i n g  the inc i s ion  • I nc lude  the exc i s iona l  b iopsy sca r i n  the e l l i pse. For  pa lpab le  tumors, i nc lude  a n  adeq uate 
a m o u nt of sk in  over the tumor. 

• P lan  the e l l i pse so that it w i l l  l i e  fl at, without excess l axity, yet not too t ig ht. 
• Measure the super ior  and i nfer ior  i nc is ions to confirm they a re rou g h ly the same length . 

Ra i s ing  the f laps • M a ke su re to sta rt in the r ight  p l ane  with the i n it i a l  i nc i s ion a n d  n ot go too fa r i nto the 
su bcuta neous fat. 

• The assista nt shou ld  h o l d  the sk in  hooks stra ight  up. Bend ing  the skin backward can i nadver
tently lead to exposi n g  dermis  o r  " b utto n h o l i n g . "  

• Cou ntertens ion with t h e  opposite h a n d  is  the key t o  b e i n g  i n  t h e  r i g h t  p l a n e .  A s  y o u  p rog ress, 
reposit ion  the hand  accord i n g ly. 

• Be ca refu l n ot to pass the I M F  w h i l e  ra i s ing  the i nfer ior  f lap .  

Remov ing  the breast • Retract the b reast i nfer ior ly  a n d  move the ca utery med i a l  to latera l ,  para l l e l  to the pectora l i s  
m a j o r  m uscle f i bers. 

• Remove the fascia of the pectora l i s  with the speci m e n .  
• G rasp perforators w i t h  a forceps or  c l a m p  a n d  coa g u l ate rather than try to d i rectly cauterize.  
• Do not retract the b reast latera l l y  with excess force, this w i l l  avu lse the m uscle from the stern u m .  

C losure • Excise excess sk in  so that the f l aps c l ose f lat a g a i nst the chest wa l l .  
• Med ia l  a n d  l atera l d o g  ears shou ld  b e  exc ised, b u t  do not keep reposit ion i n g  a l atera l d o g  ear  

more poster ior ly. A p lasty ca n erad icate a dog ear  but can make reconstruct ion more d iffi cu lt .  A 
dog ear  can a lways be corrected at a later date u nder  loca l a n esthetic .  

POSTOPERATIVE CARE COMPLICATIONS 
• A nonadherent dressing can be placed over the incision. 

Patients can be placed in a breast binder with Kerlix fluffs 
in order to apply even compression. This will help prevent 
hematoma but should not be excessively tight. 

• Patients do not need to be admitted to the hospital over
night, they may be safely discharged to home. Arranging for 
a visiting nurse can be helpful for drain management and 
wound checks . 

• The drain can be removed when the output is less than 
30 mL/24 hours for 2 days in a row. 

OUTCOMES 
• Overall, local (chest wall) recurrence after mastectomy is 

low, ranging from 0 .6% to 9 . 5%,  increasing with increasing 
stage, the presence of nodal metastases, and positive margins 
after mastectomy. However, local recurrence rates also ap
pear to be decreasing as systemic therapies improve.7 Local 
recurrence is also related to the histologic subtype, with lu
minal subtype tumors (ER/PR positive) less likely to recur 
than HER2/neu overexpressing or triple negative tumors 
after mastectomy. 8 

• Because local recurrence rates remain higher among patients 
with node-positive disease or positive margins, postmas
tectomy radiation therapy (PMRT) should be considered 
in these situations. PMRT is strongly indicated for patients 
with positive margins or more than four positive lymph 
nodes. It should also be considered for patients with one to 
three positive lymph nodes, particularly, if they have other 
risk factors for chest wall recurrence. 

• Seroma 
• Wound infection 
• Hematoma 
• Wound dehiscence 
• Flap necrosis 
• Positive margins 
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Chapter 1 1  
I 

Skin-Sparing and Nipple/ 
Areolar-Sparing Mastectomy 
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t Eleni Tousimis Rache Simmons 

DEFINITION 
• Skin-sparing mastectomy is defined as removal of the breast 

tissue while preserving the natural skin envelope for imme
diate breast reconstruction. This is an effective treatment 
option for patients with operable breast cancer without 
skin involvement. By preserving the patient's skin envelope 
with a smaller incision, it markedly improves the aesthetics 
of the breast reconstruction. To further enhance cosmesis, 
the nipple and areola can be preserved at the time of 
mastectomy in select patients . This is called nipple-sparing 
mastectomy. 

ANATOMY 
• As with all types of mastectomy, a thorough understanding 

of the anatomy of the breast, chest wall, and axilla is neces
sary. The goal of mastectomy is to remove the breast tissue 
while maintaining the viability of the skin envelope. 

• The breast tissue is encapsulated by the superficial fascia that 
adheres to the subcutaneous tissue in a lobulated fashion 
( FIG 1 ) . This makes it difficult to remove all of the breast 
tissue during mastectomy and maintain skin viability. 

Deep 
fascia -------'lh�-'-"--1. 

Pectoralis 
major 

muscle 

Pectoralis 
minor 

muscle ------1;-----\-

Superficial fascia 
Deep layer 
Superficial layer 

Anterior 
mammary 
fascia 

Retromammary 
fascia 

FIG 1 • Cross-sect ion of the breast demonstrat ing  the su perfic i a l  
fasc ia ,  i n c l u d i n g  both the su perfic i a l  a n d  deep layers. 
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• The boundaries of the breast ( FIG 2 ) are defined by the clav
icle superiorly, the sternum medially, the 6th rib inferiorly, 
and the latissimus dorsi muscle laterally. 

• The axillary tail of the breast extends toward the low axilla 
and is called the axillary tail of Spence. Posteriorly, the breast 
adheres to the pectoralis major muscle and is separated by 
the deep fascia of the breast (see FIG 1 ) .  

• A skin-sparing mastectomy involves preserving the skin 
envelope while removing the nipple-areolar complex and 
underlying breast via a small incision ( FIG 3 ) .  Nipple-sparing 
mastectomy is a total skin-sparing mastectomy with preser
vation of the nipple-areolar complex. 

• When performing a skin-sparing mastectomy, it is important 
to remove as much breast tissue as possible while maintain
ing the viability of the skin. This is a balancing act from the 
oncologic standpoint to remove the majority of the breast 
tissue but not make the skin flaps so thin, resulting in skin 
necrosis and flap loss. The anatomic plane that divides the 

FIG 2 • Anato m i c  bounda ries of the breast. 

-



A 

C h a p t e r  1 1  SKIN-SPARING AND N I PPLE/AREOLAR-SPARING MASTECTOMY 1443 

....... - ... .... ' ' I \ I I I I \ I ' ' .... _ _  ... 

.... -- ..... 
.,... .... .... ' ' I \ ' ' ' ' .... ... .... _ .... ... .... 

... .... - .... ... ' ' I \ I I I I \ I ' ' ... _f""" ... 

I 
I I 

.... ... - ... ... 
/ \ ...... -1 I I I \ I ' ' ... _ _  ... 

A. Round periareolar B. Smal l  e l iptical C. Periareolar with D. Periareolar with 
lateral extension periareolar inferior extension 

FIG 3 • A-D. Surg ica l  i n c is ions used for a sk i n-spa r ing  mastectomy. 

subcutaneous tissue and the underlying breast parenchyma 
is formed by the superficial fascia of the breast. This is an ill
defined thin layer visualized by a faint white fascial line (see 
FIG 1 ) .  The dissection is carefully performed in this plane. The 
remaining tissue on the skin envelope usually ranges between 
2 and 5 mm in thickness depending on the patient's anatomy. 

• It is crucial to flap viability to preserve both the subcutaneous 
venous plexus under the skin as well as the branches of the 
2nd intercostal perforator in the upper medial flap as it exits the 
ribs. This is the largest blood supply to the skin flap (FIG 4A.B) .  

• Once the flaps are created to the clavicle superiorly including 
the axillary tail of Spence, medially to the sternum, laterally 
to the latissimus dorsi muscle, and inferiorly to the 6th rib, 
the breast is then removed posteriorly from the pectoralis 
major muscle including the underlying deep fascia overlying 
the muscle. It is important when creating the flap medially 
not to extend to the contralateral breast. 

:�:;.!!;;til<���-�.:::...- Internal 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patients with operable breast cancer are candidates for 

either breast conservation therapy (BCT) or skin-sparing 
mastectomy with or without reconstruction. It is important 
for patients to understand that the survival between BCT 
and mastectomy is equal. However, mastectomy does carry 
a slightly lower locoregional recurrence rate of about 2 %  
versus 5 %  i n  1 0  years after BCT. 1 

• Another important difference between the two surgical treat
ment options is that mastectomy usually does not require 
postoperative radiation therapy. Postmastectomy radiation 
is recommended for patients with tumors greater than 5 em 
in size, patients with positive margins after mastectomy, or 
select patients with axillary lymph node involvement for 
locoregional control and to improve survival.2 

thoracic 
artery 

Lateral 
thoracic 
artery --!......J'I B 

FIG 4 • A. The b lood supp ly  to the b reast comes pr imar i ly  
f rom the latera l (ma m m a ry) thorac ic  a rtery, the i ntern a l  
(ma m m a ry) thorac ic a rtery, a n d  t h e  i ntercosta l a rter ies .  I t  i s  
cruc ia l  to p reserve the branches  of the 2nd  i ntercosta l  a rte ry in  
the u p per  med i a l  f l ap  to ensure v i a b i l ity. B. The su bcuta neous 
venous p lexus a n d  branch off the 2nd  i ntercosta l a rtery a re 
seen p reserved with the f l ap .  
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Table 1: Methods for Examining the Breast and Pathognomonic Signs 

Examination 

B reast exa m 

Technique 

U pr ight 
Sup ine 

Grading 

Symmetry 
Sk in  changes 
Pa lpab le  masses 
Adenopathy 
Nipple discharge 

• Prior to determining whether a patient will be a candidate 
for mastectomy or BCT, a thorough history and physical ex
amination should be performed. 

• The medical history should focus on the patient's family 
history of breast cancer in first-degree relatives and ovarian 
cancer in the family. Patients with a strong family history 
of breast or ovarian cancer, premenopausal breast cancer, 
patients with bilateral breast cancer, male family members 
with breast cancer, or those of Ashkenazi Jewish descent 
should be recommended for genetic counseling and test
ing for the BRCA 1 and 2 gene mutations. Also included 
in the medical history, the surgeon should ask about per
sonal risk factors for developing breast cancer such as early 
menses, late menopause, a personal history of an atypical 
breast biopsy, lobular carcinoma in situ (LCIS ) ,  a history of 
previous chest wall radiation for Hodgkin's lymphoma, or 
use of hormone replacement therapy. Many of these high
risk patients who decide to undergo mastectomy also opt for 
contralateral mastectomy at the time of mastectomy to de
crease their risk of a future breast cancer. Another reason for 
the recent increased incidence of contralateral prophylactic 
mastectomy is because of patient's anxiety, fear, and desire 
to reduce future risk of recurrence and cosmetic symmetry.3 

• After obtaining a thorough medical history, a detailed physi
cal examination would include examination of the patient 
in both the upright and supine positions (Table 1 ) .  While 
placing the patient's hands on her hips in the upright posi
tion, the patient is visually examined for symmetry, evidence 
of skin changes, or dimpling. The cervical and axillary areas 
are palpated for adenopathy and the breasts are examined. 
The patient is then placed supine with both arms over her 
head. The breasts are examined again for palpable masses 
and nipple discharge, and the axillae are palpated again 
while lowering the arms to the side. The abdomen is then 
examined for hepatosplenomegaly. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• The purpose of preoperative imaging is to clinically stage the 

patient, determine operability, assist with surgical decision 
making, and assess the need for preoperative chemotherapy 
for downstaging. All patients prior to mastectomy require 
a recent bilateral mammogram including craniocaudal and 
medial lateral views. On mammogram, one should look for 
spiculated masses, tumor size and location, additional tumors, 
skin involvement, and associated calcifications (FIG S ) .  

• For patients with dense breast tissue or  young age, a breast 
sonogram may be a helpful addition to assess the presence of 
additional lesions in dense breast tissue and the extent and 
depth of the tumor. 

Significance 

Ca ncer caus ing en la rgement 
Pea u d 'ora nge, associated with infl ammatory breast cancer, o r  a n  u nder ly ing 

tumor  p u l l i n g  on  Cooper's l i gaments 
Cancer, ben ign  mass or  cyst 
Lymph node metastasis or  reactive lymph nodes 
B loody or  c lear spontaneous u n i l ateral d i scharge associated with carci noma r isk 

• Ultrasonography is also helpful to assess the axilla radio
graphically. Suspicious nodes have a very characteristic 
appearance with an obliterated hilum and nondistinct bor
ders. An ultrasound-guided fine needle aspiration (FNA) can 
be performed preoperatively for suspicious nodes ( FIG 6) .  

FIG S • M a g n if ication m a m mogram showing  p leomorph ic  
ca lc if icat ions susp ic ious  for carci noma .  

FIG 6 • U ltraso u n d-gu ided FNA b iopsy of  axi l l a ry lym p h  node 
metastases. 



C h a p t e r  1 1  SKIN-SPARING AND N I PPLE/AREOLAR-SPARING MASTECTOMY 1445 

FIG 7 • MRI  showing response to chemotherapy before treatment 
(A) and after treatment (B) . 

• Magnetic resonance imaging (MRI) of the breast is used 
selectively for patients who are having mastectomy. One 
indication is for patients with invasive lobular cancer 
because of a higher incidence of contralateral disease.4 

• MRI may also be used preoperatively for high-risk patients 
such as those with the BRCA 1 or 2 mutation, a strong 
family history, dense breast tissue, difficult breast examina
tions, large tumors with questionable skin involvement, or 
those undergoing neoadjuvant chemotherapy. In patients 
undergoing preoperative chemotherapy, MRI helps to moni
tor the response to treatment. An MRI is performed before 
treatment begins and then repeated again after systemic 
treatment is completed for comparison. The MRI shows a 
nice relationship of the tumor location to skin distance for 
treatment planning and choice of surgical incision (FIG 7 ) .  

• Staging tests t o  rule out metastatic disease, such a s  positron 
emission tomography-computed tomography (PET/CT) or a 
computed tomography (CT) scan of the chest, abdomen, and 
pelvis and bone scan should be considered in patients with 
lymph node involvement and large tumors or those patients 
with signs or symptoms suggestive of metastases (Table 2 ) .  

SURGICAL MANAGEMENT 
• Indications for skin-sparing mastectomy include patients 

who choose mastectomy to reduce their risk of a future 
local recurrence and patients with the BRCA gene mutation, 
other high-risk patients that have a strong family history of 
breast cancer, or young age at diagnosis. The patient must 
have operable breast cancer and not have extensive skin 
involvement or fungating, ulcerating lesions. 

• Indications for nipple-sparing mastectomy include patients who 
are undergoing prophylactic surgery, BRCA gene mutation 

Table 2: Indications for Preoperative Positron 
Emission Tomography-Computed Tomography 

Examination 

P ET/CT 

Indications Preoperatively 

Tu mors > 3 em in size 
Evidence of lymph node metastasis 
Symptomatic d isease (i .e., bone pa in )  
Loca l l y  adva n ced breast cancer 

PET/CT. positron emission tomography-computed tomography 

carriers, and have operable cancers not located close to the 
nipple. Patients who should not undergo nipple-sparing mas
tectomy are those patients with very large, ptotic breasts, can
cers located directly under the nipple, radiographic evidence of 
nipple involvement, or those with suspicious nipple discharge 
or nipple retraction. Patients must be informed that it is not 
possible to remove all the tissue under the nipple and that there 
is a reported risk of recurrence in the nipple and nipple necrosis 
of less than 5 % .5 

Preoperative Planning 

• All preoperative radiographic studies should be studied prior 
to surgery to determine tumor location, size, and depth. 

• The breast cancer surgeon and patient discuss the optimal 
type of skin-sparing mastectomy preoperatively and deter
mine whether they are candidates for skin-sparing simple 
mastectomy or nipple-sparing mastectomy. 

• All patients undergoing immediate reconstruction consult 
with a reconstructive surgeon prior to surgery for preop
erative planning. After the reconstructive surgeon exam
ines the patient and determines the optimal reconstruction 
depending on the patient's body habitus, breast size, and 
clinical stage, the reconstructive surgeon collaborates with 
the breast surgeon for the optimal oncologic approach with 
the best cosmesis. 

• Patients with palpable tumors close to skin or those con
sidering nipple-sparing mastectomy with tumors close to 
the areola may benefit from a preoperative breast MRI to 
address distance of tumor to the skin or disease below the 
nipple-areolar complex. This may alter treatment planning 
such as the use of neoadjuvant chemotherapy to achieve 
negative margins as well as surgical decision making. 

Positioning 

• The optimal operative position for all patients undergoing 
skin-sparing mastectomy is supine with the arms abducted 
approximately 45 degrees. Care is taken not to hyperextend 
the arms in anticipation for a long surgery. The arm boards 
are padded in order to protect the elbows from pressure 
compression causing a median nerve palsy. 

• Compression boots are placed preoperatively and there is 
no need for additional anticoagulation unless the patient is 
at high risk for deep vein thrombosis (DVT),  including obe
sity, a personal history of DVT, or cardiac valves requiring 
prophylaxis . 

• Upon induction, if the patient is undergoing immediate 
breast reconstruction, they should receive a dose of intrave
nous ( IV) antibiotics to cover gram-positive bacteria, usually 
a first-generation cephalosporin such as cephazolin. 

• A Foley catheter is inserted after induction, if a prolonged 
reconstruction is anticipated. 

• Prior to prepping the patient, methylene blue dye is injected 
subareolar for those surgeons who use both blue dye in 
addition to radioisotope for identification of the sentinel 
lymph node (FIG 8) .  

• Once prepped, the patient's arm is wrapped with a free arm 
dressing in anticipation of an axillary node dissection if 
axillary metastasis is suspected; otherwise, it is draped out
side the field. 
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FIG 8 • Patient posit i o n i n g  a n d  preoperative i nject ion of 
b l u e  dye i n  a subareo l a r  fash ion .  

SKIN-SPARING MASTECTOMY 

• Pr ior  to surgery, the patient is sk in  ma rked by both the • 
reconstructive a n d  breast cancer su rgeons.  The n i p p le
a reo lar  com p l ex is rem oved by a s m a l l  e l l i pt ica l sk in  inc i 
s ion .  There a re many opt ions  of exc is ion depe n d i n g  o n  
breast s i z e  a n d  tumor  l ocat ion as wel l  as type o f  recon
struct ion (see FIG 3) .  

• The n i pp le-areo l a r  com p l ex is i ncised i n  an e l l i pt ica l  • 
fash ion  with a no .  1 5  b lade  sca lpe l  i nto the dermis .  Sk in  
hooks a re p l aced o n  the f l ap  a n d  p u l led u pward by the 
fi rst assistant. Care is  taken to ensure the fi rst assista nt 
p u l ls d i rect ly perpen d i c u l a r  to the chest wa l l  to avo id  a n  
i n advertent buttonho le  i n  t h e  f l a p  (FIG 9) .  • 

• By retract ing  the breast downwa rd aga i nst the u pward 
tract ion of the skin,  the superfic i a l  fasc i a l  p lane is  iden
t if ied .  The su rgeon uses  cautery to create the f laps by 
d i ssect ing  just a bove the superfic i a l  fascia i n  order to 
remove as much  of the b reast t i s sue as poss ib le .  Altern a- • 
tively, some su rgeons may use e ither the kn ife or scissors 
to create the mastectomy f laps. As long as the su rgeon 
is  i n  the correct a nato m i c  p l a ne, it shou ld be relatively 
avascu l a r. 

• As the su rgeon p rog resses further poster ior ly, med i u m 
sized R i chardson retractors o r  l i g hted retractors a re used 
to assist with retract ion (see FIG 1 S) .  Because the sk in  

e l l i pse ope n i n g  may be q u ite sma l l ,  the f l aps  a re created 
in a sp i ra l  fash ion  unt i l  the pectora l i s  m uscle is  ident if ied .  
The surgeon's hand is then used to exa m i n e  the f laps .  
If  the surgeon is  i n  the proper p l a ne, the f laps wi l l  o n ly 
be a cou p l e  of m i l l i m eters th ick  a n d  even th ro u g hout.  
Care is taken to ensure that the axi l l a ry ta i l  of the breast 
has been adequately d i ssected a n d  rem oved en b loc  with 
the speci m e n .  
Next, the b reast is  rem oved f r o m  the pectora l i s  m usc le .  
M e d i u m -sized o r  l a rge R ichardson retractors a re used 
to retract the skin su per ior ly and Ke l l y  c la m ps may be 
p l aced on the super ior  aspect of the breast to assist with 
downward tract ion .  
E lectroca utery is then used  to sepa rate the breast from 
the pectora l i s  m uscle by d i ssect ing  para l l e l  to the m usc le 
f i bers from med i a l  to l atera l (FIG 1 0) .  A l l  perforat i n g  ves
sels a re ca refu l ly cauter ized pr ior  to cutti ng to prevent 
retract ion i nto the m uscle and su bseq uent b leed i n g .  
Once the b reast is removed from the chest wa l l ,  a s i l k  
stitch is  used t o  m a rk the axi l l a ry ta i l  f o r  or ientat ion for 
the patho log ist. The b reast is  passed off the field for 
permanent sect ion and attent ion is  paid to the axi l l a  to 
perform e ither a senti ne l  lymph node b iopsy or  axi l l a ry 
lymph node d i ssect ion,  depe n d i n g  on the stage of the 
cancer. Th i s  may be performed via the mastectomy i n c i
s ion  if there is  no tens ion o n  the wou n d .  If  the axi l l a  is  
too fa r away, a sepa rate axi l l a ry i n ci s ion is  made.  

FIG 9 • Skin h ooks a re p l aced o n  the f lap a n d  p u l led u pward 
by the fi rst assista nt. Care is  ta ken to ensure the fi rst assistant 
p u l l s  d i rect ly perpe n d i c u l a r  to the chest wa l l  to avoid an 
i n advertent b utton hole i n  the f lap .  

FIG 1 0  • E lectroca utery is  used to d issect the breast a n d  
pectora l i s  fascia off the u n der ly ing m usc le .  Ca utery is  m oved 
para l l e l  to the m uscle f i bers from med i a l  to latera l .  
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NIPPLE-SPARING MASTECTOMY 

• N i p p le-spa r ing  mastecto my is  performed s i m i l a r  to 
sk in -spa r i n g  mastectomy (FIG 1 1 ); however, the n i p p le
a reo l a r  com p lex is spa red .Th is can be done through 
var ious approaches (FIG 1 2) .  

• The most cosmetic a p p roach is v ia  an i nfra m a m m a ry fo ld  
sk in  inc i s ion  (FIG 1 3A,B) .  The ent i re f lap  is  created from 
the i nfra m a m m a ry fo l d  i nfer ior ly to the clavic le su pe
r ior ly. This is  a long flap and is  therefore best used on 
women with sma l l  to med i u m-sized breasts. The i nfra
m a m m a ry fo ld  inc i s ion  is  usua l ly approxi mately 9 em in 
length .  It extends from just below the med ia l  aspect of 
the a reo la  in the i nfra m a m m a ry fo ld  to 9 em latera l ly. 
The most c h a l l e n g i n g  techn ica l aspect of th i s  approach is 
gett ing  suffi c ient u pward tract ion of the sk in  in order to 
create the f lap  in the a p p ropr iate p lane .  

• S k i n  hooks a re used for u pwa rd tract ion,  as i n  the 
trad it iona l  sk in -spa r ing  mastectomy. H owever, when a p
p roach ing  the n i pp l e-areo l a r  com p l ex, it is best to have 
the fi rst assistant gently p inch  and retract the n i pp le  up
wa rd o r  a lternatively p l ace a 2-0 s i l k  stitch through the 
n i pp le  i n  order to g ive u pward tract ion and use a l i g hted 
retractor l atera l to the n i p p l e-areo l a r  com plex in order 
to v i sua l ize the a rea adequately (FIGS 14 a n d  1 5) .  

• The d u cta l  t issue poster ior  to the n i pp le  is usu a l ly more 
dense a n d  l i g hter i n  co lor  (FIG 1 6) .  Once throug h th i s  
a rea, the s i l k  stitch can be removed a n d  the l i g hted re
tractors a re adva nced in order to com p l ete the super ior  
aspect of the f laps to the c lav ic le .  The fi rst assista nt can 
a p p ly gent le  tract ion of the sk in  f l ap  by p lac ing the pa l m  

F I G  1 1  • N i p p le-spa r ing  mastectomy v i a  i nfra m a m m a ry sk in  
inc i s ion  versus sk in  spa r ing  mastectomy o n  patient with left 
centra l l y  located tumor. (Photo cou rtesy of Sherman J, M D .) 

of h i s  or her  hand  on the super ior  aspect of the f l ap  a n d  • 
push i n g  away from the surgeon.  

• To create even f la ps, it is i m po rtant that both the fi rst as
s ista nt and surgeon a pply steady, even tract ion and avoid 
readj ust ing  m u lt ip le  t i mes.  

• After the breast is removed from the chest wa l l ,  attent ion 
is  pa id  to the n i p p l e  to take a n  add it iona l  n i pp le  m a rg i n .  

• The surgeon's f inger  is p laced on the outs ide of the 
n i pp le  a n d  the n i pp le  is  everted .  An Al l i s  c lamp is  then • 
p laced on the tissue ins ide  the n i pp le  a n d  a no .  1 5  b lade 

... _ _ _  ... 
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Radial 

sca lpe l  is used to perform a shave b iopsy of any resid u a l  
d ucta l t issue with i n  the n i pp le .  T h e  tissue is  then sent t o  
pathology f o r  frozen or  permanent sect ion .  
A l l  patients undergo ing n i pp le-spa r ing  mastectomy a re 
consented p reoperatively that if the n i pp le  marg in  is  
posit ive for cancer, then the n i p p le-a reo l a r  com p l ex w i l l  
be removed. If  t h i s  is recog n ized i ntraoperatively on fro
zen sect ion,  the n i p p l e-a reo l a r  com p l ex can be removed 
at th i s  t ime .  If  th i s  is  deferred to permanent sect ion,  it 
w i l l  be rem oved postoperatively by the reconstructive 
surgeon.  
If  the sk in  f l aps a n d  n i p p le-areo l a r  com p l ex appear  
we l l  vascu la rized a n d  the n i pp le  marg in  is negative on 
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Periareolar Vertical 

FIG 12 • S k i n  inc i s ion options for n i p p le-spa r ing  mastectomy. 
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FIG 1 3  • A. Nipp le-spar ing mastectomy via i nframammary fold 
sk in inc is ion.  B. Preoperative skin marking for i nframammary 
sk in i ncision .  Below media l  a reola to 9 em latera l ly in the 
i nfra mammary fold. 

frozen sect ion ( if obta i ned), the reconstructive surgeon 
can proceed (FIG 1 7) .  

• For patients with ptot ic  b reasts who a re not idea l  ca n
d i d ates for n i pp le-spa r ing  mastectomy, we recommend 
perform i n g  a super io r  c i rcu m a reo lar  mastopexy inc i 
s ion  with  a l atera l extens ion to rem ove excess sk in  and 
ach ieve a s l i ght  l i ft .  Another opt ion  for macromastia or  
s ign if icant ptosis i s  a two-stage proce d u re suggested by 
Spear a n d  co l l eag ues6 where the patient underg oes a 
p r imary m a m m o p l asty fo l l owed by n i p p le-spar ing mas
tectomy 3 weeks later (FIG 1 8) .  

Analgesia after Mastectomy 

• M astectomy is performed under genera l  anesthesia .  In ad
d it ion to genera l  anesthesia, a long acti ng loca l anesthetic 
may be i njected i nto the borders of the mastectomy wound 
just below the cut edge of the fasc ia .  Postoperatively, pa
tients a re g iven both a n  oral  na rcotic as we l l  as va l l i u m  to 
relax the muscle and prevent m uscle spasm and tig htness. 

FIG 14 • Extended inc i s ion  for more exposure if  necessa ry. 

FIG 1 S  • Gent le u pwa rd tract ion of the n i pp le  by the fi rst 
assista nt to create p lane  beh i n d  the n i pp le .  

FIG 1 6  • I ns ide of n i p p l e  a rea appears l i g hter compared to  
the surro u n d i n g  t issue.  

FIG 17 • Expa ns ion of the tissue expander  after a n i pp le
spa r ing  mastectomy with i m med iate reconstruct ion .  
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FIG 1 8  • Staged n i p p le-spar ing mastectomy fol lowing red uction for macromastia or ptotic breasts. (Photo cou rtesy of Spea r S, 
Rottman S, Sei both L, et a l .  B reast reconstruct ion us ing a staged n i pp le-spa r ing mastectomy fo l lowi ng mastopexy or  red uction .  
Plast Reconstr Surg. 20 1 2; 1 29: 572-58 1 .) 

PEARLS AND PITFALLS 
Possib le Pitfal ls  of 
Skin-Sparing Mastectomy Pearls 

F l a p  n ecrosis • I dentify fasc ia l  plan be low subcuta neous tissue; stay ju st above this l i n e  to create f lap .  
• M a i nta i n  even traction/cou ntertract ion i n  order to create even f laps .  
• Preserve the su bcuta neous venous p lexus a n d  the 2 n d  i ntercosta l perforator to p revent f lap 

necrosis .  
• Avoid  d e n u d i n g  the s k i n .  

N i pp le  necrosis • Do not denude the n i pp le .  
• Avoid  too much tract ion on the n i pp le  for pro longed per iods  of t ime .  
• Avoid  ca utery under  the n i pp le .  

I nfect ion • Treat reconstructive patients with preoperative IV ant ib iot ics a n d  postoperative ora l  ant ib iot
ics unt i l  the dra ins  a re rem oved . 

• I rr igate thoroug h l y  with norma l  sa l i n e  after the mastectomy is performed.  
• O bta i n  ca refu l hemostas is .  

POSTOPERATIVE CARE 
• Patients who undergo implant reconstruction are admitted 

as an inpatient overnight. 
• Patients who undergo flap reconstruction are admitted lon

ger depending on the type of flap reconstruction. 
• They are maintained on oral first-generation cephalosporin 

until the Jackson-Pratt (JP) drains are removed. 
• The patients are discharged with a surgical bra and the JP 

drains attached to the bra. 
• They may resume showering after 48 hours and are taught 

how to empty and record the drain output. 
• The patient returns in 1 week to have the drains removed if 

she is draining less than 30  cc per day from each drain and 
to discuss the pathology report. 

• Patients are then referred to medical oncology for adjuvant 
treatment and a radiation oncologist if indicated. 

• When the breast is removed, the sensory innervations to the 
skin are also removed, resulting in loss of sensation. This re
sulting band of numbness gets narrower over time but never 
completely resolves. 

• Following mastectomy, patients are seen in follow-up by the 
breast surgeon every 6 months for 5 years to examine the 
skin for recurrent disease, then year! y thereafter. 

• An instruction book of postmastectomy stretching exercises 
is given to the patient after the drains are removed to increase 
mobility and prevent frozen shoulder. For patients who de
velop decreased mobility after surgery, they are referred to a 
specially trained physical therapist. 

OUTCOMES 
• Include functional and prosthetic survivorship data, as 

applicable. 
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FIG 1 9  • N i pple and f lap necrosis after n i p p le-spar ing mastectomy 
via i nframammary skin inc is ion .  

FIG 20 • I nfer ior  f l ap  necros is  after sk i n-spa r ing  mastectomy 
with deep i nfer ior  ep igastric perforator (D I E P) flap reco nstruct ion .  

COMPLICATIONS 
• Skin flap necrosis ( FIGS 1 9  and 20) 

• Nipple necrosis 
• Infection 
• Seroma 
• Hematoma 
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Tiffany A. Torstenson Judy C. Boughey 

DEFINITION 
• Modified radical mastectomy (MRM) is a surgical proce

dure that removes all breast tissue and lymphatic-bearing 
tissue in the axilla. This operation removes the nipple
areolar complex, skin envelope, and level I and II axillary 
nodes but spares the pectoralis major muscle. It can also be 
termed as a total mastectomy with an axillary lymph node 
dissection. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• There has been a huge evolution in types of the mastec

tomy over the years. We have moved away from the radical 
mastectomy to more cosmetic pleasing procedures such as 
simple mastectomy, skin-sparing mastectomy, and nipple
sparing mastectomy. In mastectomy patients with node
positive disease, axillary lymph node dissection is often 
recommended. 

• Patients undergoing an MRM usually have documented 
lymph node metastases diagnosed preoperatively or sur
gically and either elect to have a mastectomy or require a 
mastectomy (i .e . ,  are not candidates for breast-conserving 
therapy) .  Patients diagnosed with inflammatory breast 
cancer should also undergo an MRM after induction che
motherapy according to National Comprehensive Cancer 
Network (NCCN) guidelines. 1 

• It is crucial to decide from the beginning if these patients 
are operable candidates and whether neoadjuvant therapy 
should be considered. A multidisciplinary approach is vital 
in the treatment success of these patients. Involvement of 
a medical oncologist and radiation oncologist early in the 
management of these patients helps treatment planning and 
to streamline patient care. 

• A comprehensive history and physical examination is 
imperative on the first consultation with these patients. The 
history should be very detailed and include questions per
taining to medical conditions, medications, surgeries, aller
gies, and also about any musculoskeletal issues, which could 
affect operative positioning. It is important to evaluate for 
any family history of breast or ovarian cancer. 

• If there is a strong family history of breast or ovarian cancer, 
it is essential to offer genetic counseling and possibility of 
genetic testing. 

• Physical examination starts with an inspection of bilateral 
breasts both with arms at the patient's side and with the 
arms elevated, noting any asymmetry, nipple retraction, 
prior scars, or skin changes. 

• Palpation of the breasts should always be done both in a 
sitting and supine position in a circular or vertical pattern. 
Palpable masses should have bidimensional measurements 
and should be assessed for chest wall adherence and skin 
proximity. Any palpable masses that do not correspond 
to radiologic findings require further testing and tissue 
biopsy. 

• A thorough examination of the lymph node basins should 
be performed, including the axillary, cervical, supracla
vicular, and infraclavicular nodes. If there is adenopathy 
on palpation, patients should undergo an in-office or ra
diologic ultrasound. Any suspicious nodes on imaging 
should undergo a fine needle aspiration or core needle 
biopsy. 

• Imaging and pathologic diagnoses should be shared and 
explained to the patient. It is helpful to map out the incisions 
for the patients to see preoperatively. Explain to patients the 
need for either neoadjuvant or adjuvant chemotherapy as 
well as likely need for postmastectomy radiation in patients 
with node-positive disease. 

• Neoadjuvant chemotherapy has been shown to be equiva
lent to adjuvant chemotherapy in terms of survival and can 
increase rates of breast-conserving therapy. 

• Postmastectomy radiation in node-positive disease decreases 
rates of locoregional recurrence and increases disease-free 
and breast cancer-specific survival. 

• Inquire if patients are seeking immediate reconstruction or 
desire to go flat chested. If postmastectomy radiation is rec
ommended, patients may not be candidates for immediate 
reconstruction. 

• Allocate enough time to spend with these patients in order to 
answer all their questions, and be empathetic to their needs 
during this emotional time. Keep interruptions with pagers 
and cell phones to a minimum. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Breast imaging plays a vital role in the screening and diag

nostic workup for breast cancer. Imaging can define the 
extent of the disease and help assess for any abnormalities in 
the contralateral breast. It is also used as a monitor for local 
recurrence in patients postoperatively. 

• Mammography is the initial imaging test in the breast can
cer workup. Mammograms are very sensitive in detecting 
abnormalities and have been shown to decrease breast can
cer mortality approximately by 3 0 % .  Screening mammo
grams should begin yearly in women who are 40 years of 
age and asymptomatic? 

• Diagnostic mammograms should be obtained in any pa
tient being considered for an MRM ( FIG 1 ) .  Spot and 
magnification views can help aid to focus and distinguish 
abnormalities .  Implant displacement views (Eklund views ) 
should be obtained in women with implants .2•3 Request films 
if they were done at an outside institution. An ultrasound 
should also be performed to further assess the size of the 
tumor and the proximity of it to the skin and chest wall. 
Lesions that are suspicious on ultrasound or mammogram 
should undergo a percutaneous biopsy. 

• Axillary ultrasound should be performed in patients with a 
biopsy-proven invasive cancer. Lymph nodes should be evalu
ated for their size, shape, and morphology. Suspicious nodes 
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FIG 1 • M a m mogram showi n g  a r ight i n vasive d ucta l carci noma 
i nvad i n g  the sk in  a n d  ca us ing sk in  retract ion .  

on imaging or clinically palpable nodes should undergo a 
fine needle aspiration or core needle biopsy with ultrasound 
guidance ( FIG 2) .  Approximately 3 1 %  of axillary metastases 
are diagnosed with ultrasound-guided biopsy. 

• Magnetic resonance imaging (MRI) usage is still contro
versial but can be used as an additional imaging tool for 
screening, staging of known breast cancers, and evaluating 
the contralateral breast. MRis are highly sensitive tests but 
lack specificity leading to an increased false-positive rate . 
Studies have also demonstrated an increased rate of mastec
tomies in patients undergoing MRis. The decision to order 
an MRI should be based on the recommended indications 
and individualized. 

• According to NCCN guidelines, positron emission tomog
raphy (PET) scans can be used to evaluate for distant me
tastasis in patients with stage IIIA breast cancer, but this is 
a category 2B recommendation. Systemic staging is not rec
ommended for patients with early stage breast cancer in the 
absence of symptoms. 1  

• When a suspicious lesion i s  identified o n  imaging, a tissue 
biopsy is needed to decipher between a benign and ma
lignant process.  Percutaneous biopsy is preferred over an 
excisional biopsy, which can lead to unnecessary surgeries 

FIG 2 • U ltrasound-gu ided f ine  need le asp i rat ion of an axi l l a ry 
lymph node that revea led metastatic carci noma in a m a l e  b reast 
ca ncer patient who underwent an M R M .  

for benign entities .  Core needle biopsy i s  preferred to 
evaluate histology and differentiate in situ from invasive 
disease. Most lesions in the breast will need to undergo a 
core needle biopsy using ultrasound or stereotactic guid
ance. MRI-guided core needle biopsy can also be performed 
when lesions are not detected on ultrasound or mammog
raphy but these are more technically challenging. If cancer 
is identified, there should be a detailed pathologic assess
ment, including subtype and hormone receptor status. In 
cases with morphologically abnormal lymph nodes on ul
trasound, fine needle aspiration biopsy or core biopsy of 
lymph nodes should be used. 

• After any percutaneous biopsy, a marking clip should always 
be placed. This is extremely important in patients receiving 
neoadjuvant chemotherapy. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Preoperatively, patients can be considered for regional 
anesthesia at the surgeon's and anesthesiologist's discre
tion. Paravertebral blocks (PVBs) are increasing in popu
larity for breast surgery and are more commonly favored 
over epidural blocks. They can be performed as single- or 
multiple-level injections or as a continuous catheter infu
sion. PVBs have been shown to shorten recovery times and 
length of hospital stays, decrease opiate usage, and decrease 
the incidence of vomiting. It is also hypothesized this type 
of regional anesthesia may protect the immune system and 
decrease metastasis.4 

• PVBs are preferred over epidural blocks because they induce 
less hypotension, less urinary retention, are technically easy 
to learn, and have less severe side effects. Patients who are 
coagulopathic or who have musculoskeletal deformities 
such as kyphosis or scoliosis should not be considered for 
a PVB.5•6 

• Potential complications associated with a PVB are pneumo
thorax, vascular penetrance, sepsis, and hematoma. Pneu
mothoraces are more common with multiple-level injections 
in comparison to single-level injections. Patients can either 
be seated with the spine in a kyphotic curve or placed in 
a lateral decubitus position ( FIG 3 ) .  The local anesthetic is 
injected in the paravertebral space where the thoracic spinal 
nerves emerge. 

• Ultrasound can also help guide the correct placement of 
the local anesthetic. Patient comfort improves when an 
ultrasound is used, and the pneumothorax rate decreases 
due to the direct visualization of the pleura. 

• Before patients enter the operating theater, they should 
be site marked in the preoperative area to ensure the cor
rect side is being operated on. Radiologic imaging should 
be thoroughly reviewed prior to the procedure to en
sure the location of the tumor and the proximity of it to 
the skin. 

• Prophylactic antibiotics have been shown to reduce postop
erative infections and should be administered prior to inci
sion.7 Most surgeons prefer to avoid the use of paralytics 
during an MRM in order to aid identification of important 
motor nerves, but excessive handling of these nerves is dis
couraged to prevent axonal injury. 
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FIG 3 • When perform i n g  a PVB, the patient ca n be seated with 
the spine posit ioned i n  a kyphot ic  cu rve . (Mod if ied from Heb l  
J R, Lennon  RL.  Mayo Clinic Atlas of Regional Anesthesia and 
Ultrasound-Guided Nerve Blockade. Rochester, M N  a n d  New 
York, NY: M ayo C l i n i c  Sc ientif ic Press a n d  Oxford U n iversity Press; 
201 0 .  Used with permiss ion of M ayo Foundat ion for Med ica l  
Ed ucation a n d  Research .  A l l  r ig hts reserved.)  

FIG 4 • Positio n i n g  a n d  draping of a patient for a n  M R M .  
(Mod if ied from Donohue J H ,  Va n H eerden J ,  Monso n  J RT, eds. 
Atlas of Surgical Oncology. Ca mbr idge, MA: B l ackwe l l  Sc ience; 
1 995 .  Used with permiss ion of M ayo Foundat ion for Med ica l  
Educat ion a n d  Research.  A l l  r ig hts reserved. )  

FIG 5 • The contra latera l a rm shou ld  conta i n  the IV a n d  b lood 
pressu re cuff. 

• Prophylactic anticoagulants for prevention of venous throm
boembolism (VTE) ,  such as subcutaneous heparin, should 
be considered on a case-by-case basis. Sequential compres
sion devices should be placed prior to initiation of general 
anesthesia for VTE prevention. 

Positioning 

• Correct positioning of patients undergoing an MRM is 
vitally important. Patients should be in a supine position 
with the side of the MRM close to the edge of the oper
ating table. The endotracheal tube should be positioned 
toward the contralateral side of the mouth from the side 
of the MRM. Arms should not be abducted greater than 
90 degrees to prevent injury to the brachial plexus . Arms 
should be placed on padded arm boards and positioned in 
a way that pressure points are alleviated. It is often helpful, 
particularly with bulky adenopathy, to prepare the ipsilat
eral arm into the field and wrap it with a sterile stockinette 
and Kerlix wrap ( FIG 4) .  This allows for relaxation of the 
pectoralis muscles and easier access to the level II and III 
axillary nodes. 

• The arm should be secured to the arm board. Blood pressure 
cuffs and intravenous ( IV) lines should be placed in the con
tralateral upper extremity ( FIG 5 ) .  Allow enough room be
tween the operating table and anesthesiologist cart to allow 
an assistant to stand above the arm. 

• Surgical preparation should include the breast and axilla 
and extend across the midline, inferiorly onto the abdomen, 
superiorly to the neck and the upper arm, and laterally to the 
level of the operating table. Draping should ensure preserva
tion of a sterile field with exposure of the whole breast and 
axilla ( FIG 6) .  

F IG  6 • D r a p i n g  s h o u l d  ensure p reservat ion o f  a ster i l e  f ie ld  
with exposu re of the whole  breast a n d  axi l l a .  
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INCISION PLACEMENT 

• 

• 

• 

• 

There a re many options for i ncis ions for a tota l mastec
tomy that a re based on the tumor location .  In an MRM,  it 
is i m porta nt to have a n  inc is ion that provides good expo
sure to the axi l l a  and red uces skin red undancy. The inc i 
s ion shou ld  inc lude the sk in  over ly ing the tumor i n  cases 
where the tumor is  close to the sk in  and a 1 - to 2-cm mar
g i n  a round the tumor and  inc lude the previous b iopsy site. 
The c l assic Stewa rt inc i s ion  is  a transverse e l l i pt ica l  
i nc is ion,  provides access to the axi l l a ,  and is the p referred 
i nc is ion of many p lastic su rgeons for patients seek ing  
de layed reconstruct ion (FIG 7) .  

W h e n  m a p p i n g  the i nc is ion,  it is  i m portant t o  make sure 
there w i l l  be adequate sk in  for a tens ion-free c losure 
without excess sk in  for red u n d a ncy (FIG SA,B) .  M ost of 
these patients w i l l  be rece iv ing postmastectomy rad ia
t ion,  wh ich  can lead to i n ci s ion b reakdown, a n d  th i s  is  
i nc reased when inc is ions are under tens ion .  The bound
ar ies of the breast (c lav ic le  super ior ly, i nfra m a m m a ry 
fo l d  i nfer ior ly, sternum med i a l ly, a n d  m idaxi l l a ry l i n e  lat
era l ly) defi ne the extent of the flap d i ssect ion .  
Measur ing the length of  the p lan ned superior i ncis ion and 
infer ior i ncis ion to ensure that these a re equal  i n  length can 
he lp guide adjustments to a l low equal  length sk in f laps. 

- - - - - .... 

- - - - - -
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SKIN INCISION AND CREATION OF FLAPS 

• Once the sk in  inc i s ion  has  been m a pped out on the 
breast, a sca l pe l  is  used to cut th roug h the sk in  a n d  der
m is.  A sma l l  edge of tissue is ra ised below the derma l  
l ayer to deve lop  the f lap  (FIG 9) .  Sk in  hooks  a re used 
to p rovide tract ion for flap e levat ion,  and these shou ld  
be repl aced w ith  deeper  retractors o r  l i g hted retractors 
when the d i ssect ion f laps a re extended (FIG 1 0) .  Tract ion 
of the contra latera l h a n d  of the su rgeon with a sponge 
a lso p rovides necessa ry tens ion for a p p ropr iate p l ane  
d i ssect ion .  F l a p  d i ssect ion can be done sharp ly  o r  with 

A 

B 

FIG 8 • A,B. Measu r ing  the d ista nce from the super ior  to 
the i nfer ior  inc i s ion  with a mark ing  pen w i l l  h e l p  p rovide a 
tens ion-free c losure a n d  reduce sk in  red unda ncy. 

• 

FIG 7 • The two m ost common 
a n d  p referred i n c is ions for an 
M RM,  wh ich  prov ide good axi l l a ry 
exposu re .  Left: Stewa rt 1 nc 1 S 1on . 

Right: Mod ified Stewa rt inc i s ion .  
(Mod if ied f rom Donohue J H ,  Va n 
Heerden J, Monson J RT, eds.  Atlas of 
Surgical Oncology. Ca m b ridge, MA: 
B lackwe l l  Sc ience; 1 995 .  Used with 
permission of M ayo Foundat ion for 
Med ica l  Educat ion and Resea rch .  A l l  
r ig hts reserved.)  

e lectroca utery, but e lectrocautery wi l l  prov ide better he
mostasis d u r i n g  the d i ssect ion .  
The goa l  of f lap  e levat ion is to remove a l l  the breast t is
sue w h i l e  m a i nta i n i n g  vasc u l a r  supp ly  to the f laps .  The 
d i ssect ion plane should be deve loped between the breast 
t issue a n d  su bcuta neous fat. Frequent ly, there w i l l  be a n  
avascu l a r  p l ane  t h a t  can h e l p  g u i d e  i n  the d i ssect ion .  It is  
i m portant to keep tract ion on the b reast to assist i n  f ind
ing the correct p la ne, a n d  i nterm ittent f lap pa l pat ion 
shou ld  be performed to determ ine  the correct th ickness 
of the f l aps .  F l a p  th ickness w i l l  vary among patie nts a n d  
is  dependent on the patient's b o d y  h a b itus .  



FIG 9 • Raise an a rea of tissue u nder  the dermis  to beg i n  the 
f lap d i ssect ion .  Us ing a sponge i n  the opposite hand can he lp  
p rovide tract ion,  wh ich  w i l l  h e l p  i n  the f lap  creat ion .  

• The s u p e r i o r  f l a p  s h o u l d  be exte nded  u p  to the  i nfe r i o r  
b o r d e r  of the  c l av i c l e, a n d  the  m e d i a l  f l a p  s h o u l d  be 
d i ssected to the  ste r n a l  border  (FIG 1 1 ) .  When creat i n g  
the  m e d i a l  fl a p, ca refu l atte nt ion  s h o u l d  be d i rected 
to the m e d i a l  perforators .  These perforators s h o u l d  be 

FIG 10 • Joseph retractors o r  skin h ooks a re used at the 
beg i n n i n g  of the flap d i ssect ion .  These shou ld  be switched 
out for deeper retracto rs as the d i ssect ion is  extended .  

DISSECTION FROM THE PECTORAL 

MUSCLES 

• When the f laps a re completed to the appropriate land
marks, the breast t issue is d issected off the pectora l i s  muscle 
taking the pectora l fascia with the breast tissue using the 
electrocautery. The d issection should be started superiorly at 
the level of the clavicle. Traction should be appl ied with the 
contra latera l hand to visual ize the d issection p lane (FIG 13) .  

• The d i ssect ion shou ld  conti nue  i nfer ior ly  a n d  i n  a med i a l  
t o  l atera l fash ion  t o  fo l l ow t h e  m uscle fi bers. T h e  fasc ia  
surro u n d i n g  the m uscle shou ld  be d i ssected off w ith  the  
breast i n  order  to prevent loca l recu rrence.8•9 Ca refu l at
tention shou ld  be p rovided to p reserve the serratus an
ter io r  m uscle fasc ia  latera l l y  a n d  i nfer ior ly a n d  the rectus 
sheath fascia i nfer ior ly. The axi l l a ry ta i l  of the b reast 
shou ld  rem a i n  attached i n  order to keep the b reast a n d  
axi l l a ry contents as one patho log ic  speci men a n d  a l so to 
g u i d e  the axi l l a ry d i ssect ion .  

C h a p t e r  12  M O D I F I E D  RADI CAL MASTECTOMY 

FIG 11 • The super ior f lap d i ssect ion is  extended u p  to the 
c lav ic le where the under ly ing m uscle ca n then be exposed .  

p rese rved where feas i b l e  to m a i nta i n  vascu l a r  s u p p l y  
to the  f l a p .  When th ese need to be sacr if iced,  c l i ps o r  
suture l i g at i o n  s h o u l d  be u s e d  t o  assure h e m ostas i s .  
The latera l  fl a p  shou ld  be exte nded  to the  lat i ss i m u s  
d o rs i  a n d  the  i nfer ior  fl a p  s h o u l d  be d i ssected to t h e  
i n f ra m a m m a ry fo l d  (FIG 1 2) .  I t  i s  i m p o rtant  to avo id  
excess tract i o n  as  the  d i ssect i o n  i s  exte nded  to avo i d  
fl a p  isch e m i a .  

F I G  1 2  • T h e  i nfer ior  f l a p  d i ssect ion is  carr ied t o  the 
i nfra m a m m a ry fo l d .  

F IG  1 3  • Dissect ion o f  t h e  b reast t issue off t h e  pectora l i s  
major  m uscle shou ld  be done with  e lectrocautery i n  a med ia l  
to latera l fash ion  ta k i n g  the pectora l i s  major m uscle fascia 
with the speci men .  
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AXILLARY DISSECTION 

• The axi l l a  has  a pyra m i d a l  shape a n d  is l ocated between • 
the upper  a rm a n d  thoracic chest wa l l .  It is bounded 
super ior ly by the axi l l a ry ve in ,  a nter ior ly by the pectora-
lis m uscle, media l ly by the serratus a nter ior m uscle, a n d  
postero latera l ly b y  t h e  lat iss imus  dors i . 

• The axi l l a  can be reached when the breast t issue is po-
s it ioned l atera l l y  and the d i ssect ion  i s  cont i n ued u n d e r  • 
the pectora l i s major  musc le  (FIG 14) .  The c lav i pecto ra l 
fasc ia  s h o u l d  be i nc ised a l o n g  the edge of the pectora l i s  
m aj o r  m uscle,  wh i ch  wi l l  free u p  the  pectora l i s m aj o r  
a n d  m i n o r  m u s c l e  f r o m  the noda l  t issue (FIG 1 S) .  C lose 
attent ion s h o u l d  be p a i d  to ide ntify the m e d i a l  pecto-
ral neu rovasc u l a r  b u n d l e .  It sweeps l atera l ly a l o n g  the 
pectora l i s  m i n o r, a n d  care s h o u l d  be taken to p rese rve 
the b u n d l e .  The i nfer ior  border of the d i ssect ion  s h o u l d  
extend to the 4 t h  or  5 t h  r i b  to ensure t h a t  Ievei i nodes 
a re i n c l uded i n  the speci m e n . 1 0  

• Once the axi l l a ry fat pad is encou ntered, the subcuta ne
ous fat appears d a rker and is  g l isten i n g .  Once the axi l 
l a ry space is  entered, it is  v ita l ly i m portant to identify 
l a n d m a rks to g u i d e  your d i ssect ion a n d  to prevent neu
rovascu l a r  i n ju ry. Th is  ALND descri bes a latera l to media l  

approach to the axi l l a ry lym ph node d i ssect ion .  A med i a l  
t o  latera l approach is  descr ibed i n  Part 5 ,  Chapter 28.  
The fi rst vita l structure to identify i s  the thoracodorsa l 
b u n d le, a n d  th i s  is fac i l itated by v isua l i z i n g  the lat iss imus  
dorsi  l atera l ly (FIG 1 6) .  The thoracodorsa l nerve i nserts 
approximately 4 em i nfer ior  to the axi l l a ry ve in ,  a n d  the 
b u n d l e  ca n be fo l l owed super ior ly  to its  poster ior  i nser
t ion on the axi l l a ry ve i n  (FIG 1 7) .  

The n ext s t e p  i s  to i d e nt ify the  axi l l a ry ve i n .  R i c h a rd 
son retractors s h o u l d  be u s e d  at t h i s  t i m e  to p rov ide 
expos u re to the  ve i n  by retract i n g  the  pecto ra l m u sc les  
(FIG 1 8) .  The ax i l l a ry ve i n  can  be eas i l y  i d e nt if ied u s i n g  

Latissimus dorsi 

FIG 16 • D issect l atera l ly to identify the lat iss imus  dors i  
m uscle and enter axi l l a  j u st a nter ior to lat iss imus  dors i  to f ind 
the thoracodorsa l b u n d l e .  

F IG 14  • The axi l l a  can be reached when the b reast t issue 
is  posit ioned l atera l ly and the d i ssect ion i s  cont in ued under  
the pectora l i s  ma jor  m uscle, where the c lav i pectora l  fascia is  
exposed .  

FIG 1S • The axi l l a ry fat  pad is  entered when the c lav i  pectora l  
fasc ia  is  i nc ised . 

Thoracodorsal nerve Thoracodorsal vein 

FIG 17 • The thoracodorsa l bund le .  

FIG 1 8  • The R ichardson retractor is  used to  expose 
the axi l l a ry ve i n  by retract ing  the pectora l  m uscles.  The 
thoracodorsa l  b u n d l e  is seen poster ior  to the axi l l a ry ve i n .  



FIG 1 9  • The thoracoe p igastr ic  ve i n  is the o n ly superfi c i a l  
t r ibutary of  the axi l l a ry ve i n  a n d  shou ld  be l i g ated w ith  c l i ps 
or t ies .  

• 

b l u nt d i ssect i o n  of the  ax i l l a ry fat once the  c l av i pec
tora l fasc i a  has been d i v i d e d .  Once the ve i n  i s  i d e n 
t if ied,  the  d i ssect i o n  s h o u l d  cont i n u e  i nfe r io r ly  to i t .  
The n o d a l  t i s s u e  s u p e r i o r  to the  ax i l l a ry ve i n  s h o u l d  be 
preserved to reduce lymphedema and brach i a l  p l exus  
i n j u ry. The  t h o racoe p i g astr ic  ve i n  i s  the  o n ly su perf i 
c ia l  t r i b uta ry of the  ax i l l a ry vein and s h o u l d  be l i g ated 
with c l i ps o r  t ies  (FIG 1 9) .  Before a ny l i gat ion  of t h i s  
b ranch  i s  performed,  c a r e  m u st be t a k e n  to n ot m i stake 
t h i s  ve i n  for  the  t h o racodorsa l ve i n ,  wh ich  l i es deep  to 
it .  A l l  oth e r  l y m p h at i c  c h a n n e l s  shou ld  be c l i pped a n d  
d iv ided  u s i n g  sc isso rs, a n d  s u p e rfi c i a l  b ranches o f  t h e  
ax i l l a ry ve i n  s h o u l d  be d iv ided  s h a r p l y  betwee n  c l i ps 
or sutu res.  
Leve l  I I  nodes a re l ocated u n d e rn eath the  pecto ra l i s  
m u sc le,  a n d  level  I l l  nodes  a re located m ed i a l  t o  t h e  
m u sc le .  Leve l I l l  n o d e s  a re rare ly  i n vo lved i n  m ost 
b reast cancer  m etastas i s  a n d  a re n ot i nc l u d e d  in the  
t ra d it i o n a l  ax i l l a ry lym p h  node  d i ssect i o n - "  To  g a i n  
a ccess t o  t h e  l eve l  I I  nodes, t h e  R i c h a rdson retracto r 
s h o u l d  retract the  pecto ra l  m usc les  m ed i a l l y. When  
p lac ing  the  retractor  deep under  the  m usc l es, pay care
f u l  atte nt ion  to the  m ed i a l  pecto ra l  b u n d l e  to p revent 
d a m a g e  to th ese structu res (F IG 20A, B) .  The d i ssect i o n  
s h o u l d  cont i n u e  to exte n d  m ed i a l ly a l o n g  the  ax i l l a ry 
ve i n ,  a n d  the  l y m p h at i c  t i ssue on the  ch est wa l l  s h o u l d  
be retracted i nfero l atera l ly. T h i s  t i ssue s h o u l d  be d i s
sected off the  ch est wa l l  with t ies  or c l i ps to p revent 
l ymphat i c  l e a ks .  

• The l o n g  t h o rac i c  n e rve l i es a l o n g  the  ch est wa l l  a n d  
i s  s u p e rfi c i a l  t o  the  i nvest i n g  fasc ia  o f  the  serratus a n 
t e r i o r  m u sc le  (FIG 21 ) .  T h i s  n e rve can  be d i ffi c u l t  t o  
ident i fy, a n d  p a l pat ion  of t h i s  n e rve can  h e l p  to recog
n i ze it .  The  n e rve fee l s  l i ke a str i n g  of s p a g h etti w h e n  
ru n n i n g  a f i n g e r  a l o n g  the  serratus a nter io r  m usc le .  
Care shou ld  be taken to not retract the  n e rve off  the  
ch est wa l l  with the  spec i m e n .  I f  t h i s  n e rve i s  i n a dve r
tent ly  i n j u red,  it w i l l  cause pat ie nts to h ave a w i n g e d  
sca p u l a .  D i ssect i o n  of the  l y m p h at ic  t i s s u e  c l ose to the  
n e rve shou ld  be d o n e  with s h a r p  d i ssect i o n  a n d  n ot 
e l ectroca utery. 
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FIG 20 • A,B. When p lac ing the retractor deep under  the 
m uscles, pay carefu l attention to the medial  pectora l bund le  to 
prevent damage to these structures. The med ia l  pectoral nerve 
wraps a round the underside of the pectora l i s  m i n o r  m uscle.  
(Part B mod ified from Donohue JH, Va n H eerden J ,  Monson 
J RT, eds. Atlas of Surgical Oncology. Ca m b ridge, MA: B lackwe l l  
Science; 1 995 .  Used with permiss ion of Mayo Foundation for 
Medica l  Ed ucation and Research.  All r ig hts reserved.)  

Long thoracic nerve 

FIG 21 • The long thoracic nerve l ies a long the chest wa l l  and  is 
su perfic ia l  to the i nvest ing fasc ia of the serratus a nterior muscle. 
Care should be taken to not pul l  the nerve l atera l ly during the 
axi l l a ry d issect ion .  The nerve can be d ifficult to identify and 
sometimes wi l l  on ly be felt on pa l pat ion .  Runn ing  a f inger 
a long the latera l chest wa l l  can a id  i n  identify ing the nerve. 

1457 
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Serratus anterior 
muscle 

Axil lary vein 

Thoracodorsal 
bundle 

Latissimus dorsi 
muscle 

Long thoracic 
nerve 

FIG 22 • The axi l l a  after remova l of l evel I and II lym ph 
nodes, with  thoracodo rsa l bund le  a n d  long thorac ic  nerve 
a n d  axi l l a ry ve i n  i ntact. 

• The thoracodorsa l  b u n d l e  is fou n d  l atera l to the long  tho
racic nerve. The lym phat ic  t issue between the two nerves 
shou ld  be d i ssected a n d  rem oved . The thoracodorsa l 
b u n d l e  shou ld  be skeleto n i zed .  Any lymphat ic  channe l s  
or  su perfi c ia l branches shou ld  be c l i pped or  suture l i 
g ated . The branches of the thoracodorsa l ve i n  a n d  a rtery 
enter ing  the chest med i a l ly shou ld  be preserved where 
poss ib le  (FIG 22) .  

• Attem pts shou ld  a l so be made to try to p reserve the in 
tercostobrac h i a l  nerves, but if the path  of the nerve is  
d i rect ly thro u g h  the speci men,  it can be l i g ated (FIG 23) .  

Pat ients shou ld  k n o w  t h a t  the i ntercostobrach i a l  nerves 
may need to be sacr if iced p reoperatively, a n d  exp l a i n  to 
them that l igati n g  the nerve w i l l  cause loss of sensat ion  
to the i r  u p per  inner  a rm .  

• The breast a n d  attached noda l  t issue shou ld  be excised 
e n  b loc by d iv id i n g  the rema i n i n g  latera l ped ic le .  The 
spec imen should be sent to patho logy with sutu res 
p l aced for or ientat ion  (FIG 24) .  

DRAIN PLACEMENT 

• Two c losed suction dra ins  shou ld  be p laced to prevent 
seroma formati o n .  Stud ies have shown two d ra i n s  a re 
super ior  i n  compa rison to one d r a i n  p laced . 1 2  One d ra i n  

Long 
thoracic 

nerve 

Thoracodorsal 

=�=---- I ntercostobrachial 
nerve 

FIG 23 • Schematic d rawing of the re lationsh i p  of the 
axi l l a ry nerves to each other. The i ntercostobrach i a l  nerves 
shou ld  be p reserved if  poss ib le .  (Modif ied from and used 
with permiss ion of M ayo Foundat ion for Med ica l  Ed ucation 
Resea rch .  Al l  r ig hts reserved. )  

FIG 24 • Suture or ientation shou ld  be done before the 
spec imen is  passed off to patho logy. A short stitch should be 
p l aced su per ior ly and a long stitch l atera l ly. 

shou ld  be p laced over the pectora l i s  major m uscle a n d  
t h e  other d ra in  s h o u l d  be p laced i n  t h e  axi l l a ry space 
(FIG 25A,B) .  The dra ins  shou ld  be sutu red i n  p l ace with 
a monofi lament suture and d ressed a ppropr iately based 
on surg ica l  preference.  
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FIG 25 • A. One d ra i n  shou ld  be p laced over the pectora l is major m uscle, (B) a n d  the other 
shou ld  be p laced i n  the axi l l a ry space. The d ra i ns shou ld  be secu red to the ski n .  

CLOSURE 

• A cosmetica l ly p leas ing c losure is i m portant for psycho
log ic  reasons .  The goa l  i s  to p rovide a c losure that w i l l  
cause the ch est t o  have a very f l a t  appeara nce without 
excess skin red u n d a ncy. 

• If the sk in  edges a re tra u m atized, they shou ld  be excised 
with scissors or  sca l pe l .  M a ny t imes, dog ears appear at 
the med i a l  and latera l edges of the inc i s ion .  These shou ld  
be excised to make the inc i s ion  have  a sm oother  a n d  f l at
ter a ppearance.  The derma l  l ayer shou ld  be c l osed with 
a n  i nverted i nterrupted c losure using a bsorba b le  suture.  
I NSORB,  a n  a bsorba b le  suture sta p ler, can a lso be used to 
c lose the dermal l ayer and i s  a faster a lternative to tra
d i t iona l  suture c losure.  The skin shou ld  be approxi mated 
with an a bsorba b le  4-0 monofi la ment suture in a run
n ing su bcuticu l a r  c losure (FIG 26) .  

PEARLS AND PITFALLS 

FIG 26 • A cosmetic c losure with a fl at-a ppear ing chest wa l l  
without sk in  red u ndancy is  t h e  goa l .  
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I n d icat ions • A comprehensive h i sto ry a n d  physica l exa m i n at ion shou ld  be undertaken, as  we l l  as review of 
the rad iogra p h i c  i mages of the breast a n d  axi l l a  a n d  patho logy from a l l  b iopsies .  Patients with 
node-positive d isease e ither not amenable to b reast conservat ion or  e lect ing  mastectomy a re 
ca nd idates for mod if ied rad ica l mastectomy, which encompasses a s imp le  mastectomy together  
with  a n  axi l l a ry lymph node d i ssect ion .  

• Once a cancer  d i a g nosis is  m ade, m u lt id isc i p l i n a ry coord i nat ion is  essenti a l  for  successfu l  
treatment p l a n n i n g .  

I nc i s ion p l acement • When choos ing  a n  i nc i s ion for a mod if ied radical  mastectomy, the goal  i s  to p rovide g reat 
exposu re to the axi l l a  and a good cosmetic outcome.  

• The inc i s ion shou ld  i nc lude  a 1 - to 2-cm m a rg i n  around the tumor  ( if c lose to the sk in)  a n d  
i nc lude  the prev ious b iopsy site. 

• The c lass ic Stewa rt i nc i s ion is  the p refe rred i nc is ion for a mod if ied radical mastectomy 
provid i n g  the n ecessa ry exposu re and cosmetic outco me.  

F lap d i ssect ion • F l a ps shou ld  be extended to the borders of the breast t issue. Ca refu l attent ion needs to be pa id  
to ensure a l l  the b reast t i s sue  i s  resected a n d  the vascu l a r  supp ly  to the rema i n i n g  sk in  f laps i s  
preserved to avo id  f lap  ischem i a .  

Axi l l a ry l y m p h  n o d e  d i ssect ion • Carefu l  identif ication of vita l structures a n d  the axi l l a ry borders wi l l  defi ne the d i ssectio n .  
• Cl ose attention needs t o  be pa id  t o  t h e  p reservation o f  t h e  axi l l a ry ve in ,  thoracodorsa l b u n d le, 

and long thoracic nerve d u r i n g  the d i ssect ion .  
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Closure • The goa l  is to reduce sk in  red u n d a ncy a n d  create a smooth f lat inc i s ion .  Avo id  med ia l  a n d  
latera l d o g  ears .  Two c l osed suction d ra i ns s h o u l d  be p laced to avo id  seroma .  

Reh a b i l itat ion • Patients shou ld  h ave access to counse l i n g  o r  thera py to h e l p  i n  cop i n g  with i ssues of body 
image.  Patients who do not des i re reconstruct ion shou ld  a l so be set u p  to be fitted for a b reast 
prosthesis .  

• All  patients shou ld  meet with a lym phedema speci a l i st to coord i n ate a n  exercise plan and be 
provided with com p ress ion garments if  needed.  

POSTOPERATIVE CARE 
• Patients after an MRM should be placed in a breast binder 

or an Ace wrap following their surgery ( FIG 27 ) .  This will 
provide good compression to prevent development of any 
hematoma. Steri-Strips or Xeroform dressing can be placed 
directly over the incisions . Fluffs or Kerlix gauze can be 
placed over the incision to act as a barrier between the inci
sion and binder. 

• Patients who have undergone an MRM will face a variety of 
rehabilitation issues pertaining to lymphedema, body image, 
and sexual dysfunction. It is important to have all these con
cerns addressed preoperatively, during their hospital stay, or 
at follow-up appointments . The most dreaded complication 
of having an axillary lymph node dissection is lymphedema. 
All patients should be scheduled to meet with a lymphedema 
therapist approximately 2 weeks from their surgery or after 
drain removal. The therapists can help educate patients on 
lymphedema and how to prevent the complication and pro
vide them with exercises to avoid restricted shoulder range 
of motion. 

• Patients who have undergone MRM without reconstruc
tion should be referred to be fitted for a breast prosthe
sis after the drains are removed and the swelling has 
gone down. 

OUTCOMES 
• Patients who undergo an MRM are at risk for developing 

secondary lymphedema. This is one of the most dreaded 
fears of many breast cancer survivors, and many women are 
not educated on this complication preoperatively. 

• Many patients undergoing an MRM will require postmas
tectomy radiation. The addition of radiation after a nodal 

FIG 27 • Pat ients shou ld  be wrapped in an Ace b inder  or  a b reast 
b inder  to prov ide com p ress ion .  The d ra i n s  shou ld  be i n  v iew to 
m o n itor output a n d  consistency. 

dissection can substantially increase the risk of develop
ment of lymphedema to over 40 % .  Successful diagnosis 
and treatment of patients suffering from lymphedema 
should focus on risk-reducing therapies and lifelong self
directed care . 13• 14 

• Survival outcomes in patients undergoing MRM are not 
based solely on the operative procedure but dependent on 
the tumor stage, nodal stage, and tumor biology. Studies 
have shown in node-positive patients that the number of 
positive lymph nodes, patient age, tumor grade, and race are 
significant variables to affect survivalY 

COMPLICATIONS 
• Seroma 
• Wound infection 
• Hematoma 
• Wound dehiscence 
• Flap necrosis 
• Positive margins 
• Brachial plexus injury 
• Nerve injury 
• Winged scapula 
• Axillary vein thrombosis 
• Lymphedema 
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Chapter 1 3  Techniques for Correcting 
Lumpectomy Defects 

I 
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t Julie E. Park Jonathan Bank Da vid H. Song 

DEFINITION 
• Breast conservation therapy (BCT), the combination of 

lumpectomy and breast radiation, allows women with breast 
cancer to avoid mastectomy without compromising out
come. Although the majority of women will have an excel
lent cosmetic outcome, some women will develop asymmetry 
from volume loss and postradiation contour deformity and 
nipple-areolar complex (NAC) deviation. Several techniques 
exist for correcting lumpectomy defects to allow for onco
logically sound and aesthetically acceptable BCT. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• In some situations, the plastic surgeon is asked to evaluate 

the patient prior to lumpectomy in order to plan for an im
mediate correction. In other situations, the patient is referred 
to plastic surgery after radiation therapy for correction of 
postradiation contour deformity and NAC deviation. 

• It is important to discuss with the patient her expectations; 
specifically, whether she would accept a smaller breast. 

• Does the patient have symptomatic macromastia and would 
she benefit from, or be interested in, breast reduction? 

• Does the patient smoke ? This might impact nipple perfusion. 
• A thorough breast examination should take note of the 

breast size and any preexisting asymmetry. Any previous 
scars or contour deformities should be noted, especially in 
women who have already completed BCT. 

• It is also important to document the position of the nipple, 
including any ptosis, and the distance from the sternal notch. 

• For patients anticipated to have a significant deformity from 
BCT, a multidisciplinary approach is critical to achieving the 
optimal cosmetic outcome. Communication with the surgical 
oncologist is critical to both identifying appropriate patients, 
planning the site and expected volume of resection, and coor
dinating schedules. It is important to identify with the radiation 
oncologist if the patient will require a "boost, " as this will limit 
how much tissue can be rearranged. In cases of wire-localized 
lumpectomy, marks should be placed prior to wire placement 
and this should be coordinated with the breast radiologist. 

A B 

FIG 1 • M a m mogram (A) a n d  M R I  (B) of patient with 1 . 1  x 1 .0 
x 0 .8  em r ig ht-s ided b reast cancer at 5 o'c lock posit ion .  
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IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Almost all patients who have undergone BCT should have 

had bilateral mammography as part of the workup ( FIG 1A) ,  

and some women may have had magnetic resonance imaging 
(MRI) (FIG 1 8) .  

SURGICAL MANAGEMENT 
Preoperative Planning 

• The goals of correcting lumpectomy defects include obliter
ating any dead space, supporting the NAC and maintaining 
adequate perfusion, and resecting any excess skin. 

• There are two main options for reconstructing a lumpectomy 
defect. Volume displacement techniques use parenchymal 
remodeling (volume shrinkage) .  Volume replacement tech
niques use both local and distant tissue to preserve volume. 

• After reviewing the preoperative imaging and discussing 
with the surgical oncologist, the next question is whether 
given the size and location of the tumor, will there be suf
ficient tissue in the breast to rearrange and obliterate dead 
space without losing too much volume ? 

Yes-volume displacement: reduction, mastopexy, or in
trinsic breast flaps 
No-volume replacement: local rotational flaps 

Thoracodorsal artery perforator (TAP) or muscle-sparing 
latissimus dorsi (MSLD) flap 
Lateral intercostal artery perforator (LICAP) flap 

Positioning 

• The patient is positioned supine with the arms secured to the arm 
boards at the side to allow for sitting the patient up during the 
surgery (FIG 2) .  The arms should be place on padded arm boards 
and positioned in a way that pressure points are alleviated. 

FIG 2 • Posit ion ing  of a patient with both a rms abd ucted, 
padded, and secu red, e n a b l i n g  seat ing  the patient d u r i n g  su rgery 
to assess for sym m etry of reconstruct ion .  

-
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FREESTYLE INTRINSIC BREAST FLAPS 

• For some defects, dermatog l a n d u l a r  f l aps can be cre
ated to fi l l  sma l l  defects. Depe n d i n g  o n  the l ocat ion,  
even sma l l  defects can lead to unfavora b le  cosmetic re
su lts, part icu l a r ly a s ign if icant concavity at the site of the 
l u m pectomy after rad iat i o n .  This ca n occur  when there is  
m i n i m a l  t issue between the sk in  a n d  under ly ing  m usc le .  

• The pr inc ip le  of i ntr ins ic  breast f laps is to focus on perfu
sion and support to the NAC and to ob l iterate the dead 
space. 

• The l u m pectomy cavity is exa m i ned to eva l u ate h ow 
much dead space there is a n d  the rem a i nder  of the • 
b reast is assessed for where there is extra t issue (FIG 4A) .  

An i ntr ins ic  b reast f lap  is  created by d issect ing  between 
the sk in  a n d  breast parenchyma a n d  between the b reast 
parenchyma a n d  pectora l i s  (FIG 48) .  The f laps a re based 
either on axial b lood supp ly  from perforators or ig i nat
ing from the i nterna l  m a m m a ry a rtery o r  from the i nter
costa l vesse ls .  As these vesse ls  a re n ot typ i ca l ly identif ied 
i n  the d issect ion,  the f l aps shou ld  be created as random 
pattern f la ps, adher ing to the pr inc ip les of creat ing  
b road-based f laps that  a re n ot too len gthy as to put the  
d ista l t ip  of  the f lap  at r isk of ische m i a .  The f lap  is  then  
advanced a n d  secu red to fi l l  the l u m pectomy cavity a n d  
t o  m a i nta i n  support to N A C  (FIG 4C) .  

A n y  excess sk in  is resected a n d  the w o u n d  is  c losed . 

Periareolar mammaplasty 

Inferior pedicle mammaplasty 

Medial mammaplasty 

FIG 3 • There a re m u lt ip le  options for sk in  i nc is ions for resect ions depe n d i n g  on the locat ion of the defect, s ize of the defect, 
a n d  size of the b reast. 
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P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

INFERIOR POLE LUMPECTOMY DEFECTS

THE VERTICAL MAMMAPLASTY 

TECHNIQUE 

Preoperative Marking 

• This approach is an option for patients with l u m pectomy 
defects from approxi mately 4 o'clock to 8 o'clock positions .  

• For patients with a p p ropr iately s ized b reasts, a vert ica l  
red uct ion pattern i s  ma rked out on the b reast (FIG S) .  

Alternative ly, a n  i nverted T pattern can be used . 
• With the patient i n  the upr ight posit ion,  l a n d m a rks a re 

d rawn-sterna l  notch, m i d l i ne, a n d  b reast mer id ians .  
The n ew posit ion of  NAC is  ma rked out, a long  with 
any excess skin as  fo l l ows: the b reast m o b i l ized later
a l ly, vert ica l  l i n e  d rawn med i a l ly, then the breast mobi 
l ized med i a l ly, vertica l l i ne  d rawn l atera l ly. The vert ica l  
components conn ected with cu rved l ine 2 to 4 em a bove 

B 

FIG 4 • A. The l u m pectomy cavity a n d  surro u n d i n g  breast 
tissue is exa m i ned .  B. An i ntr ins ic  f l ap  is ra ised by e l evat ing  
the sk in  off of the b reast parenchyma a n d  the b reast t issue 
off the under ly ing pectora l i s .  C. The flap is  adva nced i nto the 
defect a n d  secured,  ob l iterat ing  the dead space.  

FIG 5 • A vert ica l  red uct ion pattern .  
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the i nfra m a m m a ry fo ld  (I M F) .  A mosque-sha ped mark ing  
is  d rawn for i n set of NAC. 

Assess Lumpectomy Defect and Nipple-Areolar 
Complex 

• In the operat ing room, the prior lum pectomy cavity is 
opened and the seroma evacuated. As there wi l l  no longer 
be a seroma to guide rad iation, it is a good idea to p lace sev
eral smal l  c l ips at the boundaries of the l umpectomy defect. 

• Confirm perfus ion a n d  suppo rt to NAC a n d  make sure 
that the l u m pectomy cavity is n ot underm i n i n g  the NAC. 
I f  it is, you need to plan on su pport ing  it with i ntr ins ic  
breast t i ssue .  If  th i s  is not poss i b le, a free n ipp le  g raft 
(FNG) w i l l  be needed:  The NAC is  excised as a fu l l -th ick
ness skin g raft, defatted, rep laced on a we l l -vascu la r ized 
bed i n  the a p p ropr iate posit ion  on the b reast mound, 
a n d  secu red i n  p lace with a bolster d ress i n g .  

VOLUME REPLACEMENT PEDICLED FLAPS 

• For patients with l a rger  d efects for wh ich  d i sp lacement 
tech n i q ues wou l d  not work, replacement tec h n i q ues 
may be necessa ry. Ped ic led f laps a re recommended .  F ree 
t issue tra nsfer i s  not i n it i a l l y  recommended i n  this situa
tion, as it e l i m i nates the use of a flap in the futu re shou ld  
the patient have  a loca l  recu rrence or  new tumor  a n d re
q u i re a mastectomy. F ree f laps shou ld  o n ly be cons idered 
if  pedic led f laps a re not feasi b le  or  fa i l .  

• F l a ps can be ra ised from the axi l l a ry a n d  back reg ion  
(thoracodorsa l ,  i ntercosta l) or  f rom the upper  abdomen 
(super ior  ep igastric) .  The two most common types of  
ped ic led f laps a re (FIG 6) as fo l l ows: 
• Thoracodorsa l a rte ry perforator (TAP) f l a p, w h i c h  

i s  b a s e d  o n  the  perforators from the desce n d i n g  

1----"��•+- Thoracodorsal artery 
and perforator 

Convert to Vertical Reduction 

• Ad d it i o n a l  ( i . e . ,  m o re t h a n  the  l u m pectomy) b reast t i s
sue is resected as needed to a l low for an acce pta b l e  
f i n a l  shape .  U n d e r m i n i n g  of the breast off of the  pec
tora l i s  i s  usua l l y  conf ined to i nfe r io r  b reast. Tissue i s  
resected med i a l  and latera l to vert i ca l  i nc i s ion  to a l low 
" ro u n d i n g  off" of the  b reast. The parenchyma i s  a p
p roxi m ated centra l l y  (a p p roxi mat ing  the m e d i a l  a n d  
latera l rema i n i n g  port ions  o f  the  breast-the m ed i a l  
a n d  l atera l " p i l l a rs " ) .  

• Sk in  c losu re-excessed gathered i n  su bcuticu l a r  c losure .  
A sma l l  horizonta l exc i s ion is  made a long  the IMF if  
needed to further red uce the sk i n .  

• Th is  a p p roach w i l l  res u lt i n  vo l u m e  l oss, so a contra l at
e ra l  red uct ion w i l l  be needed in the futu re, a p p roxi
mately 3 to 6 months after rad iat ion therapy has  been 
com p l eted .  

o r  the  hor i zonta l b ranches of the  t h o racodorsa l 
vesse l s .  T h i s  is m ost s u ita b l e  for  super io r  d efects. 

• L ICAP f l a p, wh ich  is based on perforators a r i s i ng  
f rom the costa l g roove. Th i s  i s  a good a lterna
tive to the TAP f l ap  for l atera l and i nfer ior  breast 
d efects. 

• Defects i n  the med i a l  q u a d ra nt ca n be a pproached 
v ia a n  a nter ior  i ntercosta l  a rtery perforator (AI CAP) 
f lap, which is supp l ied by perforators or ig i nati n g  
f r o m  the m uscu l a r  seg ment, or  the super ior  ep igas
tric a rtery perforator (S EAP) f lap, based on perfo
rators from the super ior  ep igastr ic .  These a re n ot 
descr ibed here.  

Lateral intercostal ----:--�c-..... � 
artery and perforator 

Skin and fat from 
armpit area transferred 

to breast defect 

Latissimus muscle 
preserved 

FIG 6 • The TAP a n d  L ICAP 
f laps .  
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SUPERIOR-LATERAL LUMPECTOMY 

DEFECTS-THE THORA CO DORSAL 

ARTERY PERFORATOR FLAP OR MUSCLE

SPARING LATISSIMUS DORSI FLAP 

Preoperative Marking 

• Preoperative ly, the patient shou ld  be ma rked i n  the 
sup ine  and upr ight posit ion .  Severa l  a nato m i c  l a n d m a rks 
shou ld  be identif ied a n d  m a rked . 
• The borders of the b reast, i n c l u d i n g  the I M F, shou ld  

be m a rked . The idea l  posit ion of the NAC shou ld  be  
d rawn us ing  the contra l atera l breast as a tem p l ate. 
This wi l l  need to be adjusted accord i n g l y  if there is  a 
p l a n  to e ither l i ft or red uce the contra l atera l b reast. 

• I dentify a n d  m a rk the t ip  of sca p u l a  a n d  the a nte
r ior  edge of the latiss i mus  dors i  m usc le .  

• A pinch test shou ld  then be perfo rmed to determ ine  
the a m o u nt of red u n d a nt sk in  i n  o rder  to  determ ine  
the s i ze  of  f lap .  

• The perforator w i l l  determ i n e  the v iab i l ity of the f lap  
a n d  knowi ng i ts  l ocatio n  w i l l  reduce o perat ing  t ime a n d  
com p l icat ions.  The perforator emerges a p p roximately 8 
to 1 0  em from the poster ior  axi l l a ry crease a n d  2 em pos
ter ior  to anter ior border of the lat iss imus  (FIG 7) .  This  

Intraoperative Assessment and Creation of 
Lateral Tunnel 

• 

• 

• 

• 

• 

• 

The patient shou ld  be p l aced on a bea nbag .  I n it i a l ly, the 
patient wi l l  be supine.  Both b reasts a re ster i l e ly prepped 
i nto the f ie ld .  
The pr ior  cavity shou ld  be opened a n d  the seroma evac
uated . At this poi nt, m u lt ip le  sm a l l  c l i ps a re p laced to 
mark  a l l  the bounda r ies of the l u m pectomy defect. These 
a re i m portant for rad i at ion oncology to know where 
the l u m pectomy cavity was, as there w i l l  no longer  be a 
seroma for g u i d a nce.  
The NAC shou ld  be exa m i ned to conf irm perfus ion a n d  
support. It is  i m porta nt t o  make s u r e  the l u m pectomy is  
not underm i n i n g  the NAC. Otherwise, th i s  wi l l  req u i re 
support with i ntr ins ic  b reast t issue.  If there is i nsuff ic ient 
t issue for perfus ion,  a n  FNG may be necessa ry. 
Assess the tota l vo l u m e  of t issue that w i l l  be needed to 
fi l l  the space. 
A tunne l  is  then created from the l u m pectomy cavity to 
the a nter ior edge of the lat iss imus  m uscle .  
Once the latiss i mus  m uscle is  identif ied, the sk in edges 
a re tempora r i ly rea pproximated with skin sta p les a n d  
t h e  w o u n d  is  covered with a l a rge ster i l e  occ l us ive d ress
i n g  ( i .e . ,  loban) .  

can be conf i rmed a n d  the perforator ma rked i n  the pre- Flap Creation 

• 
operative a rea with a Dopp ler  u ltraso u n d  device. 
Based on this exa m, the surgeon shou ld  a nt ic i pate h ow 
to or ient the f l ap .  
• H o rizonta l-" bra l i n e "  
• O b l i q ue ly- l i n e  of rel axed sk in  tens ion 
• Vertica l l y-a long  a nter ior edge of latiss i mus  

FIG 7 • The patient is  p laced i n  the l atera l decubitus posit ion 
to locate the perforators a n d  des ign the f l ap .  The dotted 

line i s  the a nter ior border of the lat iss imus  dors i  m usc le .  "X" 
m a rks the main perforator a rtery for the f lap, l ocated 2 to 
3 em from the a nter ior margin of lat iss imus  a n d  8 to 10 em 
from the poster ior  axi l l a ry crease. 

• 

• 

• 

The patient is reposit ioned in the l atera l decu b itus posi
t ion. Al l  pressu re poi nts a re a ppropr iately padded a n d  
the operative f i e l d  is  a g a i n  ster i l e ly p repped a n d  d raped.  
The perforat ing vesse ls  a re identif ied us ing  a handhe ld  
penc i l  Dopp ler. Once the pe rforators have  been  ident i 
f ied, the f lap  posit ion  is  adjusted as n ecessa ry. 
The sk in  of the f lap  is i nc ised with a sca l pe l ,  beve l i n g  so 
as  to captu re as  much  su b-Scarpa's fat as  needed.  D i ssec
t ion is  then ca rr ied d own to the m usc le .  

• Dissect from the m i d l i n e  a nter ior ly unt i l  the perforators 
a re identif ied (FIG 8) .  The lat iss imus  dors i  fascia shou ld  
be i n c luded with  the f lap .  Com p l ete d i ssect ion f rom an
ter io r  to  m id l i ne  is  necessa ry to  iso l ate the perforators. 

FIG 8 • The l atissi mus  dorsi  m uscle is  com p l etely d issected 
from a nter ior to m i d l i n e  in order to identify the perforators. 
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• At th i s  poi nt, it becomes necessa ry to decide between a • Once the f lap has been created (FIG 9), a d ra i n  is p laced and 
TAP f l ap  a n d  a n  MSLD f l ap  based on the perfus ion of the the sk in is reapproxi mated . Ster i le  d ress ings a re app l ied.  
tissues, especia l ly the venous dra inage .  
• For a TAP f lap, j ust one perforato r is i so lated . The 

m uscle is  then sp l i t  a n d  the descend ing  branch of 
the thoracodorsa l a rtery is  d i ssected to the takeoff 
po int of the tra nsverse branch of the thoracodorsa l .  

• For an MSLD f lap, m u lt ip le  perforators with i n  1 to 
3 em of the a nter ior edge of the lat iss imus  need 
to be captu red . H a rvest the desce n d i n g  branch of 
the thoracodorsa l a rtery at the takeoff po int of the 
tra nsverse bra n c h .  

F IG 9 • Once the f lap  has b e e n  e levated, a d ra in  is  p l aced a n d  
the sk in  i s  rea pproxi mated . T h e  patient is  then reposit ioned 
sup ine .  

LATERAL LUMPECTOMY DEFECTS

THE LATERAL INTERCOSTAL ARTERY 

PERFORATOR FLAP 

Preoperative Markings 

• The borders of the b reast, i n c l u d i n g  the I M F, shou ld  be 
m a rked . The idea l  posit ion  of the NAC shou ld  be d rawn, 
us ing the contra latera l breast as  a tem p l ate. Th i s  w i l l  
n e e d  t o  be adjusted accord i n g ly if there is  a p l a n  t o  e i 
t h e r  l i ft or  red uce the contra latera l b reast. 

• I dentify a n d  mark  at l east 5 em poster ior  to axi l l a ry l i n e  
a t  t h e  l evel o f  t h e  future defect. (Th i s  m a r k i n g  i s  poste
r ior  to the L ICAP a n d  thus  w i l l  ensure inc l us ion of the 
perforator i n  the f lap. )  

• M a rk perforator with handhe ld  penc i l Dopp ler. 

Intraoperative Assessment 

• The patient is p laced sup ine  with a bea nbag on the ta b le .  
Both  breasts a re p repped a n d  d ra ped i nto the f ie ld .  

• The pr ior  l u m pectomy cavity is opened a n d  the seroma i s  
evacuated .  M u lt ip le  sma l l  c l i ps a re p laced to mark  a l l  the 

Flap Insertion 

• The patient is repositioned supi ne, with the a rms secured to 
the a rm boa rds to that the table can be f lexed and the two 
breasts compared with the patient in the upr ight position .  

• The f lap  is i n set i n  order to fi l l  the vo l u m e  defect. It is 
i m portant that the NAC be supported .  

• It is often necessa ry to de-epithe l i a l ize the sk in ,  but a 
sma l l  sk in  i s l and  shou ld  be m a i nta ined in order to mon i 
tor the f lap .  The patient shou ld  be mon itored i n  the h os
pita l for 1 to 2 days postoperatively (FIG 1 0) .  

FIG 1 0  • After a p o o r  outcome w i t h  a super ior  l atera l 
l u m pectomy (A-C), the defect was corrected us ing a TAP 
(O-F) . 

boundaries of the l u m pectomy defect. These a re i m por
tant for rad iat ion oncology to know where the l u m pec
tomy cavity was, as there w i l l  no longer  be a seroma for 
g u i d a nce.  

• Assess the tota l vo l u m e  of tissue that w i l l  be needed to 
fi l l  the space. 

• The NAC shou ld  be exa m i ned to conf irm perfus ion a n d  
support. It is  i m porta nt t o  m a k e  sure t h e  l u m pectomy i s  
not underm i n i n g  t h e  NAC. Otherwise, th i s  w i l l  req u i re 
support with i ntr ins ic  b reast t issue. 

• The s k i n  is t h e n  tempora r i l y  c l osed with sta p l e s  a n d  
covered w i t h  a l a rg e  ste r i l e  occ l u s ive d ress i n g  ( i . e . ,  
l o b a n ) .  

Locate Perforators 

• The patient is reposit ioned i n  the decu b itus posit ion .  A l l  
pressure po i nts a re ca refu l l y  padded a n d  the patient i s  
ster i l e ly prepped a n d  d raped .  

• A handhe ld  penc i l Dopp ler  is used to locate the perfora
tors. It may be necessary to adjust the flap posit ion based 
on the location of the perforators. 
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Make Skin Incision 

• An e l l i pt ica l  inc is ion sta rti ng approximately 5 em poste
r ior  to the axi l l a ry fold is  created at the level of the defect. 

• Bevel to ca ptu re as much of the su b-Sca rpa's fat as 
needed, and then the inc i s ion  is  deepened to expose the 
l atiss i mus  dors i  m usc le .  

Identify Perforators 

• The d i ssect ion is carr ied from the m i d l i n e  i n  the anter ior 
d i rect ion unt i l  the perforators a re fou n d .  The sma l l e r  
poster ior  b ranch  of  the l atera l cuta neous branch  w i l l  be  
identif ied at the a nter ior border of the lat iss imus  a n d  th i s  
can be traced to  f ind the l a rger  a nter ior  b ranch  (FIG 1 1 ) .  

• The lat iss imus  dors i  m uscle be l ly  is retracted a n d  a ped
ic le  of 3 to 5 em is  obta ined .  This  is adequate to reach a 
defect over the l atera l or super ior  part of the b reast. The 
fasc ia  shou ld  be h a rvested i nto the f lap as  wel l .  

• A J ackson-Pratt (J P) d ra in  is p l aced, the i nc is ion c losed, 
and the donor  site is  d ressed .  

Rotate the Flap Anteriorly and Inset 

• The patient is reposit ioned sup ine  with the arms secu red 
to the arm boards so that the ta b le  can be fl exed and the 
breasts com pared with the patient sitti ng upr ig ht. The 
patient is a g a i n  prepped and d raped.  

• The f lap  is now i nset in order to fi l l  the vo l u m e  defect 
(FIG 1 2) .  It is i m portant to suppo rt the NAC as needed.  

• A good port ion of the sk in  may need to be de-ep ithe l i a l 
i zed ,  but it i s  i m portant to leave a sk in  i s l and i n  order  to  
mon itor the f lap  (FIG 1 3) .  The patient shou ld  be mon i 
tored for 1 to 2 d ays postoperative ly. 

FIG 1 1  • The sma l le r  poster ior  branch of the l atera l cuta neous 
branch wi l l  be identif ied at the a nter ior border of the latiss imus 
and  th is  can be traced to f ind  the l a rger  a nterior branch .  

A 

1 2  • The L ICAP f lap  is n ow i nset i n  order to fi l l  the 
vo l u m e  defect. 

FIG 13 • After the f l ap  is  i nset, the sk in  is  de-epithe l i a l ized 
except for a sma l l  skin i s l and  and the skin is  then 
rea pproximated . 
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CENTRAL LUMPECTOMY INCLUDING THE 

NIPPLE-AREOLAR COMPLEX 

Preoperative Marking 

• With the patient i n  the upr ight posit ion, the new posi
t ion of NAC is  m a rked out, a l o n g  with any excess sk i n .  

• An i nfer ior ped ic le  red uct ion pattern is m a rked out 
(FIG 14) .  

Assess Lumpectomy Defect and 
Nipple-Areolar Complex 

• I n  the operat ing  room, the pr ior  l u m pectomy cavity i s  
opened a n d  the seroma evacuated . As  there wi l l  n o  lon
ger  be a seroma to g u ide rad i at ion,  it i s  a good idea to 
p l ace severa l s m a l l  c l i ps at the bounda ries of the l u m pec
tomy defect. 

Convert Reduction with Inferior Pedicle 

• An i nfer ior ped ic le  is des igned to convert th i s  to a red uc
t ion (FIG 1 S) .  

• 

• 

A neoareola is created by leav ing  a sk in  padd le  on the 
ped ic le  that wi l l  fi l l  i n  the p revious NAC when the ped ic le  
is  adva nced super ior ly. 
An i nfer io r  ped i c l e  is created a n d  adva n ced s u p e r i 
o r ly. B l ood s u p p l y  e m a n ates from pecto ra l perfora
tors from t h o racoacro m i a l  a rte ry. The ped i c l e  d e s i g n  
h a s  a 3 : 1  r a t i o  of l e n g t h :width  with  a 3 0 - c m  max i m a l  
l e n g t h .  

F IG  14  • An i nfer ior  ped ic le  red uct ion patte rn .  

FIG 1S • After the l u m pectomy a n d  NAC have  been  removed, 
a n  i nfer ior ped ic le  red uct ion pattern is desig ned .  

FIG 1 6  • A neoareo la  has been created by leavi ng a sk in  
padd le  o n  the ped ic le  a n d  brought out through the new NAC 
space. 

• The s k i n  padd le  is brought out i n  the p revi ous  NAC 
space.  

• The excess sk in  a n d  tissue is excised a n d  the rem a i n i n g  
s k i n  i s  rea pproxi mated (FIG 1 6) .  

Creation of  New Nipple-Areolar Complex 

• Th ree to 6 m o nths  after  rad iat ion  therapy is com
p l eted,  the  pat ient  returns  to the  operati n g  room for 
n i p p l e  reconstruct i o n  as  per  sta n d a rd tech n i q ues for  
tota l b reast reco nstruct i o n  (see Part 5, C h a pter 20) .  
They w i l l  a l so req u i re a contra latera l  sym m etry proce
d u re at that  t ime (FIG 1 7) .  

F I G  1 7  • After t h e  patient h a s  u ndergone n i p p le-areo l a r  
reconstruct ion a n d  contra latera l red uct ion .  
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PEARLS AND PITFALLS 
Ti m i n g  6 to 8 weeks to radiat ion therapy from l u m pectomy 

Adj ust for postra d iat ion contractu res 

Not as much time for reso l ut ion of i nfer ior  dog ear 

Delay contra l atera l red uct ion if poss ib le .  

Post l u m pectomy edema affect ing  venous  perfus ion,  
espec i a l ly of NAC 

W i l l l u m pectomy resect ion a l low for NAC ped ic le?  

U nsure a bout vo l u me? 

POSTOPERATIVE CARE 
• Monitor any flaps for at least 1 to 2 days in the hospital. 
• Surgical support bra 
• Immediate response to any wound dehiscence or breakdown 

to avoid delay to radiation therapy 
• Consider drain placement to limit postoperative edema 

(limited time to get patient to radiation therapy) 

COMPLICATIONS 
• Fat necrosis 
• Wound healing complications 
• Potential delay to radiation therapy 

• Eva l u ate patient pr ior  to l u m pectomy. 
• Sched u l e  cases s i m u lta neous ly. 
• Discuss inc i s ion l ocat ion  with onco log ic  surgeon.  

• L ike ly wi l l  have a super ior  l i ft-do n ot err on p lacement of 
n ipp le be ing  too h i g h .  

• Excise as needed.  

• Keeps hea lthy breast t issue out of the f ie ld  of rad iat ion 

• Good b reast support after l u m pectomy 
• Convert to FNG as needed.  

• F N G  as needed 

• Eva luate the l u m pectomy d u r ing  fi rst surgery. 

SUGGESTED READINGS 
1. Roughton MC, Shenaq D, Jaskowiak N, et al. Optimizing delivery 

of breast conservation therapy: a multidisciplinary approach to onco
plastic surgery. Ann Plast Surg. 2012;69( 3 ) :250-255.  

2 .  Losken A, Styblo TM, Carlson GW, et al .  Management algorithm 

and outcome evaluation of partial mastectomy defects treated using 

reduction or mastopexy techniques. Ann Plast Surg. 2007;5 9 ( 3 ) :  
235-242. 

3. Hamdi M, Van Landuyt K, Hijjawi JB, et al. Surgical technique in 

pedicled thoracodorsal artery perforator flaps: a clinical experience 

with 99 patients. Plast Reconstr Surg. 2008; 1 2 1 ( 5 ) : 1 632-164 1 .  
4 .  Hamdi M ,  Van Landuyt K ,  d e  Frene B ,  e t  a l .  The versatility o f  the 

inter-costal artery perforator (!CAP) flaps. J Plast Reconstr Aesthet 

Surg. 2006;59 (6 ) :644-652. 
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Amy 5. Colwell 

DEFINITION 
• Mastectomy is increasingly performed for breast cancer 

treatment or risk reduction in high-risk patients. The goal 
of breast reconstruction is to rebuild the breast and restore a 
sense of normalcy. 

ANATOMY 
• The breast glandular tissue extends to the clavicle superiorly, 

the inframammary fold (IMF) inferiorly, sternum medially, 
and latissimus dorsi laterally ( FIG 1 ) .  With a skin-sparing or 
nipple-sparing mastectomy, the glandular tissue is removed 
and the skin is spared, thus making direct-to-implant breast 
reconstruction possible. In implant-based breast reconstruc
tion, a space is created underneath the pectoralis muscle, 
and the serratus anterior is sometimes used to help define 
the lateral border of the reconstructed breast ( FIG 2 ) .  

NATURAL HISTORY 
• Mastectomy offers potential cure in breast cancer patients 

and prevention for those at high risk for cancer. Immediate 
breast reconstruction offers an improvement in health-related 
quality of life and patient satisfaction for women choosing 
mastectomy as part of their treatment plan. 1-3 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Patient selection in immediate direct-to-implant breast recon

struction is one of the keys to success. A history is obtained 
to check for comorbidities that are known risk factors for 
increased complications including smoking, diabetes, body 
mass index (BMI) ,  and previous breast radiation. On physi
cal exam, the breast is assessed for skin quality, size, scars 
from previous procedures, symmetry, position of the IMF, 
and nipple position if a nipple-sparing mastectomy is being 
considered. 

DIFFERENTIAL SURGICAL TREATMENT 
OPTIONS 
• Two-stage tissue expander-implant reconstruction 
• Autologous reconstruction using tissue from the body includ

ing the abdomen (TRAM, transverse rectus abdominis myo
cutaneous; DIEP, deep inferior epigastric perforator; SIEA 
[superficial inferior epigastric artery] flaps) ,  buttocks (SGAP, 
superior gluteal artery perforator; IGAP [inferior gluteal ar
tery perforator] flaps) ,  thighs (TUG [transverse upper graci
lis] flap) ,  and back ( latissimus dorsi) 

• Fat transfer 
• No, or delayed, reconstruction 

FIG 1 • The a natomic  boundaries 
of the b reast a re the c lav ic le, 
sternum,  i nfra m a m m a ry fo ld,  a n d  
l atissi mus  dors i .  
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Pectoral is 
major 
muscle ---+-

Serratus 
anterior 
muscle ----lt--::ll,__,.t-

External 
obl ique 
muscle ------:-----1--:---

FIG 2 • A p lane  is created under  the pectora l is m uscle for i m p l a nt 
p lacement.  The pectora l i s  thus  covers the i m p l a nt super ior  a n d  
med ia l ly. The serratus m uscle i s  sometimes e levated f o r  latera l 
coverage or suppo rt. 

NONOPERATIVE MANAGEMENT 
• Breast reconstruction is a choice, and patients undergoing 

mastectomy may not elect to pursue reconstruction. If no 
reconstruction is planned, the breast skin is closed and the 
chest remains flat in contour. If desired, external breast pros
theses are available for women to wear in their clothing to 
give the appearance of a breast. 

SURGICAL MANAGEMENT 
• The goals of reconstruction are considered in determining if 

the reconstruction is designed to augment, reduce, or main
tain the current breast size. In general, if a woman wants a 
significant increase in breast size, this is more safely done 
in two stages using a tissue expander followed by exchange 
to implant in a second surgery (see Part 5, Chapter 15 ) .  For 
single-stage implant reconstruction, the implant is placed di
rectly in a partial subpectoral pocket in order to allow supe
rior soft tissue coverage with muscle in the cleavage area of the 
breast and to help prevent contracture around the implant.4 
The implant is subcutaneous inferiorly, which allows a more 
natural teardrop shape, and is typically supported by a surgi
cal acellular dermal matrix (ADM) or mesh. Currently, the 
most common ADM is AlloDerm (human dermis, LifeCell, 
Branchburg, NJ) ,  but a variety of ADM or mesh material 
derived from human dermis, porcine dermis, bovine pericar
dium, fetal bovine dermis, silk, titanium, and Vicryl exist. 

Preoperative Planning 

• With immediate implant reconstruction, a foreign body (im
plant) is placed into a skin envelope that has been partially 
devascularized with the mastectomy. Therefore, sterility is an 
important component of preoperative planning and operative 
management. The patient sits upright and is marked prior to 
the procedure. Important landmarks include the IMF posi
tion, its relation to the IMF on the contralateral breast, and 
the lateral border of the breast. The mastectomy portion of the 
procedure is performed first followed by the reconstruction. 

Positioning 

• The patient is positioned supine with the arms secured on arm 
boards at the side, angled approximately 80 to 85 degrees 
from the operating table ( FIG 3 ) .  This allows access to the ax
illary lymph nodes for sampling during the mastectomy. Both 
breasts are prepped and draped into the field. 

Approach 

• The mastectomy and reconstruction may be performed using 
various incisions. If a nipple-sparing approach is chosen, the 
safest option is to use a radial lateral incision extending from 
the areola toward the axilla without a full-thickness incision 
around the nipple. The incision that maximizes cosmesis is an 
inferolateral or standard IMF incision under the breast. 5 For 
skin-sparing mastectomies, the incision is made around the 
areola and extended laterally if needed for access. For larger 
breasts, a skin-reducing pattern is designed to remove excess 
skin in a vertical or horizontal direction. The inverted T!Wise/ 
anchor skin pattern is typically avoided (secondary to higher 
risk of skin necrosis and complications) .  The pectoralis muscle 
is partially released inferiorly to accommodate the implant size 
and allow more natural breast shape. The challenge of direct
to-implant breast reconstruction is in replacement of the breast 
volume with an implant that closely matches the breast base 
diameter but without placing undue stress on the breast skin 
envelope. If this cannot be achieved in one stage, a two-stage 
approach is used with a tissue expander intermediary step. 

FIG 3 • The patient is  posit ioned sup ine  with arms out on a rm 
boards at a p p roxi m ately 80 to 85 deg rees f rom the o perat ing  
room tab le .  Care  is  ta ken to  secure the arms f i rm ly  as the back 
of the operat ing  room ta b le  w i l l  be ra ised to a sitt ing  posit ion to 
check i m p l a nt p l acement i n  the b reast pocket whi le the patient 
is  under a n esthesia .  
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DIRECT-TO-IMPLANT BREAST 

RECONSTRUCTION WITH PARTIAL 

PECTORALIS MUSCLE COVERAGE AND 

ACELLULAR DERMAL MATRIX 

• Fo l lowing mastectomy, the sk in  is reprepped us ing a 
c h lorhexi d i n e  scrub, a n d  new ster i l e  d ra pes a re p laced 
over the mastectomy d rapes.  The patient i s  para lyzed 
in order to a l l ow easier d i ssect ion and pocket creation  
under  the pectora l i s  m usc le .  The co lor  of the sk in  and 
th ickness of the sk in  f laps a re o bserved to determ ine  
if the patient is  a ca n d idate for  d i rect-to- i m p l a nt re
construct ion .  If  there a re i schemic  changes to the sk in  
ma rked by  p i n k  or  b l u e  d isco lorat ion,  or  if the sk in  f laps 
a re very t h i n  with a reas of dermis  exposed on the under
su rface, it is u n l i ke ly that the sk in  w i l l  be ab le  to suppo rt 
the add it iona l  stress a n d  we ight of a fu l l -s ize i m p la nt at 
the t ime of mastectomy. If the sk in  co lor  is good a n d  the 
sk in  f laps  have a u n iform m a r b l i n g  of su bcuta neous fat 
on the u ndersu rface, then the patient is  a ca n d i date for 
d i rect-to- i m p l a nt reconstruct ion .  

Pectoralis Muscle Release 

• Us ing the same access i nc is ion used for the mastectomy, 
the pectora l i s  muscle is ra ised from latera l to med i a l  i n  
t h e  loose a reo lar  tissue p l a n e  underneath t h e  m uscle unt i l  
the med i a l  or ig i n  on the sternum is  reached.  The pectora
l is m uscle is  then detached from its or ig in  on the externa l  
ob l ique  aponeurosis a n d  rectus sheath i nferior ly. D i ssec-

wa l l  to faci l itate med i a l  position i ng,  but th is  a lso resu lts i n  
g reater pectora l i s  m uscle retract ion and  thus less m uscle 
coverage over the i m p l a nt. The pectora l i s  m uscle becomes 
the superior and med i a l  border of the i m p lant pocket. 

Pocket Creation 

• 

t ion conti nues to the med ia l  m uscle or ig in  on the ster- • 

Although the pectora l i s  musc le serves as the super ior  and  
med i a l  pocket borders, the infer ior and  latera l pocket 
borders a re formed by the AD M .  The ADM is washed and  
rehyd rated accord ing  to  the m a n ufacturer. The ADM is 
then fi rst stitched to the med i a l  border of the released 
pectora l i s  m uscle (FIG 5) .  I f  the I M F  is i ntact i nfer iorly, the 
ADM is sewn to the IMF using s imple bu ried i nterru pted 
sutu res. If  the I M F  is n ot i ntact, the ADM is sewn to the 
chest wa l l  at the desi red location for the IMF us ing a per
manent suture (0 Eth i bond) .  Care is taken to leave the 
ADM loose med i a l ly i n  preparation for accommodat ing 
a n  i m p l a nt. Latera l ly, the ADM is sewn to the chest wa l l  at  
the latera l border of the breast as ma rked preoperatively 
or  to a ra ised edge of serratus m uscle if the ADM is insuf
f ic ient in hor izonta l length.  Once the pocket has been cre
ated, the base d iameter is  measured with a ru ler  to he lp  
determine  i m plant cho ice. A s i zer  is then  p laced i nto the  
subpectoral ,  su b-ADM pocket and  one or  two sutu res a re 
p laced from the pectora l i s  m uscle to the ADM to keep the 
s izer i n  p lace i n  the pocket.  The sk in  is  sta pled shut and 
the patient is sat upr ight on the operat ing room ta b le .  
The breast reconstruct ion is  observed with  d ifferent s izer  
vo l u mes to he lp  determ ine  if it is  safe to p lace a n  i m p l a nt, 
to determine vo l u m e, a n d  to assess pocket d i mens ions .  
The pocket i s  co pious ly i r r igated with a t r ip le-ant ib iot ic  
so l ut ion of cefazo l i n, genta mic in ,  a n d  bacitrac in .  The 
surgeon's g l oves a re changed a n d  the i m p lant is  i nserted 

n u m  at approxi mately the 4 o'clock o r  8 o'clock posit ion 
on the chest wa l l  (FIG 4) using e lectroca utery. Inadequate 
med i a l  release w i l l  lead to l atera l m a l posit ion of the im
p lant. The rem a i n i n g  pectora l i s  attachment to the ster
n u m  is  preserved .  If  necessa ry, the m uscle may be released 
further to the 3 o'clock or  9 o'c lock posit ion on the chest 

Pectoral is major 
muscle 

FIG 4 • The pectora l i s  m uscle is  released from its i nsert ion 
i nfer ior ly to the 4 o 'c lock or  8 o 'c lock posit ion on the chest 
wa l l  to a l l ow med i a l  p lacement of the i m p l a nt. 

Al loderm 

FIG 5 • To create the i nfer ior and latera l port ions of the 
i m p l a nt pocket, a n  ADM or  scaffo l d  is  sewn to the IMF or  
chest wa l l  infer ior ly  a n d  latera l ly. The i m p l a nt is p l aced ins ide  
the pocket a n d  then the pectora l is-ADM pocket is  c losed 
us ing  a bsorba b le  sutu res. 
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i nto the newly created pectora l is-ADM pocket. The 
pocket is c losed us ing f igu re-of-e ight  or  horizonta l mat
tress a bsorba b le  sutu res (2-0 Vicry l)  (FIG GA,B) .  Two 
c losed suct ion d ra i n s  a re p l aced with one ins ide  the ADM 
pocket a long  the IMF  a n d  the other  outs ide the pocket 
in the axi l l a .  The sk in  edges a re tr immed a n d  cl osed i n  

B 

DIRECT-TO-IMPLANT BREAST 

RECONSTRUCTION WITH TOTAL 

MUSCLE COVERAGE 

• D i rect-to- i m p l a nt breast reconstruct ion with tota l m uscle 
coverage of the i m p l a nt is  uncommon ly  performed d u e  
t o  l i m itations  i n  ach ieva b le  vo l u m e  a n d  less des i ra b le  
i m p l a nt shape  a n d  posit ion .  I n  select patients w i th  sma l l  

two layers. I nc is ions a re sea led with surg i ca l  g l u e  (Derm
a bond)  a n d  covered with a c lear  semipermea b l e  d ress
i n g  (Tegaderm) .  A c h lorhexid i ne-i m p regnated sponge 
(B iopatch) can be used around the d ra i ns .  I f  desi red, 
M icrofoam tape can be p l aced latera l ly and i nfe r ior ly to 
h e l p  support the i m p l a nt posit ion .  

FIG 6 • This  34-yea r-o ld  fema le  deve loped b reast cancer 
a n d  had b i l atera l n i p p le-spa r ing  mastectomy procedu res 
through i nfero latera l I M F  i nc is ions with s i ng le-stage 
d i rect-to- i m p la nt reconstruct ions .  A- Preoperative photo, 
(B) postoperative photo. 

b reast vo l u m es, it can be performed by e levat ing  the 
pectora l i s  m uscle from l atera l to the med i a l  sterna l  or i 
g in .  The pectora l i s  may be parti a l ly released i nfer ior ly  by 
d issect ing  throug h the rectus abdom i n is fasc ia  centra l l y  
t o  h e l p  avoid super ior  m a l posit ion .  A serratus f lap  is  
ra ised latera l ly to form the latera l borders of the i m p l a nt 
pocket. Once the i m p l a nt is p laced, the pectora l i s
serratus pocket is c l osed us ing  a bsorba b le  sutures. 

PEARLS AND PITFALLS 
Latera l  m a l posit ion 
of i m p lant 

Asym m etry of 
IMF posit ions 

Latera l izat ion 
of n i pp les  on 
n i pp le-spa r ing  
mastectomy 

I m p l a nt choice 

Lea r n i n g  curve 

Fat transfer 

• Check p lacement of latera l sutu res and  determ ine if latera l border should be media l ized to sh ift i m p lant posi
t ion .  If appropr iate, check base d ia meter of im p lant to ensure proper fit i nto pocket. Make sure pectora l i s  
m uscle is a ppropriately released to sterna l  ori g i n  media l ly  and  to the 4 o'clock or 8 o'clock posit ion on the 
chest wa l l .  

• Preoperative marks should determ ine i f  the I M F  position is s im i lar  on the breasts. I f  asymmetric, a decision i s  
typica l ly made t o  change the I M F  posit ion on o n e  breast t o  match the other breast. Inferior suture p lacement is 
checked on both sides for b i lateral reconstruction to make sure both a re sewn to s im i lar  positions on the chest 
wa l l  or i M F.  

• F o r  l a rge b reasts, m e d i a l  posit io n i n g  o f  i m p l a nts m a y  resu lt  i n  Jatera l izat ion o f  t h e  n i pp les .  A p reopera
tive d i scuss ion with the patient sets expectations  and determi nes whether  it wou l d  be better to p u rsue a 
ski n-spa r ing  mastectomy as an a lternative. A rad i a l  i nfer ior  i n ci s ion y ie lds  better n i pp le  posit ion i n  these 
breasts but p l aces g reater te ns ion on the sk in ,  thus mak ing  s i n g l e-stage reconstruct ion less l i ke ly. 

• For sk i n-spa r ing  mastectom i es, a moderate p lus  p rofi le  i m p l a nt best matches goa l s  for p roject ion a n d  
b reast base d i a m eter i n  most pat ients. For  n i p p le-spa r ing  mastectomies, a moderate profi le  i m p l a nt is  used 
more often to h e l p  centra l ize the n i pp le .  

• There is  a learn i n g  cu rve for surgeons us ing  th i s  tech n i q u e  that  is p r imar i ly  related to the a b i l ity to assess 
the perfus ion of the b reast sk in  f lap .  If  the l i m its of perfus ion a re su rpassed, the resu lt  is  sk in  n ecrosis .  
Exper ience with the tech n i q ue, exper ience with the b reast surgeon,  and n ovel devices to assess skin perfu
s ion decrease the com p l ication rate for this tech n ique .  

• Fat  tra nsfer is  i n creas ing ly  used  i n  i m p l a nt-based breast reconstruct ion to fi l l  i n  defects around the i m 
p l a nt. Th is  i s  n o t  recommended at the t ime of i m med iate breast reconstruct ion w i t h  i m p l a nts, b u t  may b e  
safe ly done i n  a second p roced u re .  
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POSTOPERATIVE CARE 
• The patient stays in the hospital for one or two nights . Prior 

to discharge, a loose-fitting surgical bra is placed. Care is 
taken to avoid a tight or constricting dressing or bra that may 
compromise the blood flow of the mastectomy skin flaps. 
Patients are seen weekly until drains are removed. Criteria 
for drain removal is less than 30 mL per day. If skin necrosis 
develops, it is treated aggressively with sharp debridement 
and closure. For smooth round implants, gentle medial mas
sage of the implants is started 4 weeks postoperatively to 
help prevent implant contracture. 

OUTCOMES 
• Immediate breast reconstruction following mastectomy leads 

to improved psychosocial outcomes and patient satisfaction 
compared to patients who decide not to have reconstruction. 

COMPLICATIONS 
• Total complications following direct-to-implant reconstruc

tion are 3 %  to 1 5 % .6•7 The explant rate ranges from 1 %  to 
4 % .  The most common complication is skin necrosis. Other 
complications include infection, seroma, hematoma, nipple 

necrosis, implant malposition, and deep venous thrombosis. 
The most common late complication is capsular contracture. 
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Eric G. Halvorson 

DEFINITION 
• Two-stage implant breast reconstruction is performed in 

either the immediate or delayed setting following mastectomy. 
• The advantages of two-stage implant reconstruction 

(compared to autologous reconstruction) include shorter 
operation, lack of donor site, shorter hospital stay, shorter 
recovery, patient control over final volume, and a "perkier" 
result. 

• The disadvantages of two-stage implant reconstruction 
include multiple postoperative office visits for expansions, 
discomfort associated with the expansion process, a second 
(albeit outpatient) surgery, and the permanent risks of 
implants (capsular contracture, rupture, rippling, infection, 
malposition, and exposure) .  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• It may be beneficial for the initial consultation to occur 

separate from multidisciplinary clinic visits focused on 
cancer care. Patients presenting to the plastic surgeon after 
such visits are often overloaded with information and over
whelmed by all the options and information related to re
construction. It is critical to determine the patient's goals 
for reconstruction and to ascertain their preferences with 
respect to breast size, breast shape, willingness to accept 
surgical risk, willingness to accept donor site morbidity, 
operative length, hospital stay, recovery process, postop
erative follow-up protocol, secondary surgeries, and long
term complications. 

• Having a clinic nurse well versed in reconstructive options 
to meet with patients and show them patient photographs 
is an incredibly helpful prelude to the physician-patient 
consultation. 

• Physical examination of the breasts is performed to evaluate 
any masses and whether or not skin involvement or peau 
d'orange is present. The overall size and degree of ptosis is 
noted. Patients with significant ptosis will typically require 
skin excision. If performed as an inverted "T" or Wise pat
tern, there is significant risk for mastectomy flap necrosis. 
Alternatively, one can perform a generous horizontal ellipse, 
vertical ellipse, or two-stage Wise pattern excision with the 
vertical closure first and a horizontal excision at the infra
mammary fold (IMF) 3 to 6 months later. 

• The breast width, height, and projection is measured in cen
timeters. These measurements are used for selecting a tissue 
expander (as described in the following text ) .  

SURGICAL MANAGEMENT 
• Ideal candidates for two-stage implant reconstruction are thin, 

nonsmokers undergoing bilateral mastectomy who have not, 
and will not, receive radiotherapy. Smokers are prone to mas
tectomy flap necrosis and infection. Radiotherapy increases 
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the risk of infection, implant exposure, and capsular contrac
ture. Previously radiated skin will not expand well. 

• Although obesity increases the risk of complication for any 
type of reconstruction, heavier patients tend to have better 
cosmetic results with autologous reconstruction than with 
implants, as it can be difficult to match the opposite breast 
after a unilateral mastectomy or give adequate volume/ptosis 
after a bilateral mastectomy. 

• Patients with very large breasts who require skin removal 
during mastectomy are at risk for mastectomy flap necrosis 
and tend to require secondary procedures to address residual 
excess skin. These patients often have ample donor sites for 
autologous reconstruction, which may be a better option. 
Patients with small breasts who want them to be larger can 
achieve that goal through expansion. Patients who have 
minimal ptosis and want their breasts to be slightly smaller 
are candidates for single-stage implant reconstruction. 

Preoperative Planning and Implant Selection 

• Good communication with the breast surgeon is important to 
ensure oncologic goals are maintained and that reconstruction 
is appropriately staged. Patients with advanced disease, require
ment for immediate postoperative adjuvant therapy, unstable 
social environment, and/or uncertainty regarding goals for 
reconstruction may be better served by delayed reconstruction. 

• Prior to mastectomy, the patient must be marked in the stand
ing position. The IMF is marked on each side and the midline 
is drawn between the sternal notch and xiphoid process. The 
overall outline of the breasts is marked. Although a trans
verse ellipse around the nipple-areolar complex (NAC) is 
commonly used for the mastectomy incision, the author's 
preference is an oblique ellipse parallel to the pectoralis 
major fibers (FIG 1 ) .  This renders the medial scar less visible 

FIG 1 • This  patient w i l l  be used for the majority of photog raphs  
i n  th i s  cha pter. She is a woman i n  her  l ate  20s  w ith  genet ic  
predisposit ion (BRCA gene) u nderg o i n g  b i l atera l prophyl act ic  
mastectomy a n d  two-stage i m p l a nt reconstruct ion .  Preoperative 
m a rk ings  for the mastectomy a re shown, demonstrat ing  the 
o b l i q u e  e l l i pses for inc i s ion  p referred by the a uthor. 

-



C h a p t e r  1 5  TWO-STAGE I MPLANT BREAST RECONSTRUCTION 1477 

in clothing, allows for better subincisional muscular cover
age, and facilitates a stair-step approach during the exchange 
procedure (as described in the following text ) .  

• Tissue expanders are selected preoperatively based on the 
width of the patient's breast. There are many different tissue 
expanders to choose from, but most are textured and ana
tomic, providing lower pole projection. Some are taller than 
they are wide, some are wider than they are tall, and some 
are semicircular or crescentic and focus on lower pole ex
pansion. Most have integrated metal ports that are located 
with magnets, although a remote port is useful when placing 
the expander under a thick flap (such as a latissimus dorsi 
flap in an obese patient ) .  In such patients, finding the port 
with a magnet can be difficult and a long needle is required, 
placing the expander at risk for rupture. 

• Intraoperatively, a ruler is used to measure the width of the 
surgically created implant pocket, which ultimately deter
mines the expander to be used. Alternatively, one can create 
a pocket wide enough to accommodate the desired expander. 
The author's preference is to measure the surgically created 
pocket based on native patient anatomy and choose an 
expander that is 1 em narrower in width. 

• Prior to the exchange procedure, the patient is again marked 
in the standing position. The midline is marked and asym
metries in implant position are noted. The ideal contour for 
the final implants is marked. 

• Final implants are selected primarily based on volume, 
although width should be taken into consideration. A full dis
cussion of implant types is beyond the scope of this chapter. 
The majority of surgeons use smooth, round, high-profile 
implants for reconstructive purposes, although textured an
atomic silicone implants may gain popularity if or when they 
gain U.S. Food and Drug Administration (FDA) approval. 

TISSUE EXPANDER PLACEMENT 

First Step-Wound Assessment 

• Fo l lowing mastectomy, the wounds  a re i r r igated a n d  
hemostas is  is obta ined .  T h e  mastectomy f laps a re eva l u 
ated b y  exa m i n i n g  the i r  th i ckness a n d  assess ing  co lor  a n d  
ca p i l l a ry refi l l .  Areas where d e r m i s  is  exposed i ntern a l ly 
shou ld  be carefu l l y  eva l u ated externa l ly. Areas where 
the externa l  sk in  is pa le  without ca p i l l a ry refi l l  shou ld  be 
cons idered for debr idement .  Laser-assisted i ndocya n i ne
g reen f luoroscopy has been promoted to assess mastec
tomy f lap perfus ion;  however, g u i d e l i nes for its use a n d  
i nterpretation  have n o t  been f i r m l y  esta b l ished . '  

Patients with very wide chests may require a moderate
profile implant that will have a larger base diameter for a 
given volume (although less projection) .  A comparison of 
saline versus silicone implants is also beyond the scope of 
this chapter, but suffice it to say that the issue is controver
sial. The author's preference is to offer both types to patients 
noting the following advantages and disadvantages for each 
implant type:  

Saline 
Advantages: Implant rupture is immediately detected; 
removal of a ruptured implant is simple and quick. 
Disadvantages: Reexpansion may be required if implant 
ruptures and is not replaced expeditiously; firmer than 
silicone, although this difference is diminished when 
good soft tissue coverage is present; higher potential for 
rippling if underfilled. 

Silicone 
Advantages: Softer, more "natural" feel 
Disadvantages :  Rupture is often clinically silent until 
extracapsular rupture and silicone granuloma forma
tion is present, removal of a ruptured implant is a dif
ficult operation that often involves removal of native 
tissue thus compromising subsequent reconstruction, 
and monitoring for silent implant rupture using mag
netic resonance imaging (MRI) is not proven and has a 
definite risk of false positives and unnecessary surgeries. 

Positioning 

• Patients are placed in the supine position under a general 
anesthetic with arms padded circumferentially and abducted 
at 80 degrees.  Following mastectomy, the patient is posi
tioned such that the sternum is parallel to the floor. 

if des i red . Some surgeons  try to esta b l i sh  the  n ative I M F  
d u r i n g  th i s  i n it i a l  p roce d u re (wh i c h  m a y  m a ke the ex
c h a n g e  p roced u re s i m p l er), whereas othe rs i ntent ion
a l ly p l ace the expa n d e r  lower than the  IMF to i ncrease 
lower pole expa ns ion  and p roj ect ion  (wh i c h  req u i res 
recreat ion  of the I M F  with sutu re d u r i n g  the exch a n g e  
p roced u re) .  The a utho r's p refere nce i s  to p rese rve 
the nat ive I M F  when perfo r m i n g  s i n g l e-stage i m p l a nt 
reco nstruct ion ,  when p l a c i n g  a s i g n if ica nt i n it i a l  fi l l  vo l 
u m e  i n  the  expa n d e r, o r  when the IMF  i s  a l ready l ow. 
When perfo rm i n g  d e l ayed two-stage i m p l ant  reco n
struct ion  o r  when p l a c i n g  m i n i m a l  i n it i a l  f i l l  vo l u m e  i n  
t h e  expa n d e r, p l a c i n g  t h e  i m p l a n t  be low t h e  I M F  w i l l  
p referent i a l ly expand  the  lower p o l e  a n d  permit  the 
surgeon to create m i n i m a l  ptos i s  at the  exc h a n g e  p ro
ced u re (as described in the following text) . 

• Use of tumescent sol ut ion by the exti rpative surgeon 
ma kes assessment of mastectomy f laps d iffic u lt and 
has been shown i n  some stud ies  to be associated with a 
h i g h e r  rate of mastectomy f lap  necrosis .2-4 

• When there is s ign if icant concern for mastectomy f lap  
necrosis, or  if  debr idem ent of q uest ionab le  t issue wi l l  
lead to c losure under  tens ion o r  a n  open wound ,  then 
a bort ing  reconstruct ion is strong ly  advised.  

Second Step-Creation of Implant Pocket 

• If n ecessa ry, the  I M F  ca n be recreated with i nterrupted 
sutu re; h owever, the posit ion  of the i nfer ior  edge of 
the expa nder  w i l l  u lt i m ately d ete r m i n e  the I M F, wh ich  
ca n be adj usted further  d u r i n g  a n  exch a n g e  proce d u re 

• The tissue expa nder  ca n n ot be covered by the mastec
tomy f laps a l one, wh ich  a re t h i n  a n d  offer poor soft 
t issue coverage.  Idea l ly, the surgeon shou ld  prov ide com
p lete m uscu lofasc ia l  coverage with the pectora l i s  major 
a n d  serratus a nter ior  m uscles (FIG 2), o r  use a n  ace l l u l a r  
d e r m a l  a l lograft (ADA) or  other  prod uct i n  add it ion to 
the pectora l i s  major m uscle .  
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FIG 2 • Fo l lowing  mastectomy, the pectora l i s  major a n d  
serratus a nter ior  m uscles a re visu a l i zed as these a re t h e  
m uscles used f o r  expa nder  coverage .  If  these m uscles have 
been affected by mastecto my, us ing  a n  ADA in the i r  p lace is  
cons idered . 

• The l atera l edge of the pectora l i s  major m uscle is  
p i nched between the surgeon's i n d ex f inger a n d  t h u m b  
a n d  p u l led away f r o m  the chest, revea l i n g  a loose a reo lar  
p l ane  between the pectora l i s  major  a n d  m i n o r  m uscles. 
D i ssect ion in this p l a n e  commences with Bovie ca utery, 
but once the subpectora l  space is entered, m uch of the 
super ior  a n d  media l  i m p l a nt pocket can be created v ia 
b l u nt d i g ita l d issect ion before us ing  l i g hted retractors 
for d i rect v isua l i zat i o n .  A l i g hted retractor is  q u ite h e l p
fu l  to f in i sh  med i a l  d i ssect ion,  as g reat care m ust be 
ta ken to l i g ate or cauterize the i ntercosta l perforators of 
the i ntern a l  m a m m a ry vesse ls  (FIG 3) .  

• The med ia l  bou ndary is defi ned externa l ly by the p reop
erative mark ings  that defi ne the patient's native breast 
form.  I nterna l ly, it is q u ite com m o n  to release the med ia l  
a n d  i nferomed i a l  o r ig ins of  the pectora l i s  major  m usc le .  

FIG 3 • A l i g hted retractor is  very h e l pfu l  for both expander  
p lacement a n d  the i m p l a nt exchange procedure .  Here, the 
l i g hted retractor i s  shown d u r i n g  creation of the subpectora l  
pocket su peromed ia l ly, where d i ssect ion proceeds ca refu l ly so 
i ntercosta l perforators ca n be v isua l i zed and ca refu l ly l i g ated 
if necessa ry. 

FIG 4 • The re lat ionsh i p  between the m ost ca u d a l  extent of 
the pectora l i s major  m usc le a n d  the I M F  dete r m i nes wheth e r  
o r  not the  a nter ior  rectus sheath w i l l  be n ecessa ry to prov ide  
co m p l ete s u b m uscu l ofasc i a l  cove rage of the expa nder. If  
the m usc le o r i g i n ates at o r  be low the I M F, as  shown i n  th i s  
f i g u re, then there  i s  n o  need to e l evate the a nter ior  rectus 
sheath . 

It is i m portant not to release th i s  a rea excess ively, as sym
mastia can resu lt  and is  d iffi cu lt  to correct. 

• After  the  s u b pecto ra l p l a n e  is deve l o ped,  the  i nfer io r  
i nsert i o n  of the  pectora l i s  ma jor  musc le  i s  exa m i ned 
(FIG 4} .  I f  the  pat ie nt's m usc le  reaches the  I M F, then 
a s u b m uscu l a r  pocket  can  be created d own to the  I M F  
with s u p p l e  a n d  adeq uate soft t i ssue cove rage that 
w i l l  respond  we l l  to expa n s i o n  (FIG S) .  M o re com
m o n ly, h oweve r, the  pectora l i s  ma jor  i n se rts a bove the  
I M F. I n  t h i s  sce n a r io ,  to p rov i d e  a uto logous  i m p l a nt 
cove rage i nfe r io r ly, o n e  m ust cont i n u e  d i ssect i o n  past 
the  pectora l i s  ma jor  i n se rt i o n  a n d  u n d e r  the  a nter ior  
rectus  sh eath u nt i l  j u st b e l ow the  I M F. Tra ns i t i o n i n g  
from the  s u b pecto ra l p l a n e  to u n d e rn eath the  a nte
r i o r  rectus  sheath i s  somet imes  tech n i ca l ly d i ffi c u l t  a n d  
may res u l t  i n  a few g a p s  i n  coverage t h a t  ca n be c l osed 
after the pocket i s  fu l ly create d .  A l i g hted retracto r i s  
n ecessa ry for  t h i s  port i o n  of the  p roced u re .  The an
ter ior  rectus  sh eath i s  q u ite st iff and w i l l  not exp a n d  
we l l  u n l ess a n  i n c i s i o n  i s  m a d e  tra nsverse ly across the  
sheath  j u st b e l ow the  I M F, ente r i n g  the  su bcuta neous  

Rectus abdominis Ribs 

FIG S • Schematic d iagram patient a n atomy when the 
pectora l i s  major or ig i nates at o r  be low the I M F. I n  th is  case,  a 
subm uscu l a r  pocket can be created down to the I M F  that w i l l  
be s u p p l e  a n d  respond we l l  to expa ns ion .  T E ,  t issue expa nder. 
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Subcutaneous 
plane 

Rib 

p l a n e  (FIGS 6 and 7) .  I f  the  a nter ior  rectus  sheath i s  
re leased a bove the  I M F, o n e  wou l d  obv ious ly  enter  

Pectoralis 
major 
muscle 

Cut edges 
of anterior 
rectus 
sheath 

Rectus 
abdominis 
muscle 
fibers 

FIG 6 • At or just below the I M F, the 
a nter ior rectus sheath is d ivided horizonta l ly 
to enter the su bcuta neous p lane .  If th is  is 
not performed, lower pole expans ion wi l l  be 
l i m ited by the stiff a nterior rectus sheath. 

be sewn to the I M F  i nfer ior ly  and the cut edge of the  
m u sc le  s u p e r i o r ly. 

the  i m p l a nt pocket.  The  g o a l  is to prov i d e  co m p l ete • Fo l lowing creation of a subpectora l  pocket with or with
out e levation  of the a nter ior rectus sheath, i nfero latera l 
coverage must be prov ided .  Auto logous coverage is p ro
vided by e levat ing  the serratus a nter ior fascia if robust, 
or a part i a l  th ickness m uscle f lap  if the fasc ia  is t h i n  or  
tra u m atized from the mastectomy. An inc i s ion  i n  the ser
ratus a nter ior  is made at the level of, a n d  para l l e l  to, the 
i nfero latera l edge of the pectora l i s  major m uscle and a 
fasc ia l  or m uscu lofasc ia l  f l ap  is e levated to the a nter ior 
axi l l a ry l ine (FIG 8) .  Alternatively, one can determ ine  
the w idth  of the i m p l a nt pocket based on the width of  
the des i red t issue expa nder  a n d  stop latera l d i ssect ion 
when a suffi c ient pocket width is  ach ieved (usua l ly 1 em 
wider than tissue expa n der) .  At this poi nt, the i nfer ior  
a n d  latera l d i ssect ions wi l l  be com p l ete, but the i nfer ior 
serratus a n d  superolatera l externa l  o b l i q u e  m uscles w i l l  
sti l l  be attached t o  t h e  chest wa l l .  By retract ing  i nfer ior ly 
a n d  latera l ly, th i s  p lane is  exposed and the m uscles can 
be e levated off the chest wa l l  to open the i nfero latera l 
pocket (FIG 9) .  

a n d  s u p p l e  s u b m uscu l ofasc i a l  cove rage w i t h o u t  g a p  
betwee n  the  pecto ra l i s  m a j o r  a n d  the  I M F. A lterna
t ive ly, the  pectora l i s  ma jor  can  be re leased from the  
ch est wa l l  a n d  a p i ece of ADA (or  oth e r  p roduct) can  

Rectus 
abdominis 

muscle 

Bridge of anterior 
rectus sheath Pectoral is major 

muscle 

FIG 7 • Schematic d iagram patient a n atomy when the 
pectora l i s  major m uscle o r i g i n ates a bove the I M F. I n  this case, 
the gap between the ca uda l  border of the pectora l i s  and I M F  
m ust b e  br idged b y  e levat ing  t h e  a nter ior  rectus sheath.  At o r  
j ust be low t h e  I M F, the sheath must be inc i sed hor izonta l ly to 
e nter the su bcuta neous space; otherwise, the i nfer ior  pocket 
wi l l  not expa nd we l l .  Alternative ly, an ADA can be used to 
br idge th is  g a p .  TE, t issue expa nder. 

FIG 8 • For l atera l a n d  i nfero l atera l coverage, a part ia l 
th ickness serratus a nter ior  m uscle f lap  is  e levated a n d  shown 
i n  this photog ra p h .  If  the fasc ia  is  robust and i ntact, that can 
be used a l o ne; however, th i s  i s  se ldom the case. An i nc is ion in 
the m uscle para l l e l  to the i nferolatera l  edge of the pectora l i s  
major  m uscle is  made a n d  the f lap  is  e levated latera l ly unt i l  
the a nter ior  axi l l a ry l i n e  or  suffi c ient ly to create the des i red 
pocket width for the chosen expander. 

1479 
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FIG 9 • Fo l lowing e levation  of the serratus a nter ior m uscle, 
the i nfero l atera l aspect of the i m p l a nt pocket w i l l  sti l l  be 
adherent to the chest wa l l .  I f  retractors a re p l aced u nder  
the pectora l i s  major a n d  serratus a nter ior  m uscles, th i s  a rea 
of adhes ion w i l l  be exposed and i nfero latera l d i ssect ion w i l l  
e levate t h e  serratus a nter ior  a n d  externa l  o b l i q u e  m uscles off 
the chest wa l l  to com p l ete i m p lant  pocket d i ssect ion .  

• If an ADA is used, the or ig i n  of the pectora l i s  major 
is  taken down sta rt ing  i nfero l atera l ly a n d  exte n d i n g  
med i a l ly a n d  then su per ior ly a l o n g  the sterna l  o r ig i n  to 
approximately the 3 rd or  4th r ib  (FIG 1 0) .  The ADA w i l l  
p rovide i nfero latera l i m p l a nt coverage a n d  there is  no 
n eed to e levate the serratus a nter ior. I n  th i s  case, the I M F  
a n d  a nter ior  axi l l a ry l i n e  a re m a rked i ntern a l ly a n d  the 
ADA is  sutu red a long a l ine that trans it ions  i n  a n  a rc from 
the I M F  to the a nter ior axi l l a ry l i n e  (FIG 1 1 ) .  Alterna
tively, one can mark the l atera l m a m m a ry fo l d  based on 
the width of the des i red tissue expa nder  and suture the 
ADA to this l ine (FIG 1 2) .  One can ta i lor  the surg ica l ly 
created I M F  to m atch the contra latera l native I M F  d u r i n g  
u n i l atera l reconstruct ion .  If  perform ing  b i l atera l recon
struct ion,  then it is  i m perative to create sym metric I M Fs. 

• The adva ntages of us ing an ADA a re that it avoids a ny 
morbid ity associated with e levation of the rectus sheath 
and serratus a nterior, it a l l ows for a g reater i n it ia l  f i l l  vo l
ume (a nd thus fewer postoperative expa nsions), it a l l ows 
precise contro l of the I M F, it may reduce operative ti me, 

FIG 10 • I f  an ADA is  used, the pectora l i s  major m uscle is  
e levated from the chest wa l l  by d ivi d i n g  its i nfer ior  and 
i nferomed i a l  or ig i n .  

F I G  1 1  • A piece o f  ADA i s  prepared appropriate ly, accord ing 
to the manufacturer's recommendations, and is sewn i n  with the 
epidermis s ide  fac ing the imp la nt. A 6 x 16  em p iece is usua l ly 
sufficient. The i nferomedia l  and i nfero latera l corners of the ADA 
a re tr immed to create a cu rved inferior border and it is secured 
to the I M F  and latera l pocket using a ru nn ing  2-0 monofi la ment 
slowly absorbing suture. The tra nsition from the IMF to the 
latera l pocket must be a gentle a rc that m i m ics the opposite s ide. 

and  it may preserve lower pole fu l l ness. D isadva ntages 
inc lude cost and a n  i ncreased inc idence of seroma, i nfec
t ion,  and reconstructive fa i l u re in patients with risk fac
tors such as obesity, smoking,  and/or rad iation . 5  Although 
some surgeons use a n  ADA rout ine ly and  others do not, 
the author's preference is to use ADA selectively (FIG 1 3) .  

I f  t h e  a nterior rectus sheath or serratus a nterior have 
been affected by the mastectomy and  w i l l  not provide ad
equate coverage, ADA is a n  opt ion,  p rovided the patient 
does not have r isk factors such as pr ior radiation, obesity, 
or smok ing .  I n  patients who have excess sk in,  it is  adva nta
geous to take advantage of this by p lac ing a h igher  i n it ia l  
f i l l  vo l u m e  and  a n  ADA w i l l  a l low the surgeon to do th is  
(ag a i n, provided the patient does not have the r isk fac
tors mentioned ear l ier) .  When the pectora l i s  major does 
not extend down to the I M F  in a patient with some excess 
sk in and  no r isk factors, ADA is a good option .  H owever, 
in a patient without sk in  excess, who desi res sma l l  breasts, 
and in whom very l itt le  i n it ia l  f i l l  vo lume w i l l  be p laced, 
subm uscu lofasc ia l  coverage is  provided without ADA. 

FIG 12 • A ru ler  is used to measure the width of the surg ica l ly 
created pocket. The proper pocket width can be determ ined 
e ither by patient a n atomy (e .g . ,  the a nter ior  axi l l a ry l i ne) or  
the d i mens ions of the expa nder  des ired.  
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Use ADA to allow 
increased initial 

f i l l  volume. 

Use ADA to provide 
soft tissue coverage. 

Consider ADA if 
patient has some excess 

skin, has >2-cm gap in 
muscle coverage, and/or 

wants large reconstruction 
(>350 ml).  

FIG 13 • Algor ithm to determ ine  when to use ADA. I M F, 
i nfra m a m m a ry fo l d .  

Third Step-Preparation of  Tissue Expander 

• Tissue expa nders come with a i r  i n  them to prevent the 
inner shel l  from st i ck ing  to itse lf .  There a re usua l ly ma rk
ings for or ientation ,  but it is h e l pfu l  to d raw a vert ica l  
l ine on the expa nder  with a mark ing pen to assist with 
positi o n i n g  the expander  i n  the pocket. A need le  (usua l ly  
23 gauge) is  i nserted i nto the port a n d  a l l  a i r  i s  removed . 
The most com m o n ly used tissue expa nders a re a natomic  
(creat ing  lower po le expans ion)  a n d  thus  they a re tex
tured (to p revent rotation) .  There is  typ ica l ly more she l l  
i nfer ior ly, a n d  w h i l e  deflat ing  the expander, it is  i m por
tant to fo l d  excess she l l  i nward as opposed to fo l d i n g  it 
u pwa rd a n d  on to itse lf, where it m i g ht cover the port 
a n d  get punctured (FIG 14) .  

• The author's p reference is to p lace 60 to 1 80 m l  of ster i l e  
sa l i n e  i n  the tissue expa nder  pr ior  to p lacement, wh ich  
a l l ows the a nter ior she l l  to move away from the r ig id  
back i n g .  It is  i m po rtant to control posit io n i n g  of th i s  
backi n g  as it is  what determi nes f i n a l  expa nder  posit ion .  

FIG 14  • The tissue expa nder  is ma rked with  a vert ica l  l i ne  
for or ientat ion .  A l l  a i r  is  removed with  the excess i nfer ior  
i m p l a nt fo lded i nward as shown to avoid pu nctu r ing  the 
i nfer ior  i m p l a nt w h i l e  p lac ing need les for expa ns ion i n  c l i n i c  
postoperative ly. A m i n i m u m  o f  6 0  m l  o f  sa l i n e  is  i nsti l l ed, 
dyed with methy lene b l ue .  This a l l ows for q u ick identif ication 
of i n advertent i m p l a nt rupture d u r i n g  wound c losure a n d  
a l so a l l ows t h e  c l i n i c  staff t o  conf irm p lacement o f  t h e  fi l l i n g  
need l e  d u r i ng  subsequent expa ns ions .  

• It is extremely h e l pfu l  to put 1 m l  of methy lene b l u e  
i n  1 L o f  i njecta b le  sa l i n e  a n d  u s e  th i s  f o r  the i n it i a l  ex
pander  fl u i d .  If  the expa nder  is  punctured d u r i n g  c losure, 
it w i l l  be evident due to the dye. Addit iona l ly, d u r i n g  
expa ns ions i n  c l i n i c, the b l u e  d y e  w i l l  conf irm w h e n  t h e  
port is  accessed .  

Fourth Step-Placement o f  Tissue Expander and 
Closure 

• 

• 

• 

The pectora l i s  is retracted away from the chest wa l l  a n d  
the expa n d e r  i s  p l aced i nto the pocket tak ing  g reat care 
to or ient it  correct ly. It i s  i m portant to n ote the r i g i d  
back i n g  of the expa nder  a n d  p l a c e  the ca u d a l  edge a t  
the I M F  o r  be low if des i red . Be  s u re t o  u n f o l d  a l l  edges 
of the expa n d e r. I f  perform i n g  b i l atera l reconstruct ion ,  
sym m etry i n  expa nder  p l acement shou ld  be conf i rmed 
by p a l pati n g  the  expa nder  ports o n  each s ide  a n d  ensur
i n g  sym m etr ic  h o r izonta l a n d  vertica l pos it io n i n g .  If a n  
expa nder  req u i res adjustment i n  posit i o n i ng ,  it  i s  cr it i 
ca l to g rasp the r ig id back ing of the i m p l a nt and then 
adjust the posit i o n .  I f  on ly the ports o r  a nter ior  s h e l l  
a re adjusted, t h i s  u s u a l l y  has  n o  effect o n  the pos it ion 
of the  back ing,  which d ete r m i n es i m p l a nt pos it ion once 
fu l ly i nf lated.  
The i nfero l atera l edge of the pectora l i s  major musc le is 
sutu red to the a nteromed i a l  edge of the serratus a nte
rior m uscle with r u n n i n g  a bsorbab le  2-0 bra ided sutu re, 
c los i n g  the pocket. A sm a l l  open i n g  is  left superol atera l ly 
to a l l ow eg ress of fl u i d .  Alternative ly, if an ADA is used, 
the pectora l i s  major m uscle is sewn to the ADA with i n 
terru pted f igu re-of-e ight  bra ided  a bsorba b le  2 -0  suture 
(FIG 1 S) .  

The author's preference is  t o  i nfl ate the tissue expa nder  
with  ster i l e  sa l i n e  as much  as the soft t i s sue (musc le/ 
sk in)  w i l l  a l low without undue  tensio n .  Th i s  is typ ica l ly 
1 80 to 240 ml .  It is important to do th i s  pr ior  to sk in  
c losu re, as p lac ing  the need l e  through the m uscle w i l l  
occas i o n a l ly cause b leed i ng, wh ich  can be contro l l ed  
d i rect ly. Otherwise, a hematoma cou l d  expa nd i n  the  
su bcuta neous space without n otice unt i l  the patient i s  

FIG 15 • The i nferolatera l edge of the pectora l i s  major 
is  sewn to the superomed i a l  edge of the serratus anter ior 
with a r u n n i n g  2-0 a bsorba b le  polyfi lament suture to cover 
the i m p l a nt. I f  a n  ADA is  used, the pectora l i s  major is  sewn 
to the edge of the ADA with i nterrupted f igu re-of-e ight  
2-0  a bsorba b le  polyfi l a ment sutu re, as shown.  
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out of surgery. I n  cases where there is s ign if icant concern 
rega rd i n g  the cuta neous c i rcu lat ion,  then o n ly 0 to 60 m l  
o f  i nf lat ion i s  advisa b le .  

• Two c l osed suct i o n  d ra i n s  a re p l aced i n  the  su bcuta
neous space .  One i s  o r iented super io r ly  and the  other 
i nfer io r ly. The sk in i s  c l osed with i nterru pted 3-0 ab
sorba b l e  m o n ofi l a m ent suture for the  d e r m i s  and a 
ru n n i n g  4-0 a bsorb a b l e  m o n ofi l a ment  suture for sub
cut icu l a r  c l osu re (FIG 1 6) .  The author's preference i s  to 
use s k i n  g l u e  a l o n e  as  a d ress i n g ,  without  p l a ce m e nt 
of a s u r g i c a l  b ra ,  wh ich  a p p l ies  p ressure to the  tenu
ous  mastectomy f l a ps a n d  i s  a n  i m pe d i m e nt to phys i ca l  
exa m i nat i o n .  

• Anti b iot ics a re cont in ued pa rentera l l y  for at least 
24 h o u rs postoperatively and tra ns it ioned to oral ant ib i 
otics for a week, as with h o l d i n g  postoperative ant ib iot ics 
has been shown to be associated with an unaccepta b le  
rate of i m p l a nt i nfect ion . 6  Dra ins  a re removed when 
output  is  l ess than 30 m l  per 24 h o u rs a n d  expans ion 
is  beg u n  typica l ly 2 weeks postoperative ly. Expa ns ion 
can cont i n u e  on a weekly bas is, add ing as much  f l u i d  
as  the patient w i l l  to lerate without d i scomfort (usu a l ly 

IMPLANT EXCHANGE 

First Step-Removal of Tissue Expander 

• As noted ear l ier, the patient is ma rked i n  the sta n d i n g  
posit ion .  Asymmetries a re n oted a n d  the i d e a l  contour  
for  the fi n a l  i m p l a nts is  m a rked . 

• The mastectomy scars h ave often widened d u r i n g  expa n
s ion a n d  these can be excised . A sta i r-step approach to  
the i m p l a nt pocket i s  usu a l ly performed, so any wound 
breakdown i n  one l ayer  does  not  expose the suture 
l i ne of the other layer. If  the sca r is  or iented o b l i q ue ly 
(FIG 1 7), 2 to 4 em of su peromed i a l  sk in  e levation  w i l l  
expose t h e  pectora l i s  major, w h i c h  can b e  i nc ised para l 
l e l  to the m uscle f i bers (FIGS 1 8  a n d  1 9) .  I f  a transverse 
a p p roach was used, then su perolatera l a n d  i nferomed i a l  
sk in  e levat ion is  req u i red t o  expose the pectora l i s  major 
and a l low for a n  i n ci s ion para l l e l  to the m uscle f i bers. 

• The imp lant pocket is entered and the capsu le is b luntly 
separated from the expa nder, wh ich is removed . If the ex
pander is too large, it ca n be ruptu red with a needle or 

FIG 17 • The patient is  shown pr ior  to the exchange 
p roced u re, 1 month fo l lowi ng the last expa ns ion i n  c l i n ic .  She 
has  been expa nded to 600 m l  a n d  desi res 550 m l  i m p l a nts. 

FIG 16 • The patient i s  shown fo l lowi n g  p lacement of 
tissue expanders and c losure over two c losed suct ion dra ins .  
I nterna l  a bsorbab le  sutu res a re used, w ith  sk in  g l u e  as  the  
o n ly d ress i ng .  No b ra is  a p p l ied,  which m i g ht a p p ly pressu re 
to tenuous  mastectomy f laps .  

60 to 1 20 m l) .  Once expans ion i s  co m p l ete accord i n g  
t o  patient preference and  surgeon's satisfact ion,  t h e  
a uthor's preference is  t o  perform one add it iona l  over
expa ns ion,  which can prov ide some add iti o n a l  t issue to 
create m i n i m a l  ptos is  at the exchange p roce d u re at least 
1 month l ater (as described in the following text) . 

FIG 18 • If the ob l i que  i nc is ion is used for mastectomy, it is  
easy at the exchange p roced u re to e levate a su peromed i a l  
f l ap  expos ing  t h e  pectora l i s  major m uscle where it tends t o  b e  
th icker. T h i s  w i l l  a l low a "sta i r-step" approach t o  t h e  i m p l a nt 
pocket. Any wound hea l i n g  issue at one l evel w i l l  not expose 
the suture l i n e  at the other leve l .  

sca l pel  t o  assist i n  remova l .  If there was any doubt a bout 
the f ina l  expa nder vo lume, it can be measured at this point. 

Second Step-Creation of Implant Pocket 

• Idea l ly, the expanders can be removed and the permanent 
imp lants p laced without further i ntervention; however, this 
is a lmost never the case. Superior and superomed ia l  capsu
lotomy is often req u i red to soften the transit ion from the 
chest wa l l  to the i m p lant (FIG 20) .  The pocket may need to 
be media l ized, latera l i zed, e levated, or  d isp laced i nferiorly. 
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F IG 1 9  • A m uscu l a r  i n c i s i o n  is made para l l e l  t o  t h e  
pectora l i s  m a j o r  m uscle f i bers t o  access the i m p l a nt pocket. 
The capsu le  is  a lso i ncised with ca utery and the expa nder  is  
b l u ntly sepa rated from the capsu le .  

These can a l l  be accompl ished through capsu lotomy. If  the 
f ina l  i m p lant is rough ly  the same width as the expa nder, 
then a correspond ing capsu lorrhaphy at the opposite s ide 
of the pocket is necessa ry us ing f igu re-of-e ight i nterru pted 
0 a bsorbable suture. If  the imp lant is wider than the ex
pander, th is  may not be necessary as the capsu lotomy w i l l  
increase pocket d iameter. 

• If the expa nder  was p laced below the I M F, or if the I M F  
needs t o  b e  e levated, th i s  i s  acco m p l ished with f igure
of-e ight  i nterrupted 0 a bsorba b le  suture.  The patient i s  
sat  upr ight (FIG 21 ) a n d  the i nfer ior  m astectomy f lap  i s  
l i fted away from the chest wa l l .  Usua l ly, the o ld  IMF can 
be visu a l i zed a n d  ma rked (FIG 22); otherwise, the de
s i red IMF can be ma rked . The need le  i s  passed through 
the capsu le  a n d  the IMF mark ing  externa l ly is  v isua l i zed.  
The need le  t ip  should just catch the deep derm is, resu lt
i n g  in a sma l l  i n dentation when t ied .  These i n dentations  
wi l l  resolve i n  severa l  weeks. After pass ing  the need le  
through the capsu le/derm is, tens ion can be adjusted by 
exa m i n i n g  the fo l d  externa l ly (FIG 23) a n d  e levat ing  it 

FIG 20 • A su peromed i a l  and super ior  capsu lotomy is  made 
just above the ch est wa l l  us ing  a l i g hted retractor. Th i s  w i l l  
soften t h e  tra ns it ion from chest wa l l  t o  i m p l a nt a n d  a l l ow for 
more i m p l a nt m o b i l ity with i n  the pocket. 

FIG 21  • The patient is  posit ioned upr ight with both upper  
extrem it ies we l l  padded a n d  secu red to a rm boards abducted 
less than 90 deg rees. 

FIG 22 • When the i nfer ior  mastectomy f lap  is  e levated 
gently from the chest wa l l ,  the patient's o r i g i n a l  I M F  is  st i l l  
v is i b le  a n d  ca n b e  ma rked for recreation  o f  t h e  native I M F. 
A h i g h e r  or l ower I M F  can a lso be created .  

FIG 23 • A sutu re i s  p l aced i n  the  center  of the  I M F, 
t h r o u g h  the  ca psu l e  a n d  j u st catc h i n g  the  d e e p  d e r m i s .  The  
sutu re i s  p u l l ed  u pward a n d  the  leve l  of the  IMF  a d j u sted 
as  des i red to recreate a s h a r p  and we l l -d ef i n e d  I M F. O n c e  
h e l d  i n  a p p ro p r i ate pos i t ion ,  i nte r n a l  i n spect i o n  w i l l  reve a l  
w h e re a sutu re s h o u l d  be p l aced o n  t h e  ch est wa l l .  To 
m i n i m i ze p a i n ,  sutu r i n g  to the  r i b s  s h o u l d  be avo ided i f  
poss i b l e .  I f  the  lower p o rt i o n  of the  expa n d e r  was p l aced 
at the  I M F  and good lower po le  expa n s i o n  and a c r i sp  
I M F  i n  good pos it i o n  h a s  resu lted,  t h e n  th i s  m a neuver  i s  
u n n ecessa ry. 
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FIG 24 • The I M F  has been reesta b l i shed with m u lt ip le  f igure
of-e ight  capsu lorrh a p hy sutu res, sta rt ing  in the center of the 
IMF and p roceed i n g  med i a l ly a n d  latera l ly unt i l  a n  adeq uate 
I M F  i s  recreated .  A tempora ry i m p l a nt s izer is h e l pfu l  to assess 
the reconstructed I M F  d u r i n g  th i s  process. 

as des ired.  I nterna l  i n spect ion with the sutu re sti l l  under  
tens ion w i l l  i n d icate where the correspon d i n g  sutu re 
th row in the chest wa l l  must be made .  Sutu r ing  i nto the 
r ib  should be avoided, as th i s  resu lts i n  pa i n .  The fi rst 
sutu re is  p laced at the center of the I M F  a n d  then one 
to two sutu res a re p laced med i a l ly a n d  latera l ly unt i l  a n  
adequate fo ld  i s  created (FIGS 2 4  a n d  2S) .  

• Some su rgeons p refer to esta b l ish the I M F  at the i n it ia l  
operation, potentia l ly with  a n  ADA, wh ich  has the added 
benefit of permitt ing  a h igher  i n it i a l  f i l l  vo l u m e .  A h i g h e r  
i n it i a l  f i l l  vo l u m e  has  the potenti a l  to better preserve 
l ower po le f u l l ness. No t ime is  spent reco nstruct ing  the 
IMF at the exchange p roced u re .  Altho u g h  th i s  may be 
a s i m p l e r  a p p roach, it may resu l t  i n  a b l u nted I M F. The 
a uthor's preference is  to treat each case i n d iv id u a l ly and 
surg ica l l y  create a cr isp I M F  at the exchange procedure 
if necessa ry. For  exa m p le, patients u nderg o i n g  de layed 
reconstruct ion w i l l  benefit from s ign if icant lower po le  
expa ns ion a n d  thus the expa nder  is p l aced i nfer ior  to the 
desi red IMF a n d  the IMF is  reconstructed at the exchange 
proced u re .  A patient with  m i n i m a l  excess sk in  a n d  pto
sis undergo ing i m med iate reconstruct ion w i l l  benefit 
from a n  ADA to maxim ize the i n it i a l  fi l l  vo l u m e  (preserve 
l ower po le fu l l n ess), esta b l i sh  the I M F, a n d  avo id  i nfer ior  
capsu lorrhaphy at the exchange p roced u re .  

• To f u rther  expa n d  the lower po le  a n d  create m i n i m a l  
ptosis, ca psu l otomy o f  t h e  i nfer ior  pocket is  t h e n  per
fo rmed .  A hor izonta l ca psu l otomy h a l f  way u p  the 

FIG 25  • Compa rison of the left s ide,  where the IMF has  
been recreated, a n d  the r ight  s ide, where it has n ot .  

FIG 26 • A horizonta l capsu lotomy approxi mately ha l f  way 
up the infer ior mastectomy f lap  is performed to further expa n d  
t h e  lower p o l e  a n d  create m i n i m a l  ptosis .  M u lt ip le  rad ia l  
capsu lotomies (perpend i cu la r  to  the horizonta l ca psu lotomy 
and extend ing  from the I M F  to the i nc is ion) w i l l  further expa nd 
the lower  pole .  

i nfer io r  mastectomy f l ap, at least 4 em off the ch est 
wa l l ,  w i l l  expa n d  the lower po le  of the pocket (FIG 26) .  

Add it i o n a l  rad i a l  ca psu l otomies  ca n be added f o r  f u r
ther  lower po le  expans ion  or e l sewhere to create sym
metr ic  pockets. 

• D u r i n g  pocket creat ion,  it is h e l pf u l  to have a te mpora ry 
s izer inf lated (with a i r  or sa l i ne) to rou g h ly the des i red 
i m p l a nt vo l u me, wh ich  ca n be p l aced i nto the i m p l a nt 
pocket to assess posit ion, sha pe, a n d  vo l u me.  Th i s  is par
t icu la r ly i m po rtant i n  b i l atera l reconstruct ions, where 
two s izers a re req u i red to confirm pocket sym metry. 

Third Step-Implant Selection and Closure 

• When order ing i m p l a nts for the exchange p roced u re, 
it is  wise to order i m p l a nts that a re one size sma l l e r  
a n d  one s i ze  l a rger  than the i m p l a nt s i ze  determ ined 
by the patient's f i n a l  expa ns ion vo l u m e  (pr ior  to f i na l  
overexpa ns ion) .  As mentioned ear l ier, tempora ry s izers 
a re usua l ly used and can be adj usted to determ ine  an 
accepta b le  f i n a l  i m p l a nt vo l u me.  I nf lat i ng the s izer 
beyond the f ina l  expa nder  vo l u m e  usu a l ly resu lts in  
excessive upper  po le f u l l n ess, a noticea b le  step-off 
between the chest a n d  i m p l a nt, a n d  t ight c losure .  The 
chest should trans it ion to the i m p l a nt smooth ly  a n d  the 
b reast mound  shou ld  have s l i g ht ptosis .  

• When p lac ing  sa l i n e  i m p l a nts, ch oose an i m p l a nt that 
has the desi red vo l u m e  as the upper end of its vo l u m e  
ra nge .  F o r  exa m p l e, if 3 8 0  m l  i s  the desi red i m p l a nt 
vo l u me, use an i m p l a nt with a vo l u m e  range of 360 to 
390 ml .  Th i s  avo ids r i p p l i n g  at the expense of mak ing  the 
i m p l a nt s l i g htly f i rmer. Some su rgeons wi l l  i n  fact overfi l l  
t h e  i m p l a nt b y  1 0 %  t o  avo id  r ipp l i n g .  

• The pockets a re i rr igated, hemostasis is obta i ned, and  the 
f ina l  i m p l a nts a re opened.  Although  many surgeons w i l l  
reprep t h e  patient, p lace n e w  d ra pes, d i p  retractors i n  
prep solut ion,  a n d  hand le  t h e  i m p l a nts with fresh g loves, 
there is no data to support these practices. The a uthor 
does not take any spec ia l  preca utions, as the proced u re 
is a c lean,  ster i l e  procedure.  The i m p l a nts a re p laced 
and the m uscu l a r  c losure is performed with a r u n n i n g  
2 - 0  bra ided a bsorba b le  suture. T h e  capsu le  is not inc l uded 
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F IG 27 • T h e  imp lants have been p laced and  t h e  wounds 
c losed without dra ins .  Sk in  glue has been appl ied.  The d i m p l i n g  
observed a t  t h e  I M Fs wi l l  resolve i n  severa l weeks. 

in this c losure if poss ib le, thus creat ing a n  a nter ior cap
su lotomy (made upon i n it i a l  approach to the i m p la nt 
pocket) . No dra ins  a re p laced . The sk in  is c losed with 
i nterru pted deep derma l 3-0 monofi l a ment a bsorba b le  
sutu re a n d  a r u n n i n g  4-0 su bcuticu la r  a bsorba b le  sutu re 
(FIG 27) .  A sk in  g l u e  is  app l ied, and  a bra is  on ly  used if 
support ing the i m p lant in a particu l a r  position  is desi red . 

FIG 28 • Th ree months fo l lowi n g  the exchange p roced u re, 
the patient i s  very h a ppy a n d  i nterested in n i pp le  
reconstruct ion .  The r ight IMF  is 2 em l ower than the left I M F, 
but the patient does not des i re correct ion .  It is i m portant 
to esta b l ish the f inal  i m p l a nt posit ion prior to n i pp le  
reconstruct ion;  otherwise, l ater i m p l a nt reposit ion ing  wi l l  
affect how the n i pp le  is  posit ioned on the b reast m o u n d .  There 
is m i n i m a l  step-off from the chest wa l l  to the i m p l a nts, wh ich  
is  the resu lt  of mastectomy a n d  com m o n ly seen i n  i m p l a nt 
reconstruct ion .  Th is  can be corrected with fat g raft ing-a n 
effective a n d  popu l a r  but controvers ia l  proced u re at th i s  
t ime .  The patient d i d  n ot des i re fat  g raft i n g .  

PEARLS AND PITFALLS 

Additional Procedure-Nipple Reconstruction and 
Revisions 

• When exa m i ned with a cr it ica l eye, a l m ost a l l  patients 
have some deg ree of asym metry fo l l owing  reconstruc
tion (FIG 28) .  Approxi mately 30% w i l l  req uest a t h i rd 
procedure to add ress th i s  asym metry. Correct ing  the 
u nfavora b le  resu lt  i n  i m p l a nt breast reconstruct ion i s  a 
com p l ex subject, i nvo lv ing  tech n i q ues to a lter i m p l a nt 
posit ion,  breast sha pe, i m p l a nt type, a n d  soft t issue char
acteristics. M a ny patients u lt imately opt for NAC recon
struct ion (FIG 29) (see Part 5, Chapter 20) .  I n  m a ny cases, 
m i n o r  rev is ions can be performed at the t ime of NAC 
reconstruct ion;  however, the n i pp le  shou ld  o n l y  be cre
ated once the b reast mound is  in its f i na l  posit ion, a n d  
t h u s  i t  is  n o t  advisa b le  to adjust t h e  i m p l a nt pocket a n d  
create t h e  n i pp le  d u r i n g  the s a m e  operat ion .  

FIG 29 • Options for  n i pp le-a reolar  complex (NAC) 
reconstruction inc lude tattoo on ly, n ipp le  reconstruction with 
a reola tattoo, and n i pp le reconstruction with areola g raft. This 
patient opted for a "3-D" tattoo performed by a profess ional  
tattoo a rtist that specia l i zes i n  NAC tattoo (Vinn ie  Myers in 
F i nksburg, M D-http://www.vin n iemyers.com). She is very 
happy with the aesthetic resu lt, a lthough she has some chronic 
d iscomfort latera l to the r ight breast. It is very common for 
patients to have some degree of chronic sensory dysfu nction 
fol lowing mastectomy. M uch of th is  resolves with t ime and can 
improve with therapy and massage; however, every patient 
should be cou nseled of this risk. It is a lso very com mon for patients 
with imp lants to be aware of their  presence permanently. No 
patients th i n k  the imp lants fee l just l i ke their  native breasts. The 
imp lants have d ropped s l ig htly, resu lt ing in a more obvious step
off from the chest wa l l  to the imp la nts, and cou ld  be corrected 
with e levation of the imp lants (which would affect NAC position 
on the breast mound) or  fat g raft ing .  

I n d icat ions • Patients with a h i story of rad iat ion a re poor cand idates for i m p l a nt reconstruct ion .  

I nc i s ion p l acement 

• Risk factors for i nfect ion and wound hea l i n g  com p l i cati ons i nc lude  smoking, radiat ion, and obesity. 

• An o b l i q u e  inc i s ion para l l e l  to the pectora l i s  m uscle f i bers p rovides the best cosmesis a n d  easiest 
a p p roach for the exchange p roced u re .  
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• Excess sk in  can be excised through a l i near  i n c i s ion on ly, as a d d it iona l  i nc i s ions w i l l  comprom ise 
c i rcu lat ion and r isk mastectomy flap necrosis .  Secondary p roced u res a re freq uently necessa ry in patients 
with excess sk in .  

Expa nder  se lect ion  • Expa n ders a re selected based o n  b reast width ,  not vo l u me.  
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Expa nder  p lacement • Mark ing  the expander  assists in correct or ientat ion .  
• Remove a l l  a i r  a n d  p lace sa l i n e  dyed with  methy lene b l u e  to a l l ow detect ion of  i m p l a nt r u pture as we l l  

a s  conf i rmat ion o f  port access for staff perform i n g  expa ns ions .  
• Provide at least 24 h o u rs of postoperative ant ib iotics. 

I m p l a nt select ion • Imp lants a re selected based on vo lume pr imar i ly, ta k ing breast width i nto consideration .  H i g h-prof i le  
i m p l a nts a re typica l ly used, except i n  patients with wide chests who benefit from moderate p rofi le, wider  
i m p l a nts. 

Patient expectation  • Two-stage i m p l a nt breast reconstruct ion is typica l ly a yea r- long p rocess. 
• Sym m etry in the nude  is  a lways the goa l  but i s  se ldom ach ieved . Sym m etry i n  c loth i n g  is  the most 

reasonab le  expectati o n .  

POSTOPERATIVE CARE 
• Following the mastectomy and tissue expander place

ment, the patient is maintained on antibiotics for at least 
24 hours and more commonly for 1 week or until drains 
are removed. Drains remain in place at least 3 days and 
then are removed when output is less than 30  mL per day. 
Only one drain from each side should be removed at a time, 
as sometimes the output of the second drain will increase 
after the first drain is removed. The author's preference is to 
allow patients to shower with drains in place. The patient 
should be seen within 1 week to evaluate for postoperative 
infection and/or mastectomy flap necrosis and to remove 
drains if appropriate. Expansion is begun 2 weeks after sur
gery and continued on a weekly basis thereafter until the 
patient and surgeon are happy with the final volume. One 
additional "overexpansion" is performed and the exchange 
procedure is scheduled at least 1 month later to allow the 
tissues to soften. 

• Following the exchange procedure, patients may shower 
after 48 hours. Although the author feels very strongly 
about giving patients extended postoperative prophylactic 
antibiotics after mastectomy and expander placement, the 
exchange procedure is a clean procedure and the mastectomy 
flaps have been delayed and have robust perfusion. Thus, no 
postoperative antibiotics are usually given. Although there is 
little data to support practices such as repreping the patient, 
changing drapes, changing gloves, or dipping retractors 
in prep solution, this is commonly performed by surgeons 
placing implants . 

FIG 30 • This  patient is 1 yea r out from the exchange procedure 
a n d  6 months out from NAC reconstruct ion with loca l f l aps 
to reconstruct the n i pp le  a n d  a reo la  tattoo .  She  has  a h i g h e r  
body m ass i n d ex (BM I )  a n d  more su bcuta neous fat, a n d  t h e  
mastectomy d i d  n o t  exten d  very far  super ior ly. Thus,  she has  a 
sm ooth trans it ion from the chest wa l l  to the i m p l a nts. 

OUTCOMES 
• Patient satisfaction with implant breast reconstruction is 

high, provided the preoperative consultation appropriately 
identified the patient's priorities, goals, and preferences with 
respect to reconstructive options, and realistic expectations 
were discussed ( FIGS 30 to 32) .  Although some studies have 
indicated that patients undergoing prosthetic reconstruction 
are less satisfied than those undergoing autologous tissue 
reconstruction/·8 other studies have shown significant im
provements in psychosocial outcomes regardless of the type 
of reconstruction.9 

• It is common to tell patients undergoing implant recon
struction that, on average, they will require some form of 
surgery every 10 years. These could be procedures for sym
metry, infection, rupture, or capsular contracture. Although 
some surgeons exchange silicone implants every 10 years to 
avoid extracapsular ruptures, most only offer surgery if a 
problem is identified. One study evaluated long-term out
comes of autologous versus implant reconstruction and 
noted stable survival of 90% of autologous reconstructions 

A 

B 

FIG 31 • A.B. This  patient is 6 months out from u n i latera l 
reconstruct ion .  She d i d  not des i re NAC reconstruct ion or a 
contra l atera l mastopexy for sym metry. She has a very accepta b le  
a p pearance i n  a b ra .  
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FIG 32 • This  patient is 9 months out from her  exchange 
p roced ure.  She had pr ior  a u g mentation m a m m a p l asty a n d  th in  
soft t i s sue  coverage i nfer ior ly; therefore, a n  ADA was  used to  
aug ment soft t issue coverage of the expa nders .  

versus a gradual decline to 70 % survival of implant recon
structions . 10 In general, autologous reconstructions improve 
or remain stable with time, whereas implant reconstructions 
tend to worsen slightly over time. 

• There is no increased risk of breast cancer recurrence in 
patients undergoing therapeutic mastectomy and implant 
reconstruction. Detection of recurrence and outcome when 
recurrence is detected are not affected by the presence of an 
implant reconstruction. 1 1  

COMPLICATIONS 
• Bleeding 
• Infection 
• Injury to surrounding structures (e .g. ,  cutaneous nerves) 
• Mastectomy flap necrosis 
• Long-term risks of implants : capsular contracture, rupture, 

rippling, infection, malposition, and exposure 
• Asymmetry, imperfect cosmetic result 
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Chapter 1 6  
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Pedicled Latissimus Dorsi Flap 
Breast Reconstruction after 
Mastectomy 
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DEFINITION 
• The latissimus dorsi myocutaneous flap was originally 

performed for chest wall reconstruction after radical mas
tectomy by Iginio Tansini in 1 906 but fell out of favor 
when mastectomies were primarily closed or skin grafted . 1  
Although the latissimus flap remained a dependable option 
for anterior chest wall reconstruction,2-4 it was not until 
1 977 when it was first described to reconstruct a true breast 
mound in combination with a prosthetic implant.5 

• The latissimus dorsi myocutaneous flap currently remains a 
viable and frequently used option for breast reconstruction. 
Typically, patients who required chest wall irradiation and are 
either unwilling or unable (lack of donor site tissue volume) to 
undergo one of the other autologous flap options for breast re
construction will proceed with this option. Furthermore, this 
flap has found use in the reconstruction of congenital defects 
such as Poland syndrome in the younger patient population.6 
For the purpose of breast reconstruction, this technique usually 
requires flap transfer combined with an initial tissue expan
sion process followed by a subsequent saline- or silicone-filled 
prosthetic implant placement. Breast reconstruction with a latis
simus dorsi myocuataneous flap without an implant is also pos
sible but less commonly used due to flap volume limitations? 

ANATOMY 
• The latissimus dorsi is a large, flat, triangle-shaped muscle on 

the back measuring approximately 25 X 35 em; it mirrors 
the pectoralis major posteriorly. 

Axi l lary artery 
and vein 

Subscapular 
artery and vein 

Circumflex scapular 
artery and vein 

Teres major muscle 

• The muscle origin is a broad aponeurosis that spans the 
lower six thoracic vertebrae ( superomedially) ,  supraspi
nous ligament (central medial region) ,  thoracolumbar fascia 
( inferomedially) ,  and posterior iliac crest ( inferiorly) .  

• The lateral border o f  the muscle separates from the serratus 
anterior as a free potential space until one encounters the 
small slips of origin from the l Oth to 12th ribs, where the 
latissimus interdigitates with the slips of origin of the exter
nal oblique and serratus anterior muscles.  

• The superior border of the muscle has an area of adhesion to 
the region of the inferior angle of the scapula but otherwise 
contains free potential space with the underlying layer. 

• The muscle converges in the axilla to insert on the crest of 
the lesser tuberosity of the humerus. 

• The latissimus dorsi adducts, extends, and rotates the humerus 
medially ( "pull-up," rowing, or free-style swimming motions) .  

• The latissimus dorsi flap is a Nahai-Mathes type V myocu
taneous flap, meaning that it may survive based solely on 
either the thoracodorsal artery or the segmental perforators 
from the intercostal and lumbar arteries .  

• The thoracodorsal artery (arising from the subscapular 
branch off the axillary artery) enters the deep surface of the 
latissimus dorsi muscle in the posterior axilla approximately 
10 em inferior to the muscle insertion into the humerus and 
2 .6  em medial to the lateral border of the muscle ( FIG 1 ) .  

• The artery then divides into the medial (also known a s  trans
verse) and the lateral (also known as vertical or descending) 
branches. The medial branch is located approximately 3 .5  em 
below and parallel to the superior border. The lateral branch 

Pectoral is  
m ajor muscle 

Latissimus """'-11-',C-- Serratus 
dorsi muscle ---'--
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anterior muscle 

Branch to FIG 1 • Vascu l a r  a n atomy of the thoracodorsa l 
serratus anterior a rtery and ve i n .  

-
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is located approximately 2 .6 em medial and parallel to the 
lateral border. The serratus branch (artery to the serratus 
anterior) ,  which joins the thoracodorsal artery just before its 
entrance to the latissimus muscle, is a useful landmark as it 
guides one directly to the thoracodorsal pedicle. There is usu
ally a single vena comitans of the thoracodorsal artery. 8•9 

• The thoracodorsal motor nerve enters the muscle with the 
vascular pedicle. Cutaneous sensory nerves arise from the 
intercostal nerves at the midaxillary line and also in the 
paraspinal region. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• A thorough history and physical examination are critical in 

preparing for reconstruction. 
• Pertinent aspects of the history include previous axillary 

operations (e.g. ,  lymph node dissections or biopsies) and 
medical conditions that would preclude patients from an 
operation of moderate length under general anesthesia. 

• Certain patients (e.g., paraplegic or wheelchair-dependent 
individuals who cannot afford even a minimal weakening of 
shoulder strength) probably should not undergo latissimus 
dorsi breast reconstruction. The average patient, however, 
will likely not notice a difference in shoulder function after a 
period of full recovery. 

• A focused exam of the axilla and back for scars that may 
preclude use of the muscle flap or affect placement of the 
skin paddle is necessary. 

• The presence of a viable and innervated muscle may be con
firmed by having the patient activate the muscle by placing 
the hands on the hips and pushing firmly. However, a vigor
ous muscle contraction does not necessarily indicate an intact 
thoracodorsal arterial pedicle, as the nerve is quite separated 
from the thoracodorsal artery proximal to the branch point 
from the subscapular artery and could be potentially pre
served despite ligation of the thoracodorsal artery. 

• A team-based approach involving surgeons, anesthesiolo
gists, primary care physicians, and other specialists such as 
cardiologists when needed ensures that patients are evalu
ated as a whole and all key concerns are addressed. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Preoperative computed tomography (CT) angiography of the 

donor site (FIG 2 ) is recommended in patients with previous 

Thoracodorsal 
artery 

FIG 2 • Preoperative CT ang iography of the thoracodorsa l vesse ls.  

surgical procedures during which the thoracodorsal arterial 
pedicle may have been sacrificed (e .g. ,  axillary lymph node 
dissection or modified radical mastectomy) .  

SURGICAL MANAGEMENT 
• In consulting with patients, decisions about the timing of 

reconstruction ( immediately after mastectomy or delayed) 
and the type of reconstruction are made taking patient 
factors and tumor characteristics into consideration. 

Patient factors of significance include the following: 
Patient preference 
Smoking history 
History of previous axillary operations that compro
mise the vascular pedicle of the donor site 
Medical comorbidities that would preclude patients 
from undergoing an operation of moderate length. 

Tumor characteristics as they relate to the following: 
The need for postmastectomy radiation therapy 
The need for close postmastectomy surveillance prior to 
reconstruction 
In general, patients known to require postmastectomy 
radiation therapy are reconstructed in a delayed fashion 
to avoid the detrimental effects of radiation on flaps. 
A history of radiation therapy also serves as a relative 
indication for use of an autologous form of reconstruc
tion, as implant-only reconstructions in the setting of 
radiation are prone to higher rates of complications and 
failure. 

Preoperative Planning 

• Basic labs (chemistry and blood counts ) 
• All anticoagulant and antiplatelet medications should be 

stopped a week prior to the operation. Warfarin can be 
bridged with enoxaparin a week prior. 

• Smokers are required to quit for a minimum of 4 weeks 
prior. 

• Patients receive preoperative antibiotics with intraoperative 
redosing. 

• Patients receive deep vein thrombosis (DVT) prophylaxis 
with use of a pneumatic compression device at the beginning 
of the case; preoperative subcutaneous heparin is not typi
cally used in our practice . 

• A Foley catheter will be needed, given the length of the case. 
• A headlight may be helpful in the harvest of the latissimus 

dorsi muscle . 
• A beanbag is needed for lateral decubitus positioning. 
• A sterile Doppler probe is helpful to have available in case 

there is any concern for the location or integrity of the tho
racodorsal pedicle during the case. 

Positioning 

Marking/positioning 

• The inframammary fold (IMF) ,  medial limit, and lateral 
limit of the breast should be marked with the patient 
upright. 

• With the patient in the sitting position, have the patient 
activate the latissimus muscle (by placing hands on the 
hips and coughing) and mark anterolateral margin of the 
muscle. 
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• Other key landmarks for the limits of the latissimus 
muscle are the tip of scapula, vertebral column, and pos
terior i l iac crest .  They should be marked for additional 
orientation. 

• The pivot point for the flap is the approximate pedicle loca
tion: It should be marked 2 to 3 em medial to lateral border 
and 9 em below the apex of the axilla. 

• Eight to 1 0-cm-wide skin paddles can generally be closed 
primarily (verify adequate skin laxity by pinching) .  The skin 
paddle must be placed over the muscular portion of the latis
simus, as the vascularity of the skin over the thoracolumbar 
fascia is notoriously poor. In most patients, it is necessary to 
stay at least 8 em superior to the posterior iliac crest to avoid 
the thoracolumbar fascia ( FIG 3 ) .  

• Verify that the skin paddle has been designed correctly for 
rotating to the planned anterior position by measuring from 
the estimated pedicle pivot point to the inferolateral tip 
of the skin paddle. This distance must equal the distance 
from the pivot point to the medial limit of your planned 
mastectomy incision. 

• The orientation of the axis of the skin paddle can be varied 
( FIG 4) .  A horizontally oriented skin paddle allows the scar 

FIG 3 • F l a p  mark ings. 

RECIPIENT SITE PREPARATION 

(IN EITHER SUPINE OR LATERAL POSITION) 

Vertical Transverse 

FIG 4 • Poss ib le  or ientat ions of the lat iss i m us dors i  f l ap  sk in  
padd les .  

to be hidden by a bra strap but may limit the size of the 
paddle harvested. 

• Measure the breast base width to guide your choice of tissue 
expander size. 

• Patient positioning varies by surgeon. Harvesting a full latis
simus dorsi flap requires a lateral decubitus position with 
a special arm support for the ipsilateral arm and an axil
lary roll under the contralateral axilla to prevent brachial 
plexopathy. The lower extremities will also require adequate 
padding. 

• Placing patients in the supine position during the earlier or 
latter parts of the case is based on surgeon preference and 
laterality of reconstruction (unilateral vs. bilateral ) .  Bilateral 
procedures absolutely require position changes. 

• The description in the following text will include multiple 
position changes to make clear the sequence of events for the 
procedure. This sequence can then be modified. 

• 

• Deve lop the rec ip ient site with the patient in sup ine  posi
t ion: E l evate the skin and su bcuta neous f laps off the pec
tora l i s  major to recreate the mastectomy defect i n  cases 
of de layed reconstruct ion;  for i m m ed iate reconstruct ion,  
the mastectomy sk in  f laps a re a l ready deve loped by the 
breast surgeon.  

• 

• 

Li m it the latera l d issect ion,  when poss ib le, to the a nte
r ior  axi l l a ry l i n e  with the except ion of a th ree to fou r f in 
gerbreadths tunne l  created to a l low for tra nsfer of the 
f lap .  Th is  tunnel  should not v io late the I M F. 
The l atera l d i ssect ion is performed i n  a suprafascia l  p l ane  
with i n  the tunne l  a n d  extends to  the latera l border  of  
the lat iss i m us .  
D i ssect 2 to 3 em past the border of the l atiss im us, on 
i ts  deep su rface, to fac i l itate f lap  e levat ion when the 
patient is reposit ioned (FIG 5) .  • Natura l  borders of the breast shou ld  be p reserved, i n 

c l u d i n g  the IMF  a n d  sk in  adherence to the sternum a l o n g  
the m i d l i ne .  A possi b le  except ion wou l d  be i n  de layed 
reconstruct ion where the i nfer ior  d i ssect ion can extend 
approximately 0 .5  to 1 .0 em i nfer ior  to the IMF to a l l ow 
the expander  to sit at the I M F  after the lat iss imus  is i n set. 

• E l evat ion of the pectora l i s  major m uscle is then per
formed, d is i nsert ing  the m uscle from its attachments to 
r i bs at the I M F. Th i s  d i s i nsert ion is term i n ated at latera l 
border of the stern u m .  
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Latissimus dorsi Serratus anterior Pectoralis major 

• The a nter ior chest surg ica l  s ite is then packed with mo ist 
l a pa rotomy sponges, tuck ing a sponge latera l ly u nder  the 
l atera l border of the lat iss imus .  Th i s  a lso h e l ps identify 

FLAP HARVEST 

• The patient is e ither p laced in a latera l decub itus posit ion 
(FIG 6) for a u n i latera l f lap ha rvest o r  i n  a prone posit ion 
for b i l atera l f l ap  h a rvests . 

• A l l  posit ion changes req u i re reprepp ing  a n d  red ra p i n g  
of the operative f ie lds .  

• The inc i s ion  is made on the l i n es of the des igned sk in  
padd le .  As soon  as su bcuta neous fat  is  v i sua l ized, the  
p l a n e  of d i ssect ion shou ld  be beve led outward i n  a 
fash ion  to p reserve as many vasc u l a r  perforators as 
poss ib le .  

• The sk in  a n d  su bcuta neous t issue a re e levated off the 
lat iss imus  m uscle unt i l  the su per ior, med ia l ,  a n d  i nfer ior  
l i m its of the m uscle a re v isu a l ized.  

FIG 6 • Patient positi o n i n g  ( latera l decu b itus) for f lap 
h a rvest. 

Caudal 

FIG S • View of the ch est wa l l  with exposu re 
of the pectora l i s  major, serratus a nter ior, a n d  
latera l border of the lat iss i m u s  dors i  m usc le .  

th i s  border of the f lap  d u ri n g  ha rvest i n  the l atera l de
cub itus posit ion .  An laban sheet is  then used to sea l the 
mastectomy defects. 

FIG 7 • Exposure of superfic i a l  su rface of the m uscle d u ri n g  
f l ap  ha rvest. 

• Retract ion can be a c h a l l e n g i n g  aspect of th i s  step .  
A Deaver o r  H a rr i n gton retractor a n d  B o v i e  e lectroca u
tery extens ion a re h e l pfu l  (FIG 7) .  

• Dissect ion under  the latera l edge of the lat iss imus  is n ow 
i n itiated, sta rti n g  in the a rea i nfero l atera l ly. N ote that 
the a nter ior edge of the m uscle often approaches the 
midaxi l l a ry l i ne .  

• I dentif ication of the latera l border of the m uscle is easy 
if e levation is beg u n  w h i l e  the patient is sup i ne, with 
p l acement of a l a p a rotomy sponge under  the m usc le 
edge as out l i ned previous ly. 

• Dissect ion deep to the lat iss imus  near  the pedic le  shou ld  
be done caut ious ly w ith  e lectroca utery to m i n i m ize the  
cha nce for ped ic le  damage .  

• Visua l izat ion of the pedic le  is n ot n ecessa ry for m ost 
ped ic led f laps  with the exception  of f laps  req u i r i n g  

1491 
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a d iv i s ion of the m uscle i nsert ion or f laps req u i r i n g  
de nervat ion .  

• N ote that the serratus branch a rtery (FIG 1 ) can g u ide 
you from the serratus a nter ior  m uscle to the super ior ly 
l ocated thoracodorsa l vesse ls .  

• Latera l  a n d  med ia l  row seg m enta l pattern perforators to 
the sk in  w i l l  be encou ntered in the parasp ina l  reg ion  a n d  
s h o u l d  be meticu lous ly cauter ized.  

• The lat iss imus  m uscle is d iv ided med i a l ly a n d  i nfer ior ly 
at the po int  where the m uscle f i bers tra ns it ion i nto the 
thoraco l u m b a r  fasc i a .  

• 

• 

• 

• 

Deep to the lat iss imus  musc le, the d i ssect ion shou ld  be 
l i m ited to m uscle on ly, leav ing beh i n d  a d i pose tissue, as 
this conta ins  m a ny lymphat ic  channe ls; p reserv ing  this 
lym phatic c i rcu lat ion is  thought to reduce the r isk for 
seroma .  
The f u l ly e l evated f l ap  (FIG 8) i s  then rotated i nto the  
previous ly created l atera l chest wa l l  tunne l  for  passage 
to the mastectomy defect. 
P lac ing a l a rge s i l k  stitch on the med i a l  edge of the f lap  
sk in  padd le  is h e l pfu l  for l ocat ing  the f l ap  with i n  the  
tunne l  a n d  su bseq uent ly for tract io n  to  s l i de  the f l ap  
th ro u g h  the su bcuta neous tu n n e l .  
A d r a i n  t u b e  is p laced i n  back d o n o r  s ite. 

INSETTING OF THE FLAP 

• The patient is reposit ioned to the sup ine  posit ion .  
• The latiss i m us m uscle is advanced i nto the rec ip ient s ite. 

Any restr ict ing  bands of t issue near the ped ic le  p ivot 
poi nt can be ca refu l ly lysed to y ie ld  better f lap  rotat ion 
a n d  a n  idea l  positi on  of the ped ic le .  

• Com p l ete skeleto n i zat ion of the pedic le  is not necessa ry. 
D i s insert ion of the m uscle attachments to the h u merus 
can be performed to gain a few a d d it iona l  cent imeters 
of reach .  

• L igat ion of the thoracodorsa l nerve e l i m i nates contrac
tion of the m uscle, which can be bothersome to some 
patients. M ost patients, however, d o  n ot com p l a i n  a bout 
pers istent m uscle contract ions after transposit ion of this 
m uscle without sacrif i c ing  the m otor nerve. 

• The lat iss imus  m uscle is then i nset to the I M F  with i nter-
ru pted a bsorba b le  sutu res. 

• A tissue expa nder  selected based on the patie nt's chest 
wa l l  d i mens ions  (pr i m a r i ly breast base width) i s  then 
p l aced i n  the pocket f l a n ked super ior ly  by the pectora l i s  
major  m uscle f lap  a n d  i nfer ior ly by  the latiss i mus  dors i  
myocuta neous f l ap  (FIG 9) .  

• Tissue expa n ders with suture tabs can be used, as they 
a l low the expa nder  to be secu red to the chest wa l l  tem
porar i ly, p revent ing m i g rat ion a n d  o pti m i z i n g  expans ion 
of des i red a reas of the b reast m o u n d .  

• The pectora l i s  major m uscle is then a p p roxim ated to 
the l at iss i mus  with i nterru pted or r u n n i n g  a bsorba b le  
sutu res. 

• If there a re concerns for tens ion on the f lap, fi l l i n g  of the 
t issue expander  (FIG 1 0) should be de layed . 

FIG 8 • E l evated lat iss imus  dors i  myocuta neous f lap .  

• The back donor  site is then c losed i n  layers. 
• Pr ior  to c losu re, f ib r in  sea l a nt such as Tissee l  or Evicel  can 

be i nsti l l ed i nto the donor  s i te .  Although  not a bsol utely 
necessa ry, this maneuver is  thought to reduce the r isk for 
seroma .  

• D ress ings  i n  the form of a sk in  g l u e  prod uct, Steri-Stri ps, 
or  an o i ntment a re then a p p l ied to the suture l i ne . 

FIG 9 • Tissue expa nder  p laced beh i n d  the pectora l i s  major 
(su per ior) a n d  l atissi mus  dors i  ( infer ior) m uscle f laps  with i n  
t h e  mastectomy defect. 

FIG 10 • I ntraoperative fi l l  of the t issue expa nder. 
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• The su bcuta neous tunne l  ope n i n g  to the l atera l t issue 
expa nder  pocket can be c losed to p revent latera l m i g ra
t ion of the i m p l a nt .  

• A d r a i n  tube is p l aced deep to the sk in  f laps but su perfi
cial  to the m uscle f l aps at the i nfer ior  po le of the b reast, 
exit i ng  at the l atera l chest wa l l .  

• Sk in  c losure is performed i n  layers with a bsorba b le  i nter
ru pted deep derma l  sutu res a n d  a ru n n i n g  su bcuticu l a r  
suture (FIG 1 1 ) .  

• D ress ings  in the form of a sk in  g l u e  product, Ster i -Stri ps, 
or  an o i ntment a re then app l ied to the suture l i ne .  

PEARLS AND PITFALLS 

FIG 1 1  • I nset f lap  sk in  padd le .  

Preoperative p l a n n i n g  • Preoperative C T  a n g i og raphy is worthw h i l e  w h e n  axi l l a ry l y m p h  n o d e  d i ssect ion has  been 
performed prev ious ly. The thoracodorsa l vesse ls  a re occasiona l ly l i g ated d u r i n g  axi l l a ry 
d issect ions .  

Posit ion ing  • M i n i m iz ing  the posit ion  changes w i l l  reduce surg ica l  d u rat i o n .  For  i n stance, a latera l posi
t ion for both rec ip ient  site preparat ion and donor site h a rvest fo l l owed by sup ine  posi
t io n i n g  for the in set and expa nder  p l acement ta kes advantage of a s i n g l e  posit ion change .  

Free i n g  the latiss i mus  dorsi  • I dentifyi ng and beg i n n i n g  the d i ssect ion u n derneath the l atera l border of the lat iss imus  
wh i l e  the patient i s  sup ine  a l l ows for a n  eas ie r  f l ap  e levat ion once the patient is i n  a 
l atera l positio n .  

• Dis i nsert ing  t h e  m uscle attachments t o  t h e  h u m erus i m p roves t h e  reach of t h e  m usc le .  

Postoperative seroma • Avoid ta k ing  out donor s ite drains too ear ly as seromas a re common with th i s  f lap  e levat ion .  

POSTOPERATIVE CARE 
• Patients can be transferred from the operating room (OR) to 

a postanesthesia care unit (PACU) or directly to a unit with 
nursing capabilities for flap monitoring. 

• Flaps are monitored by physical exams (color, temperature, 
capillary refill ) performed every hour for the first 4 hours 
and then checks can be spaced out to every 2 hours and 
4 hours over subsequent hospital days. 

• DVT prophylaxis is the only form of anticoagulation used 
routinely. 

• Diet is advanced from clear liquids to regular on postopera
tive day 1; there are no restrictions on caffeine. 

• Patients are assisted to ambulate beginning on postoperative 
day 1 .  

• Foley catheters and intravenous (IV) fluids are discontinued; 
IV medications/patient-controlled analgesias (PCAs) are con
verted to orals on postoperative day 1 .  

• Patients are typically ready for discharge home from post
operative days 2 to 4.  

• Surgical drains are discontinued once the output is less than 
30 mL for 2 consecutive days. 

• Activities are limited and weight-lifting restrictions are in 
place for 6 weeks postoperative. 

• The first postoperative visit is at 1 week following discharge. 

• Postoperative results for a left delayed breast reconstruction 
in an irradiated patient ( FIG 1 2 ) .  

OUTCOMES 
• Breast reconstruction outcomes may be assessed in several 

ways. Patient satisfaction, shoulder girdle function and re
operation rates are all parameters that have been analyzed in 
recent literature. An evaluation of patient satisfaction showed 
that latissimus dorsi breast reconstruction patients are gener
ally satisfied with their decision, with 80% of surveyed pa
tients indicating that they would both recommend the surgery 
to another person and undergo the surgery again if given the 
choice. Over 70% of surveyed patients found the size, shape, 
and scars associated with their reconstructions to be "good" 
or "excellent. " However, contrary to what is previously be
lieved, over one-third of patients questioned reported moder
ate to severe loss of shoulder force and function. By strict 
physiometric measurements, there is comparable shoulder 
range of motion and slight decrease in shoulder strength when 
compared to preoperative measurements at 1 year postopera
tively. This amount of change does not substantially affect the 
ability to perform daily activities for most patients. 10 Also, 
reoperation rate was 50% for prosthesis-related problems at 
a mean follow-up time of 14.9 yearsY 
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FIG 1 2  • A patient with l eft b reast i nvasive d ucta l carc inoma who underwent b i l atera l mastectomies, adjuvant chemothera py, a n d  left 
chest wa l l  rad iat io n .  Above, 4-month postoperative resu lt  after comp letion of t issue expans ion .  Below, 9 months after exchange of the 
tissue expanders for s i l i cone i m p l a nts. 

• Breast reconstruction patients are typically satisfied in the 
short term ( < 5  years) with their choice of reconstruction 
across implant-based to autologous forms of reconstruction.12 

• Over the long term ( > 8  years ) ,  satisfaction with abdominal
based flap reconstruction is maintained, whereas satisfaction 
with implant-based techniques tends to depreciate. 12  

• Studies have also shown greater satisfaction with autologous 
reconstruction in patients requiring unilateral reconstruc
tions. This is likely the result of better symmetry with the 
natural contralateral breast . 12 

• Patient satisfaction in bilateral reconstructions has been 
found to be similar across all techniques provided that the 
same technique is used on both sides,12 highlighting again 
the importance of symmetry. 

COMPLICATIONS 
Flap-Related Complications 

• Infections/implant extrusions-risks for these complications 
are elevated for implant-only reconstruction of irradiated 
sites. Autologous tissue transferred to the chest over a pros
thesis offers greater resistance to infection or implant extru
sion than do prostheses alone on irradiated sites.U·14 

• Delayed wound healing-this complication typically occurs 
at the interface between the mastectomy flap and latissimus 
flap skin paddle. It often is a result of marginal mastectomy 
flap necrosis from poor skin perfusion, which is more likely 
in smokers and in the previously radiated breast skin. 

• Partial flap loss-an uncommon complication (-3% or less) 
that is also related to poor perfusion.15•16 It can be the result 
of poor skin paddle design. An excision of the necrotic seg
ment is usually required. 

• Total flap loss-this is one of the most devastating com
plications encountered and it occurs in less than 1% of 
reconstructions . 15• 16  

• Capsular contracture-recent studies based on the newest 
generation implants report approximately 1 6 % P  

Donor Site Complications 

• Seroma-approximately 9 %  of latissimus dorsi flap donor 
sites encounter a seroma. 15• 16  Some studies report as high 
as 34%. 1 7  

• Delayed wound healing-wound healing problems are 
encountered often in morbidly obese patients, diabetics, and 
smokers. These wounds are managed by debridement and 
dressing changes with healing by secondary intention. 
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Chapter 1 7  Pedicled Transverse Rectus 
Abdominis Myocutaneous Flap 
Breast Reconstruction 
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I 

Dale Collins Vidal Emily B. Ridgway 

DEFINITION 
• All patients undergoing mastectomy, or those who have un

dergone a prior mastectomy, are potential candidates for 
breast reconstruction. The choice to have breast reconstruc
tion is personal, and the options available for breast recon
struction are affected by an individual's anatomy, weight, 
prior surgical procedures and radiation, and personal pref
erences. Each patient is unique and consideration must be 
made of their current breast size, goal breast size, and ana
tomic limitations. 

• The pedicled transverse rectus abdominis myocutaneous 
(TRAM) flap was first described by Hartrampf in the 1 9 80s 
and remains the autologous "workhorse" of breast recon
struction. Diabetic patients, smokers, and patients with an 
elevated BMI or a pendulous panniculus have higher risk for 
flap failure . 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A complete medical and surgical history is essentiaL 
• Prior comorbidities should be identified and the decision for 

preoperative anesthesia evaluation should be made. 
• Current related history must include cancer stage; BRCA 

status; and prior treatments including lumpectomy, biopsy, 
neoadjuvant chemotherapy, and radiation. 

• Accurate documentation of any prior abdominal, pelvic, 
cardiac, and groin surgery is necessary in order to evaluate 
the candidacy for a TRAM flap. 

Aponeurosis of 

• Current breast size, the patient's goal for breast size, and the 
amount of abdominal tissue will also guide surgical planning 
and the need for a contralateral symmetry surgery. 

• Risks, benefits, and alternate therapies must also be reviewed 
with the patient including other autologous options ( free 
and pedicled) and implant-based reconstruction options . 

Anatomy 

• As with any surgical technique, a thorough working knowl
edge of the anatomy of the chest and abdominal wall and 
any variants is essentiaL The primary blood supply of 
the breast originates from internal mammary perforating 
branches. Secondary blood supply is received via perforat
ing arteries from the lateral thoracic, pectoral, thoracic, and 
lateral intercostal arteries .  Many of these vessels are injured 
during mastectomy and much of the mastectomy flap blood 
supply is compromised and relies on dermal and subcutane
ous vessels running just deep to the dermis. 

• The abdominal wall is made of skin, varying thickness of 
subcutaneous adipose tissue, and an anterior rectus fascia 
overlying the paired rectus abdominis muscles ( FIG 1 ) .  

• Deep t o  the muscles i s  the posterior rectus fascia made up 
of the transversus fascia and internal oblique muscle fascia 
above the arcuate line and the transversus fascia below the 
arcuate line. 

• The paired rectus muscles originate from the pubic bone 
and extend to the cartilage of the 6th, 7th and 8th ribs. 
The blood supply comes from the dominant deep inferior 
epigastric artery and the superior epigastric artery ( FIG 2 ) .  

t h e  external obl ique -----1Rr---'lr-- Transversus 
abdomin is 

'-----'--Transversus fascia 
Arcuate l ine  

1496 

'-'---- Inguinal  l igament 
(formed by the i nferior 
border of the external 
obl ique aponeurosis) FIG 1 • Abd o m i n a l  wa l l  m uscu l ature .  

-
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-,-------• ...--- Su perior epigastric 
artery 

"------- Deep i nferior 
epigastric artery 

FIG 2 • Abdom i n a l  wa l l  b lood supp ly. 

Additional blood supply comes from the posterior perforat
ing vessels accompanying the 8th through 12th intercostal 
neurovascular bundles. 

• Within the muscle, the superior and inferior epigastric arter
ies may not have direct anastomoses under normal condi
tions . These connections are made or increased with surgical 
delay of the deep inferior epigastric artery. 

• Musculocutaneous perforators pass through the muscle and 
anterior rectus fascia ( FIG 3 ) .  They are often gathered in the 
periumbilical area and in mirrored medial and lateral rows 
of perforators . The medial and lateral row of perforators 
on a given side is separated by approximately 1 .5 to 2 em. 

M uscu locutaneous 
perforators 

FIG 3 • Surg ica l  de lay is  performed to l igate the deep i nfer ior  
ep igastr ic  a rtery a n d  ve i n .  

I n  the case o f  the pedicled TRAM flap, the flap i s  based on 
the superior epigastric vessels. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• For high-risk patients, ligation of the inferior epigastric 
artery (surgical delay) should be considered. Surgical delay 
of the inferior epigastric artery is performed 10 to 14 days 
prior to the mastectomy. This is often performed at the time 
of sentinel lymph node biopsy in order to limit events requir
ing anesthesia. 

• On the day of reconstruction, the patient is  marked first 
in the standing position. At the breast, the inframammary 
fold (IMF ) ,  midline and a line 1 em off the midline on 
either side, the lateral breast extension, and proposed or 
prior mastectomy skin incision approach are marked. The 
width of the proposed breast reconstruction is measured 
as this will guide the ideal width of the abdominal flap, 
which is particularly important in delayed breast recon
struction where there is often a paucity of breast skin 
( FIG 4 ) . 

• On the abdomen, the midline is marked and an ellipse of 
skin including the umbilicus is marked. In our experience, all 
patients offer at least 13 em in width of the ellipse and this 
can be assessed with a pinch test ( FIG 4) .  

• The patient i s  then seated and any further extensions o f  the 
incisions are laterally marked to remove any " dog ear. " 

FIG 4 • Preoperative mark ing  of ch est a n d  abdomen i n  the 
sta n d i n g  posit ion .  N ote the latera l d i mens ion of the p l a n ned 
breast should correlate to the he ight of the p l a n ned TRAM f lap .  
The TRAM f lap  i s  centered around the s i te  of la rgest perforators 
at the peri u m b i l ica l reg i o n .  
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• Perioperative ant ib iotics a re provided and  a Foley catheter 
and seq uenti a l  com p ress ion device (SCD) boots a re p laced . 

• The f lap  can be ra ised w h i l e  the m astectomy is be ing  
performed.  No tumescence is  used . The super ior  i nc i s ion 
is  made fi rst, a n d  the upper  abdo m i n a l  wa l l  i s  ra ised to 
the level of the costochondra l  ca rt i l ages.  O n  the s ide 
of the p l a n ned reconstruct ion,  a tunne l  is  made th roug h 
the I M F  i nto the mastectomy pocket that fits a f ist a n d  
the p l a n ned f l a p .  

• The patient is then fl exed a n d  the super ior  abdom i n a l  
f l ap  broug ht down t o  ver ify its p e n d i n g  c losure a n d  the 
poss ib le  he ight of the f lap  to be created .  The i nfer ior  
i nc i s ion is then made .  Beg i n n i n g  l atera l l y  on each s ide ,  
the f l ap  i s  then e levated with e l ectroca utery a bove the 
level of the fasc ia unt i l  the latera l border of the rectus 
abdomin i s  is  see n .  At th i s  po i nt, e ither b i po l a r  o r  very 
l ow ca utery is recommended for conti n u i ng to com p l ete 
the identif ication of both the med i a l  a n d  l atera l rows 
of perforators (FIG S) .  I f  a b i l atera l reconstruct ion is 
p l a n ned, the m i d l i n e  i nc is ion may a l so be made to h e l p  
i n  exposu re f o r  d i ssect ion (FIG 6) .  No perforators s h o u l d  
be sacrif iced at th i s  t i m e .  

• Once a l l  perforators have been identif ied, the f l ap  vascu
l a r ity is  assessed .  I n  u n i l atera l reconstruct ion cases, if one 
f lap  has  a heart ier  b lood supp ly, th i s  f l ap  is  chose n .  

• Methylene b l u e  is then used to m a rk the p l a n ned fas
cia i nc is ions i n c l u d i n g  each row of perforators and o n ly 
the i nterve n i n g  fasc ia .  A no . l O  b lade is used to i n c ise the 
fasc ia  and sharp d i ssect ion around the outs ide of each 
med i a l  and l atera l perforator under Ioupe m a g n if ication 
(FIGS 7 and 8) .  The width of th i s  fascia (a pproximately 
2 em) is  a lso i nc l uded i n  the f lap superior ly to the level 
of the costocho n d ra l  cart i l age  (FIG 8) .  The under ly ing  
rectus m uscle is  then secured to the a nter ior rectus fas
cia and over ly ing Scarpa's fascia with severa l 3-0 Vicry l  
sutu res on e ither s ide to prevent the f lap  from be ing 
avu lsed from the m uscle .  

FIG S • Latera l  f lap e l evatio n :  Beg i n n i n g  l atera l ly on each 
s ide, the f lap i s  e l evated with Bovie ca utery a bove the level 
of the fasc ia  unt i l  the l atera l border of the rectus abdom i n is 
is seen .  At th is  poi nt, e ither b i p o l a r  or very l ow ca utery is  
reco mmended for conti n u i n g  to com p l ete the identif icat ion 
of both the med ia l  a n d  l atera l rows of perforators. 

FIG 6 • I f  a b i l atera l reconstruct ion i s  p l a n ned, the m i d l i n e  
inc i s ion m a y  a l so be m a d e  t o  h e l p  i n  exposu re f o r  d i ssect ion .  

FIG 7 • Methy lene b l u e  is  then used  to mark  the p l a n ned 
fascia i nc is ions i n c l u d i n g  each row of perforators a n d  o n ly the 
i nterve n i n g  fasc i a .  

FIG 8 • Perforator d i ssect ion .  A no .  10  b lade i s  u sed  to i nc ise 
the fascia a n d  sharp d i ssect ion around the outs ide of each 
media l  and l atera l perforato r under l o u pes magn if icat ion .  
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FIG 9 • F lap e levat ion :  The width of the fasc ia  with i n  the 
TRAM (a pproximately 2 em) i s  a l so i nc l uded i n  the f lap 
super ior ly  to the level of the costochondra l  cart i l age .  

• C i rcumfe rent i a l  m usc le d i ssect ion  is then co m p l eted, the 
deep i nfer ior  e p i g astr ic a rtery i d e nt if ied a n d  c l i pped,  
and the  infer ior port ion  of the m usc le d iv ided .  The f l a p  
i s  then r a i s e d  a n d  any  poste r ior  perforators a n d  i nter
costa l n e rves c l i pped such that there is no tether ing  of 
the f l ap  (FIG 9. At the super ior  border of the fasc i a l  
d i ssect ion ,  a b a c k  c u t  i s  m a d e  t o  a l low the f l ap  to ro
tate super ior ly  without tens ion o r  k i n k i n g  of the b l ood 
supp ly. The f l a p  i s  then p l aced with i n  the mastectomy 
pocket.  

• The donor  site is then verif ied for hemostas is  part icu la r ly 
at the s ite of the deep i nfer ior  ep igastr ic  a rtery l igat ion 
a n d  the na rrow g a p  i n  the a nter ior rectus fasc ia  c losed 
with 0-Vicryl and 0-polyd ioxa none (PDS) sutu res (FIG 10) .  

F IG  1 0  • Fascia c losure :  The a nter ior rectus fascia is  c losed 
with i nterrupted 0-Vicryl and a ru n n i n g  0-PDS suture. The 
poster ior  sheath has not been v io lated . Hemostasis is  cruc ia l  
pr ior  to c losure of the fasc ia .  

FIG 11  • F l a p  p lacement:  The f lap  is  then rotated i nto 
the ips i l atera l or contra latera l m astectomy defect via the 
prepared t u n n e l .  

I n  u n i latera l cases, a p l icatio n  may be performed o n  t h e  
contra latera l s ide t o  restore the u m b i l icus t o  the m i d l i ne .  
Th is  p l i cat ion a n d  c losure shou ld  extend f rom the costo
chondra l  m a rg i n  to the pub i c  bone to create a sm ooth 
des i ra b l e  abdom i n a l  contour. The bed is  then fl exed a n d  
two d ra i ns a re p laced exit ing  through i nfero l atera l sta b 
i nc is ions .  The Sca rpa's fascia is then approximated with 
0-Vicryl sutu res and the dermis  c l osed with bu r ied deep 
dermal 3-0 Vicry l  fo l l owed by a su bcuticu l a r  4-0 Monocryl 
and derma l  g l ue .  

• By t h i s  t i m e, the  mastecto my f l a p  can  be e i ther  c l i n i 
ca l ly assessed or stu d i es used to assess the  v i a b i l ity of 
the  mastecto my fl a ps .  The latera l border  of the  b reast 
can  be recreated u s i n g  d e r m a l  to fasc i a  3-0 V ic ry l  su
t u res .  Pucke r i n g  at t h i s  t ime is  expected a n d  w i l l  re
so lve .  I n  cases  of q u est i o n a b l e  f l a p  v i a b i l ity, th ese a reas  
may be exc ised o r  the  f lap i n set d e l ayed to a l low f u r
ther  d e b r i d e m ent of the  f l a ps 3 to 5 d ays l ater. I n  cases 
w h e re the  m a stecto my fl a p  i s  v i a b l e, the  TRAM f l a p  
i s  de-ep ith e l i a l ized i n  n o n-n i p p l e-spa r i n g  cases except 
for  the s ite of the n i p p l e-a reo l a r  c o m p l ex (NAC) o r  e n 
t i re ly  i n  cases of n i p p le-spa r i n g  mastecto m i es (F IG 1 1 ) .  

T h e  fl a p  i s  t h e n  secured m ed i a l ly a n d  super io r ly  with 
V icry l  sutu res to the  pecto ra l i s  fasc i a .  A d ra i n  i s  p l aced 
r u n n i n g  a l o n g  the  I M F  and exit i n g  t h r o u g h  a latera l 
sta b i n c i s i o n  (two d ra i ns a re p l aced if ax i l l a ry lym p h  
node  d i ssect i o n  has  b e e n  performed)  a n d  the  wo u n d  
i s  c l osed w i t h  d e e p  d e r m a l  3 - 0  V icry l  sutu res a n d  a 4-0 
M o n ocryl  su bcut icu l a r  suture fo l l owed by d e r m a l  g l u e  
(FIG 1 2) .  
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PEARLS AND PITFALLS 

FIG 1 2  • I m med iate tra m reco nstruct ion for left sk in  
spa r ing  mastectomy. 

Preoperative p l a n n i n g  • A thorough h i sto ry a n d  physica l w i l l  i dentify h i g h-r isk factors. 
• Smok ing  cessat ion shou ld  be stron g ly encouraged.  
• H i g h-r isk patients shou ld  be cons idered for surg ica l  de lay. 
• A thorough d i scuss ion with the patient rega rd i n g  goa ls  a n d  reason a b l e  expectations is  essenti a l .  

Pat ient mark ing  • Ca refu l mark ing  of the patient i n  the sta n d i n g  a n d  seat ing  posit ions is  essent ia l  to a successfu l  
TRAM f lap .  

I ntraoperative tech n i q u e  • U s e  e ither b i p o l a r  o r  very l o w  ca utery t o  avoid i n j u ry t o  the med ia l  a n d  l atera l rows o f  perforators. 
• Ca refu l ly assess the mastectomy flap v i a b i l ity. Excise any q uest ionab le  a reas o r  cons ider de lay ing the 

f l ap  i n set. 

POSTOPERATIVE CARE 
• Awaiting extubation and during transfer of the patient, the 

bed is kept in the flexed position. 
• Routine postoperative care includes removal of the Foley 

catheter on the night of surgery, SCD boots, and subcuta
neous deep vein thrombosis (DVT) prophylaxis beginning 
6 hours after the procedure is completed and per the Caprini 
scale. 

• Patients are moved to the chair and ambulated the afternoon 
of surgery or next morning. 

• Incentive spirometry is encouraged hourly. 
• No bra is initially placed to prevent compression of the ped

icle, and a binder is placed when patient is ambulating but 
not while in the chair or sitting up in bed again to avoid 
compression of the pedicle. The binder is recommended for 
6 to 8 weeks followed by use of compression undergarments 
for comfort. A surgical bra without underwire is placed in 
clinic on the first visit once the mastectomy flap has matured. 

• No postoperative antibiotics are given after inset of the flap. 
• Patients are discharged between 1 and 3 days after the pro

cedure or on the day of inset if inset has been delayed. 

COMPLICATIONS 
• The most common complications related to breast recon

struction is mastectomy flap necrosis. Careful inspection and 
experience with your breast surgeon is critical. 

• Partial flap loss or fat necrosis are also possible but have 
been limited by our requirements of smoking cessation and 
experience with surgical delay prior to TRAM. Complete 
flap loss is very unusual. 

• Abdominal bulge, hernia, and back pain are also reported 
complications of TRAM patients . 

• DVT and pulmonary embolus are life-threatening com
plications. 

OUTCOMES 
• In immediate breast reconstruction cases, common revisions 

include lateral abdominal dog ear scar revision. If the case 
was not nipple sparing, this can be performed under local 
anesthesia at the time of nipple reconstruction. 

• Asymmetry can be improved also based on the patient's 
breast size goal and preoperative size, with contralateral 
breast reduction or mastopexy. 

• Secondary revisions are more common in cases of delayed 
reconstruction. These can be performed to improve symme
try at the time of nipple reconstruction. 

• In all cases, the superior pole may have a paucity of tissue and 
can be improved with autologous fat grafting. A common 
secondary procedure includes NAC reconstruction, dog ear 
revisions, and fat grafting to the superior pole. 

• With these revisions, we have found patients to be very satis
fied with their outcomes, with a few number of interventions 
( FIG 1 3 ) .  
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Chapter 18 

I 

Free Transverse Rectus 
Abdominis Musculocutaneous 
Flap Reconstruction after 
Mastectomy 

- ----------------------------------- �----------------------------------------------------- · 
I 

Ma urice Y. Nahabedian Ketan M. Pa tel 

DEFINITION 
• Breast reconstruction using free tissue transfer techniques 

have become routine procedures following mastectomy. 
• The most common free flaps for breast reconstruction in

clude the free transverse rectus abdominis musculocutaneous 
(TRAM) flap and the deep inferior epigastric perforator 
(DIEP) flap. Indications for these flaps are primarily based 
on the availability of sufficient skin and fat at the abdominal 
donor site. 

• There are several decision points to be considered when 
determining candidacy for a free TRAM or DIEP flap. Many 
patients are now choosing to have bilateral mastectomy and 
reconstruction in the setting of unilateral breast cancer or 
for prevention of breast cancer. 

• Once the decision to proceed with an abdominal free flap 
for breast reconstruction has been made, decisions relating 
to the type of abdominal flaps are considered and based on 
patient anatomy and surgical experience. 

• Non-muscle-sparing free TRAM flaps are technically easier 
but are associated with increased donor site morbidity that 
includes contour abnormalities and weakness. These mor
bidities are increased when the continuity of the rectus 
abdominis muscle has been disrupted, such as with the tradi
tional pedicle TRAM and the MS-0 (full width) free TRAM. 
For these reasons, the full-width free TRAM flap is rarely 
performed and will not be included in this review. 

• Muscle-sparing free TRAM flaps and DIEP flaps are tech
nically more challenging and require a better understand
ing and appreciation of perforator anatomy and dissection 
techniques. This chapter will focus on the free TRAM flap, 
whereas the DIEP flap is covered in Part 5, Chapter 19. 

• Muscle-sparing TRAM flap classification1 ( FIG 1 [top]) 
MS-0: no muscle preservation (traditional TRAM flap) 
MS- 1: medial or lateral muscle preservation 
MS-2: medial and lateral muscle preservation (central 
muscle sacrificed) 
MS-3: total muscle preservation (DIEP flap) 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Many women with moderate to excessive volume are in

terested in these options because of the abdominoplasty 
appearance of the abdomen that is usually obtained. 

• In women that lack a suitable quantity of abdominal soft 
tissue, alternative donor site options such as the gluteal or 
medial thigh region are considered. 

• Sufficient donor site volume must be assessed to deliver 
appropriate breast volume. In some cases of bilateral free 
flap reconstruction, a hemiabdominal flap may not provide 
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adequate volume and adjuncts such as combining flaps 
with implants or autologous fat grafting may warrant 
consideration. 

• Prior abdominal surgery or body habitus may necessitate 
the use of computerized tomographic angiography (CTA) 
or magnetic resonance angiography (MRA) to assess the 
patency and location of the perforators and deep inferior 
epigastric artery and vein. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• A thorough history should focus on comorbidities, smoking 
history, previous surgeries, and medications that can alter 
surgical management and affect microvascular reconstruc
tion. (Examples include coagulopathies, previous cardiac 
bypass surgery, previous abdominal surgery, and antiplatelet 
medications.) 

• Physical exam will uncover hernias and previous abdominal 
scars. In addition, an assessment of the anterior abdomen 
for thickness and dimensions will aid in estimating a recon
structed breast volume. 

• General complications include bleeding, hematoma, seroma, 
infection, delayed healing, and injury to surrounding structures. 

• Specific complications include a 1 %  to 3 %  total flap failure 
rate, 2 early revisional surgery for microsurgical anastomotic 
thrombosis, late revisional surgery for contour irregulari
ties, breast asymmetry, poor cosmetic result, and donor 
site complications that include an abdominal bulge/hernia 
(3 % to 5 %)/ complex scarring, lateral "dog ears," and 
prolonged pain. 

• Average length of surgery can range from 4 to 8 hours for 
a unilateral reconstruction and 6 to 12 hours for a bilateral 
reconstruction. Appropriate deep vein thrombosis (DVT) 
prophylaxis and perioperative antibiotics are routinely used 
due to the length and extent of surgery. 

• The decision to proceed with a free TRAM or DIEP flap 
is sometimes made preoperatively and other times intra
operatively. Patients with a high body mass index (BMI) 
(>35) who have an overriding pannus are usually sched
uled preoperatively for a muscle-sparing free TRAM flap. 
In other patients, who are found to lack a dominant perfora
tor intraoperatively, the decision to convert from a DIEP to a 
free TRAM is made. If one or two dominant perforators are 
found, a DIEP flap is performed. 

Anatomy 

• The lower abdominal skin is supplied by perforating vessels 
from the primary source vessels that include the superior 
and deep inferior epigastric system. 

-
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MS-2 TRAM -----,----...:...:..IO!tW III• l lU III·----;--- MS-1 TRAM 
(medial and lateral (medial or lateral 
muscle preserved; muscle segment 
central muscle harvested) 
harvested) 

/ / 
\ 
\ ' 

, -'  ,. 
/ 

' 
' .... 

..... .... 

MS-0 TRAM ---------' 
(entire muscle harvest) 

MS-3 TRAM or D IEP 
(no muscle sacrificed) 
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-------------:-- Rectus abdominis muscle 

Lateral and 
medial branches ----�- --�-------::s;,...��-tf-"""TI , ' �'V 
Pedicle 

Deep inferior 
epigastric vessels -----'----------_.._,..----4gj,.,_ -�---------'--- External i l iac 

vessels 

FIG 1 • The va r iat ions of m usc le preservation dur i ng  abdom ina l  flap ha rvest a re shown . A trad it iona l  M S-0 represents the entire 
horizonta l seg ment of rectus ha rvest. An MS-1 ha rvest can either spare the med i a l  or l atera l seg ments of rectus abdom i n is m uscle as  
shown. Spar ing of the latera l seg ment of m usc le  may resu lt i n  a n  improved functiona l  benefit as  motor i nnervat ion to th i s  seg ment i s  
spared .  MS-2 f lap  ha rvest spa res the med ia l  and l atera l m uscle seg ments with  ha rvest of  a centra l port ion of the m usc le .  An MS-3 or D I E P  
f l a p  spares t h e  ent ire m usc le  and  req u i res i ntram uscu l a r  perforator d i ssect ion .  
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• Source vessels travel vertically along the fibers of the rectus 
abdominis muscle on each side of the abdomen and send 
vertical perforating vessels to the overlying skin and subcu
taneous tissue. 

ligament. The pedicle enters the rectus abdominis muscle on 
the undersurface from the inferolateral aspect of the muscle 
at the junction of the lateral and central third of the muscle. 

• Two main intramuscular branches are identified: a lateral 
and medial branch. These branches then send perforating 
vessels to the overlying skin ( FIG 1 [bottom]). 

• The inferior epigastric system originates from the medial as
pect of the external iliac system just superior to the inguinal 

ABDOMINAL FLAP HARVEST 

• The patient is ma rked i n  the upr ight posit ion (FIG 2). 

The a nter ior super ior i l i ac  sp ine  (AS I S) i s  pa lpated and  
marked b i l atera l ly. The  upper extent o f  the abdom ina l  
f lap i s  de l i neated, connecting  the  two AS I S  ma rks across 

• F lap e levat ion beg i n s  from a l atera l to med ia l  d i rec
tion at the l evel of the a nter ior rectus sheath .  The "safe 
zone" extends to the l atera l edge of the l i nea sem i l u na
r is .  Med ia l  to the l i nea sem i l u na ris, extreme p reca ut ions 
a re taken to p reserve and avo id i nj u ry to perforat ing ves-

the abdomen and stayi ng  approx imately 1 em a bove the • 
u m b i l icus .  The lower abdom i n a l  l i n e  is an est imat ion that 
extends from the two AS I S  mark ings  i n  a curvi l i near fash-
ion .  The i nfer ior l i m it of th i s  l i n e  is the pub i c  symphy-
sis. The fi na l  i nfer ior  l i ne i s  determ ined in the operat ing • 
room afte r the upper sk in  f lap is red raped .  The mark ings  
for a f ree TRAM f lap and  a D IEP  f lap a re identica l (FIG 3) .  

• The i n it ia l  inc i s ion is the upper abdom i n a l  e l l ipse. The 
i nc i s ion extends to the a nter ior rectus sheath us ing e lec
troca utery (FIG 4) .  The upper abdom ina l  ad ipocutaneous 
f lap is typ i ca l ly u ndermined to the m idpo int between the 
u m b i l icus and the xipho id  p rocess. • 

• The patient is f l exed 1 0  to 30 deg rees and  the lower 
abdomina l  e l l ipse is defi n itively de l i neated and i nc ised.  
The u m b i l icus is i ncised and  preserved on its sta l k. 

se ls from the deep i nfer ior ep igastr ic system (FIG 5) .  

A dec i s ion  at th i s  stage must be made to determ ine  if  
a musc le-spar ing  free TRAM f lap or DIEP f lap wi l l  be 
performed . I n  either case, the latera l i nnervation to the 
rectus abdom in i s  m uscle is  p reserved .  
If  b i l atera l free D IEP  f laps are to be performed, med ia l  
to latera l and  latera l to med i a l  perforator d i ssect ion i s  
performed (FIG 6) .  This  i s  fac i l itated us ing  b ipo la r  cau
tery or monopo lar  ca utery at very low cu rrent. Mosqu ito 
c lamps are used to e levate and d iv ide stra nds of m usc le 
f i bers without i n ju ry to the perforators or u nder ly ing 
vascu l ature .  
With the m uscle-spar ing free TRAM tech n iq ue, a n  i s land 
of perforators i s  defi ned and  the a nter ior rectus sheath 
surround i ng  the i s l and of perforators i s  i nc ised (FIG 7) .  

Common el l1pt1cal exc1s1on 
pattern for mastectomy 

Medial and lateral branches 

TRAM and D IEP 
flap markings 

Deep inferior epigastric 
artery and vein 

FIG 2 • An ob l ique or horizonta l e l l ipse 
is trad itiona l ly  performed du ring  a 
non-n ipp le-spar ing mastectomy. Other 
configu rations that can be used inc lude a 
per iareo lar  c i rcu lar  pattern or a vertica l ly  
or iented pattern .  Knowledge of the r ib  
anatomy and i ntercosta l spaces wi l l  a id  in  
select ing a recip ient site for  m icrosurg ical  
anastomosis .  A l a rge i nterspace, usua l ly  
the 3rd or 4th i ntercosta l space, is  usua l ly  
selected . The i nterna l  mammary vesse l s  a re 
located close to the sternocosta l j unction .  
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FIG 3 • The abdomen i n  sup ine  posit ion i s  shown. The 
upper inc i s ion i s  usua l ly located j ust a bove the u m b i l i cus .  The 
lower inc i s ion i s  p laced i n  the lower abdom ina l  crease or i n  a 
posit ion to a l low for donor  site c losu re. 

• 

• 

The med ia l  and  latera l sheath is e levated off the m usc le 
and  the retrorectus space i s  defi ned .  The surround i ng  
m uscle is d iv ided us ing  monopo la r  or  bipo la r  cautery. 
The super ior port ion of the rectus m uscle is cauterized 
and the d ista l extent of the vascu l a r  pedic le i s  c l ipped .  
Palpat ion beneath the m uscle w i l l  he lp identify the pu lse 
and locat ion of the pedic le to ensure that the pedic le i s  
with i n  the m uscle seg ment (FIG 8) .  

Once th i s  i s  performed, the f lap i s  so le ly  based on  the  
deep i nfer ior ep igastric system and  e levated f rom d ista l 

FIG 4 • The upper inc i s ion is performed fi rst. If b i l atera l 
reconstruct ion is be ing performed, the abdom i n a l  f lap can be 
d iv ided down the m i d l i ne .  

F IG 5 • F lap e levat ion beg ins  f rom the l atera l edge .  As the  
rectus sheath i s  encou ntered, latera l row perforators can be  
found  p ierci ng  the fascia to  perfuse the over ly ing sk in  and  fat. 

• 

• 

to p roxi ma l .  Cautery d i ssect ion p roceeds at low cu rrent 
(FIG 9) .  
The  p roxi ma l  port ion of  the ped i c l e  can be v isua l ized 
trave l l i n g  towa rd the latera l edge of the rectus m usc le 
and  i s  d issected us ing sharp i nstruments. A l l  s ide branches 
are c l ipped or l igated . Ca re must be taken to avo id  i n ju ry 
to the vesse l s  and  i ntercosta l nerves at th i s  stage as d i a 
therm ic  i n ju ry may resu lt i n  vessel thrombosis or neura l  
i n ju ry (FIG 1 0) .  

Ped ic le d i ssect ion i s  cont inued p roxim a l ly as deemed 
necessary for adeq uate pedic le length .  S l i ghtly increased 
ca l i ber  of the deep i nferior  ep igastric a rtery (D IEA)/deep 
i nfer ior ep igastr ic  ve in (D I EV) i s  seen with more p roxi ma l  
d i ssect ion .  Approximately 10  to  12  em may be obta ined 
if d issect ion i s  conti nued to the externa l  i l i ac vesse l s .  

FIG 6 • D i ssect ion from the med i a l  aspect of the f lap i s  
performed unt i l  media l  row perforators a re encountered and/ 
or unt i l  safe ly over the rectus m usc le .  

1505 
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FIG 7 • When harvest ing a musc l e-spar ing  TRAM f lap, a 
fasc ia l  i s l and is created around the perforators. The rema i n i ng  
fasc ia i s  e levated off o f  t he  surround i ng  m uscle fo r  better 
v isua l izat ion and d i ssect ion .  

FIG 8 • Carefu l d i ssect ion of the superior extent of the f lap 
w i l l  a l low for l i gat ion of the d i sta l ped ic le  to a l low for d i sta l 
to proxi ma l  f lap ha rvest. 

RECIPIENT VESSEL DISSECTION 

• The two sets of recip ient vesse l s  for free f lap breast recon
struct ion inc lude the i nterna l  mammary and  thoracodor
sa l  a rtery and  ve i n .  The most com monly used recip ient 
vesse ls are the i nterna l  mammary system .  

F I G  9 • Once t h e  m uscle cuff i s  ha rvested, proxi ma l  d i ssect ion 
wi l l  revea l  the ped ic le  vesse ls .  

FIG 1 0  • Care i s  taken to avoid i n ju ry to the ped ic le  dur i ng  
retrograde ped i c l e  d i ssection .  

• The i nterna l  mammary vesse l s  run paramed i an  to the 
stern u m  d i rectly beneath the costa l carti l age on the left 
and  the r ight s ide .  The thoracodorsa l vesse l s  are poste
rior in the axi l l a ry space and traverse a long  the anter ior 
su rface of the lat iss i mus  dors i  m usc le .  
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I nternal mammary 
vessels (underneath 
rib and muscle) ---------:r-,.. 

FIG 1 1  • Select ion of the i nterspace is usua l ly performed i ntraoperative ly with pa lpat ion of the 
i nterven ing  r ib  seg ments. Se lect ion of a r ib  too low can resu lt i n  a sma l l e r  ca l i ber ve i n  and a 
na rrow i nterspace. 

• The exposure tech n ique  described is for the i nterna l  mam
mary system .  An appropr iate i ntercosta l space is chosen 
that wi l l  a l low for adequate access for perform ing m icro-
surgery. Th is  is usua l ly  the 3 rd or 4th i nterspace (FIG 1 1 ) .  • 

• The pectora l i s  major m uscle over ly i ng  the des i red r ib  i s  
d iv ided a long  the d i rect ion of the fi bers us ing e lectro-
cautery. An adequate window is  made, a l lowi ng for fur- • 
ther r ib  and  vesse l d i ssect ion (FIG 1 2) .  

• The per ichondri u m  is then removed over ly ing the costa l 
port ion of the r ib  and  d i ssect ion p roceeds in a subper i -
chondr ia l  fash ion (FIG 1 3) .  • 

• Doyen surg ica l  i n struments a re used to release the pos
terior per ichondr i u m .  Caution i s  taken in this d i ssect ion,  
as i nadvertent passage through the poster ior per ichon
dr ium can resu lt i n  i nterna l  mammary a rtery and i nterna l  

mammary ve i n  ( IMA/I MV) vessel i nj u ry or entry i nto the  
p leu ra l  space. A r ib  cutter i s  then  used to  isolate and re
move a l atera l seg ment of costa l cart i lage (FIG 14) .  

R ib  remova l with a bone rongeur then proceeds from 
l atera l to media l ,  aga in avo id i ng  i n ju ry to the poster ior 
per ichondr i um (FIG 1 5) .  

Fo l lowing comp lete remova l of the costa l cart i l age seg
ment, the poster ior per ichondr i u m  is  d iv ided, e levated, 
and ca refu l ly excised us ing b ipo lar  ca utery and m icrodis
sect ion (FIG 1 6) .  

The i nterna l  mammary a rtery and  ve i n  a re v i sua l i zed .  
The ve i n  i s  usua l ly the med i a l  structure .  Occas iona l ly, a 
vena comitans is p resent. The recip ient vesse l s  are fur
ther d i ssected to c lear  the perivascu l a r  t issue us ing  Ioupe 
magn ificat ion (FIG 1 7) .  

FIG 12 • Div i s ion  a long  the pectora l i s  major  f i bers w i l l  revea l  
the des i red cart i l ag i nous r ib  for  resect ion .  

FIG 1 3  • The per ichondr ium i s  i n cised and  a n  e levator is  
used to c i rcu mferentia l ly d i ssect around the r ib  seg ment. 
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FIG 14 • A r ib  cutter is used to remove the cart i l ag i nous 
seg ment of r ib .  

FIG 16 • Ca refu l d i ssect ion is performed to separate the 
poster ior per ichondri u m  from the u nder ly i ng  vesse ls .  

FIG 1S • A rongeur  is  used to f in ish the remova l of the 
cart i l ag inous  port ion of r ib .  Ca re i s  taken to avo id  i n ju ry to 
the poster ior  per ichondr ium as the i nterna l  mammary vesse ls 
l i e  deep to th i s  structure .  

FIG 1 7  • Perivascu la r  d i ssect ion i s  performed i n  order to 
prepare the vesse ls  for m i croa nastomosis .  

MICROSURGICAL ANASTOMOSIS 

• I ntravenous hepar in  is usua l l y  adm in i stered pr ior  to d iv i 
s ion of the i nfer ior ep igastr ic vesse ls .  

• The ha rvested f lap is posit ioned over the chest wa l l  such 
that the i nfer ior ep igastr ic a rtery and  ve i n  are a l igned • 
with the i nterna l  mammary a rtery and  ve i n .  

• The med i a l  a nastomosis is usua l ly performed fi rst, wh ich 
i s  typ ica l l y  the venous a nastomosis .  Th is  i s  fo l l owed by 
the latera l or a rter ia l  anastomos is .  

• The dec is ion to use the vascu l a r  coup le r  (FIG 1 8) or to • 
perform a hand-sewn a nastomosis is based on su rgeon 
p reference. If  a coup ler  i s  chosen,  2 .0- to 3 .0-mm r ing i s  

usu a l ly recommended .  If a hand-sewn venous a nastomo
s i s  i s  chosen, 8-0 or  9-0 sutu res a re used i n  a n  i nterrupted 
or  conti n uous fash ion .  Avo idance of back-wa l l  sutu res is 
cr it ica l (FIG 1 9) .  Usua l ly 8 to 1 0  sutu res a re needed to 
comp lete the a rtery (FIG 20) .  

Fo l lowing comp let ion of the a rter ia l  and  venous anasto
moses, the vascu la r  ped ic le  m ust be appropr iately posi 
t ioned on the chest wa l l  to p revent twist ing and k ink ing  
i n  o rder  to  m i n i m ize ped ic le-re lated comp l ications  such 
as  throm bosis .  
Posit ion ing of the f lap on the chest wa l l  i s  a n  important 
step to recreate the breast contour  and shape. Fortunately 
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Inferior epigastric vein 

Inferior epigastric artery 

Forceps used to tamp 
vessel onto coupler spikes 

Internal mammary vein 

Internal mammary artery 

Venous coupl ing device 

Venous coupl ing device 

FIG 18 • When the venous cou p ler  i s  chosen to perform the venous anastomosis ,  proper or ientat ion of the coup le r  device 
wi l l  ensure a n  effic ient a nastomos is .  Perform ing  the donor ve i n  f i rst wi l l  a l l ow for reor ientat ion of the device prior to 
perform i n g  the rec ip ient s ide. The ta mp i ng  forceps have a s m a l l  centra l hole that a l l ows correct posit ion i n g  of the ve i n  on 
the cou p le r  sp i kes .  

FIG 19 • The med i a l ly located ve i n  i s  usua l ly anastomosed 
fi rst with i nterrupted m icrosutu res. 

FIG 20 • Arter ia l  a nastomosis i s  then performed us ing  the 
same m icroanastomosis tech n iq ues.  
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with free f laps, there are no points that tether the f lap and 
mobi l ity of the f laps is ma inta ined for  optima l  shap ing .  

• The abdomina l  donor  site c losu re is a n  im porta nt phase 
of the breast reconstruct ion .  With the D I E P  f lap, there 
is no m uscle removed and  usu a l ly no fasc ia;  therefore, 
the c losu re cons isted of a pr imary c losure us ing  a non
a bsorba b le  monofi l ament. Rei nforcement with a syn
thetic mesh is rarely necessa ry. With the musc le-spa r ing  
free TRAM, m uscle and  fasc ia  are removed; therefore, i t  
i s  sometimes necessary to rep l ace the fascia with  a syn
thetic or b io log ic  mesh. This i s  more common with b i lat
era l reconstruct ions compared to u n i latera l (FIG 21 ) .  

• Two dra ins  a re usua l ly p laced i n  the donor  s ite and  one 
d ra i n  i n  the reconstructed breast. 

FIG 21  • The donor  defect i s  shown. When l a rger seg ments 
of a nter ior rectus sheath a re ha rvested (such as in MS-0 and  
MS- 1  TRAMs), mesh  i s  used to  either rei nforce the anter ior 
abdom i n a l  wa l l  or to rep l ace the a nter ior fasc ia .  

PEARLS AND PITFALLS 
F l ap  d i ssect ion • F inger  pa l pat ion of the ped ic le  pu lse i s  cruci a l  dur ing musc le-spar ing ha rvest techn iq ues.  

• A longer pedic le wi l l  a l low for a l a rger  vesse l i nterna l d i ameter that more c losely matches the 
i nterna l  mammary vessel d i ameter. 

Microanastomosis 
tech n i ques 

• Secondary venous dra inage may be he lpfu l  for l a rger  f laps .  
• Radiated i nterna l  mammary vesse l s  a re l ess p l i ab l e  and may tea r more eas i ly  when us ing a venous 

coup le r  device. 

F lap i n sett ing • Excis i ng  rad iated mastectomy f lap  sk in  may prevent t ig htness of the f lap  i nset and  l ater contour  
i rreg u l a r it ies .  

• Suture tacks i n  the super ior port ion of the f lap w i l l  ma i nta i n  contour  of the super ior po le of 
the breast. 

POSTOPERATIVE CARE 
• Close flap monitoring occurs in the first 72 hours to ensure 

flap viability. A strict nursing flap check protocol includes 
frequent Doppler examination, color, and capillary refill as
sessments. Tissue oximetry is used on almost all flaps. 

• Patients are maintained on postoperative antibiotic therapy 
for approximately 5 days and aspirin for 1 to 2 weeks to 
prevent anastomotic thrombosis. 

• Ambulation is encouraged on postoperative day 1 or 2. 
• Patients usually stay in the hospital for 3 to 4 days following 

surgery and are discharged home. They are encouraged to 
shower on postoperative day 3. 

OUTCOMES 
• The free TRAM reconstruction has been demonstrated to re

sult in high levels of patient satisfaction and quality of life.4 
In long-term evaluation, autologous tissue reconstruction 
maintains a more natural-appearing breast as compared to 
implant-based reconstruction.5 

• Abdominal donor site morbidity is relatively low.6•7 Bulge/ 
hernia formation may occur in approximately 3 %  to 5 %  of 
patients. In the event that surgical repair is necessary, this 
is usually achieved with fascial plication and reinforcement 
with a synthetic mesh. 

• The free TRAM and DIEP flaps for breast reconstruction 
are valuable options for breast reconstruction following 
mastectomy. 

• Free tissue transfer techniques are useful in complex situa
tions such as prior radiation therapy, prosthetic failure, and 
in overweight and obese patients. 

• Microsurgical expertise is necessary to obtain predictable 
outcomes and a low failure rate. 

• Donor site morbidity rates are acceptable. Most women will 
achieve an "abdominoplasty" appearance of the abdomen 
following free TRAM and DIEP flap reconstruction. 

COMPLICATIONS 
• The most relevant complications following microvascu

lar breast reconstruction include anastomotic thrombosis, 
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hematoma, and flap failure. Postoperative flap monitor
ing is necessary to ensure prompt operative exploration in 
cases of vascular thrombosis. This is usually accomplished 
using tissue oximetry or Doppler analysis. Return to the 
operating room is necessary when there is a disruption 
in flow. Revision maneuvers include mechanical throm
bectomy, tissue plasminogen activator (TPA), and redo 
anastomosis. 

• Donor site morbidities are slightly more common and include 
contour abnormalities (hernia/bulge), incisional dehiscence, 
delayed healing, hematoma, and seroma. These complications 
can be managed conservatively but sometimes require opera
tive intervention. 
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Chapter 19 Deep Inferior Epigastric 
Perforator Flap Breast 
Reconstruction after 
Mastectomy 
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DEFINITION 
• Autologous reconstruction techniques after mastectomy are 

well-established options for breast reconstruction. Although 
over the years multiple flap options for reconstruction have 
been described, abdominal-based flaps continue to be the 
workhorse for autologous breast reconstruction. Abdominal 
flaps provide distinct advantages over implant-based recon
struction including a natural contour, superior symmetry and 
appearance of the reconstructed breast mound, and higher 
patient satisfaction.1•2 A secondary benefit of these flaps is 
the improvement they provide to the abdominal contour. 
Hartrampf et aJ.3 first described the pedicled transverse rec
tus abdominis myocutaneous (TRAM) flap in 1982, with 
its benefits of providing a soft, ptotic, aesthetically pleasing 
reconstruction that closely approximates the natural breast. 
Technical advancements and the continued quest to improve 
on flap perfusion and minimize donor site morbidity led to the 
introduction of the deep inferior epigastric perforator (DIEP) 
flap by Koshima and Soeda4 in 1989 with later popularization 
by Allen and Treece5 in 1994. The DIEP flap has gained in 
popularity over the years, and the potential benefits it offers 
include less abdominal wall weakness, bulging, and hernias.6-8 

ANATOMY 
• The DIEP flap is an adipocutaneous flap based on intramus

cular perforators from the deep inferior epigastric artery 
(DIEA) and deep inferior epigastric vein (DIEV). 

• The DIEA and DIEV originate from the external iliac vessels 
in the groin and course superomedially toward the lateral 
border of the rectus abdominis muscle. 

Type I Type I I  Type I l l  

1512 

• Deep to the rectus abdominis muscle, the DIEA and DIEV 
most commonly bifurcate (type II branching pattern) in the 
vicinity of the arcuate line and join up with the superior epi
gastric vessels above the umbilicus. 

• Other encountered branching patterns are the type I with no 
branching and type III with trifurcating vessels ( FIG 1 ) .  

• Perforators to the lower abdominal skin and adipose tis
sue come off the pedicle at multiple levels and are referred 
to as medial or lateral rows of perforators, indicating their 
relative position within the rectus/entry point into the flap. 

• Most perforators are found within a 10-cm radius from the 
umbilicus. 

• Zones of perfusion based on fluorescent perfusion studies9 
are illustrated in FIG 2-illustration with zones transposed 
onto rectus/pedicle. 

• In general, perfusion of the hemiabdominal flap ipsilateral 
to the perforators (zones I and II) is stronger than it is to 
the contralateral abdominal flap across the midline (zones III 
and IV). 

• Medial row perforators have a greater likelihood of perfus
ing tissue across the midline than do lateral row perforators. 

• In contrast, lateral row perforators have a greater likelihood 
of perfusing the most lateral extent of the ipsilateral hemiab
dominal flap than do medial row perforators. 

• Medial and lateral rows of perforators communicate via a 
subdermal plexus. 

• There is also communication between DIEA and DIEV sys
tem and the superficial inferior epigastric artery (SIEA) and 
superficial inferior epigastric vein (SIEV) system. 

• The SIEV is the dominant outflow vessel for the lower abdo
men in many patients. 

FIG 1 • Type I, type I I ,  and  type I l l  vascu l a r  bra nch ing  
patterns.  

-
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history and physical examination are critical in 

preparing for reconstruction. 
• Pertinent aspects of the history include previous abdominal 

or chest wall operations and medical conditions that would 
preclude patients from a lengthy operation under general 
anesthesia." 

• A focused abdominal examination evaluating the amount of 
lower abdominal adipose tissue and the location of surgical 
scars if present 

• A team-based approach involving surgeons, anesthesiolo
gists, primary care physicians, and other specialists such as 
cardiologists, as needed, ensures that patients are evaluated 
as a whole and all key concerns are addressed. 

A B 

FIG 2 • Zones of perfus ion of the lower abdomen based on  
f luorescent perfus ion stud ies. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Preoperative computed tomography (CT) angiography 

of the donor site has been advocated in recent years. The 
preoperative scans provide a road map for flap perfora
tors, with information on perforator location, size, and 
distribution ( FIG 3 ) .  

• I n  patients with long low transverse abdominal incisions, the 
scans also allow for the assessment of continuity of the flap 
pedicle beyond the incision. 

• Information gathered from scans has been shown to decrease 
operative times.10 CT scans, however, are not an absolute 
requirement for preoperative planning. 

c 
FIG 3 • A.B. Preoperative CT ang iog raphy of the lower abdomen .  C. A 3-D render ing of the abdom i n a l  soft t issue.  Perforator locat ions 
based on  axia l  cuts  are tra nsposed to the sk in  su rface to enhance preoperative p l ann i ng .  
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SURGICAL MANAGEMENT 
• In consulting with patients, decisions about the timing of re

construction (immediately after mastectomy or delayed) and 
the type of reconstruction are made, taking patient factors 
and tumor characteristics into consideration. 
• Patient factors of significance include the following: 

Patient preference 
Body habitus or the availability of abdominal donor tissue 
Body mass index 
Smoking history 
History of previous abdominal operations that compro
mise the vascular pedicle or donor site 
Medical comorbidities that would preclude patients 
from undergoing a lengthy operation 

• Tumor characteristics as they relate to the following: 
The need for postmastectomy radiation therapy or 
The need for close postmastectomy surveillance prior to 
reconstruction 
In general, patients known to require postmastectomy 
radiation therapy are reconstructed in a delayed fashion 
to avoid the detrimental effects of radiation on flaps. 
A history of radiation therapy also serves as a relative in
dication for use of an autologous form of reconstruction, 
as implant reconstructions in the setting of radiation are 
prone to higher rates of complications and failure. 

Preoperative Planning 

• In addition to basic labs, patients should be type and 
screened, particularly in cases of bilateral reconstructions. 

A B 

• All anticoagulant and antiplatelet medications should be 
stopped a week prior to the operation. Warfarin can be 
bridged with enoxaparin also a week prior. 

• Smokers are required to quit for a minimum of 4 weeks 
prior. 

• Patients receive preoperative antibiotics with intraoperative 
redosing. 

• Patients receive deep vein thrombosis (DVT) prophylaxis 
with use of a pneumatic compression device and subcutane
ous heparin at the beginning of the case. 

Positioning 

Marking/positioning 
• Preoperative markings of the breast and abdomen are per

formed with the patient in the upright position. 
• Key landmarks for the breast marked are the chest midline, 

inframammary fold, and a periareolar marking in the case 
of a skin-sparing mastectomy. The breast base width is also 
measured ( FIG 4A). 

• The upper marking for the abdominal flap is made at or 
just above the umbilicus with the location of perforators on 
preoperative imaging, providing some guidance. The breast 
base width is used to mark the potential vertical height/ 
distance from the upper marking to the lower marking. The 
lower marking is then made to complete the elliptical pattern 
( FIG 4B). 

• Patient positioning in the operating room (OR) is supine and 
the table is turned 180 degrees from the anesthesiologist, 
providing better access for two surgical teams ( FIG S ) .  

F I G  4 • A .  B reast preoperative mark ing .  B. Abdom ina l  preoperative ma rki ng .  
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Anesthesiologist 

Surgical team 1 
(surgical oncology) 

FLAP HARVEST 

Position of base 
of microscope 

later in case 

Surgical team 2 
(reconstruction) 

• Sk in  preparation with c l i pp ing  is performed as needed.  
• The breasts and  abdomen a re prepped and  d ra ped i n  a 

ster i le  fash ion .  
• The upper abdom ina l  i nc is ion is made with a sca l pe l ,  and  

d issect ion through the  ad i pose tissue down to  a nter ior 
abdom i n a l  wa l l  fasc ia is performed with e lectroca utery. 

• An ad ipocutaneous f lap  is e levated cepha lad  with the 
e lectrocautery, end ing  at the x iphoid centra l ly and  at the 
costa l marg i ns l atera l ly. Less e levat ion may be needed in 
patients with ample sk in  laxity. 

• The OR ta b le  is refl exed and  the ra ised upper  abdomi 
na l  f l ap  i s  tra nsposed downward to assess the a b i l ity of  
th is sk in  edge to meet the l ower abdom ina l  mark ings for 
c losu re .  The lower abdom i n a l  mark ings are at th is t ime 
adjusted as needed and  the tab le retu rned to its or ig i n a l  
posit ion .  

• The lower abdom i n a l  i nc is ion  is made su perfic ia l l y  with a 
sca l pe l  and  ca refu l d issect ion through  the ad i pose tissue 
i s  performed, a nt ic ipat ing  the presence of the S I EA and 
S I EV, typica l ly a bove Scarpa's fascia (FIG 6) .  

FIG 5 • Patient pos it ion ing  i n  the OR .  

• Once the su perfi c ia l  vessels are vis ua l ized, a Weit laner  FIG 6 • D issect ion of the S IEV with i n  the lower abdom ina l  
retractor i s  i ntrod uced to  provide further exposure and  i nc is ion .  

1515 
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FIG 7 • The latera l row of perforators visua l ized with 
suprafascia l  f lap e levat ion .  

• 

• 

• 

• 

• 

• 

the vesse ls a re d issected out toward the femora l  vesse ls • 
with use of tenotomy scissors and  b ipo la r  e l ectroca utery. 
In patients who a re not good ca nd idates for the S I EA f lap  
(S I EA) based on the a bsence of adequate-s ized vessels, 
the ve i n  is d issected to a length g reater than or equa l  to • 
5 em pr ior  to l igat ing it with hemoc l i ps and  d iv i d i ng  it. 
D issect ion down to the anterior abdom ina l  wa l l  fasc ia is 
then comp leted with e lectroca utery. • 
F l ap  e levat ion is performed i n  the suprafasc ia l  p lane  
f rom l atera l to med ia l  w ith  e lectrocautery unt i l  the lat-
era l  row of perforators a re encou ntered j ust med ia l  to 
the edge of the rectus fascia (FIG 7) .  

An inc is ion is made around the u m b i l i cus and  a long  the 
m id l i ne  of the f l ap  i n  b i l atera l reconstruct ion cases or  i n  
cases with hem iabdom ina l  f l aps l a rge enough for a u n i -
l atera l reconstruct ion .  • 
The u m b i l i ca l sta l k  is d issected out with b l unt-t i pped 
scissors and d ivis ion  of the f lap down the m id l i n e  is 
comp leted with e lectrocautery. 
I n  u n i latera l reconstruct ions that requ i re use of port ions • 
of the f l ap  that cross the m i d l i ne, the u m b i l icus is d is
sected out without sp l itt ing  the f lap .  
Suprafasc ia l  e levat ion of the f lap  f rom its med i a l  edge i s  • 
performed with e l ectroca utery unt i l  the med i a l  row of 
perforators are encou ntered .  

• 

• 

• 
FIG 8 • Perfus ion  map  with laser-ass isted i ndocyan i ne  g reen 
f luorescent dye with dark a reas i nd icati ng poor perfus ion .  

F IG 9 • Su bfasc i a l  exposure of f lap  perforators. 

D issect ion around the perforators is performed with 
a low-energy e lectrocautery, and at th is t ime, a l l  per
forators a re assessed for the i r  size and locat ion with i n  
the  f l ap .  
Sma l l  perforators (< 1 . 5 m m  i n  d i ameter) a re l i gated with 
hemoc l i ps and one or  more perforators with i n  e ither the 
media l  or  l atera l row are se lected for use.  
Laser-ass isted i n d ocya n i n e  g reen fl uo rescent dye can 
be e m p l oyed at t h is po i nt to assist with perforator se
lect ion. Appropr i ate-s ized Ac l a n d  c l a m ps a re p l aced 
on  a l l  perforators exc l u d i n g  the  few se lected and the 
dye is a d m i n istered by the  a n esth es io log ist i ntrave
nous ly. With i n  a few m i n utes of the  dye a d m i n istra
t ion, a rea l -t ime  perfus i on  map of the f lap is vis u a l ized 
(FIG 8) .  

Alternative ly, ca p i l l a ry refi l l  c a n  be assessed with the 
Acl and  c l amps i n  p l ace for a few m i n utes to determ ine  
adequacy of f lap  perfus ion  based on the few se lected 
perforators .  
The a nter ior rectus fascia adjacent to  the se lected row of  
perforators i s  i ncised with  e l ectroca utery i n  a cra n ioca u
da l  or ientat ion (FIG 9) .  

A m i l l imeter cuff of fasc ia i s  cut  with  a tenotomy around 
the perforator, free i ng  it f rom the surround ing  a nter ior 
rectus fasc ia .  
Two to 3 m l  of hepa r i n ized sa l i n e  i s  then i njected i nto 
the rectus m uscle adjacent to the i nd iv idua l  perforators 
with an o l ive-ti pped can n u l a .  The hepar i n ized sa l i ne  
used i n  th is fash ion  hydrod issects the  surround i ng  soft 
tissue away from the perforator and  a i ds with visua l iza
tion of the perforator cou rse. Th is tech n ique  is repeated 
as needed throughout the cou rse of the i ntra m uscu la r  
d issect ion (FIG 1 0) .  

The  perforators a re  d issected through  the rectus m usc le 
with the a i d  of a b ipo la r  e lectrocautery down to the 
l a rger  deep i nfer ior ep igastr ic a rter ia l  and  venous system 
that runs beneath the m usc le .  
The continuat ion of the D I EA and D I EV system to the 
super ior ep igastr ic vesse ls is encou ntered a bove the most 
cepha lad perforator and these vesse ls are l i gated with 
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A 

B 
FIG 1 0  • Hydrod issect ion tech n ique  for i ntra m uscu l a r  per
forator d issect ion i l l ustrated .  Hepari n ized sa l i ne  is i njected 
adjacent to the perforator and  creates a d issect ion p lane  
between the perforators and  m usc le .  The  arrows i l l ustrate 
the course of the hepar i n ized sa l i ne, which tracks a long  the 
perforator with each i nject ion . 

FIG 1 1  • A. I ntra m uscu la r  and  submuscu la r  d issect ion of 
perforators and  vascu l a r  ped ic le .  B. D I E P  f l ap  pedic le pr ior  to 
l igat ion .  

appropr iate-sized hemocl i ps 1 to  2 em cepha lad  to the • 
perforator. 

• The submuscu la r  d issect ion proceeds toward the externa l  • 
i l iac vessels in the pelvis and is performed with the e lectro-
cautery, leavi ng a cuff of ad ipose tissue around the vessels. • 

• The D I EA and  ve i n  are d issected to a po int where the i r  
l ength and  s ize a re a ppropr iate for the rec ip ient vessels 
i n  the chest (FIG 1 1 ) .  

A B 

Once ready for transfer to the chest, the a rtery is f i rst 
l i gated d ista l l y  with hemoc l i ps fo l l owed by the ve i n (s) .  
A tenotomy scissors is used to d iv ide the vesse ls proxi ma l  
to  the  c l i ps .  

The ha rvested f lap  (FIG 1 2) is prepared on  a back tab le 
by f l ush i ng  the f lap from its a rter ia l  end with hepar i n ized 
sa l i ne  unti l the venous outflow c lears u p  and is less 
b loody. 

FIG 1 2  • A.B. F l ap  ha rvested and  prepped on a back ta b le .  
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1518 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

RECIPIENT VESSEL EXPOSURE 

{INTERNAL MAMMARY} 

• A com mon cho ice and  the a uthor's preference for rec ip i 
ent  vessels are the i nterna l  mammary a rtery and ve i n .  A l 
ternatively, the thoracodorsa l a rtery and  ve i n  can be used .  

• Once the mastectomy is comp lete, the defect is i rr igated 
and hemostasis with e lectrocautery is performed as 
needed . 

• The med i a l  cart i l ag i nous aspect of the 3rd r ib  is pa l pated 
through  the pectora l is major m usc le .  The m uscle f ibers 
over th is med i a l  aspect of the r ib  a re sp l it ( idea l ly a long 
the f ibers) with e lectrocautery and  a Weit laner  retractor 
is i ntrod uced between the m usc le f ibers to provide expo
su re .  The m usc le sp l it is performed from the lateral edge 
of the stern u m  to a po int approximately 6 em l atera l .  

• The anter ior costa l  per ichondr ium is scored a long  its 
length with the e lectroca utery and  a lso perpend i cu l a r  to 
the lengthwise i nc is ion  at the med i a l  and  l atera l extents 
of the exposed cart i l age .  

• A freer or na rrow per iostea l e levator is then used to 
e levate the per ichondr ium off the u nder ly i ng  cart i l age 
c i rcumferenti a l l y  (FIG 1 3) .  

Rib cartilage 

Perichondrium 

Pectoralis major muscle 
FIG 1 3  • E l evation of the r ib  per ichondr i u m .  

MICROVASCULAR ANASTOMOSIS 

• The ha rvested D I E P  f lap  is transferred to the chest and  
secured to  the  chest wa l l  with sutu res . 

• With magn i fication from a microscope, the f lap  vessel 
ends a re prepa red, sharply cutti ng i rreg u l a r  vesse l  ends 
and  loose adventit ia .  

• S i m i l a r  preparation of the IMA and  IMV a re performed .  
• Anastomosis of the a rteries and  vei ns can be performed 

i n  whichever order based on the su rgeon's preference. 

• 

• 

• 

• 

• 

• 

The ca rt i l age is then excised with a rongeur  from latera l 
to med ia l ,  expos ing  the poster ior  per ichondr i u m .  The i n 
terna l  mammary a rtery and  vei n a re  somet imes vis ib l e  
th rough  the poste r ior per ichondr ium at  th is poi nt. 
A second Weit laner  is i ntrod uced perpend i cu l a r  to the 
fi rst us i ng  the latera l cut end of the r ib  as a n  anchor for 
one end of the retractor wh i l e  the opposite end retracts 
the med ia l  mastectomy f lap  out of the f ie ld .  
An i nc is ion  i s  made latera l ly through  the poster ior per i 
chond r ium with a sca l pe l  and  a freer is then i ntrod uced 
u nderneath the per ichondr i u m  and used to push a l l  soft 
tissue and  vesse l  downwa rd.  
The poster ior  per ichondr i um is then sp l it from latera l 
to med ia l ,  expos ing  the under ly ing i nterna l  mammary 
a rtery ( IMA) and  i nterna l  mammary ve i n  ( IMV) . 
The poster ior  per ichondr i um is b l unt ly d issected off the 
u nder ly ing vessels with a freer and  excised comp letely to 
provide optima l  exposure of the rec i p ient vessels .  

The IMA and IMV are d issected c i rcumferent i a l l y  and a 
backg round  mat with attached suct ion is p laced beneath 
both vessels (FIG 14) .  

FIG 14 • Exposed IMA and  IMV with p l acement of a back
ground mat with suct ion .  

• 

• 

The a uthor preferent i a l l y  coup les the vei ns pr ior  to the 
a rter ia l  anastomosis .  
An appropr iate-s ized s i ng l e  Acl and  c lamp is p laced proxi
m a l ly on the IMV and a hemocl i p  is app l ied d ista l ly pr ior 
to cutt ing the IMV with tenotomy scissors .  The cut vesse l  
end is then fl ushed with hepa r i n ized sa l i ne .  
A vesse l  s izer i s  used to  determ ine  the approxi mate ve i n  
d i ameter for both t h e  f l ap  ve i n  and  t h e  IMV and  the 
sma l l e r  of the two vesse ls determ ines the coup le r  s ize to 
be used .  
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• The f lap ve i n  is fi rst p l aced in one end of the coup le r  • 
fo l l owed by the IMV and  the cou p ler  is c losed without 
p lac ing  tens ion  on either vesse l .  The previously p laced • 
c l amp  is then taken off the IMV. 

• One end of an appropr iate-sized, doub le  oppos i ng  • 
Acland  c l amp is p laced proxim a l ly on the IMA and  
hemoc l i ps a re app l ied d ista l ly p r i o r  to  cutt ing  the  IMA. • 
The f l ap  a rtery is then i ntrod uced i nto the opposite end 
of the doub le-oppos ing  Ac land  c lamp .  • 

• An end-to-end anastomos is of the a rter ia l  ends is per
formed with 8-0 or 9-0 ny lon sutu res i n  an i nterru pted or 
ru nn i ng  fash ion  (FIG 1 S) .  

FLAP INSET/DONOR SITE CLOSURE 

• Peri phera l  zones of the f lap  that may be less optim a l ly 
perfused are excised .  

• The f lap  is then p l aced with i n  the mastectomy defect 
and  i nterrupted a bsorba b le  sutu res a re used to secure 
the flap to the med ia l  aspect of the chest wa l l .  

• The pattern of the skin paddle is marked and a l l  skin (epider
m is and derm is) outside of the paddle is excised with electro
cautery (FIG 1 6) .  De-epithel ia l ization here is a lso an option. 

• A dra in  is p l aced a long  the i nfer ior aspect of the mas
tectomy defect and exits the skin a long  the a nter ior 
axi l l a ry l i ne.  

• Sk in  c losu re for the f lap i nset is performed in l ayers with 
a bsorba b le  i nterrupted deep derma l  sutu res and a run
n i ng  su bcuticu l a r  suture. 

• 

• 

The OR tab le is reflexed; two dra ins a re p laced i n  the 
abdom i n a l  donor  s ite; and  c losu re of the defect is per
formed with a pprox imat ion of Scarpa's fasc ia,  the deep 
derm is, and  subcuticu l a r  layer. 

Once the anastomosis is complete, the f lap end of the c lamp 
is  taken off f i rst pr ior  to taking off the end on the IMA. 
With f low reestab l ished, papaver ine is i nfi ltrated i nto 
the adventit ia of the a rteries to prevent spasm .  
The  f lap  and  anastomosed vesse ls a re warmed with 
warm sa l i ne  and a l l owed to reperfuse for a few m i n utes . 
Dopp ler  s i gna ls are identif ied on the f lap  sk in  and  
marked with sutu res . 
Fat g rafts obta i ned from either the abdom ina l  donor  
s i te  or f lap  edge are p laced around the anastomosis to 
he lp  secure the desi red pos it ion of the vesse ls and  reduce 
k i nk i ng .  

F IG 15  • Microvascu l a r  anastomosis under  a n  operat ing 
microscope. A doub le  oppos i ng  Acl and  c l amp ho lds the 
a rter ia l  ends  i n  p l ace and  a n  end-to-end anastomos is is 
be ing performed with i nterrupted 8-0 ny lon sutures. The 
D I EV has been coupled to the IMV i n  the background .  

• 

The umb i l icus is de l ivered throug h  the sk in  f lap  a bove 
the horizonta l abdom ina l  c losure a long the m id l i ne  by 
creati ng an appropr iate-s ized defect with a fu l l -th ickness 
excis ion .  The umb i l icus is then i nset with a layered closure. 
M in ima l  d ress i ngs i n  the form of a skin glue product, Ster i 
Stri ps, or a n  o intment are then app l ied to a l l  suture l i nes .  

FIG 16 • F lap with a l l  sk i n  outs ide  of the sk i n  padd le  
excised; p reserved S I EV ca n be seen  on  the med i a l  aspect of  
the f l ap .  
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PEARLS AND PITFALLS 
Preoperative 
eva l uat ion 

• Preoperative CT ang iog raphy is a usefu l  tool to ass ist with perforator select ion-It provides i nformation on  
perforator locat ion and  size but  does not g ive i nformation on flow/perfus ion .  

• F lap perfusion based on a few perforators i s  better assessed by  laser-assisted indocyan ine g reen f luorescents dye 
or by physical exam ination with occ lus ion of a l l  perforators with the exception of the few selected perforators. 

Pat ient 
posit ion i ng  

• With the  patient i n  sup i ne  posit ion, the  tab le can  be  tu rned 1 80 degrees from the  anesthesiolog ist, provid ing  
better access for  two surgica l  teams. 

D issect ion of 
the vessels 

• Preserve as long a length of the S I EV (2:5 em) as poss ib le  for use as a n  add it iona l  outflow vesse l  i n  f laps with 
venous congestion after e levat ion or  tra nsfer to the chest. 

• The hydrod issection techn ique used for the i ntramuscu lar  perforator d issection s imp l ifies this portion of the opera
tion, creating d issection p lanes and a l lowing for better visua l ization of the perforators and sma l l  vascu lar branches. 

POSTOPERATIVE CARE 
• Patients can be transferred from the OR to a postanesthesia 

care unit (PACU) or directly to a unit with nursing capabili
ties for flap monitoring. 

• Flaps are monitored by physical examinations (color, tem
perature, capillary refill, and handheld Doppler signals) per
formed every hour for the first 24 hours and then checks can 
be spaced out to every 2 hours and 4 hours over subsequent 
hospital days. 

• Additional flap monitoring with continuous near-infrared 
spectroscopy (NIRS) tissue oximetry is employed for 72 hours 
postoperatively. 

• DVT prophylaxis is the only form of anticoagulation used 
routinely. 

• The patient's bed is kept in semi-Fowler's position at all 
times. 

A 

c 

• Diet is advanced from clear liquids to regular on postopera
tive day (POD) 1 with restrictions to caffeine intake. 

• Patients are assisted out of bed to a chair on POD 1 and they 
ambulate beginning on POD 2.  

• Foley catheters and intravenous (IV) fluids are discontinued 
and IV medications/patient-controlled analgesias (PCAs) are 
converted to orals on POD 2. 

• Patients are typically ready for discharge home from POD 3 
to POD 5. 

• Surgical drains are discontinued once the output is less than 
30 mL for two consecutive days. 

• Activities are limited and weight-lifting restrictions are in 
place for 6 weeks postoperatively. 

• The first postoperative visit is at 1 week following discharge. 
• Preoperative photographs of a patient with a left breast 

invasive cancer who opted for DIEP flap reconstructions are 
presented in FIG 1 7A,B. 

FIG 1 7  • A,B. Preoperative photog raphs of a patient 
with a left breast i nvasive ca ncer. C,D. Postoperative 
photogra phs of the breasts and abdom i n a l  donor  site 
after i m med iate b i l atera l D I E P  flap reconstruct ion 
with subseq uent revis ions i n c l ud i ng  b i l atera l n ipp le  
reconstruct ions .  The  patient w i l l  u ndergo n ipp l e  tattoo ing 
as  a fi na l  procedure .  
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• The same patient's postoperative results after immediate bi
lateral DIEP flap breast reconstruction and subsequent revi
sions are presented in FIG 1 7C,D. 

OUTCOMES 
• The goals of breast reconstruction are to create breast 

mounds that are aesthetically pleasing, symmetric, and simi
lar to the natural breast in appearance and feel. 

• Patient satisfaction is of great importance in assessing out
comes of reconstruction. 

• Breast reconstruction patients are typically satisfied in the 
short term (<5 years) with their choice of reconstruction 
across implant-based to autologous forms of reconstruction _ I I  

• Over the long term (>8 years), satisfaction with abdominal
based flap reconstruction is maintained, whereas satisfaction 
with implant-based techniques tends to depreciate. 1 1  

• Studies have also shown greater satisfaction with autologous 
reconstruction in patients requiring unilateral reconstruc
tions.12 This is likely the result of better symmetry with the 
natural contralateral breast. 

• Patient satisfaction in bilateral reconstructions has been 
found to be similar across all techniques provided that the 
same technique is used on both sides,12 highlighting again 
the importance of symmetry. 

COMPLICATIONS 
Flap-Related Complications 

• Infections-Surgical site infections are rare as these are clean 
cases and the autologous tissue transferred to the chest offer 
greater resistance to infection than do prostheses. 

• Delayed wound healing-This complication typically occurs 
at the interface between the mastectomy flap and DIEP flap 
skin paddle. It often is a result of marginal mastectomy flap 
necrosis from poor skin perfusion, which is more likely in 
smokers and in the previously radiated breast skin. 

• Fat necrosis-Varying degrees of fat necrosis are encountered 
in 10% to 15% of reconstructions; it occurs in small segments 
of flap adipose tissue with poor perfusion. This complication 
is apparent within a few weeks of the operation and presents 
as a firm palpable nodule, which occasionally causes some 
discomfort. These areas of necrosis can be directly excised 
or managed with liposuction (ultrasound assisted or suction 
assisted) during revision procedures. 

• Partial flap loss-an uncommon complication that is also re
lated to poor perfusion. Here, a segment of the flap is lost. It 
can be the result of poor perforator selection or thrombosis 
of one or more of the selected perforators. An excision of the 
necrotic segment is usually required. 

• Total flap loss-This is one of the most devastating com
plications encountered and it occurs in less than 2% of 

reconstructions. The ultimate cause of flap loss is a throm
bosis of the vascular pedicle, which could be brought about 
by a variety factors ranging from technical problems to 
hypercoagulable conditions. Early detection of thrombosis 
with a return to the OR and correction of the inciting prob
lem leads to flap salvage in most cases. 

Donor Site Complications 

• Hernias/bulges-the result of abdominal wall weakness; this 
complication is seen with much less frequency when com
pared to the TRAM flap, which by definition takes muscle 
and fascia as part of the flap harvest. The incidence of this 
complication has been shown to decrease with use of mesh 
reinforcement in TRAM flap harvests. 

• Delayed wound healing-Wound healing problems are 
encountered often in morbidly obese patients, diabetics, 
and smokers. Perfusion to the infraumbilical portion of 
the abdominal donor site is marginal in some patients; fat 
necrosis occurs in this area and ultimately results in a wound 
dehiscence. These wounds are managed by debridement and 
dressing changes with healing by secondary intention. 
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DEFINITION 
• Nipple-areolar reconstruction (NAR) is typically performed 

as the final stage of breast reconstruction after mastectomy. 
The nipple is reconstructed to give three-dimensional projec
tion, and the areola is reconstructed separately to mimic a 
natural nipple-areolar complex (NAC). 

PATIENT IDSTORY AND PHYSICAL FINDINGS 
• NAR is an elective stage of breast reconstruction that can 

be performed after any type of primary breast mound 
reconstruction. Published studies indicate that approxi
mately 50% of breast reconstruction patients elect to un
dergo NAR.1•2 

• NAR is performed at least 3 months after breast reconstruc
tion is complete. This allows the final breast shape and posi
tion to be obtained prior to placement of the NAC. 

• NAR can also be performed in a delayed fashion at any time 
a patient decides, including months or years after breast 
mound reconstruction. 

SURGICAL MANAGEMENT 
• There are many described techniques for nipple reconstruc

tion, including nipple sharing, local flaps, cartilage grafts, 
dermal grafts, and prostheses.3 Local flaps are the most pop
ular option and are described in detail in this chapter. 

• Reconstructed nipples lack the rigid ductal and smooth 
muscle elements of a natural nipple; therefore, the long-term 
maintenance of nipple projection continues to be the most 
challenging aspect of NAR. 4 

• Multiple autologous and prosthetic materials (auricular 
cartilage, rib cartilage, toe pulp, acellular dermal matrix, 
calcium hydroxylapatite, polytetrafluoroethylene implants, 
etc .) have been attempted to give permanent rigidity to the 
nipple; however, no single technique has demonstrated de
finitive superiority.3 

• Areolar reconstruction is primarily done by skin grafting, 
tattoo, or both. 

• The first described technique in this chapter is a skate flap 
for nipple reconstruction with a full-thickness skin graft for 
areolar reconstruction. This procedure is typically done in 
the operating room under sedation or general anesthesia. 

• The second described technique is a C-V flap for nipple re
construction, which can be used in combination with a tat
too for areolar reconstruction. This procedure can be done 
in the office under local anesthesia. 

Preoperative Planning 

• In unilateral NAR, the position, size, and shape of the op
posite nipple are taken into consideration to design the re
construction in addition to anatomic landmarks. In bilateral 
NAR, anatomic landmarks and standard measurements are 
used to position and design the NAC. 
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• Anatomically, the NAC is located at the anterior-most pro
jecting part of the breast mound at the level of the inframam
mary fold, centered on the reconstructed breast mound. 

• The nipple has an average projection of 5 mm and the areola 
has an average diameter of 35 to 45 mm. 

POSITIONING 
• In the operating room, patients are positioned supine with 

arms at 90 degrees secured to arm boards. Both breasts are 
prepped into the field to allow for evaluation of symmetry. 
Patients are secured to the operating table to allow upright 
evaluation intraoperatively. 

• In the clinic, patients are positioned supine with arms at 
sides. 

Skate Flap (Nipple) and Full-Thickness 
Skin Graft (Areola) 

• The patient is placed in supine position with arms abducted 
at 90 degrees. Arms are secured on arm boards. 

• The NAC position is selected at the anterior-most projecting 
part of the reconstructed breast with the patient in an up
right position. In unilateral nipple reconstruction, the NAC 
is placed symmetrically to the opposite side ( FIG 1 ) .  

• A donor site is  chosen for the full-thickness skin graft, 
which will be used to reconstruct the areola. Commonly 
used sites include the lateral edge of the mastectomy scar, 
the lower abdomen, and the groin crease. Additionally, the 
areolar graft can be taken adjacent to any of the patient's 
existing scars . 

• A 38 - or 42-mm nipple sizer is used to mark the areolar 
skin graft. An ellipse is drawn tangent to the areolar graft to 
allow linear closure of the donor site. 

• The areolar skin graft is scored with a knife prior to harvest. 
The ellipse is then excised as a full-thickness skin graft (FIG 2 ) .  

• The areolar graft i s  aggressively defatted with a small sharp 
scissor, leaving only full-thickness skin behind ( FIG 3 ) .  

• The skate flap is designed at the previously marked site ( FIG 4) .  

A 1- t o  1 . 5-cm circle i s  drawn a t  the planned location of 
the nipple. 

FIG 1 • N i pp le  pos it ion is se lected sym metrica l ly to the native 
n i pp le .  

I 
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F IG 2 • Areo la r  sk in  g raft i s  ma rked with a 38 -mm n i pp le  s izer. 
An e l l i pse is d rawn ta ngentia l l y  to fac i l itate l i near c losu re .  

A 38 - or 42-mm nipple sizer is  used to mark the areola 
centered around the nipple. 
A horizontal line is drawn across the circle at the superior 
edge of the marked nipple. 
The upper portion of the circle is crosshatched to mark 
the area that will be de-epithelialized. 
The lower portion of the circle will be raised as the "skate 
flap" to create the new nipple. 

• The epidermis is scored along all incisions. 
• The crosshatched semicircle is de-epithelialized ( FIG 5 ) .  
• The flap is then raised from the edges a t  the level o f  the mid

dermis. The deepest layer of dermis is left down in order to 
provide a vascularized bed for the areolar skin graft (FIG 6 ) .  

• The flap remains attached to the deep dermis a t  the marked 
nipple. The flap is raised in a slightly deeper plane at the 
center in order to include some fat with the flap to provide 
bulk ( FIG 7 ) .  

• The corners o f  the flap are centralized and sutured to the 
underlying dermis using 5-0 Vicryl Rapide ( FIG 8) .  

• The edges o f  the flap are sutured together using interrupted 
5-0 Rapide ( FIG 9) .  

• The cap is sutured down to close off the nipple ( FIG 1 0) .  
• The full-thickness skin areolar skin graft is sutured to the 

bed using 4-0 chromic half-buried horizontal mattress su
tures . The buried portion of suture is placed along the native 
breast skin to avoid scarring on the breast ( FIG 1 1  ) .  

• A 1-cm hole i s  cut in the center of the areolar graft to expose 
the nipple ( FIG 1 2 ) .  

FIG 3 • Areo l a r  s k i n  g raft i s  agg ress ively defatted .  

FIG 4 • Skate f l a p  des i gn .  

F IG  5 • Crosshatched a rea i s  de-epithe l i a l ized.  

FIG 6 • Skate f lap  is ra ised i n  the m idderma l  p l ane, leav ing  
centra l ped ic le  attached . 

FIG 7 • Skate f l ap  is shown raised . 
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FIG 8 • Edges of skate f lap  a re brought together  centra l ly to 
recreate n i pp le .  

• The graft is  secured to the nipple using interrupted 5-0 chro
mic sutures. 

• 4-0 chromic tacking sutures and piecrust incisions are placed 
in the areolar graft ( FIG 1 3 ) .  

• A protective dressing i s  applied using Mastisol o n  the na
tive breast, crisscrossed Steri-Strips, 2 X 2 fluffed gauze, and 
foam tape ( FIG 14A-D) .  The goal of the dressing is to protect 
the NAR without putting any pressure on the skate flap. 

• The dressing is kept in place for 5 to 7 days after surgery, at 
which time it is removed in clinic. 

C-V Flap 

• This procedure can be performed under local anesthesia 
with the patient awake. 

• With the patient in a seated upright position, the NAC posi
tion is marked at the anterior-most projecting part of the 
breast ( FIG 1 S ) .  

FIG 9 • Edges a r e  sutu red together i n  m i d l i ne .  

FIG 1 0  • Open end of n i pp le  is sutu red down as a cap.  

FIG 11 • Areo la r  sk in  g raft is sutu red to sk in  edges .  

FIG 12 • Centra l ho le  is cut i n  a reo lar  sk in  g raft to a l low n ipp le  
to  protrude.  

FIG 1 3  • Tack ing sutu res and  piecrust inc is ions are p laced in 
a reo lar  sk in  g raft. 
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B 

D 

• C-V flap is drawn as shown. The length of the flap is 
approximately 5 em (A to F), and the width is approximately 
1.5 em. The width of the flap (BD to CE) determines the 
projection of the nipple ( FIG 1 6) .  

• The subcutaneous tissue is infiltrated with 1 %  lidocaine 
with 1: 100,000 epinephrine ( FIG 1 7) .  

• Incisions are made along all edges except points B to D at 
the base of the nipple. This area is left attached and serves as 
the blood supply to the flap ( FIG 1 8) .  

• The flap i s  raised from both sides i n  the midsubcutaneous fat 
plane ( FIG 1 9A,B) .  

FIG 1 5  • B i latera l n i pp le  pos it ion ma rked a t  t h e  a nter ior-most 
project ing part of breast mounds adjacent to mastectomy scars .  

FIG 1 6  • Mark ings for  C-V f lap .  Length f rom A to F is 
approximately 5 em, width from BD to CE is approximately 1 . 5 em .  

FIG 14 • Bo lster d ress i ng .  A. Mastisol is app l ied 
to su rrou nd i ng  breast sk in ,  fol l owed by t ightly 
ad herent Steri-Str ips p laced i n  crosswise fash ion  
to  app ly pressu re to  g raft. B. Foam ta pe d ress i ng  
with a centra l ho le  fo r  n ipp le  i s  p laced over 
crosswise Ster i -Str ips .  C. 2 x 2 f luffed gauze is 
p l aced over the n i pp le .  D. Add it iona l  foa m tape 
is tented over the f luffed gauze without putt ing  
any pressure on n i pp le  reconstruct ion .  

• The incision is  closed from point B to C and D to E ( FIG 20 ) .  
• One flap edge (point A)  i s  brought to the center and sutured 

in place with 5-0 Vicryl Rapide ( FIG 21 ) . 

• The opposite flap edge (point F) is brought to the center and 
sutured to the first flap edge ( FIG 22 ) .  

• The cap i s  sutured down t o  close the top o f  the nipple and 
the remainder of the incision is closed with 4-0 Vicryl deep 
and 4-0 Monocryl running subcuticular ( FIG 23 ) .  

• Nipple projection i s  shown with both reconstructions com
plete ( FIG 24) .  

F I G  1 7  • 1 %  l idoca i ne  with 1 : 1 00,000 ep inephr ine  i s  i njected 
su bcuta neous ly. 

FIG 18 • C-V f lap  is i ncised through to m idfat level a long  a l l  
i nc is ions except 8 t o  D .  



1526 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A 

B 

FIG 1 9  • A. C-V f lap  is ra ised i n  the m idfat p lane .  B. C-V f lap  is 
shown ra ised . 

FIG 20 • I nc is ion  is c losed (po i nt B to C and  D to E). 

FIG 21 • One f l ap  edge (po int  A) is centra l ized and  sutu red to 
the deep su rface. 

FIG 22 • Opposite flap edge (po i nt F) is centra l ized and sutured 
to poi nt A. 

FIG 23 • Cap is sutu red down to c lose off n i pp le, and a l l  i nc is ions 
are c losed with i nterru pted sutu res . 

FIG 24 • F i na l  resu lt showi ng  project ion of b i l atera l C-V f l aps .  
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PEARLS AND PITFALLS 
I nd i cat ions • N i pp le-areo la r  reconstruct ion shou ld  be deferred u nt i l  the fi na l  breast mound shape is obta ined .  

P lacement of i nc is ion • F laps shou ld be based adjacent to the mastectomy sca r whenever poss ib le  to avoid add it iona l  scarr ing .  

Project ion • N ipple projection wi l l  decrease by 50% i n  the f i rst year; therefore, project ion shou ld be overestimated 
at the t ime of reconstruct ion .  

• Project ion ca n be i ncreased l ater with derma l  fi l l ers such as co l lagen or hya l uron ic  ac id .  

Areo l a  • Areo l a r  tattoo i s  often used a s  a n  add it ion to  sk in  g raft ing or a s  a pr imary moda l ity fo r  areo l a r  
reconstruct ion .  

• Tattoos often need more than one app l icat ion spaced over  severa l months i n  order  to ach ieve the 
f ina l  desi red co lor. 

POSTOPERATIVE CARE 
• After nipple reconstruction, a protective dressing should be 

applied and maintained in place for 1 week postoperatively. 
Brassieres should be avoided for the first 6 weeks to prevent 
pressure on the nipple flap. 

• If no skin graft is used, patients may shower after the dress
ing is removed 1 week postoperatively. 

• If a skin graft is used for areolar reconstruction, the bolster is 
removed 1 week postoperatively in the clinic, and daily Xero
form dressing changes are performed for 1 week. After 2 weeks, 
patients may shower and apply moisturizer to the graft. 

OUTCOMES 
• All modes of nipple reconstruction result in some degree 

of loss of projection over time, up to 50%.5 Most loss of 
projection occurs within the first 3 months, and final nipple 
shape and size is typically achieved by 1 year.6 C-V flaps tend 
to lose more projection than skate flaps over time. 

• Dermal fillers such as collagen and hyaluronic acid can be 
injected into the nipple to increase projection. 

COMPLICATIONS 
• Loss of nipple projection 
• Partial or complete flap necrosis 
• Partial or complete loss of areolar skin graft 
• Infection 
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Sebastian Winocour Valerie Lemain e  

DEFINITION 
• Reduction mammoplasty is defined by the removal of ex

pendable breast skin and parenchyma, and repositioning 
the nipple-areolar complex (NAC) in patients who suffer 
from breast hypertrophy. The goal is to achieve an overall 
reduction in breast volume in an aesthetic manner without 
sacrificing breast sensation or function. Other terms for re
duction mammoplasty include breast reduction and reduc
tion mammoplasty. 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnoses of breast hypertrophy include 

breast carcinoma, phyllodes tumors, benign breast masses 
(including fibroadenomas, neurofibromas, lymphangiomas, 
and breast cysts), hematomas, ectopic tumors producing sex 
steroids, pregnancy, lactation, and virginal hypertrophy. It is 
of paramount importance to distinguish benign breast hyper
trophy from breast carcinoma, which is much less common, 
tends to be unilateral, is usually eccentric with respect to the 
NAC and typically presents as a defined lesion firm to touch. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• A thorough history should be performed prior to treatment, 

identifying physical, functional, and psychological symp
toms. It is also important to obtain a detailed past medi
cal and surgical history, reproductive history, family history, 
social history, and current medications and allergies from 
the patient. 1 

• Physical and functional problems associated with macro
mastia include pain (neck, back, and shoulder), mastodynia, 
shoulder grooving, intertriginous rashes and/or infections, 
physical activity restriction, and difficulty fitting into clothing. 
Patients often suffer from psychological symptoms related to 
breast size, including feelings of physical unattractiveness and 
embarrassment in both private and social settings.2•3 

• Past medical history should screen for any diseases that 
would impact the patient's ability to recover from the reduc
tion mammoplasty, such as heart or lung disease, or impact 
the viability of the NAC postoperatively, such as collagen 
vascular diseases.1 A history of previous benign or malignant 
breast masses should also be elicited. Obtaining a thorough 
past surgical history should identify any previous breast or 
chest wall incisions that may influence planning of either the 
skin pattern incision or the pedicle to the NAC.1 

• Because childbearing can affect the size and shape of a 
woman's breasts, the reproductive history of the patient is 
important to understand and anticipate the effect reduc
tion mammoplasty will have on the future breast.1 Inquir
ing about plans for future pregnancies and breastfeeding is 
important to inform patients of the risks of the procedure. 
Finally, in patients who have recently given birth and who 
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may be currently breastfeeding, it is important to discuss 
timing of surgery because it is ideal to delay surgery for at 
least 1 year after completing either. 

• Obtaining a thorough family history is important to identify 
patients at increased risk for breast carcinoma. Younger pa
tients with a family history of breast cancer, in addition to 
any patient older than the age of 40 years, should undergo 
a preoperative mammogram in order to identify any sus
picious lesions prior to surgery.2 Some surgeons routinely 
obtain a bilateral mammogram in all patients considering 
reduction mammoplasty. 

• Smokers are at increased risk of compromise of the blood sup
ply to the NAC and for poor wound healing.1 Therefore, elicit
ing a smoking history may alter the timing of surgery. Current 
recommendations indicate that a period of at least 4 weeks of 
smoking cessation prior to surgery is ideal for best outcomes. 

• Macromastia can present at different periods in a woman's 
life and therefore surgical timing is important. When present 
during adolescence, the timing of reduction mammoplasty 
needs to be balanced with the effects of macromastia on self
esteem and physical activity restriction with ongoing puber
tal breast development and potential future childbearing.4 
In older patients who have encountered recent significant 
changes in overall weight, it is prudent to delay surgery for 
at least 1 year until their weight has stabilized, as this can 
translate into disproportionate changes in breast volume. 

• A bilateral breast examination should be performed in every 
patient, including examination of the axillary and supra
clavicular lymph node basins. The patient's height, weight, 
body mass index, and body surface area, as well as appropri
ate breast measurements should be taken, including breast 
width, sternal notch/clavicle to nipple distance, midline in
framammary fold to nipple distance, and the dimensions of 
each areola. 2 In addition, breast characteristics should be 
noted including symmetry, upper pole contour and fullness, 
presence of breast ptosis, skin quality including presence of 
striae, and breast tissue density (FIG 1 ). 1 

FIG 1 • A typ ica l  patient suffer ing from macromast ia .  

-



• A discussion of patient's desires and expectations following 
surgery is essential to avoid dissatisfaction and misunder
standings. In addition, the patient should be informed about 
possible complications associated with reduction mammo
plasty, including changes in nipple sensation, asymmetry, un
appealing breast size or shape, scarring, fat necrosis, NAC 
loss, inability to breastfeed, hematoma, and infection. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• The American Cancer Society recommends screening mam

mograms starting at age 40 years in patients with aver
age risk of developing breast cancer.5 These patients, and 
younger patients at increased risk of breast cancer, should 
therefore undergo a preoperative mammogram prior to re
duction mammoplasty. Many plastic surgeons routinely per
form a preoperative screening mammogram in all patients 
undergoing this procedure. 

SURGICAL MANAGEMENT 
• There are multiple surgical approaches to reduction mam

moplasty; however, all must deal with the following four 
considerations: (1) reduction in the parenchymal volume of 
the breast, (2) creation of the NAC pedicle, (3) reduction of 
expendable skin followed by redraping, and (4) reposition
ing of the NAC.3 This chapter will describe the most com
monly practiced Wise pattern (inverted T) technique, which 
reduces the medial, lateral, and superior breast parenchy
mal volume and maintains blood supply to the NAC by an 
inferior pedicle. Other techniques include the superior me
dial breast reduction, 3 short scar periareolar inferior pedicle 
reduction (SPAIR),l and the liposuction breast reduction,6 
among others. 

• Advantages to the Wise pattern technique include its repro
ducibility, popularity, and applicability to a wide range of 
breast shapes and sizes, whereas disadvantages include lon
ger scars and a tendency toward developing breast ptosis 
over the long term. 

Preoperative Planning 

• Preoperative markings with a permanent marker should be 
performed in the upright position in the preoperative hold
ing area on the day of surgery. 

• The chest midline, breast meridian, and inframammary 
creases are initially marked. The inframammary crease 
should then be transposed onto the anterior breast to mark 
the desired new nipple position.7 The distance from the ster
nal notch/clavicle to this point is measured and transposed 
symmetrically to the other breast. Eight-centimeter obliquely 
vertical limbs are then drawn medially and laterally from 
this point. They should be separated by a distance of 8 to 
10 em between their inferiormost points, depending on 
the desired breast width reduction. The bases of the verti
cal limbs are subsequently connected medially and laterally 
with a curvilinear line that joins the inframammary crease. 
Minor adjustments are made to account for breast asymme
try and minimize the appearance of standing cones (FIG 2 ) .  
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FIG 2 • A.B. Preoperative mark i ngs a re made with the patient 
i n  the stand i ng  pos it ion pr ior  to su rgery. 

• Although there is limited data to support the use of preop
erative antibiotics for reduction mammoplasty, the general 
consensus among plastic surgeons is that prophylactic an
tibiotics covering skin flora should be administered at least 
30 minutes prior to skin incision.8 Data can be also be ex
trapolated from several general surgery mastectomy studies 
demonstrating that antibiotic prophylaxis reduces the inci
dence of postoperative wound infections.9 

Positioning 

• Reduction mammoplasty is performed under general endo
tracheal anesthesia. 

• Because the procedure requires intraoperative assessment 
of breast symmetry, shape, and contour in the semi-upright 
position, the patient should be placed in the supine position 
with the bed break at the hips. The patient's arms should 
be securely padded on adjustable arm boards, ready for 
repositioning. 

• Sequential compression devices are applied to the lower ex
tremities and a Foley catheter is inserted. 
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PREINCISION INFILTRATION AND 

MARKINGS 

• The breast bases and  p l an ned i nc i s ions may i n it ia l ly be 
i nfi ltrated with 1 %  Xyloca ine  with 1 : 1 00,000 ep ineph
r ine .  Then ,  a n  8- to 1 0-cm-wide i nfer ior ly based derma l  
ped ic le i s  marked on the sk in  of each breast, extend ing  
i n  a c i rcu l a r  fash ion  a bove the NAC a l l  the way  down 
to the chest wa l l .  Using a cookie cutte r centered on the 
n i pp le, a 40- to 44-mm c i rcu l a r  marking i s  made with the 
breast sk in  under m i n i m a l  to no  tens ion to red uce the 
d iameter of the NAC (FIG 3) .  Tourn iquets may then be 
p l aced around each breast base to ass ist with hemostas is  
(FIG 4) .  After the sk in  i nc i s ions and  de-epithe l i a l izat ion 
of the dermal ped ic les a re com p leted, the tourn iq uets 
are removed.  

Initial Incisions 

• The m a rk i ng s  of the NAC a n d  de rma l  ped i c l e  a re 
i n it i a l l y  scored with the sca l p e l .  The sk i n  of the i n 
fe r io r  ped i c le  i s  t h e n  de-ep ith e l i a l ized down t o  t h e  

F I G  3 • A 40- t o  44-mm cookie cutter i s  centered on the 
n i pp le  with the breast sk in  under m i n i m a l  to no  tens ion to 
mark the neo-NAC. 

FIG 4 • Tourn iquets are p l aced around each breast base to 
m i n i m ize blood loss and are removed after sk in  inc i s ions  and  
de-epithe l i a l ization of the derma l  ped ic les .  

A 

c 

i nfra m a m m a ry l i ne,  l eav ing  the NAC i ntact. The derm i s  
between the vert i ca l  l i m bs i s  preserved to m a i nta i n  the 
derma l  a n d  subderma l  p l exus  b lood supp ly  to the NAC.  
Inc i s ions  a re made  around the n eo-NAC and a long the 
vert i ca l  l i m bs down to the su bcuta neous  t i ssue i so l at
i n g  the i nfe r io r  ped i c l e  from the s u rrou n d i n g  b reast 
parenchyma (FIG S) .  

F IG  S • A-C- The  sk i n  mark ings  a re  scored with the  sca lpe l  
after which the i nfer ior ped ic le  i s  de-epithe l i a l ized down to 
the i nframammary l i ne, leavi ng the neo-NAC i ntact. 
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A 
FIG 6 • A.B. Sk in  f laps are ra ised med ia l ly, latera l ly, and  
su per ior ly a round  the ped ic le .  

Creation of Skin Flaps 

• Med ia l ly, latera l ly, and superiorly based sk in f laps are then 
ra ised to separate the sk in from the breast parenchyma .  
The  f laps a re des igned to  g radua l ly i ncrease i n  th ickness as 
one approaches the chest wa l l  to ensure a smooth breast 
contour  when the sk in is eventua l ly redraped over the 
breast. They shou ld  measure 1 to 2 em i n  thickness (FIG 6) . 1  

Creation of the Nipple-Areolar Complex Pedicle and 
Parenchymal Excision 

• The i nfer ior  ped ic le is then created without undermin 
i ng  the b lood supp ly to the NAC .  The excess breast 

lll .. rJ/1.�--- Tissue area 

• 

to be removed 

parenchyma is systematica l ly excised med i a l ly, latera l l y, 
and  super ior ly. Super ior ly, breast tissue is removed down 
to the chest wa l l  extend ing  u p  to the level of the c lav ic le, 
whereas med ia l ly, it is removed down to the pectora l  fas
cia but stopp ing  short of m i d l i ne .  F i na l ly, a l ayer of breast 
tissue is left on the chest wa l l  latera l ly in an attem pt to 
preserve the i nnervat ion to the NAC (FIG 7) .  Wound  i r
r igat ion and  meticu lous hemostasis is ach ieved pr ior  to 
proceed i n g .  
A l l  breast parenchyma removed from t h e  breast i s  i n i 
t ia l ly weighed and  subseq uently sent to pathology for 
eva l uat ion (FIG 8) .  

FIG 7 • A.B. The i nferior ped ic le i s  created without 
com prom is ing  the b lood supp ly to the NAC by excis i ng  
breast parenchyma i n  the med ia l ,  l atera l, and super ior 
quad rants .  
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FIG 8 • The excised spec imen inc l udes sk in  and  parenchyma 
and  shou ld  be weighed pr ior  to havi ng  it sent to patho logy. 

• The same proced u re is repeated on the opposite breast 
with the goa l  of ach ievi ng breast symmetry in shape and  
s ize .  

Skin Reduction and Redraping 

• The sk i n  f l aps are red raped over the b reast a n d  tem po
ra r i l y  app roxi m ated us i n g  sta p les (FIG 9) .  The pat ient 
is then p l aced i n  the s i tt i ng  pos it ion and m i nor  adj ust
ments can be made to sk i n  app rox imat ion to ach ieve 
sym metry a n d  i m p rove aesthetics. The fi n a l  mark i ngs 
for the med i a l  a n d  l atera l i nfra m a m m a ry m a rg i ns 
can then be made; after wh ich ,  the sk i n  is excised as 
needed.  

• Once sym metry is ach ieved, and  with the patient sti l l  i n  
a s itt ing  pos it ion,  t h e  f i n a l  NAC pos it ion i s  determ ined 
with a 38- to 42-mm cookie cutter and  marked on the 
breast (FIG 1 0) .  The sk in  is then excised and  the NAC is 
exter ior ized (FIG 1 1 ) .  

Repositioning of the Nipple-Areolar Complex 

• Once the NAC is exter ior ized, the pos it ion and  or ienta
tion of the i nfer ior ped ic le is verif ied to ensu re that it is 
not d istorted .  A G i l l i es suture us i ng  a bsorbab le  monofi la 
ment may be p laced at the inverted T j unct ion,  which i s  
the point of maxi ma l  tens ion .  The NAC is  then secu red 
in its correct or ientat ion with bu r ied derma l  a bsorba b le  
monofi lament sutu res i n  fou r  quad rants .  A l l  i nc is ions a re 
then c losed i n  l ayers with deep derma l  i nterrupted ab
sorba b le  monofi lament sutu res, fo l l owed by a n  a bsorb
able runn i ng  su bcuticu l a r  monofi lament suture (FIG 1 2) .  

A d ry d ress i ng  i s  app l ied to a l l  wounds .  
• B u l b  suct ion d ra i ns may be left pr ior  to c losu re .  

FIG 9 • The breast sk in  f laps a re red raped over  the ped ic le  
and  secu red with stap les .  

FIG 1 0  • The f i na l  NAC pos it ion i s  chosen and  ma rked w ith  a 
38- to 42-mm cookie cutter. 

FIG 1 1  • The NAC is exte r iorized by i ncis i ng  the c i rcu l a r  
mark ing and  removing the c i rcu l a r  padd le  of sk in  and  soft 
tissue .  Care is taken not to i nj u re the under ly ing NAC. 
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F IG 1 2  • The  f ina l  resu lt after a l l  sk in  i nc is ions a re  c losed.  

PEARLS AND PITFALLS 
Pre i nc is ion i nfi ltrat ion 

I n it ia l  i nc is ions 

Creat ion of sk in  f laps 

Creation of the NAC pedic le 
and parenchyma l  excis ion 

Sk in  red uct ion and 
red rap i ng  

Reposit ion i ng  of  the NAC 

POSTOPERATIVE CARE 

• A sp ina l  need le  is he lpfu l  for thorough  inf i ltrat ion of the breast bases with anesthetic and  
ep inephr i ne  so lut ion .  

• On ly  the dermis of the vert ica l l i m bs shou ld  i n it i a l l y  be i ncised to a l l ow for better tract ion dur i ng  
de-epithe l i a l izat ion .  

• De-epithe l i a l izat ion can be more effic ient ly performed with  Kaye scissors as  compared to a 
sca l pe l  b lade .  

• Appropr iate f l ap  th i ckness is cr it ica l for good b lood supp ly to the sk in  and  to ma i nta i n  smooth 
breast contour. The sk in  f laps shou ld  g rad u a l ly i ncrease in th ickness as one approaches the 
chest wa l l .  

• Avoid d issect ion be low t h e  i nframammary fo ld  med ia l  and  latera l t o  t h e  NAC ped ic le  t o  prevent 
i nfer ior m ig rat ion of tissue and breast ptosis postoperative ly. 

• Sta p les ca n be an effect ive a lternative to sk in  approxi mat ion c l amps when red rap i ng  the sk in  
f l aps over the breast. 

• Crosshatched or ientat ion ma rks can be p laced after the sk in  is red raped to ensu re sk in  seg ments 
a re accu rate ly approximated when sta p les a re removed.  

• Verify that the ped ic le is not d istorted pr ior  to sk in  c losu re to avo id  ischem i a  to the NAC due  to 
u n usua l  position i ng .  

• After reduction mammoplasty, the patient should be  placed 
in either a breast binder/wrap or supportive brassiere that 
should be worn regularly for 2 to 4 weeks after surgery. This 
maintains pressure on the breasts, minimizing hematoma 
and seroma formation, and also relieves tension on the skin 
incisions, preventing wound dehiscence and unfavorable 
scarring (FIG 1 3 ) . 

of common preoperative symptoms including neck pain 
(91 %), back pain (96 %), shoulder grooving ( 100%), as 
well as a subjective improvement in perception of self-image 
(92%).10 

COMPLICATIONS 
• Undesirable scarring 
• Wound dehiscence 
• Infection (cellulitis or abscess) 

OUTCOMES 
• Outcomes following reduction mammoplasty are excellent 

with high overall patient satisfaction rates.8 The complica
tions most frequently reported are ( 1) symptomatic scar
ring ( 6 %), (2) wound dehiscence (5 %), and (3 )  infection 
( 1.2%). 10 Patients also report high reduction or resolution 

• Decreased NAC sensation 
• Breast asymmetry 
• Unappealing size and/or shape 
• Fat necrosis 
• NAC loss 
• Difficulty or impossibility to breastfeed 
• Hematoma 
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A B 

FIG 1 3  • Postoperative resu lt at (A) 1 month and  (B) 1 yea r after su rgery, respectively. 
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Chapter 2 2  Wide Excision of Primary 
Cutaneous Melanoma 
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Russell 5. Berman Jeffrey E. Gershenwa ld 

DEFINITION 
• Wide excision (WE) of a primary cutaneous melanoma is 

the term used to describe the definitive surgical management 
of the primary melanoma site . It is defined as the surgical 
removal of the primary tumor and/or the biopsy site that 
includes a defined radial margin of normal-appearing skin 
and underlying subcutaneous tissue. The appropriate mar
gin of resection is determined by the Breslow thickness as 
discussed in this chapter. 

• Depending on primary tumor characteristics and clinical 
nodal status, WE may be performed concomitantly with 
either intraoperative lymphatic mapping and sentinel lymph 
node biopsy (SNB) (for patients with clinically negative nodes 
and a primary tumor suggesting sufficient risk of occult re
gional node metastasis) or regional lymphadenectomy (for pa
tients with clinically involved regional lymph nodes without 
distant metastasis)1 (refer to Part 5, Chapters 3 1, 32, and 34). 

• The main function of the WE is to remove the primary 
tumor along with any nearby microscopic melanoma cells. 
In addition to following oncologic principles, the surgeon 
should also aim to simultaneously minimize dysfunction or 
disfigurement. This procedure is also known as a wide local 
excision. 

DIFFERENTIAL DIAGNOSIS 
• A WE should not be performed unless a definitive pathologic 

diagnosis of melanoma has been obtained. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A patient with newly diagnosed melanoma should undergo a 

comprehensive history that includes assessment of age, gen
der, personal or family history of melanoma or other malig
nancy as well as history of any nevus syndromes. The patient 
should also be assessed for any other significant medical and 
surgical history or issues, medications used, and allergies. 

• History of sun exposure and use of tanning beds, if any, 
should also be obtained. A thorough history may also pro
vide clinical clues as to the extent of disease present at diag
nosis. Symptoms such as worsening headaches or abdominal 
cramps may suggest distant metastatic disease and warrant 
additional workup. 

• A physical examination is extremely important in the newly 
diagnosed patient with melanoma. If a biopsy has been 
performed, the anatomic site and orientation of the biopsy 
should be documented along with the presence or absence of 
any residual pigmented lesion. 

• Skin and soft tissue between the primary site and draining 
regional nodal basin(s) should be examined for any signs 
of satellite metastases or in-transit disease. Melanoma 
most commonly metastasizes via regional lymphatics to re
gional lymph nodes. Nonetheless, because melanoma may 

metastasize to both regional and distant nodes, all palpable 
lymph nodes should be carefully examined in the new mela
noma patient, including cervical, supraclavicular, axillary, 
epitrochlear, inguinal, and popliteal nodes. For patients with 
a melanoma in a region of ambiguous drainage (typically 
considered to be the head and neck and trunk regions), mul
tiple nodal basin drainage is possible. Given the importance 
of the lymphatics in melanoma, meticulous attention to the 
lymphatic exam is essentiaL Evidence of lymphedema in 
the melanoma-bearing extremity may also suggest regional 
nodal disease. 

• It is imperative to confirm the specific site(s) of any primary 
melanoma to be treated. Although this may seem obvious, 
many patients have had concomitant and/or prior skin 
biopsies, and further clarification with source information, 
including pre-biopsy photographs and/or direct consultation 
with the referring clinician, may be necessary. Because biopsy 
sites may heal prior to treatment, photographic images are 
often obtained to document location(s) of all biopsy sites for 
which treatment is/may be planned. 

• The clinician should document the presence of any lymph
adenopathy along with details such as firm, fixed, or matted 
nodes. Clinically suspicious lymph nodes should be evalu
ated by fine needle aspiration biopsy (often performed with 
ultrasound guidance) and cytologic analysis. Biopsy-proven 
regional metastasis renders a sentinel node biopsy (SNB) 
procedure unnecessary to diagnose stage III disease in the 
involved basin. 

• Importantly, palpable "reactive" lymphadenopathy may 
sometimes develop following biopsy of the primary mela
noma, thus highlighting the importance of pathologic confir
mation of metastatic melanoma before definitive treatment of 
the basin-for example, lymphadenectomy-is considered. 

• Newly diagnosed melanoma patients should also undergo 
a head-to-toe skin examination to identify the presence 
of other suspicious skin lesions. Although it is beyond the 
scope of this section to review biopsy techniques in detail, 
an appropriate biopsy should include the epidermis, dermis, 
and at least a cuff of subdermal fat . This allows the derma
topathologist to accurately report the essential components 
of primary melanoma tumor histopathologic microstaging, 
including, at a minimum, Breslow thickness (in millime
ters), presence or absence of ulceration, mitotic rate, Clark 
level, status of peripheral and deep margins, and presence or 
absence of satellite lesions. 

• When signs and/or symptoms are suggestive of additional 
disease, a well-performed physical examination may raise 
suspicion for distant metastasis. Particular attention should 
be paid to the neurologic examination, assessing for any 
localizing symptoms or mental status changes. The find
ing of hepatomegaly, abdominal mass, or a rectal exam 
significant for mass or occult blood should prompt further 
workup. Finally, distant dermal or subcutaneous nodules or 
distant adenopathy also warrant investigation. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Treatment planning for patients with primary melanoma is 

based largely on primary tumor histologic microstaging. 
• In the absence of symptoms, the use of imaging studies as 

part of a staging workup has not been shown to significantly 
impact survival or the treatment algorithm of the newly 
diagnosed, clinically node-negative melanoma patient. For 
asymptomatic preoperative stages I and II melanoma pa
tients, preoperative cross-sectional imaging has a very low 
yield.2 In one study, only 1 of 344 (0. 3 %) studies correlated 
with confirmed melanoma metastasis; no significant impact 
on proposed surgical management or staging was noted. 3 

• Even among asymptomatic microscopic stage III patients 
(i.e., sentinel-node positive), cross-sectional imaging stud
ies infrequently identify distant metastatic melanoma.4 
Although positron emission tomography (PET)/computed 
tomography (CT) generally includes images of the extremi
ties, regions not typically imaged during standard CT or 
magnetic resonance imaging (MRI), a benefit for routine 
use of PET/CT has yet to be demonstrated in this patient 
population. 

• In the otherwise asymptomatic patient with clinically palpa
ble adenopathy, the detection rate of asymptomatic distant 
metastasis is higher and baseline imaging for staging (CT, 
PET/CT, MRI) is recommended.5 

• There is no specific tumor marker or biochemical parameter 
that has been validated and employed for melanoma screen
ing or recurrence. Elevated serum lactate dehydrogenase 
(LDH) level is an adverse prognostic factor in patients with 
distant metastatic melanoma and is included in the Ameri
can Joint Committee on Cancer (AJCC) staging system for 
stage IV disease. Patients with elevated serum LDH levels 
LDH levels are classified as Mlc regardless of distant ana
tomic site(s) involved.6 

SURGICAL MANAGEMENT 
Preoperative Planning 

Biopsy 
• Most cutaneous lesions suspicious for melanoma have been 

biopsied by a dermatologist or other health care provider 
prior to treatment referral. 

• If the biopsy of a lesion suspicious for melanoma has not 
yet been performed, the surgeon should plan and perform 
a biopsy: to establish a definitive histologic diagnosis, to 
obtain appropriate microstaging of the lesion (if melanoma 
is confirmed), and to maximize the potential for primary 
closure of the subsequent WE. 

• An excisional biopsy should include a narrow margin of 
normal-appearing skin around the suspicious lesion along 
with a cuff of underlying subcutaneous fat to provide the 
dermatopathologist with sufficient material to fully diagnose 
and, if melanoma, to histologically microstage the primary 
tumor. 

• An excisional biopsy of the extremities is typically oriented 
parallel to the long axis of the extremity ( FIG 1 ) .  On the 
trunk and head and neck, the orientation of the biopsy 
should ideally follow the lymphatic drainage of the involved 

Incorrect Correct 

Proposed � excision 

� Excisional --+----tH 
biopsy 

FIG 1 • I m porta nce of or ientat ion of excis iona l  b iopsy. An exc i 
s iona l  b iopsy of the extrem ity is typica l l y  or iented para l le l  to the 
long axis of the extrem ity (r ight panel) .  I n  th is exa m p le, i ncorrect 
or ientation ( left panel ) ,  wou l d  l i ke ly resu lt in the need for sk in  
g raft closu re, wh i l e  pr imary c losure cou l d  be l i ke ly be ach ieved 
if the b iopsy had been correct ly or ientated (r ight pane l ) .  Note 
the in the r ight pane l  exa mp le, the overa l l  excis ion has been 
extended to accommodate pr imary c losure. It is a lways im portant 
to cons ider  next steps when perform ing  a b iopsy. 

skin while also being mindful of the lines of tension for opti
mal closure. 

• lncisional biopsies are sometimes necessary for large lesions, 
especially in cosmetically sensitive areas. Such a biopsy 
approach does not always reflect the full primary tumor 
microstaging of the lesion, including margin assessment, 
and such limitations need to be considered during definitive 
treatment. 

• Shave biopsies are not generally recommended when a cuta
neous lesion is suspicious for melanoma, because the full ex
tent of the lesion (especially Breslow thickness) may not be 
included in the biopsy and the approach may limit accurate 
microstaging of the primary tumor. 

• Confirmation of the melanoma biopsy site(s) must be per
formed prior to any planned definitive treatment. 

Histopathologic microstaging of primary melanoma 
• In order to determine the appropriate extent of surgery for 

a patient with a primary melanoma-including WE margin 
and whether to offer/perform intraoperative lymphatic map
ping and SNB-assessment of several of the primary tumor's 
histopathologic features is essential. 
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• Breslow thickness (in millimeters), mitotic rate (expressed 
in mitoses/mm2), presence or absence of primary tumor ul
ceration, and the biopsy margin status (peripheral and deep 
margins) are all essential to define T stage and to guide ap
propriate surgical therapy; they should be assessed by a 
dermatopathologist. Additional primary tumor information 
that may be useful to the operative surgeon includes the 
presence or absence of lymphovascular invasion, neurovas
cular invasion, regression, extent of tumor-infiltrating lym
phocytes, histologic subtype, and Clark level. 

Margins of excision 
• WE includes a radial margin of skin and underlying subcuta

neous tissue, with margins appropriate for tumor thickness. 
• The radial margin chosen for the WE is based on the primary 

tumor (Breslow) thickness. At least five prospective random
ized trials conducted over the past three decades informed 
an evidence-based approach. Although detailed discussion is 
beyond the scope of this section, the recommendations from 
the National Comprehensive Cancer Network (NCCN) for 
the radial margin are as follows:5 
• Melanoma in situ: 0.5-cm margin (Note: For large diam

eter melanoma in situ, for example, lentigo maligna type, 
margins >0.5 em may sometimes be considered to ade
quately treat occult early invasive disease). 

• Less than or equal to 1.0 mm: 1.0 em 
• 1.01  to 2.0 mm: 1.0 to 2.0 em 
• 2.01 to 4.0 mm: 2.0 em 
• Greater than 4.0: 2.0 em 

Positioning 

General positioning strategies 
• Depending on primary tumor characteristics and other con

siderations, lymphatic mapping and SNB are most often 
performed in the same operative setting as a WE. For this 
reason, proper patient positioning should account for both 
the location of the primary melanoma and the location(s) of 
draining regional nodal basins. This may become challenging 
when the primary melanoma drains to multiple nodal basins 
and/or to interval, ectopic, and/or in-transit sites. Skin graft 
donor sites or other reconstructive issues must also be con
sidered when positioning the patient. 

Proximal extremity 
• For proximal upper extremity lesions, a supine position is 

generally appropriate for WE and SNB. For more posterior 
lesions near the shoulder, a modified supine position using 
a shoulder roll or a lateral decubitus position provides easy 
access for WE and closure. The arm, prepped circumferen
tially, should be supported to prevent injury to the brachial 
plexus and/or shoulder. 

• For proximal lower extremity lesions, the supine position 
provides excellent exposure of anterior or lateral sites, al
lowing both WE and SNB. When the melanoma is on the 
posterior proximal leg or the buttock, the WE may be per
formed with the patient in the lateral or prone position. 

Pressure points need to be padded and axillary and chest 
rolls need to be appropriately positioned. Some surgeons are 
comfortable performing both WE and inguinal SNB in the 
lateral position; a potential advantage is that repositioning 
is not required. Alternately, SNB can be performed in the 
supine position, and the patient repositioned for the WE. 

Distal extremity 
• In general, a supine position is appropriate for most distal 

extremity lesions. If SNB is also to be performed, access to 
the axillary, epitrochlear, and inguinal nodal basins is readily 
achieved. If a patient's melanoma drains to the popliteal nodal 
basin, then an alternative position other than the supine ap
proach should be used. The prone position is sometimes used 
so as to allow the sentinel node to be removed through an inci
sion that could be incorporated into a full popliteal node dis
section incision if evidence of metastasis were to be identified. 

• Heel melanomas not only have the potential to drain to the 
popliteal basin but may also require specialized reconstruc
tive approaches (e.g., wound vac device, rotational flaps, 
and/or vascularized free flaps). In this situation, use of a 
beanbag on the operating room table allows for reposition
ing as indicated. 

Truncal sites 
• When an SNB is performed with WE of a truncal mela

noma, the possibility of multiple nodal basin drainage pat
terns must be considered when devising an operating room 
positioning strategy. A preoperative lymphoscintigraphy will 
demonstrate afferent lymphatic drainage patterns to major 
and unusually situated (e.g., ectopic, interval) nodal basins. 

• For most anterior truncal melanomas (e.g., chest and abdo
men), the supine position allows for access to the primary 
and draining regional nodal basins. For lateral truncal mela
nomas, ideal positioning for the WE may include placing the 
patient in a partial or formal lateral position (with appropri
ate padding and brachial plexus protection). 

• When performing a WE only (e.g., for a thin melanoma 
without adverse risk features), back melanomas may be 
performed in the prone (e.g., for medial lesions) or lateral 
(e.g., for most back lesions) position at the discretion of the 
surgeon. Appropriate padding and brachial nerve protec
tion must be employed and airway protection is essential. 
If SNB is being performed in the same operative setting, pa
tient positioning must foster access to draining nodal basins 
including multiple and/or unusually situated nodal basins. It 
may be necessary to reposition the patient after the SNB and 
before the WE ( FIGS 2 and 3) .  

Head and neck sites 
• Head and neck melanoma patients must also be carefully 

positioned with consideration of the WE, reconstructive 
requirements, and in continuity access to draining regional 
nodal basins if SNB is to be performed. Whether in a supine, 
prone, or lateral position, the head and neck must be ap
propriately supported and padded. Additionally, the airway, 
eyes, and ears must be protected. 
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A 

........... 
Left groin 

B 

c 

FIG 3 • Example  of an operative position ing strategy for patient 
with the m id l i ne  melanoma of the mid back u ndergoing wide 
excis ion and lymphatic mapping and sent ine l  node biopsy i n  the 
same operative procedu re. (Note lymphosc in it igraph ic  dra inage 
to the bi latera l groin reg ions and left axi l l a  as shown i n  f igure 2) . 
Due to rad iotracer "shine through "  from the pr imary i nject ion 
s ite i n  the m id l i ne  back, the patient was p laced i n  the l atera l 
decub itus position to address both the left axi l l a ry dra inage and 
pr imary tumor  site (m id l i ne  back) (A and B) . (continued) 

· . .  

FIG 2 • Lym phosc int igraph i c  images of a patient 
with a pr imary cuta neous me lanoma of the m i d l i ne 
m i d  back demonstrates rad iotracer u ptake activ ity 
in the b i l atera l gro ins  and  the left axi l l a .  

B 



c 

C h a p t e r  22 WIDE EXCIS ION OF PRI MARY CUTANEOUS MELANOMA 1539 

WIDE EXCISION MARGIN 

• The p lan ned marg i n  of excis ion of the pr imary melanoma 
is based on the B res low tumor thickness as described above 
and refers to the rad i a l  marg i n  of normal-appear ing sk in  

PLACEMENT AND ORIENTATION OF 

INCISION 

• Proper p l ann i ng  of the i nc is ion is cr it ica l .  The su rgeon 
m ust cons ider  the requ i red rad i a l  marg i n  ( i .e . ,  marg in of • 
excis ion), the specif ic a natom ic  pr imary site i nvolved, as 
we l l  as the q u a l ity and  qua ntity of loca l soft t issue .  

• Because the resu lt i ng  f i na l  i nc is ion may be s ign if icantly 
longer than what the patient m ight have otherwise 
a nt ic i pated, based on the usu a l ly "sm a l l "  b iopsy s ite, 

A 

FIG 3 • (continued) The patient was then reposit ioned to 
sup ine  to perform b i l atera l i ngu i na l  senti ne l  node b iops ies (C) . 
Note that if rad iotracer sh i ne  th roug h  was not a problem, 
then the pat ient cou l d  have been i n it i a l l y  pos it ioned i n  the 
supine pos it ion (after i nject ion of both isosu lfa n b lue dye and 
rad ioco l lo id)  to address the b i l atera l i n g u i n a l  noda l  bas i ns as 
wel l  as left axi l l a ry noda l  bas i n  and  then repos it ioned i nto the 
l atera l decub itus pos it ion to perform the wide excis ion of the 
back me lanoma .  Regard less of approach, it is i m portant to 
sca n i nterven ing  reg ions with the gamma probe. 

to be resected. If the pr imary melanoma is ent ire ly or par
t ia l ly  i ntact, the marg in  shou ld  be measu red from the pe
r iphery of the vis ib le  les ion .  When the ent ire p igmented 
les ion has been excised by the previous b iopsy, the marg i n  
shou ld  be measured from t h e  peri phery o f  t h e  b iopsy sca r. 

we strong ly recommend that th is theme be i ntegrated 
i nto the surg ica l  consu ltat ion and preoperative vis its :  a 
"sca le"  d rawi ng  presented to the patient at the t ime of 
i n it i a l  and/or preoperative visit is often very i nstructive. 
The recommended marg in  of excis ion  is based on  pr i 
mary tumor th ickness (descr ibed above) and is measured 
from either the edge of the i ntact me lanoma or b iopsy 
scar, genera l ly resu lt ing  in the proposed c i rcu l a r  or ova l 
defect ma rked on the sk in  (FIG 4A,B) .  When a pr imary 
c losu re is p l an ned, the c i rc le  or ova l can be mod if ied i nto 

B 

FIG 4 • A.B. In th is exa mp le, the patient has a l ready been i njected with both Tc-99 su l fur  co l lo id and  isosu lfan b l ue  i ntraderma l ly 
around the b iopsy site for a lym phat ic mapp ing  and  sent ine l  b iopsy procedure at the t ime of wide excis ion in the same operative 
sett ing .  The recommended marg i n  of excis ion is based on pr imary tumor th ickness and is measu red from either the edge of the 
i ntact me lanoma or  b iopsy sca r, genera l ly resu l t ing i n  the proposed c i rcu l a r  or ova l defect marked on the ski n .  
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FIG S • When a pr imary c losure as p l an ned, the c i rc le  or ova l 
is genera l ly fash ioned i nto an e l l i pse pr ior  to wide excis ion 
to improve cosmetic outcome and  fac i l itate pr imary c losure. 

a n  e l l i pse pr ior  to WE to improve cosmetic outcome and  
fac i l itate pr imary c losu re (FIG S) .  Excis ion of an  e l l i pse 
of t issue resu lts in a more g radua l  tra nsit ion in wound  
contour  and  m i n i m izes "dog  ears "  a t  the  po les o f  the 
inc is ion .  

• Creat i o n  of a n  e l l i pse th ree to four  t imes as l o n g  as it is 
w ide  has often been recommended  i n  textbooks; cos
met ica l ly accepta b l e  c l os u re can somet imes be ach i eved 
with a s m a l l e r  rat i o  and s h o u l d  be i n d i v i d u a l ized .  

• Alternative ly, t issue that may contr ibute to dog ears 
can be resected after the onco log ic  port ion of the WE.  
Depend i ng  on  the l i nes of tens ion of the sk in ,  a mod if ied 
e l l i pse such as lazy 5 or " h u rr icane" -type (FIG 6) i nc is ion 
may fac i l itate c losu re, genera l ly as  tr ia ngu l a r-shaped 
seg ments of skin and under ly ing su bcutaneous tissue .  

• When feas i b le, the i nc is ion  shou ld  be or iented to fac i l i 
tate pr imary c losu re .  O n  the extrem it ies, fo r  examp le, 
the WE i nc is ion  is usua l ly or iented para l l e l  to the long 
axis of the l imb .  Th is fac i l itates pr imary c losu re, resu lts i n  
g reater excis ion o f  lym phat ics that a re  a t  risk fo r  me la
noma tumor ce l l  embo l i ,  and  may decrease subseq uent 
lymphedema.  

• B reast-Primary cutaneous me lanoma of the sk in  of the 
breast should be managed with s im i l a r  pr inc ip les as cu
ta neous me lanoma e lsewhere. A mastectomy is not re
q u i red to ach ieve onco log ic  contro l .  

SKIN INCISION 

• The sk in  i n cis ion is typica l l y  made with a no .  1 0  or 1 5  
b lade sca lpe l ,  i n it ia l ly to the l evel of the deep derm is. 
The rem a inder  of the dermis can be d iv ided either us ing 
the e lectroca utery on cutt ing  mode or  by us i ng  a sca l pe l .  
Ca re i s  req u i red t o  avo id  cautery t o  t h e  sk in  edges, a s  th is 
may resu lt i n  wound  hea l i n g  issues .  

• The excis ion cont inues by deepen i ng  the i n it i a l  i nc is ion 
i nto the subcuta neous t issue to the level of the m uscu la r  

• Ha nd, foot, and  d ig its-Genera l marg in  gu i de l i nes for 
cuta neous me lanoma shou ld  be fo l l owed and cons ider
at ion for preservat ion of fu nct ion shou ld  be maxi m ized. 
As a genera l  pr inc ip le, it is not usua l l y  necessary to re
move bone to obta i n  oncolog ic  control of the pr imary 
me lanoma .  H owever, amputation is usua l ly necessary 
if sta ndard WE for subungua l  or d ista l d i g it i nvasive 
cuta neous me lanoma leaves i nsuffic ient soft tissue to 
ma i nta i n  a funct iona l  d i g it without part ia l  pha l anx bony 
resect ion .  Pha lanx-preserv ing  approaches can somet imes 
be emp loyed for d ista l d i g it/subungua l  me lanoma i n  s i tu .  

• Per i ana l  sk in  me la nomas shou ld  be treated as cutaneous 
me lanomas .  

FIG 6 • Depend i ng  on the l i nes of tens ion of the sk in ,  a 
mod if ied e l l i pse such as lazy 5 or h u rr ica ne-type i nc is ion may 
fac i l itate c losu re .  

fascia; ca re m ust be taken to  ma i nta i n  a n  ang le  of attack 
through the subcutaneous tissue that is perpend i cu la r  to 
the sk in  su rface. The actua l  depth of excis ion w i l l  vary 
accord ing  to the a natomic  locat ion of the pr imary me la 
noma .  It is rare ly  necessary to i nc lude  fascia with  WE5; 
an exception is when pr ior  surgery at the site i nc l uded 
or  a butted the fascia such that c lear  margin ca nnot be 
ach ieved or in the case of obvious tumor i nvolvement at 
the fasc ia .  
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EXCISION OF SPECIMEN 

• Once the depth of the resect ion has reached the under ly
ing m uscu la r  fasc ia,  the WE is comp leted by d issect ing  
sk in  and  soft tissue f rom the under ly ing  fascia usi ng the  • 
e lectrocautery (FIG 7) .  

• WE speci mens are a lmost a lways subm itted for per
manent sect ion ana lysis; i ntraoperative frozen sect ion 
ana lys is is the except ion .  When reconstruct ion may be 

s i gn if icantly i m pacted by a n  i nvolved marg in ,  " rush "  

permanent pathology (turnaround a bout 2 4  t o  4 8  hours) 
may be coord inated with the pathology team (see a lso 

" De layed Wound  C losu re"  l ater in th is cha pter) . 
It is im porta nt to properly or ient the speci men i n  the 
event that f ina l  marg ins a re i nvolved and  a n  add it iona l  
resect ion (usua l ly as a sepa rate operative procedu re) i s  
req u i red (FIG 8) .  

FIG 7 • The depth of  wide excis ion  down to the 
m uscu la r  fasc ia is demonstrated .  Once th is depth 
is reached, the skin and soft tissue is d issected 
off the u nder ly i ng  fascia,  com p leti ng the wide 
excis ion .  

FIG 8 • The resected speci men i s  ca ref u l ly or iented to  
ensu re accu rate marg in  assessment by the patho log ist. It is 
a lso i m porta nt to or ient in such a fash ion  that re-excis ion 
of i nvolved marg i ns can be accu rate ly ma pped back to the 
patient. 
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CLOSURE 

• The major ity of 1 -cm marg i n  defects and  many 2-cm 
marg i n  defects can be c losed pr imar i ly. Recru itment of 
adjacent tissue by fash ion ing  loca l  f l aps often fac i l itates 
pr imary c losu re and  is dependent on the pr imary tumor 
locat ion,  marg in ,  and  the laxity of adjacent sk in .  Surg i 
ca l  defects may often be c losed by mobi l iz i ng  tissue f laps 
that have been created by underm i n i n g  in a suprafasc ia l  
p lane  and  inc lude fu l l -th ickness sk in  and  under ly ing sub
cutaneous fat (FIG 9A,B) .  

• Comp lex c losu re of a WE defect i nvo lves p lacement of 
one or two l ayers of deep a bsorba b le  sutu res (FIG 1 0), 

fo l l owed by p lacement of an i ntraderma l  layer of a bu r ied 
a bsorba b le  suture.  Sk in  c losu re ca n be carr ied out us i n g  a 
n u m ber of tech n iques, depend ing  on the tissue tens ion,  
a natomic  locat ion,  mob i l ity, and  su rgeon preference. 
A su bcuticu l a r  skin c losu re may be performed us i ng  an 

A 

B 

FIG 9 • Photo (A} and  i l l ustrat ion (B) demonstrat ing the 
mob i l izat ion of tissue f laps by underm i n i n g  the fu l l  th ickness 
of sk in  and su bcuta neous fat at a level j ust superfic i a l  to the 
m uscu la r  fasc i a .  

FIG 1 0  • Photo demonstrat ing p l acement of deep a bsorba b le  
sutu res to fac i l itate com p lex pr imary c losu re of a WE.  Typ ica l ly 
one or two l ayers of deep absorba b le  sutu res a re used .  

absorba b le  monofi l ament suture or  a nonabsorba b le  
pu l l -through  suture that  req u i res remova l .  I nterru pted 
or ru nn i ng  nonabsorbab le  sutu res and sk in  sta p les 
may a lso be used as per su rgeon preference (FIG 1 1 ) .  

Dermal  adhes ives or  adhes ive bands may be used to d i 
rect ly cover the sk in .  

FIG 11 • After reapproximation of deep layer(s), the sk in may 
be c losed using a number of d ifferent techn iques and sutu res 
depend ing on location, tension, and surgeon preference. In th is 
photograph, i nterrupted vertical mattress sutures were used. 
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• At the d iscret ion of the su rgeon, c losed suct ion d ra i n 
a g e  m a y  be used w h e n  extensive underm in i ng  or l a rge 
f l aps are necessary or when cons iderab le  dead space 
pers ists after layered c losu re .  If  a drain is used, the exit 
site shou ld  be p laced i n  l i ne  with the i nc is ion  so that any 

RECONSTRUCTION 

• When pr imary c losu re is not feas ib le, cons iderat ion 
shou ld be g iven to sk in  g rafts or loca l  tissue f l aps .  The 
advantage of a sk in  g raft is that it i s  a relatively stra ig ht
fo rwa rd procedure that m i n i m izes adjacent tissue ma
n i pu lat ion,  a l l ows for  easy long-term mon itori ng of the  
pr imary me lanoma s ite, and  does not  d is rupt lymphat ic  
dra inage pathways .  Sk in  g rafts, however, a re i nsensate, 
provide l itt le protect ion to u nder ly i ng  tissue, and may re- • 
su it in a more pronou nced contour  defect. Fu rthermore, 
compared to loca l  tissue f laps, sk in  g rafts may res u lt i n  
more d isfi g u rement and  pro longed hea l i n g .  S k i n  g rafts 
a re d iscussed i n  deta i l  i n  Part 5, Chapter 24. 

• Typica l ly, sp l it-th ickness sk in  g rafts a re ha rvested from 
the poster ior  or proxima l  latera l th i gh .  Of note, when a 
lower extrem ity me lanoma req u i res a sk in  g raft closu re, 
the g raft shou ld  be ha rvested from the contra latera l 
extremity. 

• Fu l l -th ickness sk in  g rafts can be ha rvested from m u lt i 
p le  locations, a l lowing for better sk in  co lor and  textu re 

DELAYED WOUND CLOSURE 

• The major ity of WE defects a re c losed or reconstructed • 
dur i ng  the same operation as the WE.  There a re c i rcum
sta nces, however, when de layed reconstruct ion is the 
most a ppropr iate cou rse of act ion .  These s ituat ions may 
inc lude  delaying reconstruct ion i n  the sett ing of l a rge d i 
ameter or  poorly defi ned me la nomas where marg ins a re 
c l i n i ca l ly equ ivoca l at t ime of WE .  U n l i ke its common use • 
for assessment of marg i ns for nonme lanoma sk in  cancer, 
i ntraoperative frozen sect ion marg in  assessment is i nfre
q uently emp loyed for i ntraoperative marg in  assessment 
of melanoma WE. 

• Delayed reconstruction may a lso be benefi c i a l  when t ime 
i s  needed for  a granu lat ion bed to form i n  order  to fac i l i 
tate g raft ing ,  such  a s  after excis ion of  a hee l  me lanoma 

potenti a l  recu rrence can be reexcised without jeopard iz
ing subseq uent wound c losu re .  Alternative ly, suture p l i 
cation of  the more su perfic i a l  tissue to  the u nder ly i ng  
fasc ia  may  somet imes be used and  obviate the need  for 
d ra i nage, even when l a rger f laps a re used .  

match ing  to sk in  adjacent to the me lanoma excis ion .  
Fu l l -th ickness sk in  g rafts may be ha rvested f rom the i n 
gu ina l  gro in  crease, the l ower neck  reg ion overly i ng  the  
c lavic le, or  beh i nd  the ear. After a n  appropr iately sized 
e l l i pse of skin is excised down i nto the su bcuta neous fat, 
the donor  site is p r imar i ly c losed, resu lt ing  in l ess morb id
i ty  than  the typ ica l  sp l it-th ickness sk in  g raft donor  s ite. 
The fu l l -th ickness ha rvested skin is de-fatted and pre
pa red as a skin g raft. 
The dec is ion  to proceed with a loca l  t issue or  rotationa l  
f l ap  shou l d  be made after carefu l  cons iderat ion of the  
featu res of the loca l tumor, i n c l ud i ng  r i s k  of sate l l ite 
or i n -transit metastases, the potent ia l  benefit to the 
pat ient from the fu nctiona l  and  cosmet ic  perspective, 
the comorb id it ies of the pat ient, and the loca l t issue 
opt ions ava i l ab l e .  The adva ntages of loca l f l aps i n c l ude  
d u rab l e, sensate, s im i l a r  th ickness, and  textu red sk i n .  
D isadvantages i n c l ude  rearra ngement o f  reg iona l  soft 
tissue at r isk for i n -trans it/sate l l ite metastat ic  d isease. 
Adva ncement and rotat iona l  f l aps a re d iscussed i n  de
ta i l  i n  Part 5, Chapter 23.  

where sk in  g raft ing  onto a g ra n u lat ing bed is often per
formed in such a fash ion  (FIG 1 2) .  

When wound  c losu re i s  de layed, options for  wound  cov
erage inc lude  tem porary wound  d ress ings with rout ine  
d ress i ng  changes or a vacu u m-assisted sponge d ress i ng  
device (e .g . ,  vacuum-assisted c losu re [VAC] device). VAC 
devices are somet imes not ava i lab le  unt i l  negative mar
g i ns a re confi rmed.  
I n  some s ituat ions, a req uest for rush permanent patho l 
ogy of the WE speci men may be coord i n ated i n  advance 
with the pathology team, thus fac i l itat ing  advance surg i 
ca l  p lann ing (often at 48 hours postoperative) both in  
terms of  operat ing  room space and  co l l a borat ion with 
the reconstructive tea m .  In such cases, a temporary 
occl usive d ress ing  is often used to protect the WE site 
unti l  f i na l  marg i ns a re ava i l ab le .  

1543 



1544 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A B 

c D 

FIG 1 2  • Photog ra phs demonstrati ng  use of de layed reconstruct ion for a l a rge hee l  me lanoma (A) . U pon comp let ion of the 
WE (B),  a vacuum- ass isted sponge d ress i ng  device is p laced i ntraoperatively (C) . The rec ip ient g ra n u lat ion bed, shown here 
after use of a vacu u m-assisted device for approxi mately 3 weeks, is now opti m ized for sk in  g raft ing (D). 

PEARLS AND PITFALLS 
Preoperative 
strateg ies 

Operative 
posit ion ing  

P lacement of  
i nc is ion 

I ntraoperative 
cons iderat ions 

C losu re 

• Or ientation of b iopsy is im porta nt whenever performed.  
• Hea l i n g  of b iopsy-Photo document b iopsy s ite for l ater s ite conf irmation whenever it may be poss ib le  that 

s ite wi l l  be hea led pr ior  to defi n itive WE.  
• Comp lete h istory and  physica l essentia l  to identify add it iona l  susp ic ious pr imary les ions as wel l  as potent i a l  

s ites of  in -transit metastas is, sate l l ites, and  c l i n i ca l  noda l  d isease. 

• Pad a l l  pressu re po ints .  
• I nc l ude  potenti a l  i nterva l and/or i n-tra nsit dra inage s ites with i n  operative f ie ld  if  S N B  is to be performed .  
• Do not ha rvest sk in  g rafts f rom i n -transit reg ion ( i .e . ,  between pr imary tumor and  d ra i n i n g  noda l  bas i n); as  a 

pract ica l  approach, it is genera l ly not prudent to ha rvest sk in  g rafts from i ps i l atera l extrem ity. 

• Extrem it ies-Inc is ion is genera l ly or iented para l le l  to the long axis of extremity. 
• Always cons ider  reconstructive options when p lac ing  and  p l ann i ng  i nc is ion  for WE .  
• Use rad i a l  marg ins appropr iate for  tumor th ickness . 
• Be aware of su perfic ia l  (su bcutaneous) motor nerves (e.g . ,  superfi c ia l  peronea l  and port ion of sp ina l  accessory) 

• Excis ion  shou ld  be performed to, but not inc l ude, l evel of the under ly ing m uscu la r  fasc ia,  un l ess the fascia 
itse lf  is i nvolved with tumor or the pr ior  b iopsy proced u re .  

• Ma i nta i n  perpend i cu la r  or ientat ion through  su bcuta neous tissue .  
• Frozen  sect ion marg in  ana lysis is rare ly  emp loyed . 
• Proper or ientation of WE speci men is essent ia l  to fac i l itate reexcis ion of i nvolved marg i ns when necessa ry. 

• Cons ider overa l l  risks of locoreg iona l  and other metastases with a ny extensive reconstruction option employed.  
• Cons ider  c los i ng  dead space where appropr iate to red uce l i ke l i hood of seroma format ion .  
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POSTOPERATIVE CARE 
• Specific postoperative care is dependent on the type of clo

sure, the use of absorbable or permanent suture material, the 
extent of tension on the wound, and the presence or absence 
of a drain. 

• In general, the patient can shower in 24 to 48 hours unless 
skin grafts are used. 

• Drains (if used) usually stay in place until collected volumes 
remain 30 mL or less for 2 consecutive days. 

• Specific restrictions may apply depending on anatomic loca
tion (e.g., restrictions on weight bearing for melanomas on 
the plantar surface of foot) and type of closure (e.g., skin 
graft). 

• Progressive increase in activity, weight bearing, or lifting 
over a 4- to 6-week period 

OUTCOMES 
• After an appropriate WE based on tumor thickness, true 

local melanoma recurrences are uncommon and likely repre
sent lymphatic tumor emboli. Some "local recurrences" are 
a result of an incompletely or inadequately excised primary 
melanoma. 

• Functional outcome is critical and early use of physical ther
apy is encouraged when appropriate. 

COMPLICATIONS 
• Infection (cellulitis or abscess) 
• Seroma 
• Hematoma/ bleeding 
• Wound dehiscence or separation 
• Failure of take of skin graft or flap 
• Poor functional or cosmetic outcome 
• Numbness and/or hyperesthesia and/or pain 
• Edema/lymphedema 
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Chapter 2 3  Advancement and 
Rotational Flaps 
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DEFINITION 
• Advancement and rotational flaps are tissue transfer tech

niques used in reconstructive surgery for the closure of 
acquired defects. 

• A flap is an area of tissue designed for movement to another 
area while remaining vascularized. This is in contrast to a 
graft, which is transferred in a nonvascularized fashion and 
becomes revascularized only with local incorporation and 
vascular neogenesis. 

• Advancement and rotation flaps are both considered local 
flaps because they borrow from the tissue adjacent to the 
defect. Distant flaps use tissue from areas away from the 
defect, and free flaps involve the transfer of tissue from a 
distant site by means of a microsurgical anastomosis. 

• Local flaps can be defined by their vascularity. Random flaps 
are based on blood flow through the subdermal plexus to 
provide vascularity to the distal end of the flap (FIG 1 ). Axial 
flaps are based on a longitudinal blood vessel incorporated 
into the flap design that can extend the effective length of a 
flap ( FIG 2 ) .  Perforator flaps are based on underlying septa
cutaneous or musculocutaneous perforators into the central 
area of the flap ( FIG 3 ) .  

• Local flaps can also b e  defined b y  the geometry o f  the inci
sions used with example of common designs shown in the 
following text. 

• Flap design includes evaluation of tissue laxity, optimization 
of scar position, and management of standing cutaneous 
deformities. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The choice and design of local flaps is dependent on mul

tiple factors including the region on the body for reconstruc
tion, local and regional soft tissue laxity, relationships with 
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Perforatory 
blood vessels to 
subdermal plexus 

underlying critical anatomy, relaxed lines of skin tension for 
scarring, and underlying flap vascularity. 

• Poor quality of tissue adjacent to the defect may preclude the 
use of local flaps. 

• Local radiation damage will often limit the pliability of tis
sues for transfer and inhibit the healing potential of tissue. 

• Each patient is different and flap choice must be tailored to 
the individual, the size of the defect, and the location of the 
defect. 

• There are often multiple different flaps that will adequately 
reconstruct a defect; there is no "one right answer" for any 
given case. 

• Flap design should also consider potential oncologic impli
cations including the need for recurrence monitoring, sec
ondary reconstruction techniques, and margin management 
when reconstruction is done immediately after resection and 
margin status cannot be confirmed. 

• For patients with lower extremity defects, an evaluation of 
arterial status and venous insufficiency should be considered. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• In general, local flaps do not require preoperative imaging or 

diagnostic studies. 
• Doppler can be used to identify either axial or perforating 

blood vessels if clinically indicated. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• A reconstructive plan can only be made after the resection 
is designed. In cases that may require a plastic and recon
structive surgeon for advanced reconstructive techniques, it 
is always best to plan accordingly ahead of time and not 
consult intraoperatively. 

FIG 1 • Demonstrat ion of a " random"  pattern f lap  
based on the subderma l  p lexus-The d ista l aspect of  
the f lap  rema i ns vascu l a rized through  the sma l l  vessels 
ru n n i n g  underneath the dermis on ly. As the length 
of the f lap  increases, the b lood f low through  the 
subderma I p lexus decreases. 

-



C h a p t e r  23 ADVANCEMENT AND ROTATIONAL FLAPS 1547 

Muscle 

Subdermal 
plexus 

Axial blood 
vessel 

• Preoperative markings may include important regional ana
tomic landmarks (such as facial rhytids) that may be ob
scured with the injection of local anesthetic intraoperatively. 

Positioning 

• Patients should be positioned to optimize not only sur
gical access for tumor resection but also for access to 

Epidermis� 
Dermis 

Subcutaneous tissue 

Muscle 

FIG 2 • Demonstrat ion of a n  axi a l  pattern f lap
The f l ap  des ign  i ncorporates a named a rter ia l  
su pp ly a long the l ength of the f lap, which increases 
perfus ion  to the d ista l aspect of the f l ap  compared to 
a ra ndom pattern f lap .  

any local areas potentially usable for the subsequent 
reconstruction. 

• All areas should be prepped widely to allow for access to 
all local and regional flap option. All extremities should 
be prepped and draped circumferentially. For areas where 
symmetry is important (such as the face or breasts), it is 
important to have the contralateral side in the operative 
field as well. 

FIG 3 • Demonstrat ion of a perforator-based f lap
The f lap  is centered around a s i ng le  b lood vesse l ,  
which perforates through the fasc i a l  layer from the 
under ly ing m uscle or  m uscu la r  septa to then supp ly 

Subdermal plexus the subderma l  p lexus. 

• There are m u lt ip le  loca l f l aps that are ava i l ab le  for use 
in reconstruct ion .  Not a l l  of them can be h i g h l i g hted i n  
th is text; however, t h e  most common f laps for genera l  re- • 
construct ion a re descr ibed i n  the fo l l owing text. I n  some 
cases, m u lt ip le  loca l  f laps are requ i red and  tech n iques 
can be combined to ach ieve c losu re of the defect. • 

• In most f laps, the area is often inf i ltrated with loca l anes- • 
thes ia inc lud ing 1 : 1 00,000 to 1 :200,000 parts ep inephr ine 
to he lp  with hemostasis and m in im ize e lectrocautery in jury 

to dermal  edges .  However, over inject ion of local anesthe
s ia  can resu lt i n  tissue edema that decreases flap mobi l ity. 
Sk in  hooks are used on the marg ins of a f l ap  for han
d l i ng; the use  of forceps is d iscou raged due  to i nj u ry to 
the f l ap  edges from overzea lous pressu re .  
D ra i ns a re typica l l y  not used u n l ess f l aps are l a rge .  
F l aps des ig ned around jo i nts shou ld  be i nset under  the 
g reatest tens ion of the jo i nt to avoid postoperative 
deh iscence.  
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SIMPLE ADVANCEMENT FLAPS 

Flap Design 

• Based on e ither the su bderma l  p lexus as a vascu l a r  sup
p ly from the base of the f lap  to the d ista l end or  can 
i nc lude  a n  ax ia l  vesse l  for add it iona l  length and  deg rees 
of freedom 

• 

• 

I nc is ions a re des igned i n  a para l l e l  fash ion  equa l  to the 
d i mens ions of the defect (FIGS 4A and  SA); choice of 
d i rect ion is based on loca l tissue lax ity. 
C l ass ic  teach ing  is that a maxi m u m  3 : 1  ratio of length to 
width can be used when the f lap  is based on the subder
ma l  p lexus. 

Flap Elevation 

• I nc is ions a re made extend ing  from the defect i n  a para l l e l  
fash ion  toward base of f l ap .  

• D issection is carried down to the depth of defect or deeper 
i n  order to match vo lumetric d imensions of reconstruct ion .  

A 

� Blood '""'' 

----t---- Defect 

B 

• The centra l port ion of the f lap  is undermi ned either i n  
t he  deep  su bcuta neous level or be low the  fascia,  de
pend ing  on f lap  des ign  and re l i a nce on  subderma l  on ly 
versus ax ia l -based b lood supp ly  (FIGS 48 and  58) .  

Defect Closure 

• Carefu l  hemostasis is assu red after f lap  e levat ion;  hema
tomas under  the f l ap  can compromise vascu l a rity and  
overa l l  outcome.  

• Once f lap  has adequate adva ncement to fi l l  defect, 
c losu re often occurs from the base of the f lap  to he lp  
" push "  the f lap  i nto the defect, wh i ch  can he lp  a l l eviate 
tens ion over the d ista l c losu re (FIG 4C) .  

• 

• 

Stand ing  cuta neous deformit ies can occur  as the base is 
adva nced. These a reas can be resected with a sca r per
pend i cu l a r  to the d i rect ion of the f l ap .  
Dermal  c losure is performed us ing a n  absorba b le  suture 
fo l l owed by either a su bcuticu l a r  or s imp le  externa l  
suture (FIG SC) . 

. 
A 

• = Undermined area 

B 
c 

B 

FIG 4 • The des ign  of an advancement f lap  is based on subderma l  
b lood supp ly f rom the base of the f lap .  The i n it i a l  para l le l  i nc is ions 
a re d rawn from the wound edges (A) . The advancement f lap  is 
undermi ned towa rd the base, leavi ng on ly the subderma l  b lood 
supp ly to vascu la rize the d ista l t i p  (B) . The f lap  is then advanced 
forwa rd and pushed i nto the defect. The previous base corner of 
the f l ap  (po i nt A) has been pushed forward and is approximated 
to po int A 1 (C) . 
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B c 
FIG 5 • A. I n  th is case, an ax ia l -based adva ncement f lap  for nasa l reconstruct ion is des ig ned to i n corporate the 
angu l a r  a rtery for add it iona l  length .  Th is underm i n i ng  is seen i n  B as the f lap  is fo ld back toward its base pr ior 
to advancement.  The f ina l  advancement and  c losu re of the advancement f lap is demonstrated i n  C. 

ROTATIONAUTRANSPOSITION FLAPS Flap Elevation 

Flap Design • I nc is ion  is made through  sk in  and  subcuta neous tissues 
to depth of defect or g reater. 

• Des ig ned as a sem ic i rc le  extend ing  from one corner of 
the defect (FIGS 6A and  7A) 

• F l ap  is u nderm ined i n  same or deeper p l an  u p  to the base 
(FIG 68) .  

• D i rect ion and  or ientat ion of f l ap  is based on loca l a reas 
of lax ity. 

• Carefu l  hemostas is is assu red i n  undermined a rea to 
avo id  a hematoma that may compromise f lap .  

• Based on a p ivot po int at " base" of f l ap  that determ ines 
amount of rotat ion ava i lab le  

Defect B 

c1 
-- -

c 

/ D D1 

� 
A1 

B 

81 

D\ 1 

Defect 
1 I 

X-1 - Pivot 1 1 1 1  
Blood supply 

B 
• = Undermined area 

FIG 6 • The semic i rcu l a r  marki ngs for a rotation f lap are demonstrated .  
The  subsequent advancement of  the f lap i s  demonstrated by  the  movement 
of poi nts A, B, C,  and D to A ', 81, C1 ,  and 07, respectively (A). The rotation 
f lap is u ndermined back toward the base leavi ng the d ista l port ion of 
the tissue perfused throug h  the subdermal  p lexus. Additiona l  back-cuts 
across the base shou ld  be done jud ic ious to not comprom ise vascu la rity of 
the f lap (B). The rotation f lap  is rotated i nto the defect for c losure.  The 
movement of the f lap relative to the adjacent sk in is noted by the changed 
a l i gnment of the C and  D marks to the C' and 07 marks, respective ly. C. 
A sma l l  stand ing  cutaneous deform ity at the base of the flap may requ i re 
excis ion .  

1549 



1550 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A B 

Defect Closure 

FIG 7 • A. In th is c l i n i ca l  case, oppos i ng  
adva ncement f laps have been  des ig ned for 
reconstruct ion of a p l anta r foot wound .  B. I n  
th is case, t h e  oppos i ng  f laps have both been 
adva nced to reconstruct the defect. 

Additional Designs 

• F l ap  is advanced and  rotated i nto defect with c losu re • 
often sta rt ing  at base of defect to he lp  push and  rotate 
f lap  i nto defect (FIG 6C) .  

Mu lt ip le  va r iat ions i n  f l ap  des ign  a re common ly used but  
based on the same pr inc ip le  as  ear l ie r. For examp le  
• A bi lobed f lap uses two adjacent rotation/transposition 

f laps. The flap d i rectly adjacent to the defect is used to 
close the pr imary defect and the other flap is then used 
to close the donor s ite for the f i rst f lap (FIG SA-c) .  

• Derma l  c losu re is performed us ing an a bsorba b le  suture 
fo l l owed by e ither a su bcuticu l a r  or s imp le  externa l  su
ture (FIG 7B) .  

• Excis ion of stand ing cutaneous deformities should be away 
from the base of the f lap to avoid decreasing f lap vascularity. 

8 

Defect \\\ 
Blood supply 

A 

x x1 -- Ciosed primarily 

8 

{ A 

c 

B 

• A rhomboid f lap  is des igned a long  the longer  edge 
of a defect and  tra nsposes sk in  from a n  a rea of lax
ity to the defect, a l lowi ng for pr imary c losu re of the 
donor  site (FIG 9A-C) .  

8 

Defect 

FIG 8 • The b i l obed f lap  uses two rotat ion-transpos it ion 
f l aps for c losu re of a defect. A. Flap A is used to c lose the 
pr imary defect and  flap 8 is used to c lose the donor  site from 
flap A .  B. The f l ap  is e levated i n  the su bcuta neous tissues 
leav ing  b lood supp ly from the su bderma l  p lexus at the 
base of the both " lobes" of the f lap .  C. The f laps a re then 
transposed with pr imary c losu re of the donor  site for flap 8 
by rea pprox imat ion of x to x1 • 



A 

c 

A 

c 

Blood supply 

X 
x1 
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B 

B 

X 
..........
c 

c 
D = In itial defect 

FIG 9 • The rhomboid f lap  is another va r iat ion 
on  the rotat ion-transpos it ion f lap and works we l l  
with e l l i pt ica l - or rhomboid-shaped defects . The 
f lap is des igned off the "ob l i que"  ang le  of the 
defect d i rect ly perpend i cu la r  to the defect. An 
add it iona l  i nc is ion des igned para l le l  to the s ide of 
the defect is used to create a m i rror image of the 
defect through  the shared border of the f lap  and 
the defect (A) . The f l ap  is then e levated i n  the 
su bcuta neous tissues leavi ng b lood supply from 
the subdermal p lexus (B) . The f lap  is then rotated 
and  transposed to fi l l  the defect with the f lap  
donor  s i te  c losed pr imar i ly  with  a pproximat ion of  
x to x1 (C) . 

V-Y ADVANCEMENT FLAP 

Flap Design 

• The vascu l a rity of the V-Y adva ncement f lap  is based on  
the  centra l perforat ing vessels .  

• Orientation is designed on areas of local laxity and mobi l ity. 
• I nc is ions a re des igned from wide part of defect and  then 

gent ly ta pered i nto a tr i ang le  perpend i cu la r  to wound  
edge  (FIG 1 0A and  F IG  1 1 A) .  

• Ca re is taken to des ign  l a rge enough f lap  to a l l ow for 
some underm i n i n g  at base of flap for add it iona l  ad
va ncement wh i l e  sti l l  leavi ng enough centra l contact 
with deeper tissues for vascu la r ity. 

Flap Elevation 

• I nc is ions a re made throug h  sk in  and subcutaneous tissues .  
D issect ion through the subcutaneous t issues shou ld  be 
beve led away from the flap i n  order to i ncrease the a rea 
for captu re of u nder ly ing perforators i nto the centra l f lap .  

• 

• 

The fascia can a lso be d iv ided to a l low for add it iona l  f lap 
mob i l ity. 
Can underm ine  the d ista l and  prox ima l  one-fou rth of 
f lap  to a l low for add i t iona l  advancement but m ust not 
u nderm ine  centra l l y  beca use th is a rea is key to vascu
l a rity (FIG 1 08) .  Th is is often done by spread i ng  with a 
sc issors vert ica l ly to preserve any potent ia l  b lood vesse ls 
enter ing the f l ap .  

Defect Closure 

• Ca refu l  hemostas is is assu red after f lap  e levat ion;  hema
tomas under  the f lap  can comprom ise vascu la rity and 
overa l l  outcome.  

• C losu re sta rts at the " po int"  of the tr iang le  where the 
donor s ite is c losed pr imar i ly  to form the vert ica l l i m b  of 
the "Y. "  Th is a lso he lps push the f lap  forward i nto the 
defect (FIG 1 OC) . 

• The f lap  is then pushed forward i nto the defect by c lo
su re of the s ides of the tr i ang le  (FIG 1 1 8) .  

1551 



1552 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A 

c 

A 

• = Blood supply B • = Blood supply 

FIG 1 0  • The V-Y f lap  is des ig ned as a tr ia ng le  
w i th  the base a long  the width of the defect 
and  then gently tapered back. The b lood supp ly 
for th is f l ap  is through  the centra l connections 
with the under ly ing fascia/m uscle (A) . The V-Y 
f lap  is e levated with gently ta per ing away from 
the centra l port ion of the flap to increase the 
under ly ing perfus ion .  Some underm i n i n g  can be 
performed at the base of the tr iang le  or  at the t ip  
of the tr i ang le  if needed, but no  underm i n i ng  can 
be performed centra l ly. As the f l ap  is advanced 
i nto the defect, the donor  s ite w i l l  be c losed 
pr imar i l y  (B). The V-Y flap is advance i nto the 
defect after the donor  s ite is c losed pr imar i ly. The 
c losu re of the defect leads to the vert ica l  l i m b  
o f  t h e  Y and  acts l i ke a z ipper  t o  push t h e  f lap  

• = Blood supply forward in to the defect (C) . 

B 

FIG 1 1  • A. I n  th is c l i n ica l  case, two potenti a l  opt ions for a V-Y f lap  have been des igned 
with the decis ion to use the f lap  des igned back toward the hee l  se lected due  to the relative 
l axity of that donor  site compared to the flap ru n n i n g  transversely across the p l antar foot. 
B. In th is case, the f lap  has been n icely advanced i nto the defect with the resu ltant Y 
closure demonstrated .  
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KEYSTONE FLAP rema in  th is width a long the entire length to each of the 
l atera l borders (FIGS 128 and 1 3A) .  

Flap Design 

• 

• 

• 

• 

F lap des ign is based on centra l perforators and use of "V-Y" 
closu res to ga in  local tissue for advancement into the defect. 
A handhe ld  Dopp ler  ca n be used to identify specif ic l a rge 
centra l perforators for preservat ion if add it iona l  mob i l i 
zat ion i s  expected .  
The f lap  is most often des ig ned from the longer  border 
of a defect by f i rst marking out the l atera l borders of the 
f l ap  at a 90-degree angle to the defect (FIG 1 2A) .  

The  f lap  width i s  then  determ ined to  be at l east the  
width of the defect if not  l a rge .  The  f lap  i s  des igned to 

A B 

D 

Flap Elevation 

• I nc is ions are made through sk in  and  su bcuta neous tis
sues .  Th is d issect ion is carr ied perpend i cu la r  to the sk in  
w ith  m in ima l  beve l i ng .  

• The u nder ly i ng  fasc ia  may a lso be d iv ided for add i t iona l  
mob i l ity a n d  ca n be especi a l ly h e l pfu l  i n  l a rger  f l aps .  

• A sma l l  amount of subcuta neous or su bfasci a l  u nderm in 
i ng  can be performed, but th is m ust be done j u d ic ious ly 
un l ess l a rge perforators have been knowi ng ly inc l uded 
i n  the f l ap  des i gn .  

• = Blood supply 

c • = Blood supply FIG 1 2  • The f i rst step in des ign ing a keystone f lap 
is  to p lan incis ions from the corners of the defect 
perpendicu lar to the defect (A). Next, the f lap is 
designed to be at least the width of the defect with 
the centra l b lood supply from the underlying tissue 
provid ing the vascu larity to the f lap (B). The f lap is 
elevated by i ncis ing through the skin, subcutaneous 
tissues, and fascia. The f lap is then advanced into the 

E 
3 

defect and c losure occurs f i rst in th is a rea of maxima l  
tension (C). After the f lap has been advanced into 
the defect, the corners of the donor s ite are closed in  
a V-Y fashion, which a lso he lp push the  f lap i nto the 
defect and transitions the flap into a rounder shape 
(D) . The incision a long the f lap border opposite the 
i n it ia l  defect is then c losed by advancing the adjacent 
skin f lap, which is often undermined (E) . 
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Defect Closure 

• The lead i ng  edge of f l ap  is adva nced i nto the defect with 
deep dermal sutu res. In s ituations where this may be i n i 
t ia l ly u nder s i gn if icant tens ion,  one can  sta rt away from 
this a rea and work from peri phera l  to centra l ,  he lp i ng  
push the f l ap  toward the defect (FIG 1 2C) . 

• The defect t issue marg in  opposite the f l ap  ca n a lso be un 
derm ined  to  provide some adva ncement. Alternative ly, 

A 

• 

• 

B 

a n  oppos ing keystone f l ap  may a l so be des igned a long  
th i s  border to  provide add it iona l  t issue lax ity. 
The latera l ends of f lap donor site a re then closed in a V-Y 
fash ion to he lp  recruit addit ional  tissue centra l ly as the f lap 
transit ions from a hemi-arc shape to an  e l l i pse (FIG 12D) .  

F i na l ly, the tra i l i n g  edge of the f l ap  opposite the defect i s  
sutu red back the edge of the donor  s ite .  Th i s  may req u i re 
u nderm i n i n g  of adjacent sk in  f laps to ease the overa l l  
tens ion on t h e  c losure (FIGS 12E  and  1 3B) 

FIG 1 3  • I n  th i s  case, a 6-cm wide f lap  has been des igned to match the 6-cm width of the defect (A) . I n  th i s  case, the f lap  has 
been advanced and  reconstructed the defect. The corners of the f lap  donor  s ite have been c losed i n  a V-Y fash ion  and the f lap 
shape has  changed from a " keystone"  or  semi-arc shape to a more round  shape (B) . 

PEARLS AND PITFALLS 
F l ap  se lect ion • F laps that are not undermined (e .g . ,  keystone f la ps) should be cons idered when margin status  i s  u n known. 

F l ap  des ign • F l aps should be l a rge enough for readvancement if necessa ry. 

F l ap  e levat ion • Care must be taken with perforator-based f l aps to avoid centra l u nderm i n i n g  because the subdermal  p lexus i s  
tra nsected c i rcu mferent ia l ly around the f lap .  

Defect c losure • Care must be taken to avo id  hematomas or i n fect ions, which can compromise a f l ap .  
• Postoperative immob i l izat ion shou ld  be cons idered for  f laps around movab le  a reas. 
• Exc i s ion of res idua l  stand i ng  cuta neous deform ities shou ld  be done j ud ic ious ly to avo id comprom ise of f lap  

vascu l a rity and  can be done at a l ater operative date if  necessa ry. 

POSTOPERATIVE CARE 
• Flaps near joints should be immobilized with splinting to 

prevent mechanical dehiscence. 
• Elevation for flaps on the extremities is critical for postop

erative edema control. 

COMPLICATIONS 
• Marginal flap ischemia 
• Delayed wound healing 
• Infection (cellulitis or abscess) 
• Hematoma 
• Poor cosmetic outcome 
• Flap failure/loss 

OUTCOMES 
• Outcome data for cutaneous reconstruction are quite het

erogeneous due to the multiple body areas, flap techniques, 
and individual surgeon preferences. 

• In general, the average incidence of a major complication is 
low but increases with the size of the defect and reconstruc
tion. Minor complications include delayed wound healing, 
nonoperative infections, and need for secondary revision 
surgery. 1-3 

• The incidence of total flap failure is low when appropriate 
reconstructive principles are followed. 
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Da vid L. Brown 

DEFINITION 
• A graft, unlike a flap, does not bring an independent blood 

supply with its tissue to the recipient site. Skin grafts can be 
defined based on their origin: autograft (same individual), 
allograft/homograft (another individual of the same species), 
or xenograft (from another species). 

• Skin grafts represent a rung on the proverbial reconstruc
tive ladder above those of primary closure and healing by 
secondary intention and below local flaps ( FIG 1 ) .  

PATIENT lllSTORY AND PHYSICAL FINDINGS 
• Skin grafting should only be considered once a viable re

cipient bed is obtained. This includes debridement of non
viable tissues, elimination of active infection, assurance of 
good vascularization to the wound bed, lack of significant 
fluid efflux from the wound (i.e., edema or bleeding), and 
coverage of vital structures (exposed bone, vessels, tendons, 
nerves, etc .) . 

• Indications include inability to perform primary closure or 
insufficient tissues for local skin flap coverage, uncertainty 
of tumor clearance, and comorbid conditions. 

• Contraindications include active infection (i .e., bacterial 
counts > 105 CFU/g via quantitative culture), poor vascular
ity of recipient bed (i.e., history of radiation to the area), and 
anticipation of further underlying reconstruction (i .e., nerve 
or tendon grafting). 

The Reconstructive Ladder 

FIG 1 • The reconstructive ladder. Sk in  g rafts occu py a n  
i ntermed iate posit ion i n  t h e  he i ra rchy o f  complexity o f  c losu re 
tech n i que .  

• Relative contraindications: comorbidities that can affect the 
healing of skin grafts such as diabetes, smoking, and venous 
insufficiency. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Patients should be counseled regarding postoperative expec
tations, wound management, and restrictions so that they 
can make preparations prior to the operation. 

Care of the donor site 
Split-thickness grafts-Xeroform versus OpSite versus 
other coverings. May shower; more pain with Xero
form; watch for leaks and infection with OpSite 
Full-thickness grafts-Steri-Strips. May shower; some 
bruising; minimal pain 

Care of the graft site-bolster dressing. May shower 
if bolster is exposed, but do not let water run through 
the bolster continuous as this will wash out mineral oil 
(if used on cotton inside) and allow bolster to dry out 
over graft. Bolsters are usually taken down in 4 to 6 days, 
unless infection is suspected, then earlier. 

• Choice of graft thickness 
Split-thickness skin grafts (STSGs) 

12/1,000 inch is standard, with 6-16/1,000 inch being 
used for special situations. 
Thinner grafts: more assured healing at the recipient 
site; the more dermis is left behind for subsequent har
vest as necessary and the less primary contraction and 
greater secondary contraction. 
Thicker grafts: more durable, as they carry more dermis 
with them. 
"Sheet" (unmeshed) grafts have the advantage of better 
cosmesis but are encumbered by seroma or hematoma 
formation underneath, which can lead to local failure 
of the graft. These grafts should be inspected early at 
approximately 24 to 48 hours and any underlying fluid 
removed via aspiration. "Pie crusting" is unaesthetic 
and is not associated with higher graft survival. 
Meshing of grafts can be performed with two advan
tages. One is coverage of greater recipient surface area 
with less donor graft. The ratios 1:2 or 1: 1 .5 are more 
commonly used, whereas 1:4 is typically reserved for 
extreme cases only. The larger the graft expansion, the 
more tenuous the coverage, and the more secondary 
contraction will occur. The second advantage is wound 
bed drainage and prevention of seroma or hematoma 
formation resulting in graft failure. A common method 
is meshing 1: 1 .5  but applying the graft to the recipient 
site in an unmeshed fashion. 

Full-thickness skin grafts (FTSGs) 
Primary contraction is greater (about 40%), but sec
ondary contraction is less (about 15 %), making them a 
good choice for joints, neck, eyelids, and so forth. 
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Donor sites from FTSGs (usually straight-line layered 
closures) have the benefits of little postoperative pain 
and minimal scarring compared to STSGs. 

• Choice of meshing versus sheet grafts 
Meshing: allows for egress of wound fluids and lessens 
the risk of seroma and hematoma. As interstices must 
heal via secondary contraction and re-epithelialization, 

SPLIT-THICKNESS SKIN GRAFTS 

Patient Positioning and Setup 

• The patient is posit ioned e ither prone or sup ine, so that 
the latera l or a nterolatera l thigh i s  access ib l e  for g raft 
harvest ing .  

• The approxi mate donor  site is ma rked out from severa l  
i nches be low the trocha nter to severa l i nches a bove the 
knee (sma l le r  i f  less i s  needed) .  

• The donor site is i njected with loca l  anesthetic i n  the 
subdermal space, us ing a 22-gauge spina l  need le .  A m ix
tu re of 0 . 5% l idoca i ne  with 1 :200,000 concentrat ion of 
ep inephr ine  and 0 .25% bup ivaca ine  works n icely for pro
v id ing  both hemostas i s  and  postoperative pa in  re l ief. 

• M i nera l  o i l  is spread over the a rea to a l low for smooth 
g l i d i ng  of the dermatome over the skin (FIG 2) .  

Preparing the Dermatome 

• The dermatome is assemb led, and  the a ppropr iate width 
gua rd i s  attached (FIG 3A).  A 3-in gua rd i s  appropr iate 
for most app l icat ions and  fits the contour  of the th igh  
we l l  i n  most adu lt patients. 

• 

• 

Proper seat ing of the b lade i n  the mach ine  and  u nder
neath the gua rd is assu red; uneven seat ing can cause an  
excess ively th in  g raft at one edge  and  overly th i ck  at the  
other. 
The des i red th ickness of sk in  ha rvest is se lected v ia the 
d ia l  on  the s ide ( 1 2/1 ,000 inch i s  shown here) (FIG 3B) .  

Harvesting the graft 
• E ither the surgeon (us i ng h i s  nondominant hand)  or 

a n  assistant ho ld  manua l  cou ntertens ion on the sk in  
(FIG 4A) .  

• The dermatome is pressed aga inst the sk in  at a 45-degree 
ang le  and, with moderate down force, i s  s lowly advanced 
the l ength of g raft ha rvest (FIG 4B,C) .  

FIG 2 • Prone patient, w ith  the l atera l th igh  showing  from 
buttock crease ( left) to knee (r ig ht) . Note b l anch ing  of sk in  
f rom ep inephr ine  i nject ion and  g loss i ness of m i nera l  o i l  
app l ication .  

meshed grafts will contract more over time and be  less 
durable. More wound area is able to be covered with less 
donor site. 
Sheet grafts: prone to hematoma and seroma but are aes
thetically more pleasing and exhibit less secondary con
traction. Useful on hands and feet, across joints, and on 
the face and neck. 

A B 

FIG 3 • A. U nders ide of dermatome, with b lade and  3- in  
gua rd attached.  B lade and  gua rd a re f lush aga i nst mach i ne, 
as assemb led .  B. Dermatome set to 1 2/1 ,000 i n ch th ickness. 

• To com p l ete the  h a rvest a n d  sepa rate the  end  of the 
g raft from the  pat ient, the  s u rgeon l owers the  h a n d l e  
o f  the  dermatome toward the  pat ient (decreas i ng  the 
a n g l e  of attack) and s l owly l i fts off  the  sk i n  s u rface 
(FIG 4D) .  

A 

B 

FIG 4 • Assista nt ho ld i ng  cou ntertract ion on sk in  with the 
use of lapa rotomy sponge.  B. Dermatome is  p laced on sk in ,  
ru n n i n g  at a 45-degree ang le .  (continued) 



• 

• 

A 

c 

E 

Power is released on the dermatome when it rises 1 em 
a bove the sk in ,  i n  case the g raft rema in s  attached . 
If the g raft is not immed i ately sepa rated from the 
donor  s i te  at the end of the run  with the dermatome, 
the s u rgeon shou ld  re lease power to the dermatome 
and  ho ld it a cou p l e  of centi meters over the sk i n  unt i l  
a n  ass istant ca n cut it free w i th  a M etzenbaum sc issor. 
Otherwise, the g raft is p u l led back out through the 
b l ade  entrance a n d  can res u lt i n  m a n g l i n g  of the g raft 
(FIG 4E) .  

B 
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D 

FIG 4 • (continued) C. F i rm, cons istent pressu re is 
app l ied as the dermatome is  moved along the donor 
s ite .  D. At the end of the ha rvest str ip, the surgeon 
should eva l uate the transect ion of the g raft from the 
donor site. Note the persistent attachment. E. I f  the 
g raft rema ins  attached, the surgeon should release 
the power to the dermatome and hold the dermatome 
a couple of cent imeters from the ski n .  An assistant 
can then detach the g raft with scissors to prevent 
destruct ion of the g raft by the dermatome b lade .  

Meshing the Skin Graft 

• 

• 

For meshed g rafts, the mesher is assemb led, and  an ap
propr iate cutt ing wheel  is  chosen .  1 : 1 . 5 (shown here, 
FIG SA) i s  a standard ratio but can be var ied up to 
1 :4 depend ing  on the amount of donor  sites ava i lab le  
compa red to  the a rea need i ng  coverage as we l l  as the  
specif ic app l ication .  
The  g raft i s  p l aced superfic i a l  s ide down on the  ca rr ier 
and  run through the mesher (FIG 5B,C) .  

FIG 5 • A. View of an  opened 
mesher with space to p lace the 
chosen cutt ing wheel  ( in  th is  
case 1 : 1 . 5 rat io) .  B. G raft p l aced 
derma l  side u p  on  the carr ier, 
which is posit ioned with i n  the 
mesher entrance. (continued) 

1557 



1558 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

c 

FIG 5 • (continued) C. G raft, postmesh i ng .  

Insertion of  the Graft into the Wound Site 

• The g raft is p laced i n  the wound bed, tr immed appropr i 
ately, and  secured to the wound  edges with surgica l  c l i ps 
or sutu res (4-0 chromic  work wel l )  (FIG 6A,B) .  

• A nonstick d ress i ng  is app l i ed .  A bo lster cons ist i ng  of 
m inera l  o i l- and  sa l i ne-soaked cotton ba l ls or batti ng w i l l  

A 

c 

provide pressure on and  moisture to the g raft (FIG 6C) . 

Tru n k  wounds can be covered with A l l evyn (Sm ith and  
Nephew) foa m, whereas tie-over's w i th  i nterru pted 
s i l k  a re su itab le  for the face and  hand, or wrapp ing  
w i th  gauze  and  an  e lastic bandage  for  the extrem it ies 
(FIG 6D) .  

Other Considerations 

• Excess ( " l eft over")  sk in  g raft can be preserved i n  t issue 
cu l ture media at 4°( for app l icat ion to the wound  shou ld  
or i g i na l  g raft loss occur. G raft su rviva l d i m i n ishes with 
storage time and i s  genera l ly cons idered to be poor after 
1 0  to 14 days. 

• Some c l i n ica l  s ituat ions ca l l  for de l ayed g raft p lacement 
(24 to 48 hours postoperative ly) due  to wound fl u i d  
seepage.  I n  cases s u c h  as coverage o f  m uscle and  omen
ta l f la ps, or recently debr ided wounds over edematous 
t issues, g raft app l icat ion ca n be performed at the bed
s ide. Th is  saves a return tr ip  to the operat ing room (OR) 
for the patient. 

B 

D 

FIG 6 • A. Patient with r ight super ior chest wound .  Meshed g raft p laced with i n  wound,  derma l  s ide 
down,  and  m i n i m a l ly expanded .  B. The g raft is  tr immed appropr iately and  secu red with sta i n less stee l  c l i ps .  
C. M inera l  o i l- and  sa l i ne-soaked cotton batt ing ,  wrapped i n  Xeroform, is  sha ped to the s ize of the wound .  
D. A foa m bolster i s  used to  secu re the  d ress i ng  over t he  g raft. 
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PEARLS AND PITFALLS 
H a rvest ing  the g raft • Proper seat ing of the b lade in the mach ine  u nderneath the gua rd shou ld  be assu red; uneven seati ng can 

cause a n  excess ively th i n  g raft at one edge and a n  overly th ick one at the other. 
• If the g raft is not i mmed iately separated from the donor site at the end of the run with the dermatome, 

the su rgeon shou ld  release power to the dermatome and  ho ld  it over the sk in  for an ass ista nt to cut it 
free with a Metzenbaum scissor. Otherwise, the g raft can be pu l led back out through the b lade entra nce, 
mang l i ng  the g raft. 

• R ins ing  the g raft washes away vita l p rocoagu l ant factors and shou ld  be avo ided, i f  poss ib le .  

P lac ing the g raft i n  
t h e  wound  bed 

• To assure cons istent app l icat ion of the g raft to the wound bed derm is-s ide down and to transfer it 
without bunch i ng ,  it shou ld  be p laced on the carrier dermis  side up .  

• I f  t he  g raft i s  not  i m med iately needed fo r  wound  coverage, it can be stored on the  back  tab le 
(a ppropr iately ma rked to avo id  d i sposa l), wrapped i n  moistened gauze, o r  left on  the carr ier and  covered 
with the same.  

• Care shou ld be taken to avo id  "tenti n g "  a g raft over a n  uneven wound  bed . Extra g raft shou ld be p laced 
to a l low for comp lete contour  touchdown. 

• P lacement of a meshed g raft does not need to i nvolve fu l l  expa ns ion of the g raft; l eavi ng it relatively 
unexpanded w i l l  a l low for eg ress of wound  f l u ids  wh i l e  speed i ng  hea l i n g .  

• " Pie-crust i ng"  o f  sheet (unmeshed) g rafts i s  thought t o  be su perfl uous, as it w i l l  l i ke ly not prevent a 
hematoma or seroma from form ing  between s l its and  is aesthet ica l ly u nappea l i n g .  

Donor site • Some su rgeons app ly ep inephr i ne-soaked sponges to the fresh donor  site to l i m it b leed i n g .  This is 
obviated with the use of local a nesthetic .  

POSTOPERATIVE CARE 
Patient Expectations 

• Patients should be told that the donor site is likely to cause 
more pain than the wound site postoperatively. 

• Healing stages of the graft and donor site are discussed to 
educate the patient. 

• Over large areas of grafting and/or uneven surfaces, some 
graft loss is to be expected. 

Wound Management 

• Dressings 
Bolsters should be left in place, barring complications 
such as fever and so forth, for 5 to 8 days. 
Patients may shower and get the bolsters wet with inci
dental water contact. Soaking or significant water rinsing 
of the bolster is discouraged, as this washes out the min
eral oil and allows the bolster to dry out. 
Following bolster removal, the graft is protected with once
daily dressing changes with petrolatum gauze until it is 
more fully healed (usually another 7 to 10 days). After this 
point, the patient should moisturize the graft (and donor 
site) twice daily for a few months to prevent desiccation, 
as oil and sweat glands are not transferred with the graft. 

• Donor site care 
Typically, split-thickness donor sites are covered with pet
rolatum gauze, which is loosely attached to the skin with 
surgical clips around the perimeter. An ABD pad and a 
gauze wrap are applied in the OR. 

On postoperative day 1, the wrap and ABD are removed, 
and the attached gauze is left open to the air. It can get wet 
in the shower, but afterward, and several times per day, is 
dried with the use of a hair dryer set on cool air only. 

Rewrapping with gauze is performed for the patient to 
get dressed. The attached petrolatum gauze will form an 
artificial "scab" on the wound, and re-epithelialization 
will cause the gauze to become nonadherent at its edges 
over the next 10 days or so . Trimming of the gauze 
so that it does not catch and get pulled off is recom
mended. 

Other dressings are used for donor site care, each for a 
specific quality. Silver-impregnated dressings help to pre
vent infection. Occlusive dressings are significantly less 
painful but are plagued by infection. 

Restrictions 

• Judgment is exercised to determine the degree of immobi
lization prescribed, depending on graft location. It is not 
necessary to splint the foot for grafts on the lower leg, but 
patients should keep the extremity elevated to prevent swell
ing and edema and thus graft loss. 

COMPLICATIONS 
• Seroma and hematoma are the most common complications. 

If left untreated, they will lead to graft loss due to lack of 
contact with the wound surface. 

• Infection can destroy a graft, particularly in the early post
operative period, prior to revascularization. In the case of 
unexplained postoperative fevers, the dressings should be 
removed early and the wound inspected for infection, which 
can be potentially treated, with graft salvage. 

• Secondary contraction of skin grafts is increased with thin
ner grafts and with greater expansion of meshed grafts. This 
can affect underlying joint mobility and aesthetics . 

• Incompletely debrided or poorly vascularized wound beds 
can lead to nonadherence and ultimate loss of the graft. 
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DEFINITION 
• Digital amputation refers to the removal of a finger or 

thumb, most commonly at the level of the phalanges or in
terphalangeal joints ( FIG 1 ) .  More proximal amputations 
that include a significant portion of the metacarpal are re
ferred to as ray amputations. The techniques found in this 
chapter have been described chiefly for the hand, although 
similar procedures can be used on the foot in many cases. 

• Digital or ray amputation may be indicated for subungual 
melanoma, or for other large, invasive melanomas of the 
finger or thumb. 

PATIENT HISTORY AND PHYSICAL FINDINGS 
• It is important to assess how long the lesion has been pres

ent; how fast it has grown; and whether there has been any 
history of ulceration, bleeding, or pain. Lesions exhibiting 
rapid growth in addition to these other findings may require 
more aggressive treatment. 

• A patient's age, handedness, occupation, and hobbies should 
be considered carefully in planning an operation that might 
significantly affect their function. In some cases, preop
erative consultation with a physiatrist and/or occupational 
therapist may help a patient mentally prepare for what is a 
sometimes emotionally difficult operation. 

• Physical examination should include both the epitrochlear 
and axillary lymph nodes. For lesions on the toes, 
examination should include the popliteal and inguinal basins. 
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interphalangeal joint 

joint Col lateral 
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interphalangeal 
jo

r '1 ·�..-1'--{ 
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Volar plate Proximal Metacarpal 

phalanx bone 

Clinically node-negative patients with melanoma greater 
than or equal to 1 mm in thickness, or thin lesions with other 
worrisome histologic features, may be candidates for sentinel 
lymph node biopsy at the time of amputation. (see Part 5, 
Chapter 27). Patients with clinically involved nodes should 
undergo fine needle aspiration (FNA) biopsy and staging for 
distant metastases. These patients may require lymph node 
dissection at the time of amputation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Suspicious lesions require biopsy to establish diagnosis. This 

should include a full-thickness sampling of the skin and/or 
nail matrix for accurate assessment of depth of the lesion. 
Increased depth of invasion is consistently associated with 
worse prognosis. 1 

• For large or fixed lesions, radiographs of the digit should be 
obtained to assess for the presence of bone involvement. If ra
diographs demonstrate significant bone destruction, additional 
imaging with magnetic resonance imaging (MRI) may be re
quired to assess the full extent of tumor spread in the hand. 

SURGICAL MANAGEMENT 
Positioning 

• For hand operations, patients are positioned supine, with 
the affected extremity extended on a hand table attached to 
the operating room table. 

Lateral band of Central s l ip of 
extensor tendon extensor tendon 

Flexor digitorum 
profundus tendon 

Flexor dig itorum 
superficial is tendon 

B 

FIG 1 • A,B. Anatomy of the d i g it .  
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DIGITAL AMPUTATION 

Skin Incision 

• The sk in  inc i s ion shou ld  be des igned as a "f ish mouth,"  
such that dorsa l and  vo la r  f laps  a re created that c lose 
in a more or less transverse l i ne  of c losure that g ives a 
smooth, rounded contour  to the amputation stu mp .  

• 

• 

The sk in  f laps shou ld  be des igned with enough laxity 
to c lose over the u nder ly i ng  skeleton to be p reserved .  
Typica l ly, the l evel of d i sa rt icu lat ion or  osteotomy shou ld  
be a few m i l l i meters proxi ma l  to the level of the sk in  
inc i s ion .  

Idea l ly, the vo la r  f lap  can be des igned a bit longer  than 
the dorsa l f lap (FIG 2A) to a l l ow resu rfac ing of the entire 

-
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incision 

Skin hook 
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resection 
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opposit ion su rface (contact su rface) of the f ingert ip  with 
the th icker, more densely i nnervated pa lmar  sk i n .  

Soft Tissue Dissection 

• The soft t issue shou ld  be d iv ided in a way that m i n i m i zes 
devascu l a r izat ion of the tissues or  sk in  f la ps. Sharp  sca l 
pe l  d issect ion d i rectly to  the bone  ca n be performed both 
dorsa l l y  and vo lar ly, d iv id i ng  the neurovascu la r  bund les, 
tendons, and periosteum .  

Bone Dissection and Osteotomy 

• The per iosteu m  shou ld  then be sharp ly  e l evated proxi
ma l ly using a n  e levator o r  sca l pe l ,  c i rcu mferenti a l ly 
around the d i g it .  Th i s  w i l l  a l l ow the bone cut to be posi
t ioned s l i ghtly proxi ma l  to the soft t issue d issect ion .  

• Bone d iv i s ion is most eff ic ient ly accomp l ished with a 
sma l l  osci l l ati ng  power saw. I n struments such as bone 
cutters or  rongeurs tend to crush and  fracture the proxi
mal bone stock and are not recommended .  

• If d i sa rt icu lat ion is p l an ned, the co l l atera l l i gaments 
shou ld  be detached from the proxi m a l  aspect of the 

RAY AMPUTATION 

Skin Incision 

• 

• 

I nc i s ions are des igned to avo id  a sca r i n  the webspace . 
Conceptua l ly, the goa l  is to preserve one webspace 
and resect the other, rather than hav ing a webspace at 
the operative site with a contracted scar i n  its m id l i ne  
(FIG 3A-E) .  

Usua l ly the d i ssect ion i s  performed mostly through  a dor
sa l i n c i s ion,  which extends long itu d i n a l ly from the base 
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F IG  2 • Dig ita l amputation techn ique. 
A. The skin i ncis ion is des igned just d ista l 
to the level of p lanned bone resection or 
d i sa rticu lation .  The volar f lap is des igned 
longer than the dorsa l f lap to a l low for 
coverage of the f ingerti p with more durable, 
wel l - innervated volar  sk in .  B. After remova l 
of the skeleta l e lements and na i l  complex, 
the neurovascu lar  bundle is identified 
on the volar  f lap, and the nerve is gently 
d issected proximal ly, u lt imately d ivid ing the 
nerve while on traction, and a l lowing the 
stump to retract proximal ly. C. The vo lar 
skin is advanced to cover the wound, and a 
smooth, rounded closure is performed. 

jo i nt, so this bu l ky, poorly vascu l a r ized tissue i s  d iscarded 
with the amputated part. 

Traction Neurectomy 

• The neu rovascu la r  bund le  shou ld  be identif ied with 
de l i cate d i ssection .  The a rtery may be cauterized; the 
nerve should be d issected away from the a rtery and fol 
l owed proxim a l ly severa l m i l l imeters. The nerve shou ld  
be p laced on tract ion,  d iv ided prox ima l ly, and a l lowed to 
retract (FIG 28} .  This  w i l l  ensure that the neuromas that 
i nevitab ly form at the end of each d i g ita l  nerve wi l l  be 
located p rox ima l ly to the contact su rface of the f ingerti p .  

Closure 

• Closure is usua l ly  performed with a s ing le  layer of non
absorbable sutu res (FIG 2C}, which a re removed about 
2 weeks later. Do not suture the extensor tendon to the 
f lexor tendon over the end of the exposed bone; th is  w i l l  
functiona l ly shorten the  f lexor tendon to  that d ig it, resu lt
i ng  in weakened gr ip  strength due to the quadr ig ia  effect. 

of the f inger. Pa lmar  i nc i s ions a re l i m ited to avo id  the 
poss i b i l ity of sensit ive sca rri ng  i n  that locat ion .  

Dorsal Dissection 

• Major sensory nerves in the su bcuta neous t issue a re pre
served when possi b le .  The extensor tendon i s  d iv ided 
proxi ma l l y  and  the metaca rpa l  exposed .  

• The periosteu m  of the metaca rpa l is i ncised long itud i 
n a l ly and  subper iostea l  d i ssect ion carr ied out c i rcumfer
ent i a l ly a long  the shaft of the bone. The attachments of 
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FIG 3 • Sk i n  i n c i s ion  for ray a m p utat ion .  A. Dorsa l i n c i s i on  can  be des igned  p roxi m a l ly a s  
a stra i g ht l i n e, o r  a s  a z igzag ,  exten d i n g  d i sta l ly to enc i rc l e  the  base  of the  fi nge r  to be 
removed . N ote the preservat ion  of a n  i ntact webspace for c losu re, rather  than d i v i d i n g  
the w e b  w i t h  the i n c i s i on .  B. Vo l a r  i n c i s i on  m u st be a z igzag  or  chevron-sty le  i nc i s i on  t o  
avo id  l ong itud i n a l  scars cross i n g  the  f lex ion  creases of the  p a l m .  C. C losu re i s  shown,  with 
preservat i o n  of the de l i cate webspace s k i n .  D. Dorsa l and (E) vo l a r  sk in mark i ng s  for i ndex 
fi nger  ray a m p utat i o n .  

t h e  i ntr ins ic  musc les a re d i s rupted with t h i s  d i ssect ion;  
most of these do not req u i re tra nsfer or  repa i r, with 
the exception of the or ig in of adductor po l l i c i s  (FIG 4) .  • 
When removed from the m idd le  metaca rpa l du r i ng  ray 
amputat ion,  th i s  m usc le  or ig i n  shou ld  be reattached to 
the i ndex metaca rpa l  with bone anchors or tra nsosseous 
sutu res. • 

extensor carpi  rad i a l i s  b revis, and  extensor carpi  u l n a ris, 
respectively (refer to FIG 5) .  

For the r ing  f inger  metaca rpa l ,  which has  no extr in
s ic  tendon attachments, the ent i re metaca rpa l can be 
d isart icu lated at the base and removed ( if no tra nsposi
t ion i s  p l an ned) .  

Bone Dissection 

For m idd l e  or r ing  f inger  ray amputat ions, some effort 
shou ld  be made in e l i m i nat ing the troub lesome gap  be
tween d i g its that can resu lt .2•3 Th i s  ca n be accomp l ished 
by two pr inc ip le  methods:  

• For i ndex, m idd le, and  sma l l  f inger  ray amputat ions, the 
osteotomy should be performed d i sta l  to the i n sert ion 
of the wrist extensors: extensor carp i  rad i a l i s  longus, 

• Meticu lous  soft t issue repa i r, i n c l ud i ng  permanent 
sutu res i n  the i ntermetacarpa l l i gaments and  ca refu l 
postoperative sp l i nt i ng  (FIG 6) 



• 

Adductor pol l icis muscle: 
Transverse head 
Obl ique head 

FIG 4 • Anatomy of the adductor po l l i c i s .  

Tra nsposit ion of the adjacent border d i g it, req u i r i ng  
bony  fixat ion of the metaca rpa l ,  and  often longer 
postoperative immob i l izat ion (FIG 7) 

• Once the bone has been tra nsected, d i ssect ion proceeds 
around the s ide(s) of the metaca rpa l head to d iv ide the 
i ntermetaca rpa l l i gaments. 

Volar Dissection 

• The vo l a r  d issect ion is usua l ly done last .  The d i g ita l neu
rovascu la r  bund les a re identif ied and  tra nsected d i sta l ly, 
keep ing  them rather  long,  i n  contrast to the short-

C h a p t e r  25 D I G I T  AMPUTATIONS 

F IG  5 • Dorsa l d i ssect ion comp leted, with d iv is ion of  the  
metaca rpa l at the prox ima l  shaft, preserv ing the base with its 
tendon attachments. 

• 

en i ng  that is done for pha l a ngea l - level amputat ions 
(FIG SA,B) .  

Once the ray  a m putat ion i s  comp lete, the d i g ita l nerves 
a re fo lded dorsa l ly i nto the per iostea l  s l eeve l eft beh i nd  
after metaca rpa l remova l (FIG 9) .  The  nerves a re se
cured in this deep, padded a rea, surrounded by hea lthy 
i nterosseous m usc le, where they are protected from 
trauma  dur i ng  routi ne hand funct ion .  

F IG  6 • Ray resect ion without 
transposit ion .  Using permanent sutu res 
to rea pproxi mate the i ntermetacarpa l  
l i gament, as wel l  as meticu lous  sk in  
c losu re, the f inger  "gap"  can be c losed 
with soft t issue repa i r  a lone .  
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B 

FIG 7 • Ray resect ion with tra nsposit ion .  
Transposit ion req u i res osteosynthesis of  
the i nvolved metaca rpa ls  w i th  wi res, p in s, 
or p late and  screws. One advantage is the 
potenti a l  to m i n i m ize length d i screpancy 
of the sma l l  f inger  by preserv ing added 
length at the base of the r ing  metaca rpa l ,  as 
i l l u strated here.  

FIG 8 • A. Vo la r  d issect ion 
with identif ication of the 
d i g ita l  nerves, wh ich are 
preserved with some length, 
so they can be relocated i n  the 
deeper dorsa I t issues at the 
t ime of c losure .  B. Ray resect ion 
comp leted, with d i g ita l  nerves 
tra nsected (black arrows). 

FIG 9 • D ig ita l  nerves (white arrow) tra nsposed deep i nto 
the periostea l s l eeve between the i nterosseous m uscles. 



Closure 

• S k i n  c l o su re s h o u l d  be met icu l ous ,  a d d ress i n g  excess 
l ax ity a n d/o r sta n d i n g  cuta neous  deform it ies  ( "dog  
ears" )  i f  encou ntered (FIG 1 0A, B) .  The  re l at ive 

A B 
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t ig htn ess o r  l ooseness of the  dorsa l s k i n  c lo su re, i n  
pa rt i cu l a r, ca n he lp  m a i nta i n  p roper  o r i entat i o n  of  
the  ad jacent  d i g its a n d  he lp  avo i d  m a l a l i g n m ent or  
"sc i s sor i n g . "  
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FIG 1 0  • A,B. F i na l  wound  c losure, which avo ids  extens ive i nc i s ions on the sensit ive 
pa lma r  sk i n .  

PEARLS AND PITFALLS 
D ig ita l  amputat ions • When req u i red, retract the sk in  edges with sk in  hooks on ly. Th i s  avo ids  t i ssue damage that can occur  

f rom repeated g rasp ing of the t issues with  forceps.  

Quadr ig ia  effect • Because the f lexor d ig itorum profundus tendons share a common m uscu la r  or ig in ,  effectively shorten ing 
any one of  the tendons can lead to an  overa l l  decrease i n  gr ip  strength. Dur ing force generation, the 
foreshortened tendon becomes t ight  early, preventing transm iss ion of  force to the adjacent d ig its. 

Neuroma detect ion • It can be d iffi cu lt  to d ifferentiate sym ptomatic neuroma from ord i n a ry hypersensit ivity after f inger 
amputation .  A d i agnost ic  i njection of loca l anesthetic i nto the spec if ic  a rea of the neuroma,  to 
a nesthetize the nerve i n  i so lat ion,  can confi rm the d iag nos is  of neuroma.  

POSTOPERATIVE CARE 
• For digital amputations, the postoperative dressing should 

be amply padded to allow for postoperative swelling. A 
hand-based splint for a short time (1 or 2 weeks) can be 
used if desired. Prolonged immobilization should be avoided 
so that the remaining finger joints (including the adjacent 
digits) do not become stiff. 

• For ray amputations, the hand should be splinted for the 
first 2 weeks, taking care to maintain proper alignment of 
the digits in the splint, to avoid divergence or convergence of 
the fingers on either side of the amputation site. Sometimes, 

temporary pinning of the fingers is warranted to maintain 
good alignment in this early postoperative period, as the soft 
tissues are healing. Splinting beyond 2 weeks may still be 
required for comfort and protection, but the orthosis use 
should not interfere with early mobilization of the interpha
langeal and metacarpophalangeal joints, which may become 
permanently stiff if immobilized for too long. 

• In all cases, consultation with a certified hand therapist may 
be of benefit to the patient, for help with orthosis fabrica
tion, edema control, joint mobilization, scar massage, de
sensitization, and molding of the finger stump for prosthesis 
wear, if desired. 
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OUTCOMES 
• Compared to the contralateral hand, patients with single-ray 

amputations have on average 13 % less key pinch strength, 
26% less oppositional strength, and 28% less grip strength 
at long-term follow-up.4•5 

COMPLICATIONS 
• Acute complications such as bleeding, infection, and delayed 

healing should be uncommon. 
• Chronic complications include phantom pain and painful 

neuromas. 
Persistent sensation in an amputated part is common (over 
80% in one prospective study) but is not always painful.6 
Neuromas will form at the stump of divided nerves but 
are not usually symptomatic if the nerve endings are prop
erly padded and located away from contact surfaces. 
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Chapter 2 6  Resection of Head and 
Neck Melanoma 
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Scott A. McLean 

DEFINITION 
• Resection of head and neck cutaneous melanoma is per

formed with wide surgical margins intended to achieve his
tologically negative margins. Current guidelines for wide 
excision of the primary lesion, with an adequate margin of 
surrounding normal skin and deep soft tissue necessary to 
achieve clear surgical margins, are based on depth of invasion 
of the primary lesion (Table 1 ) . 1 However, given the com
plex anatomic and functional nature of the head and neck, 
resection margins are sometimes modified to preserve normal 
function. Reconstruction of complex head and neck defects 
is often delayed until final histopathologic evaluation of mar
gins is deemed negative. Reconstruction can be accomplished 
with primary closure, split- or full-thickness skin grafts, local 
or regional adjacent tissue transfer, or free tissue transfer. 

• Patients with invasive melanoma and no clinical evidence 
or regional metastatic disease may warrant assessment of 
regional lymph nodes via sentinel lymph node (SLN) bi
opsy. SLN biopsy has been shown to be both accurate and 
prognostic in head and neck melanoma.2•3 Current recom
mendations on use of SLN biopsy are based on depth of 
invasion of the primary lesion as well as the presence of 
adverse histologic features such as ulceration and mitotic 
rate. Patients with melanoma measuring 1 mm or greater 
should be offered SLN biopsy. SLN biopsy should also be 
considered in patients with a thickness of between 0.76 and 
0.99 mm if they have any of the following adverse features :  
greater than or  equal to 1 mitotic figure per  square millime
ter, lymphovascular invasion, satellitosis, or young patient 
age. SLN biopsy may also be considered with thin mela
noma when the deep margin was broadly transected. 1-s 

• Patients who present with clinical evidence of regional meta
static disease and patients who are found to have micromet
astatic disease on sentinel lymph node biopsy (SLNB) are 
offered completion lymph node dissection (CLND ) .  Based 
on the site of the primary lesion, the nodal basins included 
in the CLND may include the postauricular and suboccipi
tal lymph nodes, the parotid gland and its associated lymph 

Table 1 :  Surgical Marg i n  Recommendations for 
Cutaneous Melanoma 
Primary Tumor 
Thickness 

In s itu 
:S 1 m m  
1 .0 1 -2 . 0  m m  
2 . 0 1 -4 m m  
>4 m m  

Clinical ly Measured 
Surgical Margin 

0 . 5- 1 .0  em 
1 em 
1 -2 em 
2 em 
2 em 

From National Comprehensive Cancer Network. Guidelines version 4.20 14.  
http://www. nccn. org. Accessed August 2 0 7 4. 

Table 2: Nodal Basins Included in Therapeutic 
Lymph Node Dissection 

Primary Cutaneous 
Lesion Location 

Anterolateral  sca lp, tem p le, latera l 
forehead,  latera l cheek, and  ear :  
a l l  a r i s ing anter ior to corona l  p lane 
through the externa l  aud i tory cana l  

Ch in  and  neck 
Sca l p  and  occ iput  poster ior  to 

corona l  p lane throug h  the externa l  
a u d itory cana l  

Nodal Basins Included 
in Therapeutic Lymph 
Node Dissection 

Parotid and cerv ica l  lymphatic 
levels 1-V 

Cervica l lymphat ic levels 1-V 
Posta ur i cu la r, suboccipita l ,  and  

cervical lymphat ic levels 1 1-V 

nodes, and the cervical lymph nodes levels I to V (Table 2) 
( see Part 5, Chapter 3 1).6 

DIFFERENTIAL DIAGNOSIS 
• Cutaneous melanoma of the head and neck usually pres

ents as a pigmented lesion of varying size, shape, and color. 
Other benign and malignant cutaneous lesions can present 
in a similar fashion and include the following: 

Seborrheic keratosis 
Junctional nevi 
Compound nevi 
Dermal nevi 
Hemangioma 
Blue nevus 
Pyogenic granuloma 
Spitz nevus 
Pigmented actinic keratosis 
Pigmented or nonpigmented basal cell carcinoma 
Squamous cell carcinoma 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A thorough history of the lesion of concern should include 

the duration of clinical symptoms; the presence of pruritus; 
bleeding; and any changes in the size, shape, or color of the 
lesion. 

• Most cutaneous melanomas will present as either a new 
pigmented lesion or changes in an existing lesion that ex
hibit the ABCDs of melanoma: A-Asymmetry, B-Border, 
C-Color, D-Difference (a change in the lesion) .  

• A thorough past medical history should b e  performed and 
include information regarding any previous malignancies, 
past surgical procedures, current medications and aller
gies, family history of cancer, problems with anesthesia, and 
social history-including smoking history, occupation, sun 
exposure, and history of blistering sunburns. 
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• A focused review of systems should also be completed 
and include review of any constitutional, musculoskeletal, 
neurologic, respiratory, gastrointestinal, hepatic, skin, and 
lymphatic signs or symptoms. 

• All newly diagnosed melanoma patients should undergo full 
body skin evaluation. 

• A complete head and neck exam should be performed on 
every patient and include a thorough skin exam and palpa
tion of the suboccipital, postauricular, parotid, and cervical 
nodal basins to rule out the presence of clinically palpable 
regional metastatic disease. 

• A detailed cranial nerve exam should be performed to docu
ment preoperative cranial nerve function. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Newly diagnosed patients with localized cutaneous mela

noma are not recommended to undergo distant metastatic 
workup. In the absence of clinical signs or symptoms of 
distant metastatic disease, no imaging modality has been 
shown to be useful in detecting occult metastatic disease and 
in fact more often lead to false-positive findings, requiring 
further unnecessary invasive procedures. 1  

• Chest x-ray and serum lactate dehydrogenase are also 
both insensitive for the detection of occult metastatic 
disease. 

• Many patients will require preoperative chest x-ray, complete 
blood count ( CBC) ,  and electrocardiogram (EKG),  depend
ing on age, health status, and need for general anesthesia. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Prior to proceeding to the operating room, the primary cuta
neous lesion should be reexamined and confirmed with the 
patient. The surrounding skin should also be reexamined to 

. 
. 

make sure no new lesions have developed. In addition, the 
plan regarding surgical margins and primary closure versus 
delayed reconstruction should be confirmed with the pa
tient. All cranial nerve functions in the operative field should 
also be retested prior to surgery. 

• Patients who are scheduled for SLN biopsy in conj unction 
with excision of their primary cutaneous lesion will un
dergo lymphoscintigraphy prior to their definitive excision. 
This procedure is done in the nuclear medicine department 
and is enhanced by the use of single-photon emission com
puted tomography-computed tomography (SPECT-CT) 
imaging.7 Prior to proceeding to the operating room, the 
SPECT-CT/lymphoscintigraphy should be reviewed to de
termine the likely location of the SLN(s )  ( FIGS 1 and 2 ) .  

These locations should then b e  discussed with the patient 
and marked appropriately. If the location of a likely SLN 
is in close proximity to a cranial nerve, this should be 
discussed with the patient and the cranial nerve function 
should be well documented.  

• Appropriate use of antibiotics and deep vein thrombosis 
(DVT) prophylaxis should also be discussed prior to pro
ceeding to the operating room. 

• In addition, it is crucial to have a thorough discussion with 
the anesthesia team regarding the use of long-acting paralyt
ics. If cranial nerves are likely to be in the operative field, as 
is almost always the case in the resection of head and neck 
melanoma, the anesthesia team must be aware to avoid the 
use of long-acting paralytics. 

Positioning 

• Patients who are scheduled for wide local excision alone 
(melanoma in situ or Tla lesions) often can tolerate surgery 
under sedation with monitored anesthesia. In these cases, 
the head of the bed is often rotated 90 degrees away from 
the anesthesia cart to allow for easy access to the surgical 
field. Oxygen delivery methods can be designed to avoid 

. 
• 

FIG 1 • Lym phosc int igraphy with 
SPECT-CT imag ing  after i nject ion of left 
posta ur i cu la r  pr imary me lanoma site. 
Imag ing  revea l s  a left level I I  lymph 
node as  wel l  as  secondary dra inage to 
left leve l s  Va and  Vb. 
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FIG 2 • Lym phosc int igraphy with 
SPECT-CT imag ing  after i nject ion 
of left posta ur i cu la r  pr imary 
me lanoma site. Ca refu l observat ion 
revea l s  the leve l  I I  lym ph node to 
be located ju st i nfer ior to the ta i l  
o f  the parotid a n d  j u st a nter ior to 
the sternoc le idomasto id  m usc le .  
L ike ly, th i s  represents an  externa l 
j u g u l a r  lym ph node.  

crossing the surgical field and may include either nasal can
nula or mask. In these cases with free-flowing oxygen, it is 
very important to discuss the risk of fire with the entire op
erating room team. The entire face and neck can be prepped 
into the operative field. Wide draping can then be used with 
attention to avoid any tenting of drapes, which could lead to 
pooling of oxygen in the operative field (FIG 3 ) .  

• Patients who are scheduled t o  undergo SLN biopsy i n  con
junction with the primary excision are almost always placed 
under general anesthesia. Again, the use of long-acting para
lytics must be avoided. The head of the bed can be rotated 
180 degrees away from the anesthesia cart to allow for easy 
surgical access to the operative field. Most primary lesions 
can be excised with the patient in the supine position. Rarely, 
the patient may need to be turned prone to allow access to 
the posterior scalp or suboccipital nodal basin. With the pa
tient intubated, either half of the face and neck or the entire 
face and neck can be prepped and draped, depending on the 
need for surgical access. 

FIG 3 • Patient i s  under  sedation with the entire face prepped 
to a l low for wide drap ing  and to avoid poo l i ng  of oxygen with i n  
t h e  su rg i ca l f ie ld .  

PLACEMENT OF PLANNED INCISIONS 
Primary Lesion Excision Site 

• The pr imary les ion is ca refu l ly inspected and c leaned with 
a moist sponge. The lesion shou ld  be marked out with 
carefu l  attention to inc lude a ny evidence of dermal  exten
s ion. Th is  may inc lude any pa le, erythematous, or l i ghtly 
p igmented extens ion from the pr imary lesion (FIG 4) .  

• I n  certa i n  funct iona l  s ituat ions, the exc i s ion marg in  may 
be left a l itt le  short of standard marg ins .  For exa m p le, if 
a lower eye l i d  les ion req u i res 2-cm marg ins, but at 1 em 
the exc is ion wou ld  cross the l id marg i n, it may be accept
ab le  to use 1 em (FIG 5) .  In this case, the su rgeon must 
be wi l l i n g  to reexcise th i s  marg in  shou ld  it return positive 
on f i na l  h i stopatho log ic  review. 

• With the pr imary les ion now marked, the a ppropriate 
marg in  i s  then marked c i rcu mferentia l ly around the vis
ible les ion .  The excis ion marg i n  i s  most often 1 to 2 em, 
depend ing  on the depth of i nvas ion of the pr imary les ion .  

Injection of  Methylene Blue Dye 

• To ass ist with SLN identif i cat ion ,  the dermis  su rrou nd i ng  
the  pr imary les ion i s  i njected w i th  methy lene b l ue  dye. 
Usua l ly only 1 or 2 ml of dye i s  i njected (FIG 6) .  
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FIG 4 • The ma i n  les ion is p i nk  and  ra ised.  Not ice the 
p igmented extens ion i nto the surround ing  sk in .  The ent ire 
p igmented a rea m ust be marked out pr ior to marking out 
c i rcu mferent ia l  marg ins .  

• The i nject ion is made with a 30-gauge needle with the 
bevel  of the need le  fac ing up.  There should be s l i ght 
pressu re as the dye is i njected and  v isua l ly the dermis  
shou ld  beg i n  to turn b l ue .  If  the dermis  is  not turn ing 
b l ue  or the i nject ion i s  pass ing  with no res ista nce, the 
needle i s  l i ke ly too deep.  Th is  wi l l  cause the subcutane-

FIG 6 • M ethy lene b l u e  dye i njected c i rcu mferenti a l ly i nto 
the dermi s  su r ro u n d i n g  the les io n .  A 30-gauge  need le  is 
used and effort i s  made to i nject d i rect ly  i nto the derm i s  
on ly. 

Placement of Incisions for Sentinel Lymph 
Node Biopsy 

• The preo perat ive lym phosci nt ig raphy/SPECT-CT i s  
aga in  reviewed to he lp  determ i n e  the app roxi mate 
locat ion  of the SLNs  in re lat ion  to v i s i b l e  or  p a l p a b l e  
a n atom i c  structu res.  The i ntraoperative g a m m a  probe 
can  then be used to conf i rm the s ite of the sent i n e l  
n o d e s .  O n ce the  locat ion  i s  conf i rmed,  i n c i s i on s  a re 
ma rked to a l low access to rem ove the  sent i n e l  nodes  
(FIG 8) .  

ous t issue to  tu rn  b l ue  and  ca n make recog n it ion o f  tis- • Mark ing  the p l an ned inc i s ions  shou ld  take i nto accou nt 
p l acement a long  relaxed sk in  tens ion l i nes .  In add it ion,  
cons iderat ion should be g iven to any future potent ia l  
procedu res such as rotat ion f lap  reconstruct ion sites or 
the need for pa rot idectomy and  cervica l  lymphadenec
tomy (FIG 9) .  

• 
sue p la nes more d i ff icu lt. 
Severa l  i nject ions shou ld  be made i nto the dermis  su r
round i ng  the pr imary les ion u nt i l  the les ion is surrounded 
by b l ue  dye (FIG 7) .  

FIG S • I n  th i s  p l an ned resect ion,  the l ower eye l i d  marg in  
i s  left a l itt le  na rrow i n  the hopes  of avo id i ng  postoperative 
ectrop ion .  The marg ins  m ust be ca refu l ly exa m i ned by 
pathology and reexcised shou ld  they return posit ive. 

• At th i s  poi nt, a l l  p l an ned inc i s ions  a re usua l l y  i njected 
with loca l  anesthes ia .  Typ ica l ly 1 %  l i doca ine  with 
1 : 1 00,000 ep inephr ine  so lut ion i s  used . A sma l l  vo l ume  
shou ld  be used to  he lp  avo id  i nadvertent para lysis o f  cra
n i a l  nerves c lose to the operative sites. 

FIG 7 • Methylene b l ue  dye i njected i nto the dermis  
c i rcumferent ia l l y  around the les ion .  
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FIG 8 • The i ntraoperative gamma probe i s  used to confirm FIG 9 • Sma l l  inc is ions are p l an ned a long rel axed sk in  
the s ites of the potent ia l  SLNs .  tens ion l i nes .  

EXCISION OF THE PRIMARY LESION 

Skin Incision 

• The sk in  surround ing  the pr imary les ion is now sharp ly 
i ncised, be ing ca refu l to fo l l ow the exact mark ing .  The 
inc i s ion i s  carr ied th ru the su bcuta neous tissue, now 
being ca refu l  to avo id  beve l i ng  the cut towa rd the pr i 
mary les ion .  

Determining the Depth of the Excision 

• O nce the per iphera l  i nc i s ions  a re made around the pr i 
m a ry les ion ,  the depth of the exc i s ion must be deter
m i ned .  I n  genera l ,  the depth of the exc i s ion  is carr ied 
to the fasci a l  p lane deep to the su bcuta neous t i ssue .  

• 

• 

• 

• 

• 

The depth of the exc i s ion is h i g h ly dependent on the 
locat ion of the p r imary les ion,  the s ize and  depth of the 
les ion ,  and  the amount of subcuta neous t issue deep to 
the le s ion .  
For fac ia l  les ions, the exc is ion i s  most often carr ied to a 
p l ane  j ust a bove the fac ia l  m uscu l ature (FIG 1 0) .  

Prea ur i cu l a r  les ions a re excised to a depth of the pa rot id  
fasc ia  (FIG 1 1 ) .  

Nasa l les ions a re excised a bove the level of the nasa l  
carti l ages. 
Au r i c u l a r  l e s ions  a re removed e i ther  with o r  without 
the u n d er ly i n g  cart i l age ,  depend i n g  on  the s ize of the  
p r ima ry l e s ion .  I n  m a ny cases, the u nder ly i n g  cart i 
l age  s h o u l d  be removed to en su re adequate n eg ative 
marg i n s .  
Sca l p  les ions a re usua l l y  exc ised i n  a subga lea l  p l ane  with 
the under ly ing pericra n i u m  left i ntact. In l a rge bu l ky le
s ions, the under ly ing per icra n i u m  can a l so be removed to 
a l low for wider c lear  marg ins  (FIG 1 2) .  

FIG 1 0  • The fac ia l  l e s ion  has  been excised to a depth j ust FIG 1 1  • Preau ricu l a r  les ions are excised to a depth j ust 
above the fac ia l  m uscu lature.  a bove the pa rotid fasc ia .  
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• Neck sk in  can be excised either with or without the 
under ly ing p latysma m uscle, depend ing  on the s ize of 
the les ion .  I f  there i s  any concern about deep i nvas ion, it 
i s  easy to remove p latysma .  

• With a l l  exc is ions, attent ion must be pa id  to avo id i ng  
i n ju ry to  any under ly ing cran i a l  nerves. 

Orientation 

• O n ce the  p r ima ry l e s ion  is com p lete ly exc ised,  it m u st 
be ca refu l l y  o r i ented a n d  m a rked for permanent  pa
tho l ogy. Ma rk i ng  stitches  s h o u l d  be eas i l y  u nderstood 
and a l l ow for easy com m u n icat ion  between s u rgeon 
a n d  patho log ist .  Any a reas  of spec i a l  concern  s h o u l d  
a l so be noted o n  the  patho l ogy req u est, such  a s  
when m a rg i n s  a re l e s s  than  i dea l  d u e  to funct i ona l  
cons iderat ions .  

SENTINEL LYMPH NODE BIOPSY 

Intraoperative Gamma Probe 

• The i ntraoperative gamma probe is now used to confirm 
the site of the SLN. I n  some cases, the pr imary exc is ion 
s ite shou ld be su rveyed to look for potenti a l  SLNs, wh ich 
may be deep to the pr imary exc is ion s i te .  These nodes 
may not a ppear on  the SPECT-CT due  to the shadowing 
caused by the h igh i ntens ity of the pr imary les ion i njec
tion site. Somet imes, a b l ue  lymphat ic  channe l  can be 
seen at the edge of the exc i s ion site and can be fo l l owed 
to an SLN (FIG 1 3) .  

Incision and Node Dissection 

• Before proceed ing  with lymph node d issect ion,  it is im
porta nt to confirm that  the patient has  not  been  g iven 
any para lyt ic agents. 

• After confi rm ing  the previous ly ma rked SLN s ites with 
the gamma probe, the inc i s ion i s  made and carr ied to 

FIG 13 • The SLN i s  identif ied deep to the pr imary exc is ion 
s ite .  

FIG 12 • Sca l p  les ions a re usua l ly  excised i n  a subga lea l  p l ane  
w ith  the u nder ly ing per icra n i u m  l eft i ntact. 

• 

• 

• 

• 

• 

the deep soft t issue.  Usua l l y  a 2- to 3-cm inc i s ion is long 
enough to a l low for  easy d i ssect ion and  v i sua l ization .  
With the i n c i s i on  made, sk in  hooks a re used to  retract 
the sk in  edges. B l u nt d issect ion is then used to enter the 
deeper soft t issue. I n  the neck, d i ssect ion wi l l  go deep to 
the p latysma m usc le .  I n  the prea u r icu l a r  reg ion,  the d is
sect ion w i l l  often proceed deep to the parot id fasc ia  i nto 
the pa rot id  parenchyma .  
The  i ntraoperative gamma probe i s  used frequently to 
he lp  determ ine  the d i rect ion of further d issect ion .  As the 
t ip  of the probe gets c loser to the sent ine l  node, the 
gamma counts wi l l  i ncrease. 
Oftent imes, a b l ue  lymphat ic channe l  can be identif ied 
and can then be fo l l owed to the SLN (FIGS 14 and 1 S) .  
O n ce the  node i s  i dent if ied,  it i s  ca ref u l l y  removed 
with b l u nt d i ssect ion  and j u d i c ious  use of b i p o l a r  e l ec
trocautery. 
The node is then exa m i ned away from the patient 
to document the gamma count and the p resence 
of b l ue  dye. The node i s  l abe led with the a natom ic  

F IG 1 4  • Oftentimes, a b l ue  lym phat ic channe l  ca n be 
identif ied.  
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locat ion,  gamma cou nt, and  presence of b l ue  dye and  
sent for  h istopatho logy. 

Confirmation and Closure 

• After remov ing the SLN, the gamma probe is then used to 
reexam ine  the surg ica l  bed.  The a rea where the node was 
removed shou ld  now have a very low count compared to 
the count pr ior to node remova l .  As a genera l  ru le, the 
count should drop to less than 1 0 %  of the count pr ior to 
node remova l .  If  the count rema in s  e l evated, further d is
sect ion i s  warranted to remove any other SLNs ident if ied.  

• Once a l l  potentia l SLNs are removed, the surg ica l  bed 
i s  i rr igated with sa l i ne .  A Va lsa lva maneuver shou ld  be 
performed to confirm there i s  no ongo ing b leed i ng .  The 

FIG 15 • Lym phat i c  c h a n n e l s  can  then be fo l l owed to inc i s ion can be c losed i n  sta ndard fash ion  and a sma l l  
the S LN .  pressure d ress ing  app l ied .  

PRIMARY CLOSURE VERSUS DELAYED 

RECONSTRUCTION OF THE PRIMARY SITE 

Primary Closure 

• After the pr imary les ion has  been resected and  the 
SLN b iopsy comp leted, it i s  t ime to determ ine  the best 
method of c los ing the pr imary site. If the pr imary site 
can be c losed without d i stort ing  the surg ica l  marg ins  and  
without the u se  of rotation f l aps  or g rafts, th i s  ca n be  
done i m mediately. Shou ld  a marg in  return posit ive on 
permanent patho logy, it wou ld  sti l l  be easy to return for 
wider exc i s ion .  

• This  is usua l ly the case for sma l l  les ions or for les ions on  
the neck  where excess sk in  can eas i ly be adva nced.  

• I n  these cases, b i l atera l B u rrow's t r iang le  exc is ions can 
be performed a long  the d i rect ion of re laxed sk in  tens ion 
l i nes. The sk in  i s  then u ndermi ned, advanced, and  c losed 
with deep a bsorba b le  suture and superfic i a l  suture at the 
skin edge.  

• The wound  is then d ressed with a sma l l  pressu re d ress-
i ng ,  which can be removed after 24 hours .  

Delayed Reconstruction 

• I n  many cases, reconstruct ion of the pr imary resect ion 
s i te  wi l l  requ i re s i gn if icant t i s sue rearra ngement, sk in  
g raft ing ,  or even free tissue transfer. I n  these s ituat ions, 
it is preferab le  to wait for f i na l  h istopatho log ic  confir
mat ion of negative surg ica l  marg i ns pr ior to proceed i ng  
with defi n it ive reconstruct ion .  

• I n  these cases, the s ize of the wound can often be de
creased with use of a c i rcu mferent ia l  pu rse-str ing suture 
(FIG 1 6) .  

• The wound can then be d ressed with a moist bolster 
d ress i ng  us ing Vase l i ne  or  Xeroform gauze, bacitrac in ,  
cotton ba l l s  (FIG 1 7), or  a foa m-type d ress ing  (FIG 1 8) .  

The  bo lster d ress i ng  can be secu red w i th  e ither s i l k  su 
ture or surg ica l sta p les .  

• Wound  i nfect ions a re very rare i n  the head and  neck 

FIG 16 • C i rcumferent ia l  pu rse-str ing suture i s  used to 
decrease the s ize of the wound .  

and  therefore postoperative ant ib iot ics a re  not  routi ne ly FIG 17 • A Xeroform ga uze d ress i ng  i s  p laced over the 
used even i n  the sett ing  of a n  open wound  with a bo lster resect ion s ite. 
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FIG 1 8  • A Reston foam bolster is secu red to the sca l p  to app ly  
pressure after e i ther  resect ion or sk in  g raft reconstruct ion .  

app l ied .  I n  some cases, such as immune suppress ion or 
prev ious i nfect ion,  ant ib iot ics may be i nd i cated .  

Skin Graft and Rotation Flap Reconstruction 

• Once the f ina l  su rg ica l marg ins  have retu rned c lear, de
f in itive reconstruct ion ca n be comp leted . The method of 
reconstruct ion i s  dependent on the site of the defect and  
the  goa l s  o f  the  patient. Comp lex fac i a l  defects shou ld  
be addressed by  co l leagues w ith  exper ience i n  fac ia l  p las
t ic and reconstructive su rgery. 

• Fac ia l  sk in  and  prea ur i cu la r  sk in  defects a re most often 
c losed with the use of cervicofac ia l  rotat ion f laps and  
transposit ion f laps. Inc i s ions  a re  p l an ned a long  relaxed 
skin tension l i nes when poss ib le  and are carr ied to post
aur i cu la r  and  poster ior cerv ica l  sk i n .  These f laps create 
stand i ng  cuta neous deformit ies a long  the a rc of rota
t ion,  which w i l l  need to be exc ised.  Very l a rge defects 
can be c losed and  ach ieve exce l lent cosmetic outcomes 
(FIGS 1 9-21 ) .  

• Eye l i d  defects can be very d iffi cu l t  to repa i r  without caus
ing s ign if icant ectrop ion .  L id-t ighten i ng  procedu res can 

• 

• 

FIG 20 • Cervicofac ia l  rotat ion f l ap  brought i nto posit ion .  

be done i n  conjunct ion with  sk in  grafts, transposit ion 
f la ps, and rotat ion f laps .  Ocu lop last ic su rgeons should be 
i nvolved if there i s  concern a bout postoperative eye l i d  
fu nct ion (FIGS 22-24) .  

Nasa l  defects can be c losed w i th  sk in  g rafts, com posite 
g rafts, tra nsposit ion f la ps, advancement f la ps, and the 
i nterpolated paramed i an  forehead f lap .  Each tech n ique  
can y i e l d  exce l lent resu lts when  used i n  the proper c l i n i 
ca l  sett ing (FIGS 2S-27) .  
Aur icu l a r  defects a re most eas i l y  c losed with  wedge exc i 
s ion and  advancement f lap  c losure .  Transposit ion f laps 
can be used to reconstruct l a rge defects and  ach ieve ac
cepta b le  cosmetic resu lts (FIGS 28 and 29) .  

FIG 1 9  • Large fac ia l  defect with  poster ior  cervica l i nc i s ion  FIG 21  • Exce l l ent cosmetic resu lt  severa l weeks after 
made to a l low for cervicofac ia l  rotation f lap reconstruct ion .  cervicofac ia l  reconstruct ion of l a rge fac ia l  defect. 
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FIG 25 • Postoperative resu lt  after fu l l -th ickness sk in  g raft 
reconstruct ion of the nasa l  dorsum .  

F IG  22 • Large rotat ion f lap  des igned fo r  reconstruct ion of • Sca l p  defects are most eas i l y  c losed with the use of 
fu l l -th i ckness or sp l it-th i ckness sk i n  g rafts. I n  o l de r  
pat ie nts, l a rge  a m o u nts of s up rac l av i cu l a r  s k i n  can  
be ha rvested a n d  used to g raft l a rge  sca l p  defects. 
The sk i n  i s  t h i n ned to the de rma l  layer, m a k i n g  s u re 
to remove a l l  su bcuta neous  t i s sue .  The sk i n  g raft can  
be p l aced over  i ntact per ioste u m  or  can  be g rafted d i 
rect ly to exposed bone .  I n  th i s  case, a b u rr can  be used  
to b u rr down the bone u nt i l  p u n ctate vesse l s  a re see n .  
T h e  g raft i s  t h e n  secured with a bo l ster d ress i n g  a n d  
l eft i n ta ct f o r  7 t o  1 0  d ays.  

lower eye l i d  defect. 

FIG 23 • The f lap  i s  ra i sed far enough to a l l ow for tens ion
free c losure .  

F IG 24 • The  rotation  f l ap  i s  sewn i nto p lace w i th  no tens ion 
i nfer iorly, thus  avo id i ng  postoperative ectrop ion .  

• Neck sk i n  defects can  a l m ost a l ways be c l osed with 
adjacent t i s sue tra nsfer reconstruct ion  as  descr ibed 
ea r l i e r. 

FIG 26 • Postoperative resu lt  after paramed ian  forehead 
f l ap  reconstruct ion of r ight latera l nasa l  wa l l  and  a lar  r im with 
use of ear cart i l age g raft ing  to a lar  r im ( latera l v iew). 

1575 



1576 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

FIG 27 • Postoperative resu lt  after paramed ian  forehead 
f lap  reconstruct ion of r ight latera l nasa l  wa l l  and  a lar r im with 
use of ear cart i l age g raft ing to a lar r im (fronta l view) . FIG 28 • Resect ion of left lower ear and  he l i ca l  r im .  

FIG 29 • Reconstruct ion of l eft ear  with 
posta ur i cu la r  transposit ion f laps .  

PEARLS AND PITFALLS 
I nd i cat ions and  
preoperative workup  

Exc is ion of pr imary 
les ion 

• A comp lete h i story and  physica l exa m should be performed i n c l ud i ng  fu l l  body sk in  check .  
• I f  SLN b iopsy i s  i nd i cated, lymphosc int igraphy with SPECT-CT imag ing  shou ld be reviewed pr ior to 

su rgery. 
• A deta i l ed cran i a l  nerve exa m shou ld  be comp leted pr ior  to proceed ing  with su rgery. 

• The pr imary les ion shou ld  be ma rked to inc lude  any pa le, erythematous, or p igmented adjacent sk i n .  
One to  2-cm c i rcu mferentia l marg ins  a re marked depend ing  of depth of  i nvas ion of the pr imary les ion .  

• The depth of exc is ion needs  to i nc l ude  enough norma l  t i s sue  to ensure comp lete surg ica l exc i s ion .  
• Mark the spec imen with c lear  or ientat ion sutu res to a l low for defi n itive marg i n  ana lysis .  
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SLNB • Review preoperative lymphosc int igraphy/SPECT-CT to identify l i ke ly sites of SLNs .  
• Ca refu l ly, i nject methy lene b l ue  dye c i rcu mferentia l ly i nto the dermis  surround i ng  the pr imary les ion .  
• Ensure anesthes ia has  not  para lyzed the patient pr ior  to lymph node surgery. 
• Make inc i s ions  a long  re laxed sk in  tens ion l i nes and  keep i n  m i nd  the poss ib le  need for rotat ion ad

va ncement f l ap  reconstruct ion or future pa rot id/neck d issect ion i nc i s ions .  
• Use the i ntraoperative gamma probe to loca l ize SLNs and  make sure that a l l  potentia l  SLNs a re removed . 

C losure vs. de layed 
reconstruct ion 

• I f  wound ca n be c losed by s imp le  adva ncement f lap  without reor ient ing marg i ns, then wound can be 
c losed pr imar i ly. 

• I f  rotat ion/transposit ion f lap  or sk in  g raft is needed, it may be wise to de lay reconstruct ion u nt i l  f i na l  
su rg ica l marg ins  a re c lear. 

• Fac ia l  p l ast ic  and  ocu lop lastic co l leag ues shou ld  be consu lted for c losure of comp lex wounds. 

POSTOPERATIVE CARE 
• Small pressure dressings are usually applied to small ad

vancement flap reconstruction sites as well as SLN biopsy 
sites and are left intact for 24 hours. Larger cervicofacial 
advancement flap reconstruction sites are dressed with 
Jobst pressure dressings and are left intact for 2 to 3 days. 
When the dressings are removed, the incisions should be 
kept clean with half-strength peroxide and moist with Vase
line. Topical antibiotic ointment may be used for 2 to 3 days 
but can cause skin irritation with longer use. When skin 
grafts are used, the bolster dressing is left intact for 7 to 1 0  
days. After the bolster i s  removed, the graft i s  kept moist 
with Vaseline for 1 to 2 weeks or until the wound has com
pletely healed. 

OUTCOMES 
• In the hands of experienced head and neck surgeons, an SLN 

can be identified in nearly all patients . In patients with cuta
neous melanoma of the head and neck with Breslow depth 
of 1 mm or greater or with Breslow depth between 0 .75 mm 
and 0 .99 mm with other adverse features, approximately 
20% are found to have a positive SLN. Upon completion 
lymphadenectomy, 25% of patients with a positive SLN will 
have at least one more positive non-SLN. Approximately 
4% of patients with negative SLNs will fail regionally within 
the sentinel node basin. 2 

• Positive SLN status is the factor most strongly associated 
with decreased recurrence-free survival (hazard ratio [HR] 
4 .23)  and decreased overall survival (HR 3 . 3 3 ) .2 The esti
mated 4-year overall survival approaches 84% in patients 

with negative SLN biopsy and decreases to an estimated 
5 8 %  in patients with a positive SLN.2 

COMPLICATIONS 
• Seroma or hematoma at the SLN biopsy site 
• Infection at either the SLNB or primary resection site 
• Wound dehiscence or epidermolysis of rotation flap recon-

struction site 
• Decrease in sensation at either surgical site 
• Theoretical risk of cranial nerve injury 
• Poor cosmetic outcome 
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Chapter 2 7  Sentinel Lymph Node Biopsy 
for Melanoma 
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t Merrick I. Ross Michael Kim 

DEFINITIONS 
• The sentinel lymph node(s)  are defined as the first nodes to 

receive direct lymphatic drainage from the cutaneous site of 
a primary melanoma and therefore the most likely lymph 
node(s )  to harbor microscopic metastases. The technique of 
lymphatic mapping and sentinel lymph node (SLN) biopsy is 
used to determine the histologic status of the regional lymph 
node basin(s) in patients with early-stage (American Joint 
Committee on Cancer [AJCC] clinical stages I and II) mela
noma without performing a formal lymph node dissection. 
The SLN concept as well as the minimally invasive technique, 

Primary melanoma 

Sentinel lymph node 

A Injection site 

which initially used intradermal injections of vital blue dye1 
(FIG 1 ) and was later modified with the addition of radiola
beled colloid injections2•3 at the site of the primary melanoma, 
was first studied and reported in detail by Morton and col
leagues, demonstrating proof of concept in a large group of 
patients with primary melanoma and clinically negative re
gional lymph nodes. 1 This and several subsequent studies have 
confirmed that the lymphatic drainage patterns from specific 
regions of the skin can be accurately determined, the SLN is 
the most likely first site of regional lymph node metastasis, 
and if the SLN is histologically negative, the remaining lymph 
nodes in the mapped basin are unlikely to contain disease. 

Afferent 
lymphatic 
channel Sentinel lymph nodes 

Sentinel lymph node 

B Surgical exposure of 
sentinel lymph node 

FIG 1 • Sent ine l  node loca l i zat ion us ing  b l ue  dye i njections .  An a rtistic rend it ion of the sent ine l  node concept and afferent lym phat ic  
dra inage patterns i s  dep icted .  After the i ntraderma l  i nject ion of b l ue  dye around a pr imary cuta neous melanoma ( left abdom ina l  wa l l ,  
Panel A), afferent lym phatic d ra i nage  to  a left i ngu i na l  senti ne l  l ymph  node  and  two left axi l l a ry sent ine l  lym ph  nodes i s  shown. 
Panel B shows surg ica l  exposu re, us ing a se lf-reta i n i ng  retractor, of the fi rst of two senti ne l  nodes i n  the left axi l l a .  Note the two afferent 
lymphatic vesse l s  enter ing the senti ne l  node. Both nodes i n  the axi l l a  wou l d  be defined as  "senti ne l "  because they each receive fi rst 
(pr imary) eche lon dra inage from a specif ic afferent lymphat ic vesse l .  Both nodes need to be removed from the axi l l a  as we l l  as the SLN i n  
the  g ro i n  to comp lete the  surg ica l proced u re of  SLN b iopsy. 
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The reported accuracy (sensitivity) of SLN biopsy is 95%.1 ·3-5 
The term "biopsy" is perhaps a misnomer (particularly to 
patients) because the biopsy procedure is excisional in nature 
in that the entire SLN is removed and subjected to rigorous 
histologic analysis. Alternatively, the term "sentinel lymphad
enectomy" can be used to define the surgical procedure. 

CLINICAL IMPORTANCE 
• Improving outcomes: The sobering reality is that once patients 

with melanoma develop clinically apparent (palpable) nodal 
disease (advanced AJCC stage III ) ,  the risk of subsequent dis
tant stage IV disease and recurrent lymph node basin disease, 
despite a complete therapeutic lymphadenectomy, is at least 
50%6 and 1 5 %  to 50%/ respectively. Therefore, the original 
motivation to study SLN biopsy was to establish an effec
tive method of identifying and then treating lymph node dis
ease early when microscopic, an approach termed "selective 
lymphadenectomy," not to be confused with the aforemen
tioned "sentinel lymphadenectomy," which refers specifically 
to the SLN biopsy procedure. Such an approach would pre
vent the development of clinically palpable nodal disease and 
in turn improve the outcomes for the node-positive patients in 
terms of both regional disease control and survival. The col
lective experience with SLN biopsy demonstrates that these 
two goals have been accomplished.8•9 

• Staging and reducing morbidity: The stages I and II mela
noma patient population represent at least 85% of the newly 
diagnosed patients. The prognosis of this group is very het
erogeneous and dependent on a variety of primary tumor fac
tors, specifically tumor thickness, ulceration, and mitotic rate, 
and probably most importantly, the presence of occult lymph 
node involvement. 10 The role of SLN biopsy as a staging tool 
has been well established, as several published multivariable 
analyses demonstrate that the histologic status of the SLN is 
the strongest independent predictor of survival for stages I 
and II melanoma and therefore offers another motivation for 
SLN biopsy. 10•1 1 The procedure is also intended to identify 
patients with pathologically node-negative disease for whom 
additional surgery is not indicated and adjuvant systemic 
therapy may not be of benefit, sparing these patients the mor
bidity of unnecessary surgery and treatment-related toxicities. 

• SLN biopsy is now accepted as a standard of care12•1 3  in the 
surgical management of appropriately selected melanoma 
patients. Central to the success of this minimally invasive 
approach, and in turn achieving the earlier described staging 
and treatment goals, is the consistent and accurate identifi
cation and complete removal of the SLN(s ) .  

• Although in  simplest terms SLN biopsy i s  a straightforward 
surgical procedure, in reality, the overall approach integrates 
several necessary components: identification of the appropri
ate candidates, careful physical examination of the potential 
nodal basins at risk, preoperative assessment of the lymphatic 
drainage patterns, intraoperative localization and removal of 
all the SLN(s) ,  and careful histologic assessment of the SLN(s) .  

IDENTIFYING THE APPROPRIATE 
CANDIDATES 
• Primary invasive cutaneous melanoma: The selection criteria 

for identifying the appropriate candidates for SLN biopsy is 

based on the predicted risk for the presence of microscopic 
lymph node involvement for those patients with newly di
agnosed primary melanoma and clinically negative nodes . 
This is best determined by the various primary tumor fac
tors inclusive of tumor thickness, ulceration/4 and mitotic 
rate, which define the five AJCC stages I and II substages 
of primary melanoma. 10 The consensus recommendations 
are to offer SLN biopsy to any patient with a thickness of 
1 mm or greater as long as they are safe operative candi
dates . SLN biopsy should also be strongly considered in any 
patient with a thickness of 0.7 to 0 .99 mm, particularly if 
they have at least one of the following adverse prognostic 
features: Clark level IV or V, one mitotic figure or more per 
square millimeter, and lymphovascular invasion or micro
satellites . 12· 15-17 For patients with a thickness of less than 
0 .76 mm, SLN can be considered if, based on other adverse 
risk factors, a risk of 8 %  to 1 0 %  of SLN involvement is 
anticipated. This, however, would be a minority of patients 
in this subset . 14  Although these patients represent the vast 
majority who will be offered an SLN biopsy, a variety of 
other clinical scenarios are encountered with some fre
quency where SLN may also be considered. These scenarios 
are described in the 6 bulleted points that follow directly. 

• Primary melanoma in an ambiguous (unpredictable) lym
phatic drainage site ( i .e . ,  head and neck or trunk location) 
and proven synchronous nodal involvement in at least one, 
but not all, of the potential regional lymph node basins 
at risk: These patients may be candidates for SLN biopsy 
to stage the other regional nodal basins proven to receive 
direct lymphatic drainage from the primary site but with
out clinical nodal involvement. Generally speaking, these 
patients will undergo treatment of the primary melanoma 
and the involved nodal basin with a wide excision and for
mal therapeutic lymphadenectomy in the same operative 
setting. In the event that preoperative lymphoscintigraphy 
( FIG 2 ) demonstrates lymphatic drainage to an additional 
but clinically negative regional nodal basin, SLN biopsy 

FIG 2 • Lymphosc int igraphy showing  lym phat ic  dra inage to 
more than one noda l  bas i n .  An anter ior-poster ior v iew of a 
lymphosc int igraphy is shown, demonstrat ing  lymphatic dra inage 
from a pr imary me lanoma site (blue circle) i n  a n  a m biguous  
(unpred icta b le) dra inage locat ion .  Afferent dra inage i s  seen to  
the r ight axi l l a  and  r ight neck  (red arrows) . This  patient presented 
with a newly d i agnosed me lanoma in the right mid back. Pa l pab le  
nodes  were appreciated on  physica l exam i n  the r i ght  ax i l l a ;  a n  
u ltrasound-g u i ded f i n e  need le  asp i rat ion confi rmed metastatic 
d i sease. The neck was c l i n i ca l ly u n i nvolved by pa l pat ion and  
u ltrasound .  The  patient underwent su rgery w i th  cu rative i ntent, 
wh ich inc l uded a r ig ht axi l l a ry d issect ion,  wide excis ion of the 
pr imary s ite,  and  a n  SLN b iopsy i n  the r ight neck. F ina l  patho logy 
showed m icrometastatic d isease i n  both SLNs removed.  



1580 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

can also be performed at the same time in an attempt to be 
inclusive in the treatment of all nodal disease, both macro
and microscopic. 

• Mucosal melanoma: Patients with primary mucosal melano
mas that are in locations with easy access for direct injection 
with the SLN localizing agents, conjunctival and anorectal 
in particular, can be candidates for SLN biopsy as part of 
their initial surgical management strategy. Although specific 
primary tumor criteria for these lesions are not well estab
lished for predicting the presence of occult regional node 
involvement, these tumors are most often diagnosed late 
and likely to have a high enough inherent risk to consider 
SLN biopsy. 

• True locally recurrent melanoma: Some patients develop 
recurrent melanoma at the edge of a previous wide exci
sion site and may have one of the following three histologic 
features: in situ disease alone, in situ disease plus an invasive 
component, or invasive (dermal) component only. All three 
of these events are likely the result of an inadequate wide 
excision and an undetected positive margin and therefore 
represent a "true" local recurrence and have a good chance 
for long-term survival with surgical treatment. Most of these 
patients have clinically negative nodes, and in the context 
of a recurrent invasive component with the appropriate 
tumor characteristics (see earlier discussion) ,  it is rational to 
offer these patients an SLN biopsy as a part of the definitive 
surgical therapy. 

• Limited satellite/in-transit metastases: In contrast to the 
patients with "true" locally recurrent disease, these patients 
represent manifestations of the biologic disease continuum 
of regional cutaneous metastases (stage III ) .  Not infre
quently, these patients will present with clinically negative 
regional lymph nodes, stage Illb.  If the extent of the region
ally metastatic disease is limited (one or two lesions) ,  a sur
gical approach to the recurrence is rational. The presence 
of synchronous microscopic nodal disease not only impacts 
disease stage, advancing to Illc and therefore the progno
sis, but also the treatment strategies. Therefore, SLN biopsy 
could also be used in this clinical scenario in conjunction 
with the resection of the recurrence( s ) .  

• After a wide excision: I t  is typical and preferable that the 
SLN biopsy be performed together in a single operative set
ting in conjunction with the definitive wide excision of the 
primary melanoma following a diagnostic incisional or exci
sional biopsy. Occasionally, a patient will have undergone a 
formal wide excision of the primary melanoma site and then 
be referred for consideration of an SLN biopsy. A theoretical 
concern is that the lymphatic drainage pattern of the skin 
brought together to close the surgical defect or surrounding 
a skin graft reconstruction has either been altered by the sur
gery or is far enough away from the original primary lesion 
that it may not accurately reflect that of the removed skin 
that was directly adjacent to the primary melanoma, result
ing in the identification and removal of the wrong SLN(s ) .  
A few publications have put  most of these concerns to  rest. 
The data shows that although more afferent lymphatic ves
sels are likely to be accessed because of the broadened area 
injected, leading to more SLNs being removed and even the 
possibility of additional nodal basins explored in sites of 
ambiguous drainage (trunk and head and neck) ,  the correct 
SLNs will likely be among the specimens removed, providing 

accurate nodal staging information. 1 8  As long as complex 
rotational flaps were not used for the reconstruction, SLN 
can be recommended to patients when this clinical setting is 
encountered. 

• Prior surgery in a nodal basin: Occasionally, a primary mela
noma will be diagnosed in a location with predicted or pos
sible lymphatic drainage to a regional nodal basin in which 
surgical intervention has previously been performed, such as 
an SLN biopsy or lymph node dissection, as treatment for a 
previous melanoma or other malignancies. An SLN biopsy 
may still be possible, but a preoperative lymphoscintigra
phy is mandated to determine how the lymphatic drainage 
has been affected or altered by the previous nodal surgery. 
Lymphatic drainage patterns may be demonstrated in one or 
more of the remaining nodes (if any exist) in the previously 
treated basin or diverted to another basin. This information 
is critical for appropriate surgical planning and operative 
positioning. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Pertinent information such as a prior personal history of 

melanoma or other malignancies and current or recent 
symptoms referable to the presence of metastatic disease 
should be elicited from the patient during the history. 

• Questions about allergic reactions to antibiotics, sulfa in 
particular, and intravenous (IV) contrast agents should be 
documented as this information may suggest an increased 
risk of an allergic reaction to the isosulfan blue dye and 
therefore may influence the decision to use a different blue 
dye such as methylene blue or not use any blue dye at all for 
the SLN procedure (see more details in the following text ) .  

• A thorough head-to-toe skin examination should be per
formed with the intent of identifying additional suspicious 
lesions that could represent another primary melanoma or 
other skin cancers. Diagnostic full-thickness punch or exci
sional biopsies should be performed on selected lesions. 

• Special attention should be paid to the region of the index 
melanoma. Visual inspection as well as palpation of the 
biopsy site and surrounding skin and soft tissues should be 
performed to determine the presence of any residual primary 
disease and/or satellite and in-transit metastases. 

• Skin and soft tissues between the primary lesion and drain
ing lymph node basins should be palpated and closely ex
amined for in-transit disease. All suspicious cutaneous and 
subcutaneous lesions may undergo fine needle aspiration for 
pathologic diagnosis. 

• All potential regional lymph node basins should be palpated 
for the presence of clinically apparent disease. This exami
nation should include the epitrochlear and popliteal minor 
nodal basins when the primary melanoma is located distal to 
the elbow and knee, respectively. 

• Palpable lymph nodes suspicious for metastatic disease 
should be assessed by either direct fine needle aspiration 
or further examined with ultrasound and biopsied with 
ultrasound guidance if confirmed to be radiographically sus
picious. Such data may obviate the need for SLN biopsy in 
that basin and instead invoke a formal radiographic staging 
evaluation prior to carrying out a therapeutic lymph node 
dissection of the affected lymph node basin (s ) .  
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HISTOLOGIC EVALUATION OF THE 
PRIMARY MELANOMA 
• An experienced dermatopathologist should review all pa

thology slides related to the melanocytic lesion in question 
to both confirm the diagnosis of melanoma as well as to pro
vide the microstaging (tumor thickness, ulceration status, 
and mitotic rate ) information and other relevant adverse 
histologic features (see earlier discussion) .  

• The decision t o  proceed with a n  SLN biopsy should b e  based 
on the earlier described established criteria .  In some situa
tions, however, the primary lesion is essentially intact and 
the diagnostic biopsy represents only a small sampling of the 
entire lesion or very superficial in depth. This type of biopsy 
may accurately render a definitive diagnosis of melanoma 
but may lack the histologic features needed to recommend 
an SLN biopsy. In this situation, the entire lesion should 
be narrowly removed as an excisional biopsy for complete 
histologic evaluation. 

PREOPERATIVE RADIOGRAPHIC STUDIES 
• Although symptom-directed preoperative radiographic im

aging is a good practice in patients with newly diagnosed 
melanomas, generally speaking, most newly diagnosed 
early stage patients are asymptomatic; therefore, no special 
radiographic imaging is required or recommended prior 
to performing an SLN biopsy for most primary melanoma 
patientsY In the asymptomatic patient, extensive radio
graphic staging is more likely to result in false-positive 
rather than true positive findings. One possible excep
tion would be the patients with both very thick ( > 4  mm) 
and ulcerated primary lesions. Many surgeons would ob
tain complete radiographic staging inclusive of computed 
tomography ( CT) of chest/abdomen/pelvis or positron 
emission tomography (PET) scan and magnetic resonance 
imaging (MRI) of the brain routinely for this high-risk 
group . 19 

• In contrast, in patients with a locally metastatic lesion or a 
limited number of in-transit metastases for whom an SLN 
biopsy is being considered as part of the definitive surgical 
management, a thorough preoperative radiographic staging 
evaluation should be performedY 

• As mentioned earlier, ultrasound examination should be 
performed in patients with suspicious palpable nodes. 
Furthermore, ultrasound evaluation of the regional nodal 
basins should also be used as an adjunct to physical ex
amination particularly of the axilla, in obese patients, with 
thick and ulcerated melanomas to evaluate for the presence 
of macroscopically involved nodes. In these situations, the 
sensitivity of physical examination is low and the risk of 
harboring synchronous macroscopically involved nodes is 
relatively high. Ultrasound examination suspicious for nodal 
involvement can be confirmed with an ultrasound-guided 
fine needle aspiration ( FIG 3 ) .  

• The success o f  any SLN program i s  dependent o n  the pre
operative determination of the lymphatic drainage pat
terns from the primary melanoma site. Although the 
nodal basins at risk in extremity melanomas are relatively 
predictable, such is not the case for head and neck and 
trunk melanomas where lymphatic drainage patterns are 

FIG 3 • U ltrasound-g u ided f ine need le  asp i rat ion of a susp ic ious 
nonpa l pab le  lymph node.  A static u ltrasound  image of b iopsy 
need le  (black arrow) with i n  the node (red arrow) i s  shown. 

considered ambiguous or unpredictable. Preoperative identi
fication of lymphatic drainage patterns is accomplished with 
lymphoscintigraphy. 20•21 

PREOPERATIVE LYMPHOSCINTIGRAPHY 
• Once the decision is made to perform an SLN biopsy, the 

most important preoperative decision is whether or not to 
perform a lymphoscintigraphy. 

• The technique of cutaneous lymphoscintigraphy provides an 
objective description of the lymphatic drainage pattern from 
a primary cutaneous lesion to the nodal basin( s )  that receive 
direct afferent lymphatic drainage. Through the use of ex
ternal gamma camera images, the migration of the radioac
tive tracer that is injected intradermally (where the invasive 
melanoma cells are located) at the site of the primary tumor 
can be visualized to determine the following: ( 1 )  the major 
lymph node basin(s )  receiving direct lymphatic drainage, 
(2) number and relative location of sentinel nodes within the 
basin, and ( 3 )  the existence and location of SLN(s )  located 
outside of a formal lymph node basin, referred to as either 
" interval" or " in-transit" SLNs that are located in the sub
cutaneous tissues between the primary tumor and the formal 
nodal basin or ectopic in completely unpredicted anatomic 
locations.22 The lymphatic drainage patterns mimic how 
melanoma cells metastasize within the lymphatic compart
ment. Approximately 5 %  to 1 0 %  of the time, an interval 
or in-transit SLN pattern will be identified during lympho
scintigraphy on the trunk; these nodes are just as likely to 
be involved with metastatic disease as the SLNs in the for
mal nodal basins.22 FIG 4 provides a simplified schematic of 
potential lymphatic drainage patterns. 

• Two radiopharmaceutical agents are now available in the 
United States to be used for lymphoscintigraphy and for in
traoperative SLN localization, both using a dose of 0 .5  to 
1 . 0  mCi of the radiotracer technetium-99m. Radiolabelled 
sulfur colloid has been the historical standard and is still 
used commonly, to date, but not specifically approved for 
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this use. Recently, the U.S.  Food and Drug Administration 
(FDA) has approved the use of Tilmanocept,23 which is a 
formulation of a dextran framework with several attached 
mannose residues and a technetium-99m binding site. 

• In theory, the sulfur colloid particles migrate from the 
injection site through the afferent lymphatic vessels and are 
actively taken up by the macrophages in the first draining 
nodes (the sentinel nodes) .  Similarly, Tilmanocept migrates 
to the sentinel nodes from the injection site but is then 
covalently bound to the macrophages in the sentinel node 
as a result of the mannose residues, limiting significant pass 
through to secondary echelon nodes. 

• Two types of images can be created. The routine exami
nation is termed "planar" and provides images in two 
perpendicular planes: posterior-anterior (P-A) and/or 

• 

FIG 4 • Lym phatic dra inage patterns .  A schematic 
of potent i a l  lym phat ic dra inage patterns from the 
pr imary s ite to the reg iona l  noda l  bas i n is  shown . 
The fi rst (pr i mary echelon) node of dra inage from a 
specif ic afferent lym phat ic vesse l is defi ned as an SLN .  
U p- or  downstream dra inage f rom the SLN to  another 
node v ia efferent lymphat ic vesse l s  are cons idered 
secondary eche lon nodes. Occas iona l ly, p r imary 
lym phat ic dra inage is to a lym ph  node prox ima l  
to  the form a l  bas i n i n  the subcutaneous t issue and  
termed as e ither an  " i nterva l "  or  " i n -tra ns it" SLN .  

anterior-posterior (A-P ) ,  or  both, and lateral views20 ( FIG 

S ) .  These images visualize the injection site, the afferent lym
phatic channels, and the accumulation of the radiotracer in 
the SLNs. The A-P and P-A views give the clinician medial 
and lateral as well as superior-inferior orientations, whereas 
the lateral views provide anterior and posterior localizations 
and also superior-inferior localizations. A transmission scan 
adds the contour of the body to the image and provides ad
ditional anatomic localizing information. When radioactive 
tracer injection sites (primary melanoma site ) overlies or is 
in close proximity to a draining lymph node basin in at least 
one visual plane, the radioactivity in the sentinel node will 
not be visualized in that plane. Perpendicular images are 
necessary in order to visualize the sentinel activity separate 
from the injection site activity. 

AHT HEAD & NECK 01 POST HEAD & NECK 02 ANT HEAD & NECK TRANS 03 
FIG S • P lanar  lym phosc int igraphy. Typica l  examp le  
of  a cuta neous lym phatic d ra i nage  scan, obta i ned by 
inject ing the tech neti u m-99m-la be l led tracer in the 
intradermal  l ocat ion at the pr imary me lanoma site, 
i s  shown . The i nject ion site, the afferent lymphat ic 
vesse ls, and  the SLNs i n  the reg iona l  bas i n nodal  
are v isua l ized . A-P and  P-A (A) as we l l  as r ight and 
left l atera l images (B) are taken to v isua l i ze the 
dra inage pattern i n  perpend i cu la r  v i sua l  p la nes.  
The last image i n  both rows i s  the tra nsm iss ion scan 
that out l i nes the contour  of the body to fac i l itate 
anatomic loca l izat ion .  

• 
• • 

RT LAT CHEST 1 1  LT LAT CHEST 1 2  R T  LA T  CHEST TRANS 1 0  
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• More recently, single-photon emission computed tomogra
phy-computed tomography (SPECT-CT) lymphoscintigra
phy21 has been developed, providing more exact anatomic 
localizations. With this method, serial cross-sectional, axial, 
coronal, and sagittal images are obtained and fused with the 
nuclear images. Relatively precise locations of the SLN and 
injection sites can be accomplished and is therefore particu
larly helpful in primary tumor locations such in the head 
and neck regions where multiple SLNs may be present or 
in locations where the potential nodal basins, and therefore 
the SLNs, may be in close proximity to the injection's site 
and lie within one of the same visual planes as the injection's 
site . In this latter situation, the SLN radioactivity will be 
obscured by activity within the injection site in one or more 
planes and therefore possibly go undetected on a "planar" 
study. Although obtaining a perpendicular image may visu
alize the SLN activity in a different line of sight, as described 
earlier, the SPECT-CT provides consistent three-dimensional 
imaging. The SPECT-CT images are also better at determin
ing the presence of and delineating the location of interval or 
in-transit SLNs ( FIGS 6 and 7 ) .  

• I n  the management o f  primary tumors located i n  cutaneous 
regions predicted to have ambiguous lymphatic drainage, 
such as in the head and neck and trunk, a preoperative 
lymphoscintigraphy is mandated. The extent of ambiguous 
cutaneous lymphatic drainage includes a very large area of 
the trunk and head and neck regions and is underestimated 
by the original classic descriptions of lymphatic drainage 
patterns. FIG 8 illustrates the actual regions of ambiguous 
drainage. FIG 9 demonstrates an example of ambiguous 
drainage. 

• For extremity lesions, a formal lymphoscintigraphy is not 
essential as the basins at risk are predictable and intraopera
tive scanning can be performed with the handheld gamma 
probe. Some clinicians, however, will obtain a preoperative 
study for extremity lesions as well, particularly if the primary 
tumor is located distal to the knee or elbow to have a pre
operative assessment for the presence of popliteal (FIG 1 0) 

FIG 6 • SPECT-CT lymphosci nt igraphy. P l anar  lymphosc int i 
g raphy of pr imary me lanoma i s  shown i n  the top row, with 
a nter ior v iew i n  (A) and  latera l v iew i n  (B) . Selected SPECT-CT 
images of the same patient a re seen in the bottom row. O n ly 
the axi l l a ry SLN is seen i n  (A) and  an add it iona l  SLN is seen i n  
(B), wh i ch  was  obscu red by  the  over ly ing activity transm itted 
to the axi l l a  from the i nject ion site. The add it iona l  SLN in (B) is 
l i ke ly an i n -trans it node, the exact a natom ic  location of which 
i s  better v i sua l ized i n  the tra nsaxia l  v iew of the SPECT-CT image 
i n  (D) . I n  (C), the blue arrow i nd i cates the i nject ion s i te and 
i n  (D) ,  a few cross-sect iona l  i mages i nfer ior the white arrow 
i dentif ies the i n -transit SLN and  the red arrow the axi l l a ry SLN, 
both of which a re located i n  the same A-P v isua l  p l ane .  

or epitrochlear drainage patterns .  Even in the proximal 
extremity locations, a preoperative lymphoscintigraphy can 
provide useful information in determining whether any up
stream drainage from the thigh to the pelvis or the upper 
arm to the neck is primary ( sentinel ) or secondary echelon. 

• Whereas some clinicians will schedule the lymphoscintigra
phy on a day prior to the surgical procedure, others will 
obtain the study on the day of the surgery. In the latter sce
nario, the injection of the technetium-99m-labeled radio
tracer that is used for the scan can be used for the gamma 
probe-directed intraoperative localization of the SLN. 
Because the half-life of technetium-99m is only 6 hours, 
when the lymphoscintigraphy is performed on a day remote 
from the surgery, another injection is required on the day of 
surgery unless a larger (three times)  dose of the radiotracer 
is given the evening before the surgery. 

• The lymphoscintigraphic images should be viewed by the 
surgeon and displayed in the operating room ( OR) at the 
time of the SLN biopsy surgery to facilitate operative posi
tioning, the intraoperative identification of the SLNs, and 
subsequent removal of all of the SLNs. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Except in situations when the patient has already under
gone a wide excision of the primary melanoma and then is 
referred for SLN biopsy, the SLN biopsy is carried out in the 
same operative setting as the definitive wide excision of the 
primary site. 

• The surgery is performed as a day surgery, most conve
niently in an ambulatory OR setting, under general anes
thesia or with local anesthesia supported with intravenous 
sedation. Therefore, the patient should be nil per os (NPO) 
after midnight. 

• Because frequently the entire index clinical lesion has 
been removed with either the shave or excisional diag
nostic biopsy, identifying the correct site at the time of 
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FIG 7 • SPECT-CT lym phosc int igraphy. P l anar  lymphosc int igraphy of a pr imary me lanoma on the left sca l p  is shown i n  (A), demonstrati ng  
m u lt ip le  SLNs, the a natomic  locations  of wh i ch  a re  d i ff icu lt  to  defi ne .  I n  (B-D), the SPECT-CT i mages a re shown, with the white arrows 
i nd icat ing the i nject ion site and  the red arrows the SLNs, provi d i ng  more exact loca l izat ion with the use of cross-sect iona l  (B and  C) and  
corona l  views i n  (E). 

lymphoscintigraphy or surgical procedure may be difficult. 
This is further complicated by the fact that these patients 
frequently have undergone other biopsies of skin lesions 
either prior to or at the time of the melanoma diagnosis. 
Because the accuracy of the SLN biopsy is dependent on 
injecting the correct site, careful documentation of the pri
mary melanoma biopsy location to be injected should be 
carried out during the first clinic visit when the decision to 
perform the SLN biopsy is made. Digital images of this site 
can be obtained and downloaded in the patient's electronic 
medical record. 

• Once the index lesion has been identified and clearly marked 
in the preoperative holding area and confirmed by the 
patient and/or family member, the patient can go to nuclear 
medicine for the radiotracer injection followed by the lym
phoscintigraphy if not already completed on a day remote 
from the actual surgical procedure. The radiotracer is in
jected intradermally in the normal skin, just adjacent and 
as close as possible to the intact residual lesion (if present) 
or the biopsy site by the radiologist or technician. A four
point injection technique surrounding the lesion is employed 
with a 30-gauge needle attached to a l -ee syringe ( FIG 1 1  ) .  
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FIG 8 • Areas of a m biguous  lymphat ic  dra inage .  
The reg ions  of a m biguous  (unpred ictab le) cutaneous 
lym phat ic dra inage inc lude broad a reas of the 
poster ior  (A) and  a nter ior (B) tru n k  and  the ent i re 
su rface a rea of the head and  neck. 

c 

FIG 9 • Ambiguous  lym phatic dra inage .  Lym phosc int igraphy of me lanoma on the r ight f l ank  is d i sp layed . The pr imary i nject ion site i s  
shown i n  (A), demonstrat ing  afferent lym phat ic vesse ls  d ra i n i n g  i n  a b id i rect iona l  fash ion  to the i ps i latera l axi l l a  (red arrow) and  gro in 
(blue arrow). I n  (B) and  (C), the axi l l a ry SLN is v isua l i zed i n  two perpend i cu l a r  p la nes.  I n  (D) and  (E) ,  the i ngu i na l  SLN i s  visua l ized i n  two 
perpend i cu la r  p la nes.  

B 

FIG 1 0  • Visua l izat ion of pop l itea l SLN .  Lym phosci n
t igraphy of me lanoma on the p l antar su rface of the 
ca lcaneus demonstrat ing  both pop l itea l (A) and i n g u i n a l  
(B) S L N s  (arrows) i s  shown. 
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The usual dose of the radiotracer is 0 .5  to 1 mCi of techne
tium-99m. For extremity lesions, the surgeon may choose 
not to obtain a lymphoscintigraphy ( see earlier discussion) 
and have the patient return to the preoperative holding area 
directly after the injection. Also for extremity primaries, if 
permissible by the nuclear medicine department and if a lym
phoscintigraphy is not going to be obtained, the surgeon can 
perform the injection of the radiotracer in the OR just prior 
to injecting the blue dye. 

• Generally speaking, scheduling the injection that will be per
formed by the nuclear medicine staff approximately 1 hour 
prior to the surgery start time is adequate, but 2 or 3 hours may 
be required if a SPECT-CT lymphoscintigraphy is planned. 

• Open communication with anesthesia personnel should take 
place prior to arrival in the OR to make sure the IV is placed 
thoughtfully at a site removed from the planned sites of the 
surgical procedures. 

• The patient should be administered appropriate broad
spectrum antibiotic prophylaxis to reduce the risk of surgi
cal site infection. 

• The handheld gamma probe should already be in the OR. 
• If the plan is to use the vital blue dye as another SLN local

izing agent, this should be drawn up in l-ee aliquots in the 
OR prior to the arrival of the patient. 

Operative Positioning 

• Thoughtful operative positioning is more of an art than a 
science but is an important step that will reduce operative 
times, limit the number of position changes, facilitate intra
operative scanning with the handheld gamma probe, and 
more importantly, optimize the complete identification and 
removal of all SLNs. 

• The lymphoscintigraphic images should be displayed in 
the OR. 

• Once in the OR, the gamma probe is used to transcutane
ously scan all the planned nodal basins and SLN locations to 
be explored to make sure that the radiotracer has migrated. 
Alternatively, the patient can be scanned with the handheld 
gamma probe in the holding area prior to entering the OR 
to make sure the radiotracer has migrated in the event that 
a lymphoscintigraphy was not performed on the day of the 
surgery or not needed ( i .e . ,  for extremity primary) .  

• The gamma probe should also b e  used t o  scan potential ad
ditional sites that may not have been specifically identified 
on the lymphoscintigraphy, such as in the epitrochlear and 
popliteal regions for primary lesions distal to the elbow and 
knee respectively, all of the major regional nodal basins in the 
neck for head and neck and upper trunk primaries close to 

FIG 1 1  • Rad iotracer i nject ion tech n ique .  The correct 
tech n ique  and need le  l ocation for an intraderma l  
i nject ion i s  shown us ing  a soft t i s sue model  i n  (A) . 
An actua l  i ntraderma l  i nject ion of the rad iotracer 
at the pr imary me lanoma site us ing  a 1 -cc syr inge 
and  a 30-gauge need le  i s  shown i n  (B) . Note the 
whea l  formation (arrow) confi rm ing  the intraderma l  
l ocation .  

the midline, contralateral axilla for mid and upper back and 
chest lesions close to the midline, contralateral inguinal basin 
for lower abdomen and lower back primaries close to the 
midline, and ipsilateral axilla and inguinal regions for later
alized flank primaries. Additional SLN sites may be identified 
and these findings may influence operative positioning and 
the regions to be prepped and draped. The arm(s)  and leg(s )  
when performing SLN biopsies in the axillae and groins, re
spectively, should be circumferentially prepped and draped 
so position changes can be performed sterilely to facilitate 
adequate exposure of the lymph node basins intended for bi
opsy. Moreover, primary lesion(s )  intended to undergo wide 
local excision should also be clearly visible and accessible. 

• Whenever possible, patients should be positioned in a way 
to expose both the SLN and wide excision sites in one supine 
or lateral position. This will allow one session of prepping 
and draping and avoid the time it takes to change positions . 
This can usually be accomplished when the primary lesion 
is on one of the extremities, anywhere on the trunk or head 
and neck locations when all of the SLN sites are on the ip
silateral side of the primary, and anywhere on the anterior 
trunk and anterior head and neck regions even when the 
draining nodal are bilateral. In contrast, the most problem
atic locations are posterior neck and trunk lesions close to 
the midline when bilateral nodal basin ( i .e . ,  both axillae, 
both cervical, or both inguinal) drainage is identified or two 
or more different basins on opposite sides of the body ( i .e . ,  
left axilla and right neck) contain SLNs. In these latter sce
narios, at least one position change will be required. 

• When foot/lower leg cutaneous lesions localize SLN(s)  to 
the popliteal fossae, prone positioning is best suited for such 
patients for adequate visualization and access to the SLN(s ) .  
The patient may then be subsequently repositioned in  the 
supine or lateral decubitus position for excision of corre
sponding primary lesions if that site is not accessible in the 
prone position. Another option for this scenario would be to 
place the patient in the lateral decubitus position, avoiding a 
position change. 

• The patient should also be positioned to facilitate the sur
geon in scanning the nodal basin and the intervening tissues 
with the handheld gamma probe positioned perpendicular 
to or in a direction pointed away from the injection site to 
limit the "shine-through" radioactivity emanating from the 
injection site that may obscure the radioactivity in the SLN 
and in turn hamper ones ability to discriminate SLN radio
activity from the injection site activity. 

• After the patient is positioned, multiple steps are carried out 
to accomplish a complete and accurate sentinel lymphad
enectomy.24 
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INJECTION OF BLUE DYE 

• Once the patient is positioned, the vita l b lue  dye is i njected 
at the pr imary site us ing a s im i l a r  four-point i ntradermal  
i nject ion tech n ique that was used for i nject ing the rad io
tracer. Approximately 2 to 3 cc of b lue  dye is i njected us ing 
1 -cc tubercu l i n  syr inges and a 25-gauge need le (FIG 1 2) .  

• Although  it is not mandatory that the b l ue  dye be • 
used, most su rgeons feel that the two loca l i z i ng  agents 
com plement each other  in successfu l l y  identify ing  and  
remov ing  the SLNs .  

• The b lue  dyes most commonly used a re isosu lfan b lue and 
methylene b lue  i n  the U n ited States and patent B l ue  V i n  

A 

Eu rope and Austra l i a .  The isosu lfan seems to concentrate 
in the SLNs in a more un iform manner  compared to methy
lene b l ue, mak ing it easier to v isua l ize. Some surgeons pre
fer to use methylene blue because of the potentia l ,  a l beit 
very low risk, of an  a l lergic react ion to isosulfan b l ue.25 
However, at least one report documents i ncreased post
operative comp l ications with the use of methylene b l ue .26 
After the b l ue  dye i s  i njected, the patient i s  then appro
pr iately prepped and d raped .  The time that transp i res 
du r i ng  the prepp ing  and drap ing  is long enough for 
the b l ue  dye to travel through the lymphat ic vesse l s  to 
the SLNs .  

FIG 12 • B lue dye i nject ion techn ique .  The pr imary melanoma is  shown (A) with p l an ned marg ins  measured and  d rawn 
(arrow). The fou r-po int i ntraderma l  i nject ion of the b l ue  dye i s  shown in i mages (B-E) . 

INTRAOPERATIVE LOCALIZATION 

AND SURGICAL EXCISION OF THE 

SENTINEL NODES 

• 

• 

• 

Most common ly, both the SLN b iopsy and  the wide exci
sion of the pr imary site w i l l  be performed in the same 
operative sett ing .  Genera l ly, if the b l ue  dye i s  used,  the 
noda l  bas in  exploration and remova l of the SLN i s  ap
proached fi rst i n  order to take advantage of the visua l 
izat ion of  the SLN afforded by  the b l ue  dye. If the wide 
exc i s ion i s  performed fi rst, the b lue dye wi l l  be removed 
as  wel l , l i m it ing  the conti nued f low of dye to the SLN and  
i n  turn the visua l i zat ion of the SLN .  
The use  of the hand he ld  gamma probe i s  centra l to  th i s  
proced u re .  The probe i s  p laced with i n  a ster i le  u ltra
sound cover after the patient i s  prepped and d ra ped .  
If  the p l anned wide exc is ion s i te  ( i nject ion s ite) i s  in  
c lose proxim ity to the noda l  bas in ,  the sh i ne-through 
activ ity may be g reater than the sent ine l  activity. The 
fo l l owing maneuvers a re used to d i scr i m i nate SLN activ
ity from the sh i ne-th rough  activity: As the gamma probe 
i s  tra nscutaneous ly passed from the i nject ion site to 

• 

the noda l  bas in ,  the counts wi l l  d i m i n ish  i n  proport ion 
to the d i stance from the i nject ion s ite .  A senti ne l  node 
a rea i s  identif ied when the rad ioactive cou nts i ncrease 
as  the probe i s  moved further away from the i nject ion 

s ite compared to a locat ion that i s  c loser to the i njec
tion site (FIG 1 3) .  The rad ioactive counts shou ld  aga in  
decrease as the gamma probe i s  passed further beyond 
the senti ne l  node.  The use of a remova b le  co l l i mator ca n 
be he lpfu l  i n  red uc ing sh i ne-th rough  activ ity. Make su re 
that when pass ing  the probe from the i nject ion site to 
the noda l  bas in ,  the probe is posit ioned perpend i cu la r  to 
or d i rected away from the i nject ion s ite. If none of these 

maneuvers a re successfu l ,  the wide excis ion can then be 
performed fi rst, which very effectively removes the back
ground sh i ne-th rough  counts. Th is  maneuver wi l l  a l so re
move the blue dye and stop the cont in ued f low of dye to 
the noda l  bas in and  in turn s ign if icantly reduce the ab i l 
ity to  u se  the b l ue  dye as a n  a id  i n  identify ing the  SLN .  
If  t he  patient i s  posit ioned correctly, t he  su rgeon wi l l  be 
ab le  to transcutaneously loca l ize the epicenter of the SLN 
activity with the handhe ld gamma (wh ich represents a 
sma l l  percentage of the radioactivity at the i nject ion s ite) 

1587 
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FIG 13 • Conceptua l izat ion of i ntraoperative SLN sca n n i n g .  Th ree conceptua l  graphs a re shown, with the x-axis represent ing 
rad ioactive count per second  (CPS) and  the y-axis d i stance of the SLN from the i nject ion s ite .  The amount of rad ioactivity 
that trave l s  to the SLN i s  a sma l l  percentage of the rad ioactiv ity i njected .  Sh i ne-through rad ioactivity from the i nject ion site 
may obscure the a b i l ity to detect to the rad ioactivity in the SLN, part icu lar ly  i f  the i nject ion i s  c lose to the noda l  basin and/or 
SLNs .  Although p lac ing  a col l i mator on the end of the probe may b lock out m uch of the sh i ne-th rough act ivity and  a l low the 
detect ion of the SLN, it a l so na rrows the exposed a rea of rad ioactiv ity detect ion crysta l on  the probe and  i n  turn red uces the 
cou nts detected from the node.  I n  (A), sca n n i n g  for the SLN i s  performed with the probe poi nted at the i nject ion site. Even 
though the probe i s  movi ng away from the s ite, sh i ne-through cou nts detected may be g reater than the cou nts i n  the SLN, 
l i m it ing the a b i l ity to d iscr im i nate SLN activ ity versus sh i ne-through i nject ion activity. In (B), the same maneuver i s  performed, 
now with the probe poi nted away from the i nject ion s ite, a l lowing the detect ion of a step-up i n  activity as one reaches the 
SLN .  I n  (C), the wide exc is ion has  been performed, essent ia l l y  remov ing a ny sh i ne-through activity and  i n  turn faci l itat ing  the 
detect ion of the SLN activity. Th i s  l atter maneuver i s  often used when try ing to f ind  the rema i n i ng  SLNs with less rad ioactiv ity 
after the fi rst, most rad ioactive SLN has been identif ied and  removed .  

with i n  the nodal  bas in  without too much d ifficu lty espe- • 
c ia l ly  if the i nject ion site is at some d istance from the nodal  
basi n (FIG 14) .  

• The ep icenter of SLN activity is ma rked with a ster i l e  
mark ing pen and  used for  su rg ica l  inc i s ion p l ann i ng .  

• The noda l  bas in  is approached with a sma l l  b iopsy inc i 
s ion d i rected by the handhe ld  gamma probe over  the 
ep icenter of rad ioactiv ity. We make su re that  th i s  b iopsy 
inc i s ion can be eas i ly  i n corporated and  excised en b loc • 
as part of a forma l  lymphadenectomy inc i s ion if that i s  
req u i red at a l ater date shou ld the senti ne l  node revea l  
metastases (FIG 1 S) .  

The  derm i s  and  su bcutaneous t issue i s  d iv ided w i th  ca u
tery, advanc ing  deeper for  approximately 1 to 2 em at a 
t ime between pa uses dur i ng  which t ime the trajectory 
of the l i ne  of d i ssect ion toward the rad ioactive s i gna l  
may  be conf irmed w ith  the gamma probe. Us ing  th i s  
techn iq ue, the su rgeon is ab l e  to  loca l i ze and  d i rect ly 
advance to the ta rgeted SLN(s) with m i n i m a l  tissue 
d is rupt ion (FIG 1 6) .  

I n  most s ituat ions, the SLNs a re deep  to  the  subcuta ne
ous i nvest ing  fasc i a l  layer ( i .e . ,  Scarpa's i n  the groin and 
p l atysma i n  the neck), which needs to be i ncised i n  order 
to enter the nodal bas in  proper (FIG 1 6C) . 
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FIG 1 4  • Thoug htfu l  position i ng  i n  the OR .  The left l atera l posit ion i s  correctly chosen i n  th i s  patient with  a pr imary me lanoma 
on the r ight m id  back  with  a lym phosc int igraphy showi ng  dra inage to the r ig ht axi l l a  and  a proba b le  i n -transit node over the 
scapu l a .  Th is  posit ion fac i l itates not  on ly perform ing  the SLN b iops ies and  the wide exc is ion without a posit ion change but  
a lso scann i ng  for  the SLN nodes  perpend i cu l a r  to and  d i rected away f rom the i nject ion s i te .  U nder each  frame, the n u m bers 
represent the cou nts per second of rad ioactivity where the gamma probe i s  p laced.  Note that the h ighest count i s  over the 
i nject ion s ite, then cou nts decrease movi ng away from the i nject ion unti l they i ncrease to identify the i n -tra nsit node, then 
decrease aga i n  as the i n -transit node i s  passed, then i ncrease aga i n  in the axi l l a .  The last fra me in the second  co l u m n  shows the 
SLN sites marked and in the last co l u m n  on the right the two frames show the i n -tra nsit SLN and the axi l l a ry SLN .  

B 

FIG 1 5  • Sk in  mark ing and  p l an ned SLN b iopsy 
inc i s ion .  Exa m p les of tra nscuta neous SLN loca l izat ion 
with the gamma probe i n  two nodal bas ins :  
(A) i n g u i n a l  and  (B) axi l l a ry. I n  each fra me, the SLN 
b iopsy i nc i s ion i s  d rawn to i n corporate the locat ion 
of the SLN, marked with a n  "X" as  we l l  as  a futu re 
forma l  lymphadenectomy shou ld  that be req u i red .  
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B 

• Sk in  hooks, handhe ld  R icha rdson-type retractors, or  
b l u nt se lf- reta i n i ng  retractors can be used for  exposu re 
(FIG 1 6D) .  

• Once the noda l  bas i n is entered, the loca l i zation of 
the SLN may be further fac i l itated by e ither fo l lowi ng 
a b l ue-sta ined lymphatic channe l  towa rd the b l ue  node 
or  by d i rect v isua l i zat ion of the b l ue-sta ined lym ph  node 
(FIG 1 6E) .  

c 

F 

FIG 1 6  • Steps i n  exc 1 s 1ng  the SLNs .  The surg ica l  steps used i n  
t h e  actua l  remova l o f  t h e  SLNs .  (A) Tra nscutaneous loca l izat ion,  
(B) mark ing the ep icenter of rad ioactivity and  p l ann i ng  the i nc i s ion ,  
(C) making the i nc is ion,  inc i s ing the dermis  and  the su bcuta neous 
t issue to expose the fasc ia,  (D) inc is ing the fasc ia  to enter the nodal  
bas in  proper, (E) d i ssect ing the SLN from the surround i ng  t issue, 
de l iver ing the node i nto the wound,  then remov ing  the node after 
c l i pp i ng  or c l amp ing  then cutt ing the afferent vesse l s  and vascu la r  
ped ic le to  remove the node ,  (F) ex vivo count ing  of the SLN, 
(G) recheck i ng  the nodal  bas in  for s ign if icant res idua l  rad ioactivity, 
and  remov ing add it iona l  SLNs .  

a DeBakey or  Adson,  to avo id  tea r ing  the node.  Some 
su rgeons p lace a f igu re-of-e ight st itch i n  the node for 
th i s  maneuver, but th i s  ca n a lso ca rry the r isk of tea r ing 
the node.  Once mob i l ized and  de l ivered, the i nterven
i ng  lymphat ic  channe l s  ca n be identif ied because of the 
b lue dye and  a re c l i pped or  t ied to l i m it the deve lopment 
of a postoperative seroma .  The vascu la r  ped ic le  i s  then 
c l amped, cut, and  then t ied .  

• The visua l i zat ion of the b l ue  dye is he lpfu l  in ra p id ly iden- • 
tify ing  which lymph node has accu mu l ated the rad io
tracer, d iscri m inat ing the SLN from the other nonsta ined 
surround i ng  nodes  that  a re usua l l y  i n  c lose proxim ity. 

Ex vivo cou nts of the node a re then documented with 
the handhe ld  gamma probe and recorded (FIG 1 6F) .  
After removi ng the i n it i a l  S LN ,  the noda l  bas i n  i s  then 
scan ned for res idua l  rad ioactive cou nts with the gamma 
probe poi nted away from the i nject ion s ite. If  the back
ground activity i n  the noda l  bas i n  i s  sti l l  h i gh  because of 
c lose prox im ity to the i nject ion site, the wide loca l exci
s ion of the pr imary site may be performed.  Th i s  removes 
any s ign if icant background activity (sh i ne  through) and  

• The SLN is then d i ssected free from the surround ing  t i s
sues. Th is  is fac i l itated by gently g rasp i ng  the node with 
a p ickup and then de l iver ing the node to a more superfi
cial locat ion i n  the bas i n .  We prefer to use a p ickup with 
broad and b l u nt jaws such as Hayes-Mart in ,  rather than 
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a l l ows for a more com p lete eva l uat ion of res idua l  SLN 
cou nts with i n  the noda l  bas i n .  

• Addit iona l  nodes identif ied by the presence of h i g h  re- • 
s i dua l  rad ioactivity and/or b l ue  dye sta i n i n g  are then 
removed and  labe led as  sent ine l  nodes, with n u m bers as
s igned seq uenti a l ly i n  the order of identif icat ion .  Nodes 
a re defi ned as sent ine l  if they a re b l ue  and/or conta i n  
rad ioactivity s ign if ica ntly a bove backg round .  Nodes 
a re removed and  l a be led as " senti ne l "  unt i l  no  foca l 

CLOSURE 

• Hemostas i s  shou ld  be ensu red and  d iv ided fasc i a l  l ayers 
c losed with i nterrupted 3-0 a bsorba b le  sutu res. D ra i n s  
a re u sua l l y  not  needed.  

PATHOLOGIC EVALUATION OF THE 

SENTINEL NODES 

• A ded icated dermatopatho log i st shou ld  process the 
node and read the patho logy s l ides .  

• The SLN a re seri a l l y  sect ioned us ing  either a long  the long 
ax i s  of the node or a bread- loaf ing tech n ique  across the 
short axis of the node (FIG 1 7) .  The width of the ser i
a l ly s l iced sect ions i s  partly dependent on the s ize of the 
node but usua l ly are made i n  2-mm i nterva ls .  

A 

Bisection 

B 

-

Bread loafing 

COMPLICATIONS 

• 
• 

No identifi ab le  dra inage to SLN(s) 
Remov ing  the "wrong"  node and  leavi ng beh i nd  the 
true SLN 

• 

• 

• 

• 
• 
• 
• 
• 

bas in  rad ioactivity is g reater than 1 0 %  of the " hottest" 
senti ne l  node removed.  
The sk in  and  soft t i s sue between the i nject ion s i te  and 
noda l  bas i n (s) shou ld  a lso be scanned to identify and 
subsequently remove any " i n-tra ns it" or " i nterva l "  SLNs .  
S im i l a r ly, if the background  cou nts a re too h igh beca use 
of prox im ity to the i nject ion s ite, the wide exc is ion can 
be performed to decrease the sh i ne  through and fac i l i 
tate the exploration fo r  the i n -tra nsit SLNs .  

Sk in  may then be approxi mated us ing  i nterru pted, 
bu ried a bsorba b le  sutu res in the dermis  fo l l owed by a 
r unn i ng  su bcuticu l a r  stitch with a 4-0 a bsorba b le  mono
f i l a ment suture .  Ster i-Str ips or a sk in  ad hesive may then 
be app l ied .  

F rozen sect ion eva l uat ion of the SLNs a re not recom
mended out of concern of leav ing  beh i nd  nodal t issue 
with sma l l-vo l ume  d i seases i n  the cryostat and therefore 
w i l l  go undetected .  Such events cou l d  red uce the accu
racy of the patho log ic  eva l u at ion of the SLN .27 
The t issue s l ices a re em bedded in pa raffi n b locks for 
permanent sect ion eva l uation .  All the b locks a re sta ined 
with hematoxy l i n  and  eosi n .  If  these a re negative, 
add it iona l  sect ions a re taken for i m m u nosta i n i n g .  

F I G  1 7  • H isto log ic  exa m i nat ion o f  t h e  SLN .  Schematic 
representat ion of sect ion ing  of lym ph nodes, with routi ne 
b i sect ion i n  (A) creat ing two sa m p les to be sta ined and  
seria l  sect ion ing  i n  (B), resu l t ing i n  m u lt ip le  sect ions for 
sta i n i n g .  

Hematoma 
Seroma 
I nfect ion (ce l l u l it i s  or i nfected seroma) 
Pa resthes ias 
Lym phedema 
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POSTOPERATIVE CARE • I n struct the patient what to look for in terms of seroma 
and  surg i ca l  s i te  i nfect ion .  

• Always exam ine  the patient before d i scharge to make • Rem i n d  them a bout the b l ue  dye i n  the ur ine .  
su re a hematoma has not deve loped.  • Keep the SLN site d ry for 48 hours .  

OUTCOMES 

• Us ing the dua l  loca l i z i ng  tech n ique  of rad iotracer 
and b l ue  dye i nject ions, the SLN identif icat ion rate 
approaches 1 00 % .3 

• The frequency of a fa lse-negative event defi ned as the 
deve lopment of c l i n i ca l noda l  d i sease i n  the same noda l  
bas in  subseq uent to the remova l of a negative SLN is 3% 
to 5 % .28 A false-negative event i s  most common ly  a resu l t  
of very sma l l  vo l u m e  d i sease undetected by the or ig i na l  
patho log ic  eva l uat ion of  the  SLN removed, and  there
fore, a forma l  lym phadenectomy was not performed.  

• 

For such an event to occur, another lymph node with 
subc l i n i ca l  d i sease was l i ke ly present i n  the same noda l  
bas in  at the t ime of the SLN proced u re as the sou rce of  
the subseq uent c l i n i ca l noda l  recu rrence. Another reason 
for a fa l se-negative event lead ing  to a noda l  recu rrence 
is the i naccu rate identif ication of the SLN and  remov ing 
a node that  was not sent ine l  and  leavi ng beh i nd  the true 
SLN that ha rbored m icroscop ic  d i sease. 28 
Lym phedema, a lthough ra re, ca n occur  and  i s  most com
mon fo l l owing a n  SLN b iopsy i n  the groin i n  conjunct ion 
with a wide exc i s ion on the th igh  or lower leg .  

PEARLS AND PITFALLS 
Head and  neck pr imar ies • The lymphat ic  dra inage from these pr imary les ions is  the most a m b iguous  and least pred ictab le .  

I nject ion of b l ue  dye 

Therefore, a SPECT-CT lymphosc int igraphy is strong ly  encouraged.  
• Due to the c lose prox im ity to i m portant structu res when treat i ng  me lanomas  of the face,  the 

exc i s ion marg i n s  for the p r imary les ion may have to be se lect ive ly na rrowed to avo id  i n j u ry to 
these structu res and  a ny associated funct iona l  or  cosmet ic  i m p a i rments (see Part 5, Chapter 26) .  
It i s  i m portant to note that i njected b lue dye at the p r imary site l eft beh i nd  i n  the rema i n i n g  sk i n  
after the wide exci s ion  can tattoo the sk in  fo r  l ong  pe r iods  of t ime .  Therefore, exc i s ion  marg i n s  
a re c l ea r l y  d e l i neated w i th  a mark ing  pen pr ior  to the i nject ion  of the b l ue  dye .  I n  th i s  way, the 
vo l u m e  of dye i njected ca n be adj usted to ensure that the b lue sta i n i n g  i s  l i m ited to the sk in  to 
be exc ised . 

• The SLNs in the neck a re surpr i s i ng ly sma l l ;  the use of b l ue  dye is part i cu la r ly he lpfu l .  
• The lymphat ic  dra inage i n  t h e  head and  neck reg ion i s  very ra p id  and  t h e  f low o f  b l u e  dye c a n  b e  

d i l uted out i f  too m u c h  t i m e  transp i res between t h e  i nject ion and  t h e  exp lorat ion o f  t h e  noda l  
bas in for  the SLN .  Therefore, i n  contrast to other pr imary sites, the b l ue  dye i s  i njected under  ster i l e  
cond i t ions  after the patient i s  prepped and  d raped .  

• The SLNs i n  the neck reg ion are often adjacent to i m portant nerves, such as  the sp ina l  accessory, 
g reat aur i cu la r, and  branches of the facia l  nerve. 

• An i nject ion performed in the i ntraderma l  locat ion creates some resista nce and can resu lt in the 
need le  becom ing  sepa rated from the syr inge, sp latter ing b l ue  dye on  oneself, the patient and OR 
staff. Therefore, the use of 1 -cc Luer lock-type syr inges i s  recommended .  

• Remember  to te l l  patient that  h i s  or her u r i ne  w i l l  be b l ue/g reen co lored for  24 hours .  
• Any b lue  dye sta i n i n g  of the sk in  not removed by the wide exc i s ion may take severa l months  to 

comp letely fade away. 
• If the patient has a l ready had a wide exc is ion,  a preoperative d i scuss ion shou ld  take p lace a bout 

whether or  not to use the b lue dye for the p l an ned SLN b iopsy. Another exc i s ion should not be 
performed j ust to remove the b l ue  dye to avo id  a tattoo ing effect. The only time that another 
exc i s ion should take p lace i s  when it i s  necessa ry to remove the i nject ion site rad ioactivity that i s  
obscur ing  you r  a b i l ity to adequately scan the noda l  bas in  for the SLN .  



C h a p t e r  27 SENTI N E L  LYMPH NODE B I OPSY FOR MELANOMA 1593 

Comp l icat ions • No drainage observed from the injection site to a n  SLN i s  a l most a lways a resu lt of a n  error i n  i njec
tion tech n ique .  The appropr iate tech n ique  i nvolves a n  i ntraderma l  i nject ion that ra ises a wheel and  
ca uses some d iscomfort to  the patient. The  most common error i s  i nject ing  the rad iotracer too  deep 
i nto the su bcuta neous t issues where the concentrat ion of lymphat ic vesse l s  i s  low or  d i rectly i nto the 
exci s iona l  b iopsy s ite. H a l l m a rks of a su bcutaneous i nject ion i nc l ude  lack of pa i n  du r i ng  the i njec
tion, rad i otracer act ivity seen in the l iver on the lym phosci nt igraph i c  images, and no dra inage to a 
noda l  bas i n .  

• Recurrent seromas a t  t h e  S L N  b iopsy site a re conven iently hand led b y  u s i n g  a "seroma cath " system, 
com posed of a percuta neous ly p laced ang iocatheter, a c lear tub ing, and a sma l l  suct ion bu l b .  Th i s  
tech n ique  can a l so be used to treat i n fected seromas a long  with ant ib iot ics rather than open i ng  up 
the wound .  

• I ncorrect identification of  the  SLN can  l ead  to  leavi ng beh ind  m icroscop ic  noda l  d i sease, wh i ch  wi l l  
b e  the source o f  su bseq uent c l i n ica l  lym ph node recu rrence.  O n e  i m portant maneuver t o  m i n im ize 
the freq uency of such events i s  to a lways v iew the lym phosci nt igraph i c  i mages pr ior  to the su rgery 
and  d isp lay the images i n  the OR rather than depend ing  on the read ing  by the rad io log ist. 
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Chapter 28 Axillary Lymph Node 
Dissection for Melanoma 
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t Michael 5. Sabel 

DEFINITION 
• Axillary lymph node dissection (ALND ) involves the surgical 

excision of the lymph node-bearing tissue from the axilla. 
For melanoma patients, a complete ALND is considered the 
standard of care for patients with both micrometastatic dis
ease, as demonstrated on sentinel lymph node (SLN) biopsy 
and clinically evident disease. 

• The axilla is divided into anatomic levels based on the rela
tionship of the nodes to the pectoralis minor muscle ( FIG 1 ) .  
Level I nodes are located lateral t o  the pectoralis minor, 
level II nodes are seated deep to the pectoralis minor, and 
the level III nodes are medial to the pectoralis minor. For 
patients with clinical evident axillary disease, a level I-III dis
section is recommended. For patients with a positive axillary 
SLN biopsy, a level I-III dissection is often performed, but 
a level I-II dissection may be adequate. 1•2 This chapter will 
describe an ALND encompassing levels I, II, and III . 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• The history should focus on the patient's melanoma history, 

including the histology of the primary tumor, disease-free 
interval between the primary diagnosis and the diagno
sis of regional metastases, and the extent of both locore
gional and distant disease . The history should also focus on 

Clavicle 

Apical 

Infraclavicular group 

Central group \ \ 
Axi l lary artery \"\ 

Lateral group 

Posterior group 

Anterior group 

Pectoral is minor 

FIG 1 • Leve l s  of axi l l a ry lymph nodes.  The l evel I nodes a re 
located latera l to the pectora l i s  m i nor musc le, the level I I  nodes 
a re located deep to the pectora l i s  m i nor, whereas the level I l l  
nodes are located med i a l  t o  the pectora l i s  m inor. 
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comorbidities, past medical history, and medications that 
might impact the patient's surgical candidacy. 

• The history should also include a thorough review of sys
tems, specifically looking for symptoms suggestive of distant 
disease. Patients with symptoms worrisome for stage IV 
disease should have body imaging before proceeding with 
surgery. 

• A complete physical examination should pay particular 
attention to signs of local, regional, and distant disease. The 
site of the primary tumor and the skin between it and the 
regional basin should be examined for signs of in-transit 
recurrences .  A complete lymph node exam should be per
formed. This should not just be limited to the axilla of 
concern but bilateral cervical, supraclavicular, epitrochlear, 
axillary, and inguinal basins. Suspicious nodes outside of the 
draining basins may represent stage IV disease. 

• For the involved axilla, the exam should focus on the extent of 
disease, including the size of the involved nodes and fixation. 
The ipsilateral arm should be examined for lymphedema, 
weakness, or sensory deficit, as these may be indicative of 
involvement of the axillary vein or brachial plexus . You 
should also document any conditions affecting the shoulder 
or upper extremity, which limits range of motion. 

• For patients who had an SLN biopsy or excisional biopsy, 
it is important to document any sensory or motor deficits 
that may have occurred at the first surgery as well as any 
seroma, hematoma, or infection. It may also be helpful to 
note the orientation of the incision, as this may impact the 
orientation of the ALND incision. 

• It is important to review with patients the expected postoper
ative course including drain management and arm exercises, 
as well as short-term and long-term morbidity, including the 
risk, prevention, and management of lymphedema. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• For asymptomatic patients with micrometastatic disease 

identified on SLN biopsy, there are no imaging studies nec
essary before proceeding with ALND.3 For patients with 
thick, ulcerated tumors (American Joint Commission Center 
(AJCC] stage T4b)  and a positive SLN, the risk of distant 
disease may justify preoperative body imaging, with either 
a computed tomography (CT) scan or positron emission 
tomography (PET)/CT.4 However, for patients with micro
metastatic disease, preoperative staging studies have a high 
false-positive rate, may lead to unnecessary follow-up stud
ies or biopsies, and rarely alter surgical decision making. 

• Patients with symptoms concerning for metastatic disease 
should undergo staging with either a CT of the chest, 
abdomen, and pelvis or a PET/CT and a magnetic resonance 
imaging (MRI) of the brain. Patients with clinically evident 
regional disease should also undergo distant staging, as there 

-
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is a higher chance of detecting metastatic disease that might 
alter surgical decision making. 3 

• For patients with fixed, matted lymph nodes; skin involve
ment; or neurovascular symptoms of the involved arm (par
esthesias, motor and sensory deficits, lymphedema, limited 
range of motion) ,  MRI of the chest wall can be helpful in 
determining resectability. Unresectable or borderline resect
able patients could be considered for neoadjuvant therapy 
with newer biologic and targeted therapies. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• In the preoperative area, the side of the ALND should be 
clearly marked and confirmed with the patient before pro
ceeding to the operating room (OR) .  

• Intravenous (IV) antibiotics are indicated for ALND.5 
Sequential compression devices (SCDs) should be used for 
deep venous thrombosis (DVT) prophylaxis. Patients with 
a history of DVT or genetic predisposition toward clotting 
should receive subcutaneous heparin. 

• Many surgeons prefer the use of short-acting neuromuscular 
blocking agents during induction, so that the patients are not 
paralyzed during the procedure . This allows identification 
of the thoracodorsal, long thoracic, and medial and lateral 
pectoral nerves by mechanical stimulation. However, this is 
not essential and some surgeons prefer paralysis with a long
acting neuromuscular blocking agent to prevent muscular 
contraction and allow for retraction of the pectoralis major 
and minor muscles. Either way, this should be discussed with 
the anesthesiologist prior to the case. 

Positioning 

• The patient should be positioned supine on the OR table, 
toward the edge of the side of the ALND so that the pos
terior axillary line is in-line with the edge of the table. The 

INCISION 

• Typica l ly, a " lazy S" inc i s ion is used a long  the pectora l i s  
major musc le, extend ing  poster ior ly at the level o f  the  
axi l l a ry ha i r  l i ne, and  then  i nfer ior ly a long the lat iss i mus  
dors i  m uscle (FIG 3) .  For patients w i th  a p r io r  exc i s iona l  
or SLN b iopsy i nc is ion,  th i s  shou ld  be encom passed i nto 
the ALN D i nc is ion,  and  thus  m i g ht i mpact the choice of 
inc i s ion .  For patients with bu l ky adenopathy, part icu l a r ly 
those with nodes c lose to the skin, the skin overlyi ng the 
nodes shou ld  be inc l uded with the specimen .  Be sure 
there is adequate sk in  to a l low for a tens ion-free c losu re. 

• After i n ci s i ng  the sk in  with a sca l pe l ,  e lectroca utery i s  
used to d iv ide the subcutaneous t i s sue  and  e levate sk in  

FIG 3 • The " lazy S"  inc i s ion for  a n  ALN D .  One can beg i n  
with t h e  tra nsverse i nc i s ion and  extend  t h e  pectora l i s  a n d  
l atiss i mus  a r m s  as needed.  

ipsilateral arm is abducted at 90 degrees on a padded arm 
board. It is important not to extend the arm past 90 degrees 
to avoid brachial plexus injury. 

• The endotracheal tube should be located away from the 
involved arm and adequate space should be preserved above 
the arm for the surgical assistant. 

• The chest wall, lower neck, and entire arm should be prepped 
and draped into the surgical field using a sterile stockinette 
and Kerlix wrap. This allows the arm to be rotated over the 
chest, relaxing the pectoralis major and minor ( FIG 2 ) .  

F I G  2 • Preoperative posit ion i ng  and  d rap i ng  f o r  an  ALN D .  The 
arm should be prepped i nto the f ie ld with a stock inette and Kerl ix 
wra p so it can be rotated over the chest du r i ng  the procedure .  

- - -
' 

' 
.... .. _ 
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f la ps. Un l ess mandated by the presence of bu l ky d is
ease, the sk in  f laps shou ld  not be too th i n  and get pro
g ressively th icker as  they a re ra ised . Th in  sk in  f laps w i l l  
i ncrease the  r i s k  o f  wound  com p l icat ions and  g ive the 
axi l l a  a sunken- in  appearance.  

• The sk in is e levated us ing sk in hooks or sharp rakes. It is • 
important that the surgical  assistant holds the f laps stra ight 
up  and not retract them back (which residents wi l l  some
t imes do i n  order to get a better view) . The su rgeon retracts 
the tissue with the opposite hand in order to apply strong 
countertract ion and identify the appropriate t issue p lane.  

• Surgeons a re often hesitant to go too far or too deep 
wh i l e  e levat ing  the i nfer ior sk in  f lap  at th i s  i n it i a l  po int 

IDENTIFICATION AND RETRACTION OF 

THE PECTORALIS MAJOR AND MINOR 

• The pectora l i s  major m uscle is usua l ly the easiest marg i n  
t o  beg i n  with, as  i t  i s  often eas i ly  pa l pab le  u pon ra i s ing  
the f laps (a nd may become apparent wh i l e  e levat ing the 
su per ior f lap) .  Once the pectora l i s  major  i s  identif ied, the 
length of the latera l border shou ld be exposed (FIG 4) .  

• Once the pectora l i s  major m usc le  is freed, it is retracted 
a nter ior ly and  med i a l ly to expose the i nterpectora l nodes 
and  the pectora l i s  m inor  m usc le .  Th is, and  the rema inder  
of the operation,  i s  fac i l itated by the use  of a Thom pson 
retractor (FIG S) .  

of  the  operat ion fo r  fea r o f  i n j u r i ng  the  long thoracic 
nerve. However, ra is ing a n  adequate i nfer ior  f lap  a l l ows 
for g reater mob i l ity of the spec imen and  eas ier d i ssec
t ion .  The i nfer ior f l ap  shou ld  be ra ised to approxi mately 
the l evel of the 5th r ib .  
Once the f laps are e levated, the next step w i l l  be to 
identify some of the borders of the axi l l a :  the pectora
l is major and m inor  m uscles, the l atiss i mus  dors i  musc le, 
and  the axi l l a ry ve i n .  Although  i nd ivid ua l  su rgeons have 
the i r  preferences, there is no correct order, and  the pres
ence of l a rge lymph nodes m ig ht mandate chang ing  
your approach .  I n  th i s  cha pter, we w i l l  descri be a med ia l 
to-l atera l approach .  

• The t issue between the pectora l i s  major and  m inor  
m uscle that  conta in s  the i nterpectora l (Rotter's) nodes 
i s  i n c l uded with the spec imen,  d issect ing  it off the pec
tora l i s  m i nor  m usc le .  As the d i ssect ion proceeds onto 
the pectora l i s  m i nor, the med ia l  pectora l bund le  can be 
observed com ing  either through  or l atera l to the pec
tora l i s  m i nor (FIG 6) .  This shou ld  be preserved .  There i s  
often an  accompany ing ve in with a branch going i nto 
the speci men .  Th i s  w i l l  need to be c l i pped, ta k ing  ca re 
not to c l i p  the med ia l  pectora l  nerve. 

FIG 5 • The Thompson retractor provides exce l lent exposure 
for a n  ALN D .  

Pectoralis 
major muscle 

FIG 4 • The pectora l i s  major m uscle is  identif ied and c leaned 
off a long the l atera l edge.  

Medial 
pectoral 
vein 

��h���,___,____ Medial 

FIG 6 • The med i a l  pectora l  nerve. 

pectoral 
nerve 
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For patients u ndergoing an ALND for a positive SLN, the 
pectora l is m i nor can be preserved .  The l atera l edge of the 
pectora l i s  m i nor m uscle is freed by d iv id ing the axi l l a ry 
fasc ia (FIG 7) .  The axi l l a ry fasc ia is an extens ion of the c la
vi pectora l fasc ia that d ivides the su bcutaneous fat from 
the axi l l a ry fat. Upon d iv id ing  the fascia, you w i l l  notice 
the protrus ion of a more ye l l ow, g lobu la r  fat. This i s  the 
lym ph node-bea r ing tissue that needs to be excised. 
The axi l l a ry contents are now swept latera l ly  and  the 
pectora l i s  m inor  m uscle exposed a long its length . Once 
th i s  i s  done, the Thompson retractor can be reposit ioned 
so that both the pectora l i s  major and  m i nor  can be re
tracted a nter ior ly. 
I f  there i s  bu l ky adenopathy and  exposure of the upper 
axi l l a ry lym ph  nodes i s  d ifficu lt, it may be necessary to 
d iv ide the pectora l i s  m i nor  m uscle, and  th i s  i s  descr ibed 
subsequently. 

IDENTIFICATION OF THE AXILLARY VEIN 

• The ve in often becomes v is i b le  med ia l l y  du r i ng  the 
e levation of the pectora l i s  m uscu l ature .  If  not, i ts  gen
era l  locat ion ca n be a nt ic i pated by identify ing  the 
u nderarm d i m p le at the i nfe r ior aspect of the upper arm 

Underarm 
dimple 

FIG 8 • The posit ion of the axi l l a ry ve i n  i n  the axi l l a  can be 
est imated by locat ing the underarm d imp l e  and trac ing th i s  
back towa rd the chest wa l l .  

THE LATISSIMUS DORSI MUSCLE 

• The f ina l  boundary to identify is the latiss imus dorsi mus
c le .  Aga i n, th is  is often seen du ring the e levation of the 
infer ior flap. If not, the latera l sk in should be retracted 
latera l ly  us ing sk in hooks or sharp rakes, and the axi l l a ry 
contents retracted media l ly. D issection down through 

FIG 7 • The axi l l a ry (c lavi pectora l) fasc ia  is  d iv ided with 
cautery, revea l i n g  the axi l l a ry fat underneath.  

and trac ing  it toward the chest wa l l  (FIG 8) .  D issect ion 
down to the ve in shou ld  not be performed d i rect ly with 
cautery to avo id  a n  i nadvertent i n ju ry, but rather, a ca re
ful d i ssect ion i s  recommended (FIG 9) .  S m a l l  venous 
branches and  lym phat ics should be c l i pped or  suture l i 
gated . It i s  a l so i m portant not to f ind  yourself super ior 
to the ve in ,  as  the axi l l a ry a rtery and  brach i a l  p l exus 
can be i nj u red .  Once the ve i n  has  been identif ied, the 
i nfer ior  marg i n  should be c leared .  It is  not necessary to 
skeleton i ze the ve i n .  

FIG 9 • Exposure o f  t h e  axi l l a ry ve i n  i s  accomp l i shed by 
ca refu l d i ssect ion with a r ight ang le  and cautery. 

the subcutaneous fat w i l l  identify the muscle (FIG 1 0) .  I n  
obese patients, be carefu l not to  overest imate how latera l 
the muscle is, as you may d issect past it and raise an un nec
essary postero latera l f lap .  Li kewise, be ing too media l  puts 
the thoracodorsa l bund le  at r isk. Once identified, it shou ld 
be c leared by staying on the anterior su rface of the muscle. 
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FIG 1 0  • With l atera l tract ion on the sk in ,  the l atiss i mus  
dors i  m uscle i s  exposed and  c lea red on its a nter ior su rface. 

• I n  a sma l l  percentage of cases (a pproxi mately 5 %  to 7 % ), 
you may ident ify a more su perfic i a l  m usc le extend ing  
f rom the lat iss imus  dor s i  m usc le to  the pectora l i s  musc le, 
over the axi l l a ry ve i n .  Th is  is a m uscu la r-tend inous  struc
tu re known as a Langer's a rch (FIG 1 1 ) .  This can often 
be d isor ient ing,  so it is im porta nt you be aware of th i s  
poss i b i l ity and  cont inue  to d i ssect l atera l ly to identify the 

THE THORACODORSAL NEUROVASCULAR 

BUNDLE 

• Once the i ntersect ion between the ve i n  and  the lat iss imus  
i s  identif ied, the axi l l a ry contents a re  freed from l atera l 
to med i a l .  Lymphatics shou ld  be c l i pped rather than ca u 
terized . The  i ntercostobrach i a l  nerve w i l l  be i n  th i s  t issue, 
extend ing  towa rd the arm and  is com mon ly sacrif iced 
dur i ng  this operat ion .  It i s  i m portant to note that the 
i ntercostobrach i a l  nerve does not need to be sacrif iced . 
It can be d i ssected free by b iva lvi ng  the spec imen and  
free i ng  the  nerve. However, th i s  i s  not common ly done 
when a n  ALND is  be ing performed for known cancer. 

• It is i m portant not to d iv ide the axi l l a ry t issue to iden
t ify the thoracodorsa l ve in ,  but rather, make su re a l l  
t h e  t issue between t h e  lat iss imus  dors i  and  thoracodor
sa l bund le  is d issected and  i nc l uded with the specimen .  
Fa i l u re to  do th is, fo r  exa m p le, mak ing  the thoracodor
sa l bund le  the latera l marg in ,  wi l l  leave beh ind  severa l  
lymph nodes.  As these nodes pr imar i ly dra in the arm, th is  
i s  part icu lar ly  i m portant i n  me lanoma .  

• As the axi l l a ry ve i n  is c leared med ia l ly, the thoracodorsa l 
ve i n  ca n be ident if ied .  The thoracodorsa l ve i n  comes off 
the poster ior  aspect of the ve i n .  The other  l a rge tr ibutary 
off the axi l l a ry ve i n  is the l atera l thorac ic ve in ,  but th i s  
comes off i nfer ior ly, wh ich serves as  an  i m portant c lue  
that  it i s  not  the thoracodorsa l ve i n  (FIG 1 2) .  Although  
the latera l thorac ic ve i n  w i l l  need  to  be l i gated, th i s  
shou ld  not be done unt i l  the thoracodorsa l ve i n  i s  c lear ly 
ident if ied .  The thoracodorsa l nerve may be d i rectly 

l atiss i mus  dors i .  The La nger's a rch, if p resent, wi l l  need to 
be d iv ided and excised with the speci men .  

• The lat iss imus  m uscle shou ld  be c leared up to the po int 
where the tend i nous i n sert ion is reached beneath the 
axi l l a ry ve i n .  

Langer's 
arch 

Latissimus 
dorsi muscle 

• 

Serratus 
anterior 
muscle 

Pectoralis 
minor muscle 

FIG 1 1  • Anatomy of a La nger's a rch . 

beh i nd  the latera l thorac ic ve in ,  so take ca re when 
l i gat ing it .  
Once the thoracodorsa l ve i n  i s  v i sua l ized,  the a rtery 
ca n u sua l l y  be seen p u l sat i n g  i n  c lose p rox im ity. The 
ne rve, however, at th i s  level ,  does n ot run  next to the 

,.., .. ..,.__ Thoracodorsal 
artery 

Thoracodorsal 
vein 

FIG 12 • Whereas the latera l thorac ic nerve enters the 
axi l l a ry ve i n  on the i nfer ior su rface, the thoracodorsa l ve i n  
tends t o  enter more poster ior ly. T h i s  c a n  be a n  i m portant c l u e  
as t o  w h i c h  ve i n  y o u  a r e  look ing at. 
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Thoracodorsal 
nerve 

Thoracodorsal Thoracodorsal 
vein artery B 

FIG 1 3  • A. Relat ionsh i p  of the thoracodorsa l nerve to the a rtery and  ve i n .  B. I ntraoperative photo showi ng the nerve med i a l  
t o  t h e  ve i n  and  a rtery and  t h e n  jo i n i ng  t h e  bund le  infer iorly. 

• 

• 

ve i n  but is usua l ly seated more med i a l . j o i n i n g  the ve i n  
a n d  a rtery 1 t o  2 em i nfer ior ly  (FIG 1 3A,B) .  T h e  nerve 
can eas i l y  be damaged  by ass u m i n g  it i s  next to the 
ve i n  and d i v i d i ng  the more med i a l  t i s sue .  Ca refu l d i s
sect ion ,  avo i d i n g  the e l ectrocautery, s hou l d  be used to 
ident i fy the nerve a n d  trace it infer ior ly  unt i l  it  jo i n s  
the bund le .  
Although  these a natom ic  re lat ionsh ips  are genera l ly 
true, the anatomy ca n be d i storted by both bu l ky ade
nopathy and  pr ior  su rgery. These can d i stort the relative 
posit ions of these structu res, and this shou ld  be cons id
ered when havi ng d iffi cu lty identify ing them.  
Once the thoracodorsa l nerve, a rtery, and  ve i n  a re 
identif ied, they can be traced and  d i ssected free down 
to their i n sert ion i nto the lat iss imus  dors i .  Th is  can be 
faci l itated by retract ing the axi l l a ry contents a ntero
med i a l ly (wh ich  can sometimes be done with the long 
b lade of the Thom pson retractor) . Although th i s  step can 
be comp leted l ater, we prefer to free the ent ire bund le  
now, when  vis i b i l ity i s  opti m i zed (FIG 14) .  There w i l l  be  
branches off of  the thoracodorsa l towa rd the spec imen 
that  w i l l  need to be c l i pped or l i gated . 

DISSECTION OF THE LEVEL II AND 

LEVEL I l l  NODES 

• Once the thoracodorsa l is free, the ax i l l a ry contents 
a re re leased a n d  the pectora l i s major  a n d  m i nor  once 
a g a i n  retracted med i a l ly a n d  anter ior ly. The serratus 
a nter ior  i s  i dent if ied and you w i l l  n ot i ce the ye l l ow 
axi l l a ry fat exte n d i n g  u p  a l o n g  the serratus, unde r  the 
pectora l i s  m i no r, a n d  a long the axi l l a ry ve i n ,  l i ke the 
top of a pyra m i d .  Th i s  t i ssue bears the level  I I  a n d  I l l  
nodes .  The ax i l l a ry contents a re d i ssected off o f  t h e  ser-

FIG 14 • With the axi l l a ry contents swept med i a l ly from the 
l atiss i mus  dors i ,  the entire bund le  is  v i sua l ized .  

• 

• 

ratus a nter ior. There is often a l a rge ve i n  that w i l l  need 
to be l i gated . 
The i ntercostobrach i a l  nerve can be seen exit ing  from 
the serratus anter ior. Although  this was l i ke ly l i gated 
l atera l ly, it needs to be d iv ided aga i n .  The nerve shou ld  
be cut  w i th  scissors f lush w i th  the m usc le .  Th i s  m i n i m i zes 
the chance of a neuroma and  postoperative neuropath ic  
pa in ,  which i s  more l i ke ly if the nerve i s  d iv ided with ca u 
tery or  c l i ps .  
The axi l l a ry fat  is  d issected off of the axi l l a ry ve i n .  If  you 
haven 't a l ready, you wi l l  note the axi l l a ry fat  extend ing  
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super ior  to the ve i n, overly i ng  the brach i a l  p lexus .  Th i s  
fat  shou ld  be i n c l uded with the specimen .  There i s  a 
p l ane  of t issue between the fat and  the brach i a l  p lexus 
that a l l ows th i s  fat to be retracted i nfer ior ly and  can be 
easi ly d issected free, d iv id i n g  on ly some loose areo la r  
t issue (FIG 1 5A,B) .  Excessive cautery near the brach i a l  

retract ion,  open i ng  the axi l l a .  The l evel I I ,  and  i n  some 
patients, the level I l l  nodes, can be accessed th i s  way and  
d i ssected from the thorac ic i n let off the chest wa l l .  It i s  
i m portant to ca refu l ly l i gate the spec imen and  any sma l l  
vessels ,  a s  th i s  i s  a d iffi cu l t  a rea t o  retu rn t o  i n  the case 
of b leed i n g .  

p lexus i s  strong ly d i scouraged, and  ca re i s  taken t o  c l i p  or  • I n  many patients, based on body ha bitus or i n  the pres
ence of bu l ky adenopathy, it i s  not possi b le  to comp letely 
d issect the u pper axi l l a ry lym ph  nodes j ust by add uct
i ng  the arm over the chest. In th i s  case, there a re two 
opt ions .  The pectora l is m i nor  m usc le can be d iv ided or an  
i nfrac lavicu l a r  approach can be taken .  

suture l igate any sma l l  vesse ls .  
• D issect ion of the upper  axi l l a ry lym ph  nodes is fac i l i 

tated b y  add ucti ng the arm over the chest and  he ld  by 
an ass ista nt. Th i s  a l l ows the su rgeon to repos it ion the 
Thom pson retractor and gain more med ia l -anter ior 

A 

B 

DIVISION OF THE PECTORALIS MINOR 

MUSCLE (PATEY PROCEDURE) 

• In some cases, there may be d i rect i nvolvement of the pec
tora l i s  m inor  m uscle by tumor. In th is  case, the pectora l i s  
m inor  shou ld be resected en b loc with  the axi l l a ry con
tents, d ivid ing  the m uscle at the insert ion point on the 
coraco id process and d ivid ing  it off the chest wa l l  i nferi
or ly (FIG 1 6) .  This g reatly faci l itates the remova l of the 
level I l l  lymph nodes. 

FIG 15 • A. Axi l l a ry contents extend ing  su per ior ly over the 
ve i n  and  brach i a l  p lexus .  B. This  i s  teased down with a forceps 
and inc l uded with the speci men .  

F IG 1 6  • The  pectora l i s  m inor m uscle is d ivided to  obta i n  easier 
access to the level I l l  lymph nodes, taking care not to inju re the 
pectora l nerves. 
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INFRACLAVICULAR APPROACH 

• An a lternate a pproach is to make a second transverse 
i nc is ion,  approximately 2 em be low the c lavic le,  a n d  then 
separat ing  the c lavicu l a r  from the sterna l  heads of the 
pectora l i s  major (FIG 1 7) .  The leve l  Ill nodes ca n then 
be excised, ta k ing  ca re not to i n ju re the neu rovasc u l a r  

structu res. D iv is ion o f  the pectora l i s  m inor  is  adequate 
in the g reat major ity of patients, but the infrac lavi cu l a r  
approach can be extremely benefi c ia l  i n  patients with 
b u l ky adenopathy at the confl uence of the cepha l i c  and  
axi l l a ry ve ins  a n d  i n  patients who recur  i n  level I l l  after a 
pr ior  I eveii and  I I  ALND .  

Pectoralis 
major muscle 

Pectoralis 
minor muscle 

Level Ill 
nodes 

FIG 1 7  • An a lternate approach to the l evel Ill axi l l a ry nodes is to make a n  i nc is ion 2 em be low the c lav ic le and  
sepa rate the c lavicu l a r  and  sterna l  heads  of  the pectora l i s  major. 

EXPOSURE OF THE LONG 

THORACIC NERVE 

• Once the level I I  and  Ill nodes a re free, they a re broug ht 
latera l ly. The fi n a l  structure to identify w i l l  be the long  
thorac ic  nerve. The nerve is  com m o n ly descr ibed as 
r u n n i n g  a long the serratus anter ior, but th i s  is  i ncor
rect. It is act u a l ly outs ide the fascia of the serratus, and  
th i s  is  exaggerated by  the latera l retract ion .  Therefore, 
d i ssect ion d i rect ly on  the serratus a nter ior w i l l  not iden
t ify the nerve and  may lead to i nadvertent i nj u ry. D i ssec
tion shou ld  be performed s l i ght ly latera l ly to the chest 
wa l l  (FIG 18), a n d  cautery shou ld  be used spa r ing ly. 

• Two a natomic  l andmarks can often he lp  identify the 
nerve or  est imate its  posit ion .  F i rst, the long thorac ic and 
thoracodorsa l nerve a re rough ly  i n  the same a nteropos
terior (AP) p l ane .  Therefore, by noting the location of the 
thoracodorsa l nerve, you can est imate where you shou ld  
be look ing  for  the nerve. As before, th i s  relat ionsh i p  can  
be a ltered by b u l ky d i sease or  pr ior  su rgery. Second,  the  
thoracodorsa l ve in often g ives off a cross ing  branch  to
wa rd the chest wa l l .  This usua l ly enters the chest wa l l  at 
the level of the nerve. 

• Once i dent if ied,  the  spec i m e n  is separated from the  
l o n g  t h o rac i c  ne rve by ca refu l l y  d i ssect i n g  l atera l ly to 

the  n e rve, a l l ow i n g  the  ne rve to move m e d i a l l y  a l o n g  
the  ch est wa l l .  T h i s  can  often be d o n e  b l u nt ly, but  care 
s h o u l d  be taken n ot to stretch the  n e rve too much ,  
a s  t h i s  can  l ead  to i nj u ry a n d  a temporary w inged  
sca p u l a .  

F I G  1 8  • T h e  l o n g  thorac ic nerve is  identif ied ju st latera l to 
the serratus anter ior, which is  emphasized by l atera l retract ion 
of the spec imen .  

1601 
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REMOVAL OF THE SPECIMEN 

• With both nerves free, the next step is to remove the 
t issue from between the nerves off of the u nder ly ing 
su bsca p u lar i s  m usc le .  At the level of the axi l l a ry vein,  the 
f ibrofatty t issue between the nerves should be c l amped, 
ta k ing  care to be su re both nerves a re free (FIG 1 9) .  The 
t issue is  d iv ided and  t ied off. Th i s  can be done i n  m u lt ip le  
steps. Once the subsca p u l a ris  m uscle is  seen ,  the t issue 
can be eas i ly  d iv ided off the m uscle, constantly visua l i z
ing the nerves. Excessive latera l retract ion can sometimes 

DRAIN PLACEMENT AND INCISION 

CLOSURE 

• The wound shou ld be i rr igated with sa l ine  or ster i le water 
and thorough ly exam ined for hemostasis. This should 
inc lude retraction of the pectora l i s  major and minor  to ex
p lore th is  a rea.  Whi le  assu r ing hemostasis, be carefu l  not to 
use cautery near the long thoracic or thoracodorsa l nerves. 

• 

p u l l  the serratus and  the nerve, lead ing  to acc idental  
i n ju ry. Th is  d i ssect ion should be carr ied i nfer ior ly, past 
the point  where both nerves enter the i r  respective 
m uscles .  Th is  can be fac i l itated by reposit ion ing  of the 
Thompson retractor. 
At th i s  poi nt, the spec imen may sti l l  be attached i nfe
r ior ly. Other than some ve ins  go ing  to the speci men,  
which can be suture l i gated, th i s  t i s sue can be d iv ided 
with ca utery, re leas ing the speci men,  wh ich  i s  sent to 
patho logy. 

FIG 1 9  • The axi l l a ry t issue below the ve in  and  between 
the long thoracic and thoracodorsa l nerve is  c l amped, 
being su re that both nerves a re comp letely free. The t issue 
is  d iv ided and then taken off the su bsca p u l a r is  m usc le .  

• A s ing le  1 0-mm flat channe l  d ra in  is p laced through a 
sepa rate i nc is ion i nfer ior ly and  sutu red to the ski n .  The 
d ra i n  should be cut so it j ust l ies i nfer ior to the axi l l a ry 
ve i n .  The i nc i s ion is c losed us ing  deep derma l  3-0 a bsorb
able sutu res and, for the typ ica l  c losu re, skin adhesive 
o r  absorba b le  monofi lament suture .  If a l a rge amount 
of sk in  is needed to be excised, Ny lon sutu res may be 
a ppropriate.  

PEARLS AND PITFALLS 
Preoperative p l a n n i n g  

Posit ion ing  

Sk in  f laps 

E levat ing  the pectora l i s  
ma jo r  a n d  m i n o r  

• A thorough neu rovascu l a r  exa m o f  the i nvolved extrem ity is  cr it ica l .  A n y  suggestion o f  neu rovascu
lar i nvolvement shou ld  prompt a n  MRI to assure resecta b i l ity. 

• For patients who had pr ior  axi l l a ry su rgery, document a ny sensory or motor defects, as a nerve 
i nj u ry may have a l ready occu rred . 

• Be su re the patient is aware of what to expect postoperative ly, i n c l ud ing  short-term and  long-term 
lymphedema r isk reduction and ma nagement .  

• Hav ing the arm prepped i nto the f ie ld so that it can be retracted over the chest i s  cr it ica l to 
perform ing  a comp lete ALND .  

• Avoid excessively th i n  f l aps  as  th i s  w i l l  lead to wou n d  com p l icat ions and  a "su n ken- i n "  a ppeara nce 
to the axi l l a .  

• Raise a n  adequate i nfer ior f l a p  ear ly, as  th i s  a l l ows better mob i l izat ion o f  t h e  spec imen and  better 
exposure .  

• Every attem pt to p reserve the media l  pectora l  nerve should be made .  Th i s  req u i res care when 
mob i l i z i ng  the pectora l i s  m uscles .  
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I dentifyi ng the l atiss i mus  
dors i  

• Carefu l d i ssect ion shou ld  land you on the a nter ior su rface of the lat iss imus  dors i .  If you do not see 
it ,  s low down and use a r ight ang le  rather  than cont inue  to cauterize.  If you a re too med ia l ,  you 
cou l d  i nj u re the thoracodorsa l bund le .  Be carefu l you a re not too l atera l (part i cu la r ly i n  an  obese 
patient) .  

Identifyi ng the ve i n  • U s e  t h e  u nderarm d i m p le  t o  est imate t h e  locat ion o f  t h e  axi l l a ry ve i n .  B e i n g  t o o  fa r super ior  r isks 
i nj u ry to the brach i a l  p lexus .  

Thoracodorsa l bund le  • The  thoracodorsa l ve i n  comes off the axi l l a ry ve in  poster iorly. If you  fi nd  a ve i n  com ing  off the  
i nfer ior aspect of  the axi l l a ry ve i n ,  it is  probably the latera l thorac ic, but do  not l i gate i t  unt i l  you 
have seen the thoracodorsa l .  

• T h e  nerve is  usua l l y  m e d i a l  t o  t h e  ve i n  at t h i s  l evel b u t  n o t  a lways. 
• If you ca n not locate the bund le, you can identify it at the level of the lat iss i mus  and trace it back 

toward the axi l l a ry ve i n .  
Long thorac ic nerve • Do not d i ssect d i rect ly on the serratus a nter ior-you w i l l  be med ia l  to the nerve and  mob i l ize it 

i nto your speci men .  
• Expect the long thorac ic  nerve i n  rou g h ly the same AP p lane  as the thoracodorsa l ve i n .  
• If y o u  trace t h e  thoracodorsa l nerve a l o n g  its length, a branch w i l l  head med i a l ly t o  t h e  chest wa l l  

p recisely where t h e  long thorac ic  nerve l ies .  
Altered anatomy • Remember, b u l ky adenopathy o r  pr ior su rgery (such as  an  SLN b iopsy) can a lter these re lat ionsh i ps .  

POSTOPERATIVE CARE 

• The drain will remain in place until the output falls below 
30 mL per 24 hours for 2 days in a row. The patient and 
their family should be shown how to care for the drain 
and record the drain output. A visiting nurse can be of 
assistance . 

• Patients should be instructed to avoid repetitive activities 
with the arm or heavy lifting. Some surgeons also advise 
avoiding reaching over 90 degrees, particularly if the inci
sion was excessively tight. However, patients should be 
encouraged to use the arm for normal activities and should 
be given exercises to maintain normal range of motion. 
Slings should not be given to patients . 

• Once the drains are removed, physical therapy can be 
extremely helpful with returning to full range of motion. 

• Patient education about the signs and symptoms of lymph
edema and lymphedema prevention. Early recognition of 
lymphedema can improve the likelihood of management. 

• Patients with stage III melanoma should be referred to medi
cal oncology for a discussion of adjuvant therapies (high
dose interferon a-2b, biochemotherapy) or clinical trial. 
Patients with disease at high risk for relapse should also be 
considered for adjuvant radiation. 

OUTCOMES 

• For prospective trials, the adequacy of an ALND is often 
based on the number of lymph nodes identified within the 
axillary specimen. Morton et al.6 in the MSLT-1 trial rec
ommended 15 or more nodes for an ALND, and this is a 
reasonable benchmark. However, this number will vary not 
only with surgical technique but also body habitus and the 
pathologist. 

• For patients with AJ CC stage Ilia disease, defined as having 
a nonulcerated primary with 1 to 3 nodes containing mi
crometastatic disease (diagnosed on SLN biopsy) ,  the 5-year 
survival is approximately 78% , whereas the 10-year survival 

is 68% . For patients with AJ CC stage Illb  disease, defined 
as either having an ulcerated primary with micrometastatic 
disease in 1 to 3 nodes or a nonulcerated primary with mac
rometastatic disease in 1 to 3 nodes, the 5-year survival is 
59% , whereas the 10-year survival is 43% .  For patients 
with AJCC stage Illc disease, defined as an ulcerated pri
mary with macrometastatic disease in 1 to 3 nodes, or any 
patient with 4 or more nodes, matted nodes, or in-transit 
disease and positive nodes, the 5-year survival is 40% and 
the 10-year survival is 24% . However, there can be consid
erable variability, as survival is impacted not only by the 
nodal status but also by age, gender, the Breslow thickness 
of the primary melanoma, the presence of ulceration, and 
the tumor mitotic rate.7 

• Although data related specifically to ALNDs is limited, the 
reported regional recurrence rates after an ALND performed 
for a positive SLN biopsy are around 4% to 5% . 1 •8 •9 

• Regional recurrence after ALND is higher in patients with 
two or more positive axillary nodes, extracapsular exten
sion, or any node greater than 3 em in size . For patients with 
such high-risk features, axillary recurrence can be as high 
as 23% to 50% . 10-12 Although it does not appear to impact 
overall survival, the use of adjuvant radiation can reduce the 
risk of axillary recurrence by 50%_13-15 

COMPLICATIONS 

• Infection 
• Hematoma 
• Seroma 
• Limited range of motion at the shoulder 
• Axillary web syndrome 
• Paresthesias of the axilla and upper inner arm 
• Axillary vein thrombosis 
• Lymphedema 
• Winged scapula ( injury to the long thoracic nerve) 
• Latissimus dorsi paralysis ( injury to the thoracodorsal nerve) 
• Brachial plexus injury 
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Chapter 2 9  Inguinal Lymph Node 
Dissection (lnguinofemoral 
and Ilioinguinal) for 
Metastatic Melanoma 

I 
- ----------------------------------------1----------------------------------------------------- + 

Amod A. Sarnaik Vernon K. Sondak 

DEFINITION 

• Inguinofemoral lymphadenectomy (or superficial inguinal 
lymph node dissection) is defined as the en bloc removal of all 
lymphatic tissue contained within the femoral triangle, as well 
as the node-bearing tissue superior to the inguinal ligament 
but superficial to the external abdominal oblique aponeuro
sis, up to the level of the anterior superior iliac spine (ASIS) .  

• The procedure can b e  combined with a pelvic (also known 
as deep inguinal) node dissection, in which case it is desig
nated as an ilioinguinal lymphadenectomy, that includes the 
separate removal of the obturator and external iliac lymph 
nodes at least up to the level of the iliac bifurcation. 

• The procedure has been used for the management of ingui
nal metastasis from penile and vulvar carcinoma as well as 
cutaneous malignancies such as squamous cell, basal cell, 
adnexal, and Merkel cell carcinoma, but it is most commonly 
used for metastatic melanoma, the focus of this chapter. 

DIFFERENTIAL DIAGNOSIS 

• Patients who present with a palpable inguinal mass with a 
history of melanoma should be considered to have meta
static melanoma until proven otherwise. 

• Patients who present with a palpable inguinal mass with
out a known history of melanoma should be investigated for 
a primary malignancy with complete skin/mucosal surface 
physical examination including the vulva, penis and perianal 
skin/anal canal, and a digital rectal examination to evaluate 
for melanoma, nonmelanoma skin cancer (squamous cell, 
basal cell, Merkel cell, or adnexal carcinoma) ,  vulvar, penile, 
and anal cancer. 

• For patients presenting with a palpable groin mass but without 
history or physical evidence of skin/mucosal surface cancers, 
the differential diagnoses include inguinal/femoral hernias, 
femoral aneurysm, reactive/infectious lymphadenopathy (cat
scratch fever or posttraumatic), lymphoma, or metastatic can
cer of unknown primary origin ( including melanoma) .  

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Prompt diagnosis of inguinal metastasis by the least invasive 
means when possible is a good start to minimize the morbid
ity of subsequent inguinal node dissection. 

Patients with clinically occult inguinal disease can be 
diagnosed with sentinel lymph node biopsy. Inguino
femoral lymphadenectomy for microscopic nodal disease 
identified with sentinel lymph node biopsy appears to be 
associated with less morbidity compared to lymphadenec
tomy for macroscopic nodal disease. 1 

Patients with palpable groin masses not determined to be 
an aneurysm or hernia should be considered for a percuta
neous fine needle or core needle biopsy to establish the di
agnosis. If the mass is difficult to palpate or characterize, a 
diagnostic ultrasound with subsequent ultrasound-guided 
biopsy could be considered. Open biopsy should be re
served for when percutaneous biopsy is nondiagnostic, as 
the resulting scar and biopsy cavity from an open biopsy 
of a palpable mass render subsequent lymphadenectomy 
technically more difficult and can often result in wider 
skin flaps than what otherwise would be necessary.2 

• Although currently considered to be the standard of care, 
the role of completion inguinofemoral lymphadenectomy in 
patients with micrometastatic melanoma found on sentinel 
lymph node biopsy is under investigation. Nodal observation 
as a potential alternative to immediate completion lymph
adenectomy in melanoma patients with a positive sentinel 
node is being evaluated in the ongoing Multicenter Selective 
Lymphadenectomy Trial II. The trial randomizes patients with 
a positive sentinel lymph node to either immediate lymphad
enectomy or observation with serial clinical examinations and 
ultrasonography. The patients randomized to observation 
may undergo a delayed completion lymphadenectomy if there 
is regional recurrence or may avoid the procedure and its as
sociated morbidity if there is no evidence of regional disease 
during follow-up. 

• Ilioinguinal lymphadenectomy is typically warranted for 
patients with radiographic evidence of metastatic disease in 
the pelvis. Other indications for an ilioinguinal lymph node 
dissection have not been definitively established and therefore 
are controversial. The clinical benefit of ilioinguinal lymph
adenectomy for clinically occult metastatic disease when the 
pelvic nodes appear to be radiographically normal has not 
been demonstrated in a randomized, prospective trial to date. 
However, there are indications that are generally considered 
but not yet established. 

Relative indications for ilioinguinal lymphadenectomy 
include any palpable inguinofemoral disease or four or 
more micrometastatic lymph nodes found at the setting of 
prior sentinel lymph node biopsy. 
A possible but not yet established indication is any positive 
inguinofemoral sentinel lymph node biopsy result where 
the lymphoscintigraphy indicated evidence of "hot" nodes 
in the pelvis that were not removed in the sentinel lymph 
node procedure. 
Some surgeons advocate for the positive status of the so
called " Cloquet's node" as an indication for ilioinguinal 
lymphadenectomy. However, there is a lack of uniform 
definition of Cloquet's node, as well as known examples 

1 605 
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of lymphoscintigraphy performed for sentinel node biopsy 
where there is direct drainage from low or mid-inguinal 
nodes to pelvic nodes, bypassing all high inguinal nodes 
that would include Cloquet's node. Due to these factors, 
we do not rely on the status of Cloquet's node in any way.2 

• Inguinofemoral or ilioinguinal lymph node dissections are 
performed under general anesthesia; therefore, the patient 
should be assessed for perioperative cardiac risk factors and 
referred for preoperative testing including cardiac stress test 
when clinically warranted.  

• Patients should be clinically assessed for any preoperative 
lymphedema and typically are referred for fitted gradient 
compression stocking measurements to be used in the post
operative period. Although proof of the value of compres
sion therapy is lacking, it is thought that early institution 
of compression therapy might minimize the risk of lymph
edema in the early postoperative period. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Prior to lymphadenectomy, patients who are diagnosed with 
palpable inguinal metastatic melanoma typically are recom
mended to undergo whole body imaging (positron emission 
tomography-computed tomography [PET/CT] plus brain 
magnetic resonance imaging [MRI] or equivalent) .  Surgery 
is typically pursued in the absence of biopsy-proven distant 
disease, whereas systemic therapy is typically pursued if 
biopsy-proven distant disease is found. 

• Patients who are diagnosed with micrometastatic inguinal 
melanoma by sentinel lymph node biopsy are not routinely 
recommended to undergo imaging due to the relatively low 
frequency of findings that are truly positive . 

Adductor 
longus ------+ 

A B 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative planning for a complete lymphadenectomy 
starts with careful consideration of the diagnostic proce
dures required to establish the diagnosis of metastatic dis
ease. Percutaneous needle biopsy where feasible should 
be considered for palpable disease as discussed above. 
Orientation of the sentinel node incision should be planned 
to facilitate a potential inguinal lymph node dissection that 
will include resection of the sentinel node biopsy scar and 
cavity. 

When the sentinel node is mapped below the inguinal liga
ment, the sentinel node incision should ideally be verti
cally oriented and at least 0.5 em distal to the groin crease 
(FIG 1A ) .  
When the sentinel node i s  mapped t o  above the inguinal 
ligament (typically with a flank primary melanoma) ,  the 
sentinel node incision should ideally be obliquely or trans
versely oriented and at least 0.5 em proximal to the groin 
crease (FIG 1 B). 

• For planning the completion lymphadenectomy, the opera
tive side and site should be identified with the agreement of 
the patient and/or the representative of the patient in the 
preoperative holding area. 

• Patients with a prior history of deep vein thrombosis (DVT) 
or known genetic predisposition to thrombosis are given a 
prophylactic dose of low-molecular-weight heparin preop
eratively. 

• A first-generation cephalosporin such as cefazolin (or equiv
alent if allergic to cephalosporins or penicillin ) are routinely 
given intravenously within 30-60 minutes of the creation of 
the skin incision. 

Adductor 
longus -----+ 

FIG 1 • A. The recommended or ientation for senti ne l  node b iopsy i n c i s ion when the d ra i n i n g  nodes map  to the reg ion i nfer ior  to the 
g ro i n  crease .  B. The recommended or ientat ion for sent ine l  node b iopsy inc i s ion when the d ra i n i n g  nodes m a p  to the reg ion  super ior  to 
the gro in  crease. 
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Positioning 

• The patient is placed in the supine position on a standard 
operating table. A sequential compression device (SCD) 
(knee length ipsilateral and thigh length contralateral )  should 
be placed for DVT prophylaxis prior to induction of anes
thesia. General anesthesia is required using either a laryngeal 
mask or endotracheal tube for inguinofemoral lymphad
enectomy, but endotracheal tube is preferred for ilioinguinal 
dissections. Long-acting paralytic agents at induction are 
often avoided to allow for motor nerve stimulation to be 

evident during the course of the procedure . A urinary cathe
ter is inserted for ilioinguinal dissections but may potentially 
be omitted for inguinofemoral dissections at the discretion of 
the surgeon. The patient is placed in a slight frog-leg position 
with all pressure points padded. The operative field should 
be prepared from the abdominal wall at the level of the um
bilicus to the level of the knee. A groin towel secured with a 
sterile adhesive drape can be used to cover and exclude the 
genitalia from the field. 

INGUINOFEMORAL (OR SUPERFICIAL) 

LYMPHADENECTOMY 

Skin Incision and Raising of Flaps 

• As stated p revious ly, a we l l -p laced node b iopsy i nc i s ion ,  
or  avo id i ng  the creation of a preexist ing  inc i s ion by per
cutaneous i n stead of open b iopsy of pa lpab le  metastasis, 
i s  i m portant to m i n i m ize the a rea of req u i red skin f laps .  

• For a positive sent ine l  node where the senti ne l  node scar 
is below the i ngu ina l  crease, a curvi l i near inc is ion is made 
i n  a vert ica l  or ientat ion with an  e l l i pse of sk in to faci l i 
tate excis ion of  the previous cavity of  d i ssect ion (FIG 2A) .  
For a positive senti ne l  node where the senti ne l  node scar 
is above the i ngu ina l  crease, a transversely or ob l iquely 
or iented incis ion is made to excise the previous cavity of 
d i ssect ion .  A second counter inc is ion can be made below 
the i ngu ina l  crease to reach the rema in ing  femoral nodes 
(FIG 28) .  I n  thin i nd iv idua ls, retraction can frequently 
a l l ow for the extirpation of the femora l  nodes d ista l to the 
i ngu ina l  crease without the need for the second inc is ion.  

• For pa lpab le d i sease without a pre-exist ing b iopsy scar, a 
sk in inc is ion is configu red in a lazy "S"  fash ion (FIG 2C) .  If 
the tumor is c lose to the sk in,  an e l l i pse of sk in over ly ing 
the pa lpab le tumor shou ld be inc l uded.  The inc is ion should 
a lso inc lude a ny sca r from pr ior node biopsy procedure if 
app l icab le .  This  incision can be extended i n  a cran i a l  d i rec
t ion if needed for an i l i o i ngu ina l  lymphadenectomy. 

• Sk in  f laps a re raised in order to c lear  the a nt ic i pated 
bounda ries of the d i ssect ion (below) without be ing so 
th i n  to cause postoperative sk in  necrosis .  L im it ing the 
extent of the f laps to the borders of the femora l  tri ang le  
avo ids  an  unnecessa r i ly w ide  f i e ld  of  d i ssect ion and  there
fore may be associated with a reduct ion i n  morb id ity. 

• The d i ssect ion is conti nued to the l evel of the m uscu l a r  
fascia w i th  the fo l lowing  boundaries (FIG 2D): 
• Anter ior  super ior  i l iac  sp ine  (AS IS) supero latera l ly 
• Pub ic  tu berc le su peromed i a l ly 
• The super ior extent of d i ssection shou ld encompass 

the tissue from the ASIS to the pub ic  tubercle resu lt
ing i n  approximately 3-5-cm clearance above i ngu ina l  
l igament wh i le  leavi ng externa l  ob l ique fascia i ntact. 

• Sartor ius  m uscle latera l ly, i n c i s ing  the fasc ia  
• Adductor longus  med i a l ly, i nc i s ing  the fascia 
• Cross ing  of the sa rtor ius  and  adductor longus  d is

ta l ly (the so-ca l l ed apex of the femora l t r iang le) 
• It shou ld  be noted that wh i l e  there have been iso lated 

reports suggest i n g  that inc i s ing  the fasc ia  of the sartor ius  

and  adductor longus  may increase lym phedema,  th i s  has 
not been estab l ished i n  l a rge ser ies and  most su rgeons 
i n c ise the m uscle fasc iae as descr ibed ear l i e r. 

• Dur ing  the cou rse of the d i ssect ion,  t issue that poten 
t ia l ly conta i n s  lym phat ic  vesse l s  shou ld  be c l i pped, t ied, 
or  sea led with harmon ic  shears 3 

• A key point of the upper  extent of the d i ssection on the ab
domina l  wa l l  is that the lymphadenectomy c lears the sub
cutaneous and node-bear ing tissue down to the externa l  
ob l ique fascia from the boundary of the ASIS to the pubic  
tubercle proxima l ly and down to the ingu ina l  l igament d is
ta l ly (FIG 3) .  The d issection can typica l ly preserve the sper
matic cord in males, but the round l igament can be d ivided, 
if necessa ry due to the presence of d isease, i n  females. 

Dissection of the Saphenous Vein Distally 

• The d ista l  portion of the saphenous vein  is encountered 
a long the med ia l  boundary of the d i ssection approximately 
3-5 em proxima l  to the apex of the femoral triang le .  I n  most 
cases, the saphenous vei n  is tied off d ista l ly with 2-0 s i lk  and 
d ivided. The saphenous vein  can potent ia l ly be preserved i n  
select cases where t h e  procedure i s  performed for micromet
astatic d i sease, when and if any exist ing seroma cavity and 
sca r tissue is separate from the vein .1.4 Although saphenous 
vein  preservation might theoretica l ly reduce the l i ke l ihood 
of postoperative DVT and lymphedema, this maneuver has 
never been def in itively shown to reduce postoperative com
pl ications i n  any prospective, randomized study. Therefore, 
saphenous preservation should only be considered in select 
cases performed for m icro metastatic d isease, where the vein  
is not i nvolved with scar or seroma cavity, and the  maneuver 
should never comprom ise the extent of d issect ion.  

Dissection of the Femoral Vessels 

• The superfic i a l  femora l  a rtery is identif ied at the d ista l 
aspect of the d i ssect ion at the a pex of the femora l  tr i 
ang le .  At th i s  leve l ,  the femora l  a rtery l ies a nter ior  to 
the femora l  ve i n .  As the d i ssect ion proceeds d ista l to 
proxi ma l ,  the femora l  a rtery courses latera l ly whi le the 
femora l  ve i n  cou rses med ia l ly. The anter ior su rfaces of 
the femora l  vesse l s  a re ske leton ized, and  the d issect ion 
i s  extended latera l ly at the same depth as  the vesse l s  to 
avo id  i n ju ry to the femora l  nerve, wh ich  i s  genera l ly not 
d i rectly v isua l ized.  The relat ionsh i p  of the femora l  ves
sels to the bounda ries of the femora l  tr ia ng le  i s  shown i n  
FIG 4. 
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Previous sentinel 
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FIG 2 • A. The recommended or ientation of a cu rvi l i near  i nc is ion for the i ndicat ion of a positive sent ine l  node that mapped 
to the reg ion i nfer ior  to the g ro in  crease. B. The recommended or ientation of an e l l i pt ica l  inc i s ion above the g ro in  crease 
combi ned if necessary with a l i near  inc i s ion i nferior to the g ro in  crease. C. The recommended or ientation of a lazy S inc i s ion that 
can i nc l ude a n  e l l i pse of skin over ly i ng  pa lpab le  d isease. Of note, to fac i l itate exposu re for a n  i l io i n g u i n a l  lym phadenectomy, 
it may be req u i red for the i nc i s ion to cross the gro in  crease. D. The operative f ie ld with denoted bounda ries of the extent 
of i n g u i nofemora l  lymphadenectomy (wh ite l i ne) i n  a patient with a n  i ntact pr imary me lanoma a nd c l i n ica l ly evident noda l 
d isease. Note that the p l an ned i nc is ion i nc l udes the pa lpab le  metastasis a nd that the i nc is ion can be optiona l ly extended onto 
the abdom i n a l  wa l l  for a n  i l i o i n g u i n a l  lymphadenectomy. 



Pubic 

Spermatic cord 

Superficial 
femoral vein -------i-:-:11 

Great 
saphenous 
vein --------�-"1 

Adductor 
longus -----------:lH 

C h a p t e r  29 I N G U I NAL LYMPH NODE D ISSECTION 

External 
aponeurosis 

Anterior superior 
i l iac spine 

Inguinal l igament 

FIG 3 • The super ior  extent of d issect ion c lears 
a l l  s ubcuta neous t issue 3-5 em proxim a l  to the 
i n g u i n a l  l i gament to a depth bounded by the 
underly ing externa l  ob l i que  aponeurosis. 

Ingu inal l igament 

Tensor fascia 
lata 
Sartorius 

Superficial 
femoral artery 

Rectus femoris 

FIG 4 • The relat ionsh i p  of the femora l  
a rtery and  ve i n  to the boundar ies of  the 
femora l  tr iang le. Note at the d ista l  a pex 
of the femora l  tr iang le, the femora l  a rtery 
l ies superfic ia l  to the femora l  ve i n. 
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Completion of the Dissection and Ligation of the 
Saphenofemoral Junction 

• The d i ssect ion conti nues  in a d i sta l to proxi m a l  d i rect ion 
u p  to the level of the saphenofemora l  j u nct io n .  If the 
saphenous vein i s  to be preserved, it i s  fu l ly freed from 
the spec imen;  genera l ly, severa l  smal l - to med ium-s ized 
tr ibutar ies dra i n i ng the spec imen need to be div ided a nd 
l i gated i ndiv idua l ly. Otherwise, the ent i rety of the sa phe
nous  ve i n  is i n c l uded i n  the spec imen a nd the rema in 
i n g  soft t issue is  c i rcu mferent ia l ly d issected so that  the  
spec imen rema ins  adherent on ly  by the saphenofemora l  
j u n ct ion (FIG SA) .  

• The saphenous ve i n  is doub ly  l i gated at the level of the 
saphenofemora l  j u n ct ion,  usu a l ly with a 3-0 s i lk  suture 
l i gatu re a nd a 2-0 s i lk  t ie,  tak ing ca re not to na rrow the 
femora l  ve i n  (FIG 58) .  A forma l  c losu re of the stu m p  
with vascu l a r  suture i s  n o t  rout ine ly  requ i red b u t  m a y  b e  
necessa ry if t h e  saphenofemora l  j u nct ion is  very b road 
or  if  pa lpab le  tumor  extends in c lose prox im ity to the 
femora l  ve i n  itse lf .  

Sartorius Muscle Transposition Flap 

• Sartorius m uscle tra nsposit ion is used to cover the exposed 
femora l vesse ls in the g ro i n  whenever there is concern 
about the i nteg rity of the overlyi ng sk in flap c losure.  
Some surgeons rout ine ly perform th i s  i n  a l l  cases, whereas 
others do it selectively or  not at a l lY We use it in most 
cases but rout ine ly om it it when the i nc is ion i s  p laced h igh  
i n  the  g ro in  ( i .e . ,  not d i rect ly over ly ing the  exposed ves
sels) and in selected younger  patients, i nc lud ing  ch i ldren, 
espec ia l ly ath letes or other very active individua l s .  

• The tendinous  port ion of the sa rtor ius  m uscle is taken 
off its point of or ig in  at the ASIS with e lectrocautery. It 
i s  important to divide the m uscle as h igh  as poss ib le  to 

B 

maxim ize the length of m uscle ava i lab le  for the f lap .  It i s  
critica l to obta i n  meticu lous hemostas is  at the cut m uscle 
edge, as there is l itt le  or  no tissue at that level to tam
ponade bleed ing  a nd a sma l l  ooze can conti nue  for  hours 
postoperatively. To mob i l ize the m uscle for the transpo
s it ion f lap without tension, a few l atera l feed ing  vessels 
genera l ly need to be t ied off, and the lateral fascia i s  in
c ised wel l  down the length of the m uscle .  The m uscle i s  
transposed over the femora l  vesse ls and secu red i n  p lace 
to the externa l  abdom ina l  ob l ique aponeurosis/i ngu i 
na l  l igament with th ree or  four  i nterru pted, hor izonta l 
mattress 2-0 non-a bsorbab le, bra ided po lyester sutu res 
or iented so that the knots a re pushed down onto the 
sartor ius  m uscle.  The sutu res a re p laced i n  a staggered 
fash ion to avoid being p laced at the same level in the l iga
ment, which wou ld otherwise weaken the fascia (FIG 6) .  

Placement of Drain and Closure 

• If a concomitant pelv ic d issect ion ( i .e . ,  su perfic ia l  a nd 
deep lym phadenectomy) is p l anned, see the fo l l owing 
text a nd c losure i s  deferred unt i l  comp let ion of that por
tion of the proced u re .  

• A flat or round closed-suct ion dra i n  is rout ine ly p laced i n  
t h e  bed o f  dissect ion and brought o u t  through a separate 
stab i nc is ion relatively c lose to the wou nd but away from 
the th in nest pa rts of the sk in f laps .  The i nc is ion is c losed 
with i nterru pted 3-0 absorbable, polyga lacti n sutu res 
for the subcutaneous tissue and a runn ing  suture of 
4-0 absorbab le, monofi lament sutu re for the su bcut icu la r  
sk in layer. Cyanoacrylate adhesive (or  equ ivalent) is used 
over the subcuticu l a r  c losure for extra protect ion .  The leg 
is wra pped with an  Ace wrap from the leve l of the meta
ta rsa ls  to m id-th igh ,  and a th igh- length SCD is  p laced over 
the Ace a nd on the contra latera l extrem ity. The ur inary 
catheter, if used, is left in p lace at the end of the case. 

FIG S • A. The appeara nce of the comp leted l eft i n g u i nofemora l  lymphadenectomy d i ssect ion with a v iew of the spec imen 
attached o n ly by the sa phenofemora l  j u n ct ion (arrow) with  the su perfi c i a l  femora l  a rtery i m m ed iately l atera l .  B. The appearance 
of the l i gated saphenofemora l  j u nct ion (arrow) after remova l of the spec imen without any na rrowing  of the su perfic ia l  femora l  
ve in ,  a nd a v iew of the su perfic ia l  femora l  a rtery l atera l to the ve i n  as we l l  as the sartor ius  m usc le  that forms the latera l 
boundary of the d i ssect ion .  
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External 
aponeurosis 

Anterior superior 
i l iac spine 

Ingu inal l igament 

Sartorius muscle 
transposition flap 

Anchoring sutures p laced in a 
"staggered" fashion on the 
sartorius muscle flap FIG 6 • Sutu res that anchor  the sartor ius  m usc le  

transposit ion f lap  a re p laced i n  a staggered 
fash ion  i n stead of be ing  p laced on a s i ng l e  p l ane  
i n  o rder  to avo id  weaken ing  the fasc ia .  

ILIOINGUINAL LYMPHADENECTOMY 

Division of the Abdominal Wall and Retroperitoneal 
Exposure of the Pelvis 

• When conducted as a port ion  of a com b i ned i l i o i n g u i 
n a l  lym phadenectomy, the pe lv ic  port ion  o f  the lymph
adenectomy occurs  th rough  the same inc i s ion .  The 
i nc i s ion  may need to be lengthened suffi c ient ly a bove 
the i n g u i n a l  crease to ensu re adequate v i sua l i zat ion 
(FIG 2D) .  

• The pe lv i c  port ion  of the  i l i o i n g u i n a l  lym phadenec
tomy i nvo lves the rem ova l of the obtu rato r and i l i a c  
nodes  u p  to the  b i fu rcat i o n  of the  i l i a c  vesse l s  t h ro u g h  
a retroper i to n e a l  a pp roach . I n  s o m e  i nd i v i d u a ls ,  t h e  
com m o n  i l i ac  nodes  can  be rem oved i f  g ross ly i nvolved 
by exte n d i n g  the  fasc i a l  i n c i s i o n  cep h a lad ,  but  para 
aort i c  nodes  a re cons idered beyo nd  the  scope of the  
d i ssect ion  a n d  a re ra re ly  access i b l e  t h ro u g h  the  retro
per i to n e a l  a pp roac h .  

• Through the same sk in  inc i s ion used for the i n g u i na
femora l  d issect ion,  the externa l  and  i ntern a l  abdomina l  
ob l i que  a poneu roses a re i ncised para l le l  to the d i rect ion 
of the f ibers of the respective musc les (FIG 7A) .  The per i 
toneum i s  retracted super ior ly  and  med ia l ly, wh ich typ i 
ca l ly mob i l izes the u reter out of the f ie ld .  Retract ion of 
the per itonea l  contents super ior ly and  med i a l ly exposes 
the externa l  i l iac  a rtery and ve i n  with associated node
bear ing  t issue (FIG 78) .  

Retrieval of  Iliac Nodal Tissue 

• The externa l  i l i ac  vesse l s  a re skeleton ized over the i r  a nte
rior aspect. Al l f ibrofatty and lym phat ic  t issue over ly i ng  
the i l i ac  vesse l s  i s  retr ieved from the b ifurcation p roxi
m a l ly to the poster ior  aspect of the i n g u i n a l  l i ga ment 
d i sta l ly. 

Retrieval of Obturator Nodal Tissue 

• The externa l  i l i ac  ve i n  is retracted l atera l ly to expose 
the obtu rator space med i a l ly. F i brofatty and lymphat ic  
t issue i s  removed down to the leve l  of the obtu rator 
nerve (FIG 8) .  Caut ion shou ld  be taken when d i ssect
i n g  med i a l ly as the obtu rator vesse ls and  tr ibutar ies a re 
d ifficu lt  to v i sua l ize and  can be d iffi cu lt  to control if 
i n ju red .  

• The obtu rator fora men and  the pub i c  ram i  shou ld  be 
ca refu l l y  inspected and  pa l pated to ensure that nodes 
a re not left beh i n d  i n  those locat ions .  

Placement of Drain and Closure 

• Whi le  not absolutely requ i red, a second closed-suction 
d ra i n  can be deployed into the bed of the d issection and 
brought through the d ivided abdom ina l  muscle fi bers d is
tal ly, exit ing the skin through a separate stab inc is ion.  The 
i nterna l  and external  abdom ina l  ob l ique fasciae a re closed 
with absorbable monofi lament sutu res. Closure then pro
ceeds as described ear l ier i n  the ingu inofemoral d i ssect ion.  
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1612 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

A 

B 

Internal 
obl ique 

Adductor longus 

External 

packet 

External obl ique 
aponeurosis 

Anterior superior 
i l iac spine 

Inguinal l igament 

Sartorius 

k'\'=-"'-+�� Superficial femoral 
vein and artery 

FIG 7 • A. The externa l  ob l i que  aponeurosis has been i ncised in a d i rect ion para l l e l  to its f ibers, expos ing  the under ly ing 
i nterna l  ob l ique aponeuros is .  B. Anter ior  v iew of the externa l  i l i ac  a rtery and  ve i n  with de l ivery of the externa l  i l iac  noda l  
packet. 



External 
i l iac artery 

External 
i l iac vein 

C h a p t e r  29 I N G U I NAL LYMPH NODE D ISSECTION 

vein and 
artery 

1613 

Peritoneal contents 
with bladder Obturator nerve 

FIG 8 • Appearance of the comp leted i l io i n g u i n a l  d i ssected 
f ie ld  with the obtu rator nerve exposed deep and med i a l  to 
the externa l  i l i ac  vesse ls .  

PEARLS AND PITFALLS 
I n d icat ions  

P lacement of inc i s ion 
Extent of resect ion 

Key postoperative care 

• The d iag nosis  of i n g u i n a l  metastas is  shou ld  be made using the least i nvasive method possi b le .  
• Pa l pab le  d i sease shou ld  be eva l u ated by percuta neous f ine need le  asp i rat ion or  core  need le b iopsy 

rather than open b iopsy whenever possi b le .  
• Sent ine l  node b iopsy i n ci s ions  shou ld  be fash ioned wh i l e  be ing m i ndfu l of the poss i b i l ity that i n g u i n a l  

lymphadenectomy m a y  be req u i red i n  the future. 
• Sent ine l  node b iopsy i n ci s ions  d i rect ly i n  the i n g u i n a l  crease a re not advised due to the d ifficu lty with 

the su bseq uent lymphadenectomy i n c i s ion if necessa ry. 
• In cases where there is noda l  d i sease without a known pr imary, a ca refu l physica l exa m i nat ion to iden

tify a p r imary cancer is  wa rra nted, i n c l ud ing  exa m i nat ion of the sk in  of the lower body, d i g ita l  recta l 
exa m i nat ion,  and  exa m i nat ion of the pen i s/vu lva . 

• I nc i s ions  shou ld  be fash ioned to avo id  cross ing  the i n g u i n a l  crease where feas ib le .  
• Saphenous  ve in  p reservat ion may be cons idered for  cases be ing performed for  m icrometastatic d i sease 

and when the vein i s  not i nvolved with scar or  the seroma/b iopsy cavity. 
• I nd icat ions  for i nc lus ion  of pelv ic lymphadenectomy i n  the a bsence of c lear-cut pelv ic i nvolvement 

have not been defi n it ively esta b l i shed; but typ ica l ly, scenarios for wh ich  i l io i n g u i n a l  lymphadenectomy 
is  potent ia l l y  cons idered a re the fo l l owing: 
• Macroscop ic  i n g u i nofemora l  d i sease 
• Four o r  more positive nodes identif ied at sent ine l  lymphadenectomy 
• Pelvic dra inage observed at the time of lym phosci nt igraphy with a posit ive i n g u i nofemora l  senti ne l  

node 
• Pat ients a re typ ica l ly p l aced on  bed rest overn i g ht .  
• DVT prophylaxis  i s  typ ica l ly i n stituted on  the even i n g  of the proced u re and  cont in ued wh i l e  the pa

t ient i s  i n  the hospita l  u n less there i s  c l i n ica l  concern for hemorrhage.  
• Lym phedema p reca ut ions inc lude com press ion with Ace wraps or  fitted compress ion garments with 

agg ressive i nstitut ion of lymphedema therapy at the fi rst c l i n i ca l  s i gn  of lymphedema.  

POSTOPERATIVE CARE • If the patient's physical examination and the drain output 
are not concerning for postoperative bleeding, prophylactic 
subcutaneous low-molecular-weight heparin is administered 
on the evening of the procedure and continued daily while 
the patient is hospitalized. 

• The patient is typically kept on bedrest overnight with the 
urinary catheter, if used, in place, and affected extremity 
raised to above the level of the heart. The affected extremity 
is kept wrapped with an Ace from the metatarsals to mid 
thigh, with thigh-length SCDs in place on the contralateral 
extremity and over the Ace on the ipsilateral extremity. 

• On the first postoperative day, the urinary catheter, if pres
ent, is removed and the patient is encouraged to ambulate. 
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• After an inguinofemoral lymphadenectomy, patients are dis
charged after 1 or 2 nights when pain is controlled with oral 
analgesics . 

• After ilioinguinal lymphadenectomy, patient s  are kept nil 
per os for the first night . If there is no sign of ileus, the 
diet can be advanced on postoperative day 1 .  Patients  
typically remain in the hospital for  at  least 2 nights  and 
are  discharged when pain is controlled with oral  analge
sics and are tolerating a diet . 

• On discharge, patients are encouraged to ambulate to mini
mize risk of DVT, wear Ace or fitted gradient compression 
stockings during the day, and to elevate the operated leg
above the level of the heart at night . 

• At the first clinical sign of lymphedema, lymphedema ther
apy is ordered and verification of compliance with the fitted 
compression stockings is done. 

OUTCOMES 

• Five-year overall survival rates for melanoma metastatic to 
regional lymph nodes are listed below6: 

Stage IliA melanoma- 1 to 3 nodes involved with micro
scopic disease and nonulcerated primary tumor-78% 
Stage IIIB melanoma- 1 to 3 nodes involved with micro
scopic disease and an ulcerated primary tumor or 1 to 
3 nodes involved with macroscopic disease and a nonul
cerated primary tumor-59% 
Stage IIIC melanoma-4+ nodes involved, 1 to 3 nodes 
involved with macroscopic disease and an ulcerated pri
mary tumor, matted lymphadenopathy, or disease that 
includes in-transit and nodal metastasis-40% 

COMPLICATIONS AND RELEVANT 

MANAGEMENT 

• Seroma-if symptomatic can be percutaneously drained; 
open drainage should be avoided 

• Lymphedema-managed with early compression and lymph
edema therapy 

• Wound dehiscence-risk is minimized by confining area of 
the flap to the boundaries of the femoral triangle and can be 
managed with a wound vac device as needed 

• Infection-typically managed with oral antibiotics 
• DVT/pulmonary embolism-risk is minimized by the rou

tine use of low-molecular-weight heparin prophylaxis and 
high index of suspicion should be maintained for early diag
nosis and treatment 

• Sensory deficit is common but typically does not require 
management unless there is a persistent neuralgia 

• Recurrence 
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DEFINITION 

• Minimally invasive inguinal lymph node dissection (MILND ) 
is defined as an inguinal lymph node dissection performed 
through trocar ports.  Many names have been coined for this 
videoscopic approach, and unfortunately, minimally inva
sive has also been used by some to describe an open tech
nique using smaller incisions . 

• The terminology surrounding the inguinal node dissection 
can be confusing. Urologic groin dissections separate the 
superficial inguinal basin as anterior to the cribriform fas
cia and the " deep " inguinal nodes as those nodes along 
the femoral vessels deep to this fascial layer. Melanoma 
surgeons have historically referred to both of these basins 
as a " superficial inguinal lymph node dissection" or " in
guinalofemoral" and the pelvic or external iliac/obturator 
lymph nodes are referred to as a " deep inguinal lymph node 
dissection" or " ilioinguinal. " In this chapter, when we de
scribe an inguinal lymph node dissection, it will refer to all 
the nodes in the groin distal to the inguinal ligament and 
superficial to the external oblique aponeurosis, superficial 
and deep to the cribriform fascia .  The deep or ilioinguinal 
dissection is discussed in Part 5, Chapter 29. 

ANATOMY 

• The anatomy critical to the MILND is identical to that for 
the conventional open operative approach and is depicted in 
FIGS 1A,B and 2. The superficial and deep inguinal lymph 
nodes are separated by the cribriform fascia, which is vio
lated at the fossa ovalis. There are approximately 10 lymph 
nodes in the superficial basin and five in the deep. 

• The borders of the femoral triangle are graphically depicted 
in FIG 2. 

NATURAL HISTORY 

• Complete inguinal lymph node dissection is advised for any 
patient with melanoma metastatic to the inguinal lymph 
nodes in the absence of distant metastases. Microscopic 
and macroscopic subclassifications of stage III disease 
are distinguished as clinical and not pathologic entities. 1 
If disease is detected by physical exam, this is considered 
macroscopic, whereas a positive sentinel lymph node (SLN) 
represents microscopic disease regardless of the tumor bur
den identified pathologically. Stage III melanoma patients 
represent a very heterogeneous cohort and prognosis var
ies greatly based on the number of positive lymph nodes, 
nodal burden in the lymph nodes, and presence or absence 
of synchronous in-transit metastasis. Five-year overall sur
vival for this group of patients is approximately 50% , but 
based on the specific subcategory varies widely from 25% 
to 75% . 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• An MILND is indicated in most cases that would be con
sidered for traditional inguinal nodal dissection including 
melanoma; cutaneous squamous cell carcinoma (SCC);  and 
some urologic (penile ) ,  gynecologic (vulvar) ,  anal, or low
lying rectal cancers. 

• Physical examination should not only evaluate the inguinal 
nodal basin but also identify in-transit disease between the 
primary and inguinal nodal basin, particularly in the case 
of melanoma. Radiographic or gross nodal disease can be 
found cephalad to the inguinal ligament and superficial to 
the external oblique aponeurosis, especially in cases of a 
truncal primary. 

• For lower extremity disease, the popliteal nodal basin should 
be evaluated; and for disease of the trunk, consideration 
for contralateral inguinal or axillary drainage needs to be 
considered based on location of the primary. 

• Physical examination should also evaluate for prior scars 
in the field ( sentinel lymph node biopsy [SLNB] or saphe
nous vein harvest from prior coronary artery bypass graft 
[CABG] ) and skin changes suggestive of cutaneous involve
ment . This can be direct extension with overlying cutaneous 
hyperemia and fixation of disease or nodularity/ulceration 
that is often seen in SCC. For penile primaries, the geni
tals and base of penis should be inspected for cutaneous 
involvement .  

• Most frequently, an MILND will be performed for mi
croscopic disease following a positive SLNB. In this set 
ting, waiting a minimum of 6 weeks from the SLNB to 
the MILND allows t ime for the acute operative inflam
matory changes to resolve. An MILND may be consid
ered in selected cases of macroscopic disease. Caution 
and sound clinical j udgment should be used to avoid 
violating the specimen, assuring an en bloc resection and 
for radiographic disease, that the identified disease to be 
resected will indeed be contained inside the contents of 
dissection. 

• MILND is contraindicated in the setting of cutaneous 
involvement or a prior lymphadenectomy in the same field. 
MILND may be considered in a prior radiated field, but 
again, caution should be stressed. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Positive SLNB for microscopic disease 
In general, this is a delayed diagnosis and MILND is of
fered as a staged procedure, as typically, frozen section is 
not performed on SLNs for melanoma. Even in institu
tions where frozen section is performed on SLNs (such as 

1 61 5  
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our own) ,  there is no need to freeze the SLNs of the groin 
if MILND may be offered at a later date. 
The yield of systemic imaging to find clinically occult 
stage IV disease after a positive SLN is less than 5% and 
typically not warranted prior to MILND.2-4 
Deep pelvic (external iliac/obturator) node dissection is 
typically not required. 

• Clinical inguinal regional nodal disease 
In the setting of a palpable inguinal lymph node, a fine 
needle aspiration (FNA) to confirm the clinical diagnosis 
is frequently appropriate prior to embarking on an ingui
nal node dissection. 
A search for systemic disease with whole-body imaging 
(computed tomography [CT] scan or positron emission 

FIG 1 • A,B. Anatomy of the su perfic i a l  and deep 
i n g u i n a l  bas i n .  

tomography [PET]/CT) i s  reasonable prior to MILND as 
the true positive rate is above 10%. 5•6 
The decision to embrace a routine, selective or nihilistic, 
and hence, almost never approach to the pelvic basin will 
not be covered in this section. In general, for clinically 
apparent disease, I strongly consider a combined deep pel
vic node dissection at the same setting. 
There is limited data  on minimally invasive approach 
to the pelvic lymph nodes for melanoma. Technically, 
it can be performed as clearly shown in clinical practice 
with gynecologic and urologic procedures .  However, the 
role in melanoma is not defined .  Basic questions such as, 
" Should an extra peritoneal versus an intraperitoneal ap
proach be used ? "  and "Is converting an extraperitoneal 
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disease to an intraperitoneal operation sound ? "  have 
not been established. At the time of this writing, when 
performing a combined inguinal and a pelvic node dis
section, I personally perform this as an open approach. 

NONOPERATIVE MANAGEMENT 

• The current standard, off protocol, is for a regional node 
dissection for all cases of a positive SLN, including immuno
histochemical disease only. 

• At the time of this publication, the Multicenter Selective 
Lymphadenectomy Trial II (MSLT II) randomizing patients 
with a positive SLNB to observation of the basin or stan
dard lymph node dissection, j ust closed to accrual. 

SURGICAL MANAGEMENT 

• A word of caution: Data on short- and long-term morbidity are 
limited at the time of this publication?·8 Seromas are common 
and can be prolonged; wound complications requiring more 
than outpatient oral antibiotics are rare. Randomized single insti
tution (Delman, personal communication, February 2013 )  and 
single-arm multi-institutional surgical trials (NCf01500304) 
are actively ongoing to define the short-term morbidity and sur
gical learning curve for this procedure. One measure of onco
logic adequacy of the procedure is lymph node yield and this 
appears to be similar?·9 There is no data to date regarding onco
logic outcomes and patients need to be clearly made aware, that 
as of the time of this publication, it is unknown if the regional 
control and cure rates with this approach are worse, better, or 
equivalent to a standard open approach. This candid discussion 
is necessary as part of the informed consent process (at the time 
of this printing one manuscript has been published).9 

Preoperative Planning 

• Preoperative baseline bilateral limb volumes should be 
considered. 

FIG 2 • Borders of the femora l  tr iang le  as  wel l  as 
troca r p lacement for M I LND .  

• Brief with anesthesia and the operating room (OR) team 
prior to the start of the procedure: 

Hypercarbia is to be expected. Unlike laparoscopy per
formed in an intraperitoneal location, this entire dissection is 
performed in the subcutaneous plane and much higher levels 
of carbon dioxide (COz) will be systemically absorbed. An
esthesia team needs to be aware and appropriate ventilatory 
modifications made to avoid the need for conversion. 
Ensure you have towers in correct position, patient posi
tion is rehearsed, and desired equipment, including dissec
tor and laparoscopic supplies, are in the room. 

• Prophylactic antibiotics are provided. 
• Mechanical venous thromboembolism (VTE) prophylaxis in 

the form of sequential compression devices are placed on the 
contralateral leg. Chemical VTE prophylaxis in the form of 
subcutaneous heparin is provided prior to incision and ide
ally prior to induction of general anesthesia. 

• A Foley catheter is placed sterilely on the prepped field and 
sealed out of the dissection field with the genitalia by a ster
ile towel and Ioban. 

Positioning 

• In the typical setup, the patient is positioned supine with the 
legs split either on a split-leg table (my preference) or in the syn
chronous position with Yellofin gel stirrups. The operative leg 
is abducted and slightly flexed at the knee (FIG 3) .  If the leg is 
left straight, the surgeon will almost inevitably perform the dis
section too lateral. The surgeon and the assistant stand so one 
is between the legs and the other stands lateral to the operative 
leg. The surgeon and the assistant may change positions during 
certain portions of the procedure if desired. The surgical techni
cian stands on the opposite side of the patient's body. 

• Video towers are placed at the head of the table, one above 
each shoulder (FIG 3) .  Minimal operative instrumentation is 
needed on the Mayo stand. If there is a need to emergently con
vert, appropriate instruments should be immediately available. 
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Anesthesiologist Approach 

M;/ 
• The current approach involves en bloc resection of the 

muscular fascia and saphenous vein with the lymphade
nectomy specimen. The plane of dissection off the sarto
rius muscle and adductor may not be as apparent with a 
minimally invasive approach as during an open procedure, 
and to be clear that the dissection is in the correct plane, 
we have scored the fascia and visualized the underlying 
muscle. 

• Resecting the muscular fascia is the approach initially 
described by Delman et al. 1 0 and the approach we have fol
lowed. Whenever embarking on a new procedure, it is criti
cal that caution is exercised and the procedure is approached 
with this mindset,  assuring that the extent of the oncologic 
resection is at least as complete as the traditional standard 
for which it is meant to replace. It is also true that the 
minimally invasive approach should, as much as possible, 
exactly mirror the technique of the open approach. As with 
any novel technique, this procedure will likely evolve with 
time, and with experience, it may be shown that a muscular 
fascia and saphenous vein preserving approach is as safe and 
oncologically sound. 

Surgical 
technician 

Surgeon 

• We do not excise the SLNB scar if present .  We also do 
not make an open incision to confirm the adequacy of 
dissection because the videoscopic view should make this 
obvious.  If there is any question of inadequate resection, 
a small proximal incision can be made and the extent 
of the oncologic operation should not be jeopardized 
because of a perceived feeling of inadequacy or failure by 
" converting . "  

FIG 3 • Operati ng theater setup  and  patient posit ion .  

MINIMAL LY INVASIVE INGUINAL 

LYMPH NODE DISSECTION 

Operating Room Setup 

• I n  the typ ica l  setup, the patient is pos it ioned sup ine  with 
the legs sp l it e ither on a sp l it- leg ta b le  (my strong  per
son a l  p reference) or i n  the synchronous posit ion with 
Ye l l of in  gel st i rrups .  The operative leg i s  abducted and  
s l i g ht ly fl exed at the knee  (FIG 3) .  The su rgeon and  the 
ass ista nt stand so one is  between the legs and  the other 
sta nds  latera l to the operative leg. The surgeon and the 
ass ista nt may change posit ions d u r i n g  certa i n  port ions  of 
the procedure if des i red.  The su rg ica l techn i c i an  stands  
on  the opposite s ide of the patient's body. 

• Video towers a re p laced at the head of the ta b le, one 
a bove each shou lder  (FIG 3) .  M i n i m a l  operative i n stru
mentation i s  needed on  the Mayo sta nd .  If there i s  a 
need to emergently convert, appropr iate i n struments 
shou ld  be i m med iately ava i l ab le .  

• The anatomy cr it ica l  to the M I L N D  is ident ica l  to that 
for the conventiona l  open operative approach and  i s  
dep icted i n  FIGS 1 and  2. The superfic i a l  and  deep in
g u i n a l  lym ph nodes a re sepa rated by the cr ibriform 

• 

• 

• 

fasc ia ,  wh ich  is v io lated at the fossa ova l i s .  There a re 
approxi mately 1 0  lymph nodes i n  the superfic i a l  bas in  
a n d  f ive i n  the deep.  
The borders of the femora l  tr i ang le  are graph i ca l ly 
dep icted in FIG 2 . 
External  landmarks are identified . Pa lpation is performed to 
identify the med ia l  border of d i ssection, which is the adduc
tor longus muscle. This is marked with a marking pen. Next, 
s im i la r  pa lpation is performed to identify the sartor ius mus
cle and identify its med ia l  border, which wi l l  mark the latera l 
boundary of the d i ssect ion.  The convergents of these l i nes 
occur at the d istal  border of d issection, which is the apex of 
the femoral tr iangle.  Proximal  d issection extends 3 to 5 em 
cepha lad to the ingu ina l  l igament and it inc ludes the soft 
tissues superfic ia l  to the external ob l ique in th is  location.  
Next, the th ree troca r s ites a re marked. The d i stal most inc i 
s ion is marked 3 em from the apex of the femora l  triang le .  
The other two troca rs a re p laced prox ima l  to th is, each 5 em 
apart, one media l  and  one latera l (see FIG SA.B) .  Through 
one of the troca r s ites, b l unt d i ssect ion is performed with 
the i ndex f inger separat ing along the natu ra l  avascu lar  
p la in  between the subcutaneous fat and under ly ing soft 
tissue. Th ree 1 0/1 2 mm trocars a re next i ntroduced . As a 
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FIG 4 • Photo dep ict ing  t rocar  p l acement and  i n it i a l  C02 
i nsuff lat ion at beg i n n i n g  of case ( image © Mayo C l i n ic, 2 0 1 4) .  

resu lt  of  the th in  subcutaneous t issue, a l eak  a round  the 
troca r may be encountered. As a resu lt, the incis ion shou ld 
be kept to a m in imum and on ly one troca r s i te shou ld be 
used for  the i n it ia l  b l unt d i ssect ion .  Short trocars a re idea l ,  
and ba riatric i nstruments shou ld be ava i l ab le  i n  order to 
reach the prox ima l  most d issect ion .  Us ing troca rs with ba l 
loons to m i n im ize the leak a re idea l .  

• C02 insuff lat ion is performed.  I n it i a l ly, 25 m m H g  for 
1 0  m i n utes and then decreased to 1 5  m m H g  for the 
rema inder  of the procedure (FIG 4) .  

Superficial Dissection 

• 

• 

• 

• 

I perform the ent i re d i ssect ion with an u ltrason i c  d is
sector (person a l  p reference) or  L igaSure® device, except 
when free i n g  the t issue from the externa l  ob l i que  a po
neurosis where I use a hook cautery. 
Camper's fascia is preserved .  D issect ion is performed 
su perfi c ia l  to Sca rpa's fasc ia .  
I n it ia l  d i ssect ion sta rts i n  a space created by the d i g ita l 
d i ssect ion and  C02 insufflat ion .  The d i ssect ion is beg u n  
d ista l ly and  conti n ued prox ima l ly. T h e  i n it ia l  d i ssect ion i s  
performed i n  order t o  create a work ing space between 
the subcutaneous t i s sue and  u nder ly ing reg iona l  contents. 
D issect ion is  performed fa ir ly superfic ia l ly, superficia l  to 
Sca rpa's fasc ia .  This  can be appreciated with an externa l  
v iew showing the transi l l u m i nation of the l i ght sou rce 
through the sk in (FIGS SA,B) .  Dissect ion can be assisted by 
externa l  pa l pation over the previously marked boundaries 
of the triang le .  Runn ing  a finger u p  and down the previ
ously d rawn landmarks wh i le  viewing i nterna l ly assists one 
i n  defi n i ng  the borders and  extent of the superfic ia l  d i ssec
t ion .  As d issect ion i s  comp leted more prox ima l ly, the loose 
a reo lar  tissue overlyi ng the externa l  ob l ique aponeurosis 
can be appreciated . The ent ire a nterior d i ssect ion with i n  
t h e  externa l ly  marked tr iang le  s h o u l d  be completed . 

Sartorius Exposure 

• The next portion of the procedure is the latera l d issection 
to identify the sa rtorius muscle. Dissection is performed 
through the fatty tissue until the sartorius fascia is identified . 

A 

B 

FIG 5 • A,B. Photo and  image demonstrat ing  trocar 
p lacement, f lap th ickness, and d ra i n  p lacement.  D i ssect ion 
i s  q u ite su perficia l  and  th i s  i s  demonstrated i n  these i m ages 
showi ng how we l l  the l ight  trans i l l u m i nates through the skin 
f laps (F ig .  Sa © Mayo C l i n i c, 20 1 4) .  

The  fascia is d ivided, identifying the  underlying muscu lar  fi
bers of the sartorius. This is i n itiated d ista l ly, and once iden
tif ied, you s imply march proxima l ly up  this layer. The fascia is 
continua l ly scored from d ista l  to proximal  as shown in  FIG 6. 
This is cont inued up toward the ingu ina l  l igament. 

FIG 6 • The latera l border of the deep d issect ion i s  shown 
here.  The m uscu l a r  fasc ia  i s  scored from d i sta l  to proxi m a l  
expos ing  t h e  sa rtor ius  m uscle ( image © Mayo C l i n ic, 2 0 1 4) .  

1619 
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FIG 7 • The med ia l  border of the deep d i ssect ion is shown here. 
The muscu la r  fascia i s  scored from d ista l to proxima l  expos ing 
the adductor longus muscle ( image © Mayo C l in ic, 20 1 4) .  

Adductor Longus Exposure 

• A s i m i l a r  approach is taken med i a l ly to identify the 
add uctor longus m uscle (FIG 7) .  Because of the cross ing  

FIG 9 • The d ista l saphenous ve i n  i s  be ing d ivided as it crosses 
the adductor longus  musc le ( image © Mayo C l i n ic, 20 1 4) .  

• The ve i n  ca n be d iv ided with an endovascu l a r  sta p le r, 
L igaSu re® or u ltrason i c  d issector per su rgeon p reference 
and vesse l ca l i ber  (FIG 9) .  

saphenous ve in ,  the med i a l  d i ssect ion i s  sta rted more Apex Dissection 

• 

• 

proxim a l  i n  th i s  locat ion .  Th i s  d i ssect ion is a lso conti nued 
p roxi m a l ly to the i n g u i n a l  l i ga ment.  
The spec imen i s  ro l led latera l ly off the adductor. As we 
progress med i a l ly, the deep border of d i ssect ion becomes 
the pect ineus  m uscle (FIG 8) .  
I t  i s  fa i r ly  common for  the knee  to be " i n  the way"  d u r i ng  
port ions  of  the d i ssect ion as a resu l t  of  the knee  bum ped 
and the leg posit ion .  I f ind that I a m  not i nfrequently op
erat i ng  with the hand le  of the d i ssect ion device tu rned 
upside down to accommodate this rea l ity. 

Exposure and Division of Distal Saphenous Vein 

• The next step is to ident ify and  d iv ide the saphenous ve in 
d i sta l ly. At th i s  poi nt, the d i ssect ion i s  beg u n  more proxi
m a l ly on the adductor longus .  

• The saphenous ve i n  is identif ied and  c i rcu mferent i a l ly 
d i ssected out.  It is located two-t h i rds  of the d i stance 
from the i n g u i n a l  l i ga ment to the a pex of the tr ia ng le  as 
the ve i n  crosses the adductor m usc le .  

FIG 8 • The pecti neus  m usc l e  i s  exposed as the proxi m a l  
port ion o f  the spec imen i s  r o l l e d  from med i a l  t o  l atera l off 
the adductor ( image © Mayo C l i n i c, 20 1 4) .  

• 

• 

Next, the a pex d issect ion is com p l eted . Th i s  is the rema in 
i n g  soft t issue between the sa rtor ius  and  the add uctor a t  
the d i sta l most aspect of  the d i ssect ion .  
The contents a re g rasped and  e levated under  tens ion 
with tract ion i n  both the su perfic i a l  and  cepha lad  d i rec
t ion  (FIG 10) .  Th i s  t issue i s  contro l l ed  with the nondomi 
nant  hand ,  as the d i ssect ion of  the rem a i n i n g  t i s sue  over 
the a pex i s  comp leted . 

FIG 1 0  • At the a pex of the femora l  t r iang le, the contents 
a re g rasped and retracted under  tension by push ing  the 
spec imen a nter ior and cepha l ad .  
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Plane of deep dissection Plane of superficial dissection 

vein 

Adductor � 
longus � 
muscle A 

Femoral artery Plane of superficial dissection 
FIG 11 • As the d i ssect ion at the a pex cont in ues deep from Cribriform fascia 
d i sta l to proxima l ,  the femora l  vesse ls w i l l  come i nto view 
with the a rtery the fi rst to be encou ntered .  

• At th i s  poi nt, the d i ssect ion is performed by wa l k i n g  u p  
t h e  med ia l  aspect o f  t h e  sa rtor ius  from d ista l t o  p roxim a l  
and  rotati ng  the contents med ia l ly. Because the femora l  
nerve l ies i n  th i s  location, a th i n  r im of fat  i s  left on top 
of the nerve. 

• As th i s  p rocess is repeated a n d  cont in ued, beg i n n i n g  at 
the a pex and  d issect ing  proxi m a l ly, the femora l  vascu la 
ture w i l l  be identif ied at th i s  locat ion (FIG 1 1 ) .  

• 

• 

• 

Because of the posit ion of the lower extremity i n  abd uc
tion and flexion, the femora l  a rtery lays d i rectly a nter ior 
to the femora l  ve i n .  The femora l  ve i n  i s  deep and  me
d ia l ,  and as we d i ssect proxi m a l ly, the vesse l s  w i l l  sp i ra l  
and  the two vesse l s  w i l l  u lt i mately become para l l e l  with  
each other  ly ing i n  the same p la in .  D i ssect ion shou ld  
stay d i rect ly on the adventit ia of the femora l  vesse ls .  
Some p refer to use a l aparoscop ic  Kittner for th i s  d i ssec
t ion .  I m a i n ly use the d i ssect ion shears .  The anter ior h a lf 
of the vesse l s  a re comp letely exposed .  
FIG 1 2A,B show the relative pos i t ion change of vesse l s  
i n  re lat ion to each other  as we p roceed from d i sta l  to 
proxi ma l ;  th i s  i s  accentuated by the leg be ing i n  a posi
t ion of a bd uction .  
The  deep  i n g u i n a l  l ymph  nodes a re resected en b loc with 
this proced u re .  Our deep d i ssect ion p l a i n  is  deep to the 
cr ibriform fasc ia .  The cr ibriform fasc ia i s  a n  extens ion 
of the fasc ia l  lata.  It separates the superfic i a l  i n g u i n a l  
lym ph  nodes from the d e e p  i n g u i n a l  lym ph  nodes.  The 
cr ibr iform fascia i s  penetrated by the saphenous ve i n  at 
the fossa ova l i s .  The p l ane  of d i ssect ion i s  dep icted i n  
FIG 1 2A,B. 

B Plane of deep dissection 

FIG 12 • A.B. The su perfic i a l  and  deep d i ssect ion p la nes a re 
graph i ca l ly dep icted here.  These f igu res a l so demonstrate the 
relat ive posit ion  change of vesse ls  i n  re lat ion to each other  as 
we p roceed from d ista l to proxi ma l ,  respectively. 

• The femora l  ve i n  w i l l  be somewhat co l l a psed because of 
the C02 i nsuff lat ion i n  th i s  c losed space. Its ca l i ber  w i l l  
a lso be seen t o  f luctuate with venti lat ion .  

• The media l  d issection is completed off the adductor as we 
progress more proximal ly. As we conti nue our  d issection, we 
s imply wa lk  up the adductor from d ista l to proxima l .  Con
t inued anterior tract ion is app l ied to the specimen as we 
expose the vessels head ing toward the ingu ina l  l igament. 

Proximal Dissection of Saphenous Vein at the 
Fossa Ovalis 

• The femora l  ve i n  is appreciated deep and  med i a l  to the • The med i a l  a n d  a nter ior su rface of the femora l  ve i n  
i s  ske leton i zed and  w e  cont inue  a l o n g  med i a l  aspect 
of th i s  vessel u nder  the i n g u i n a l  l i ga ment.  Based on  
how fa r prox ima l  you  prefer to d issect here, C loquet's 
lym ph  node can be removed en b loc with the speci men .  
If desi red, a suture  can be p l aced to  mark C loquet's node .  

a rtery, j ust proxi m a l  to the a pex. Th i s  i s  d i ssected out i n  
a s i m i l a r  fash ion .  T h e  a nter ior as we l l  as  t h e  med ia l  a n d  
l atera l aspect o f  the vesse l s  a re skeleton ized.  There i s  
no need to c i rcumferent i a l l y  d issect out these structu res 
(FIG 1 3A,B) .  
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A 

B 

FIG 1 3  • A,B. I ntraoperative photos of the relat ionsh ip  of 
the vesse l s  to each other and  relat ive posit ion  change from 
d i sta l to p roxima l ,  respective ly ( images © Mayo C l i n ic, 2 0 1 4) .  

• The pect ineus m uscle can be seen here as the deep bound
a ry of d i ssect ion .  At th is  point, d i ssect ion is  deep and proxi
mal to the shelvi ng edge of the i ngu ina l  l igament (FIG 14) .  

• The t issue is freed from med ia l  to latera l off the p revi
ously exposed i n g u i n a l  l i gament.  

• At th i s  poi nt, the sa phenofemora l  j u nct ion is identif ied, 
com i n g  d i rect ly a nter ior off the femora l  ve in ,  approxi
mately 3 em d i sta l  to the i n g u i n a l  l i gament as the saphe
nous  ve i n  penetrates the cr ibriform fasc ia  at the fossa 
ova l i s .  Th i s  w i l l  be identif ied as  you d issect from d i sta l to 

FIG 14 • Th i s  image shows the em pty space created deep 
to the i n g u i n a l  l i gament at the proxi m a l/med i a l  aspect 
of the d i ssect ion .  The med i a l  aspect of the femora l  ve i n  
i s  ske leton ized.  O n e  c a n  choose t o  extend  proxi m a l  to 
inc lude  C loquet's lym ph node with the spec imen ( image © 
Mayo C l i n i c, 20 1 4) .  

F IG 15  • The saphenofemora l  j u n ct ion i s  identif ied as the  
d i ssect ion off the med i a l  a n d  a nter ior su rface of  the femora l  
ve i n  is  conti nued p roxim a l ly ( image © Mayo C l i n i c, 20 1 4) .  

• 

• 

• 

prox ima l  a long  the med i a l  su rface of the femora l  ve in  
(FIG 1 5) .  
The saphenofemora l  j u n ct ion i s  c leared and  d iv ided with 
a l i near  endovascu l a r  sta p ler  (FIG 1 6) .  The p roxi ma l/me
d i a l  t issue m ust fi rst be freed off the femora l  ve i n  before 
this ca n be accomp l i shed .  It  i s  better to comp lete th i s  
d i ssect ion proxi m a l  a n d  med ia l  to the saphenofemora l  
j u nction and  make th i s  w indow wider than you expect 
before attempti ng to i ntroduce the sta p ler. 
The rem a i n i n g  p roxim a l  d i ssect ion of the femora l  vesse l s  
(mostly cepha lad  and  l atera l)  is  then com p l eted, remov
i n g  the i n g u i n a l  contents off of the rem a i n i n g  attach
ments with the femora l  vesse ls .  Short trocars and long 
i nstruments have been necessa ry i n  my exper ience in 
order to reach this p roxi m a l  most d i ssect ion .  
If not  a l ready done so ,  any rema i n i n g  soft t i s sue  cepha
lad to the i n g u i n a l  l igament i s  to be inc l uded (3 to 5 em) .  
Th i s  i s  eas i ly  peeled down off the externa l  ob l i que  a po
neurosis, us ing  hook cautery if desi red, and i n cl uded en 
b loc with the speci men .  The rem a i n i n g  attachments with 
the i n g u i n a l  l i gament and externa l  ob l i que  aponeurosis 
a re comp leted . 

FIG 1 6  • The i ntraoperative photo shows the p roxi m a l  
saphenous ve i n  b e i n g  d iv ided with a n  endovascu l a r  sta p ler  
( image © Mayo C l i n ic, 20 1 4) .  



C h a p t e r  30 M I N IMALLY I NVASIVE INGU INAL LYMPH NODE D ISSECTION FOR MELANOMA 

FIG 1 7  • I ntraoperative photo at the comp let ion of the 
operation showing  the m uscu lature of  the femora l  t ri ang le  
exposed, i n c l ud i ng  the fascia over ly i ng the externa l  ob l i que  
aponeu rosis, proxi m a l  to the i ngu ina l  l i gament, a n d  
skeleton izat ion o f  the a nter ior ha l f  o f  the femora l  vesse l s  
( image © Mayo C l i n ic, 2 0 1 4) .  

• I n  a s i m i l a r  fash ion ,  any rem a i n i n g  latera l attachments 
a re freed off the sa rtor ius  fo l l owed by the f i na l  attach
ments off the i n g u i n a l  l i g a ment.  

Specimen Removal 

• Once the spec imen is free, the contents a re p laced i n  a n  
endobag .  

• The a natomic  bounda ries a re c lear ly  de l i neated and  you 
can v i sua l ize the soft t issue removed cepha lad  over ly i ng  
the externa l  ob l i que  aponeuros is  (FIG 1 7) .  

• Once comp leted, the d ra i n  is passed through  the latera l 
troca r s ites. 

• The extracted spec imen is dep icted i n  FIG 1 8. 
• A photo taken 1 week postoperatively is shown (FIG 1 9) .  

I t  shou ld  be noted that  the prox ima l  long itud i n a l  sca r i s  
f rom the or ig i na l  SLNB  and  not  part of the M I LND .  

• At the end of the case, the gen ita l s  w i l l  be edematous 
from the C02 d i ssect ion .  Th i s  i s  not a concern; the Fo ley 
can be removed at the end of the case and  th i s  shou ld  
resolve by  morn i n g  rounds .  Crepitance u p  to the chest has  
been  reported i n  some cases but has never been  of  c l i n i 
ca l  s i gn ifica nce i n  my experience and  to my knowledge.  
A chest strap d u ri n g  the operat ion can serve avoid th i s .  

PEARLS AND PITFALLS 

FIG 1 8  • Photo of the i n g u i n a l  contents after en b loc 
resect ion us ing  the m i n i m a l ly i nvasive a pproach ( image © 
Mayo C l i n ic, 20 1 4) .  

F IG 1 9  • Photo of  operative leg at the fi rst postoperative vis it . 

H i g h  convers ion rate • E m bark ing  on th i s  procedure without adequate tra i n i n g  
• Frustrat ion  and  l a c k  o f  patience 

1623 

• As with any new m i n i m a l ly i nvasive proced u re, th i s  shou ld  be sched u led at a date a n d  
t ime w h e n  there a re l i m ited other externa l  pressures. 

U n a b l e  to reach proxi ma l  d issect ion 
D i ssect ion too latera l 

• P lac ing  troca rs too d i sta l or i nstruments too short 
• Typica l ly, th i s  is a resu l t  of not p lac ing  the leg i n  adequate abd uction and  externa l  

rotat ion  pr ior  to the sta rt of the p roced u re .  
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I nadequate lymphadenectomy • Not stay ing  with i n  defi ned a natom ic  bounda ries 
• Not d issect ing  a nter ior to Sca rpa's fascia 
• Not d i ssect ing  the deep i n g u i n a l  lymph nodes by stayi ng on the adventit ia of the 

femora l  vesse l s  (not d issect ing  deep to the cr ibriform fasc ia)  
• Not d i ssect ing  the t issue cepha lad  to the i n g u i n a l  l i gament 

Convers ion secondary to hyperca rb ia  • Not br iefi ng with anesthesia team and mak ing appropr iate m i n ute venti lat ion adjustments 
Consta nt leak d u ri n g  case • F inger  d i ssect ion of more than one port site at sta rt of case and mak ing  i nc is ions too l a rge 
Dra i n  not ho ld ing suct ion • Not sea l i ng  inc i s ion  c losed t ightly a round dra in  at  end of  case. There is no subcutaneous fat 

between troca r site and cavity, u n l ike an abdom ina l  procedure or  open noda l  d i ssect ions i n  
which t h e  d ra i n  is  passed through a subcutaneous tunne l ,  s o  t h i s  rema ins  very u nforg ivi ng .  

Seroma/pro longed d ra i n  days • See sect ion regard ing  Postoperative Ca re 

POSTOPERATIVE CARE 

• Patient is admitted as an outpatient overnight and dis
charged within 23 hours. Drain care is reviewed in detail. 
Same-day discharge could be considered as pain has not 
been an issue. 

• Regarding seromas, activity, and drain days, my practice 
continues to evolve. I went from limited activity to one of 
minimal activity and near bed rest at home until the drain 
comes out,  and my current approach at the time of publica
tion is back to limited activity. As a result of the malignancy, 
the immediate perioperative period, restricted activity to 
almost one of bedrest,  patients were discharged home on 
daily low-molecular-weight heparin (LMWH) ,  prophylactic 
VTE dosing. This minimal activity and compression of the 
surgical site did not appear to result in decreased drain days, 
so I have since stopped and allow limited activity. If con
sidering home chemical VTE prophylaxis with LMWH, 
there is no need for a home health or visiting nurse; patients 
can be taught while in the hospital to self-administer this 
medication. 

• The patients are seen prior to discharge by the physical 
medicine and rehabilitation lymphedema therapist . Com
pressive leg wrapping is applied as well as compression to 
the operative field (compressive biker shorts with a foam 
insert or sock placed directly over the basin ) .  I have no data 
this decreases seroma or lymphedema or allows for earlier 
drain removal. Patients and family are educated on dressing 
changes and follow-up is arranged for the 1 -week postop
erative visit .  

• Ensure the drain is holding suction prior to discharge. 
• Redness and minor bruising of the flap is typical and noted 

on postoperative day 1 and on the first postoperative visit .  
These findings do  not represent cellulitis and antibiotics are 
generally not indicated. 

• There are two approaches to the drain removal. This is a 
balance between an increased risk of infection as the drain 
days increase versus accepting a higher seroma rate. The ver
dict is not out on the best approach here: 

Remove drain at 2 to 3 weeks regardless of output and 
accept a seroma. Observation of the seroma is reasonable, 
if asymptomatic. Patients need to be educated preopera
tively that a fluid collection will develop in their groin and 
not to be concerned. 
Leave drain until output is less than 30 to 40 mL a day for 

2 consecutive days. This often means keeping the drain up 
to 7 weeks. 
As a result of the expected prolonged number of drain days 
(NOT flushing up the drain, j ust rinsing the bulb and emp
tying) ,  our drain care regimen consists of rinsing the bulb 
with dilute Dakin's solution three times a day and placing a 
chlorhexidine Biopatch around the drain exit site and seal
ing it with a Tegaderm. The chlorhexidine disc is changed 
every third day and the drain site is cleaned with an alcohol 
wipe with each dressing change. This practice is based on 
Dr. Degnim's work in breast surgery and I only use for 
groin dissection because of the prolonged drain days.U 

OUTCOMES 

• The outcome data is limited7•8 and frank discussion with the 
patient must be held explaining that this operation is being per
formed for malignancy, but it remains unknown if this is as on
cologically sound as an open approach. The extent of resection 
should never be jeopardized to accomplish the procedure with 
the smallest incision possible. Seromas and prolonged drain days 
appear to be the Achilles heel thus far; we are exploring ways to 
combat this. Based on the limited experience worldwide, wound 
complications including breakdown and infections appear to be 
much less of an issue compared to the open approach (no big 
incision, no big wound problem) .  If lymphedema rates will be 
decreased is unknown at present. Major neurovascular struc
tures are in the field and at risk. Flap necrosis can occur; but 
despite very thin flaps, I have not personally seen this. 

COMPLICATIONS 

• Seroma 
• Hematoma 
• Wound dehiscence 
• Flap necrosis 
• Major vascular injury 
• Femoral nerve injury 
• Drain not holding suction 
• Recurrence 
• Lymphedema 
• Infection 
• Anesthesia risks 
• Hypercarbia 
• Inadequate lymphadenectomy 
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Chapter 3 1  Selective Neck Dissection for 
Melanoma 
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DEFINITION 

• The goal of a selective neck dissection for melanoma is the 
complete removal of the lymph nodes and lymphatics that 
drain a specific region of skin in the head and neck. 

• This procedure is performed for patients presenting with 
clinically evident regional metastasis as well as for patients 
with a positive sentinel lymph node. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• All patients with melanoma of the head and neck should 
undergo palpation of the regional lymphatics, including the 
parotid glands and cervical levels 1 to 5. 

• Melanomas at the junction of the neck and the chest, back, 
or shoulder should also include palpation of the axillary 
lymph nodes. 

• All patients with melanoma, particularly those with proven 
regional metastases, should have a focused review of symp
toms, looking for symptoms concerning for metastatic 
disease. 

• All patients with melanoma should also have a com
plete skin exam, looking for second primary cutaneous 
malignancies. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Preoperative imaging of the neck is not necessary in patients 
without clinically evident neck disease . 

• In patients with palpable adenopathy 
Imaging by contrast-enhanced computed tomography 
(CT) scan is generally recommended to evaluate the extent 
of disease. 
Fine needle aspiration is used to obtain pathologic diagno
sis of the enlarged lymph node. 

• In cases of distant metastatic disease, the need for selective 
neck dissection is balanced against the life expectancy of the 
patient . In many cases, achievement of regional control in 
the neck is preferred, given the complications of untreated 
disease in the head and neck. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Determination of the type of neck dissection to be performed 
is based on the location of the primary tumor and location 
of neck disease . 

• The relevant lymphatic basins of the head and neck include 
the parotid lymph nodes, levels 1 to 5, and the postauricular 
lymph nodes ( FIG 1 ) .  

• This serves a s  a rough guide t o  when different lymphatic 
basins should be addressed; ultimately, the clinician should 
dissect all lymphatic basins that could potentially be harbor
ing clinical disease based on an understanding of lymphatic 
drainage patterns. 

The removal of the superficial lobe of the parotid gland 
is performed for any primary cutaneous tumor anterior 
to the external auditory canal and above the angle of the 
mandible. 

Submandibular 
gland 

���""'!1�-o:.--- Anterior digastric 

FIG 1 • Leve l s  of the neck. Leve l 1 i n c l udes a l l  nodes 
between the contra l atera l a nter ior be l ly  of the 
d igastric, ips i l atera l poster ior  be l ly  of the d igastr ic, 
and  the i nfer ior edge of the mand ib l e .  Level 2 i nc l udes 
the nodes be low the sku l l  base between the poster ior  
be l ly  of the d igastric, poster ior  edge of the SCM, and 
above the leve l  of the hyo id .  Level 3 i nc l udes a l l  nodes 
between the hyoid bone a n d  cr icoid carti l age a rch,  
between the latera l and  the i nterna l  ca rot id a rtery, 
and  the poster ior  edge of the SCM.  Leve l 4 i nc l udes a l l  
nodes between t h e  cr icoid cart i l age  a rch a n d  c lavic le,  
between the latera l and  the i nterna l  ca rot id a rtery, 
and  the poster ior  edge of the SCM.  Leve l 5 i nc l udes a l l  
nodes from t h e  sku l l  base down t o  t h e  poster ior  border 
of the sternoc le idomasto id  m uscle to the c lavic le,  
a nter ior to the trapez ius  m usc le .  

Jugu lar vein --\::li=:::C 
Sternocleidomastoid 

nerve 

1 626 

muscle 
�==:-�:___�- Hyoid bone 

..,.-#---,-1------ Carotid artery 
::,_.1----- Cricoid cartilage 

-
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Positioning Levels 1 to 4 are dissected with any lesion involving the 
scalp anterior to the plane of the external auditory canal, 
facial skin, or anterior neck skin. 
Levels 2 to 5 are dissected with any lesion involving the 
scalp posterior to the plane of the external auditory canal 
or posterior neck skin. 

• Patients are placed supine with the top of the head at the 
edge of the surgical bed. 

If the primary lesion is in the scalp and located very close 
to the plane of the external auditory canal, dissection 
should include levels 1 to 5. 

• A bump is placed underneath the shoulder blades to allow 
for extension of the neck, being careful to maintain support 
of the head on the operating room ( OR) table. 

SEL ECTIVE NECK DISSECTION 

L EVEL S 1 TO 4 
• A curvi l i near  inc i s ion is made m i dway between the a n g l e  

o f  the mand ib l e  and  the c lav ic le; the i nc i s ion trave ls 
with i n  a neck crease, extend ing  a few cent imeters from 
the masto id  t ip  towa rd the approximate m idpo int  of the 
thyroid cart i l age (FIG 2) .  

• 

• 

• 

Sk in  is i ncised down through the su bcuta neous t issue 
and  p latysma .  
Subp latysma l  sk in f laps a re e levated to expose the deeper 
contents over ly ing levels 1 to 4 of the neck; th is  wi l l  extend 
to the mentum, along the strap m uscu l ature i n  the mid
l i ne, to the poster ior border of the sternocleidomasto id 
musc le (SCM), and  down to the level  of the c lavic le (FIG 3) .  
The marg i n a l  mand ibu l a r  nerve is  identif ied i n  the su
perfi c ia l  layer  of the cervica l fascia near  the ang le of the 
mand ib le  and  is  identif ied us ing  nerve sti m u l at ion .  The 
nerve is  d i ssected free and  e levated over the plane of the 
mand ib le  (FIG 4) .  

F IG 2 • The neck  i n c i s ion  is  marked out between the  
mand ib l e  and  c lav ic le .  

• The faci a l  a rtery and  ve i n  a re identif ied and  l i gated as 
they cross over the plane of the mand ib le .  

• The tissue over the mand ib le  is then i ncised from the men
tum to the angle of the mand ib le, tak ing care not to in jure 
the previously d i ssected marg ina l  mand ibu la r  nerve. This 
tissue is pu l led i nfer iorly, tak ing care to remove the perifa
c ia l lymph nodes located near the facia l  vesse ls .  Dur ing th is  

FIG 3 • The neck i nc is ion is  comp leted with 
subp latysma l  f laps e l evated super iorly and  i nfer ior ly. 
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Mandible 

1---;-:..:...=::'------ External 

Submandibular 
gland 

d issection, the retromand ibu la r  ve in  may be identified and  
l igated as it trave ls through the ta i l  of  the pa rotid g land .  

• I ncise soft t issue over contra l atera l a nter ior be l ly  of the • 
d igastric m uscle from mentum down to hyoid bone.  

• Beg i n  e levat ing  contents of level 1 A  by p u l l i n g  t issue • 
l atera l ly off the mylohyoid m uscle toward the ips i l atera l 
a nter ior be l ly  of the d igastric muscle; th i s  w i l l  req u i re d i - • 
vis ion of t issue a long the hyo id  bone i nfer ior ly. 

• Br ing  packet of t issue over ips i l atera l d igastric a n d  
back onto mylohyoid unt i l  the e d g e  o f  the mylohyoid i s  • 
reached see FIG 4. 

• Retract the mylohyoid m usc le media l ly to a l low for expo-
su re of the contents deep to the submand ibu l a r  g l a n d .  • 
This  may req u i re some b l u nt d issect ion in th i s  a rea .  

Submandibular Facial vein Marginal mandibular nerve 
gland 

Mylohyoid 
muscle 
retracted 

Lingual vein 

Hypoglossal nerve 

jugu lar 
vein 

FIG 4 • The marg ina l  mand ibu lar  nerve is 
e levated over the mandib le  and the contents 
of level 1 A are d issected posteriorly. Division 
of the fac ia l  a rtery and vein  wou ld  occur  at 
this point or  earl ier i n  the d issect ion.  

Identify the hypog lossa l nerve, l i n g u a l  nerve, and  sub
mand ibu l a r  d uct (FIG 5) .  
D iv ide  the submand ibu l a r  d u ct, tak ing  ca re not  to cause 
excessive b leed ing  from the nea rby ve ins  (FIG 6) .  
D iv ide  the submand ibu l a r  g a n g l ion and  a l low the l i ngua l  
nerve to retract su per io r ly. 
P u l l  the submand ibu l a r  g l a n d  and  packet of t issue later
a l ly, ca refu l ly d iv id ing  the t issue over the poster ior  be l ly  
of  the d igastr ic  (FIG 7) .  
Approximately ha lfway u p  the poster ior  bel ly, the fac ia l  
a rtery is  aga in  seen  trave l l i n g  under  the d igastric and  i nto 
the submand ibu la r  g l a nd; d iv ide the a rtery a second t ime.  
Trace the poster ior  be l ly  super ior ly, d ivi d i n g  the overly
ing tissue unt i l  the SCM is reached .  If it has not a l ready 

FIG 5 • The mylohyoid m uscle is  retracted a nter ior ly 
expos ing  the l i n g u a l  nerve, submand ibu l a r  d u ct, and 
hypog lossa l nerve. The hypog lossa l nerve i s  i n  a deeper 
p lane than the l i n g u a l  nerve and  is  on ly  exposed afte r 
d iv id i ng  the over ly ing fascia .  
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FIG 6 • View of the r ight  neck level 1 8 with the submand ibu lar  
g land removed and the mylohyoid muscle retracted anteriorly. 
C l ips a re seen on the submandibu lar  duct remnant. 

been d ivided, the retro m a n d i b u l a r  ve i n  is  usu a l ly en
cou ntered as  it exits the parotid g l a n d  near the a n g l e  of 
the m a n d i b le-carefu l ly d iv ide the ve i n .  

• The SCM is then " u nwrapped . "  At the poster ior  edge of 
the SCM, i ncise the fascia over the m usc le .  Th i s  w i l l  re
q u i re d iv is ion of the cuta neous nerves that cou rse over 
the m uscle; the g reat a u ri cu l a r  branch to the ear as we l l  
as  t h e  externa l  j u g u l a r  c a n  someti mes b e  traced o u t  a n d  
saved.  

• P u l l  the fascia med i a l ly to u nwrap the SCM; be ca refu l to 
take a l l  t issue over the m usc l e  because lymph nodes as
sociated with the externa l  j u g u l a r  ve i n  m ust be removed .  

FIG 7 • The contents of leve l  1 8  a re p u l led over  the poste r ior 
be l ly  of d igastric .  The fac i a l  a rtery cou l d  be d i ssected free from 
the g l a n d  (as shown) o r  d iv ided a second t ime as  it crosses under  
the d igastric .  

FIG 8 • The contents of the r ight-s ided level 2 are exposed 
with CN 1 1  in c lear  view as it cou rses over the i nterna l  j u g u l a r. 
The poster ior  be l ly  of d igastric is retracted super ior ly. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

After the a nter ior su rface of the SCM is wrapped, ca re
fu l l y  ro l l  the m uscle outward to sta rt u nwrapp ing  the 
deep su rface; at the j u n ct ion of the upper  one-th i rd 
and  l ower two-th i rds, the cra n i a l  nerve (CN) XI (the sp i 
n a l  accessory nerve) wi l l  be encou ntered as  it enters the 
m usc le .  
Cont inue  to u nwrap a n d  e levate the m uscle of the f loor 
of the neck unt i l  the poster ior  edge i s  reached,  tak ing  
ca re to not  stretch o r  i nj u re CN X I .  
At  th i s  poi nt, the poster ior  be l ly  of  the d igastr ic  shou ld  
be traced underneath the SCM and  then mob i l ized so i t  
can be pu l led super ior ly. 
At the hyoid bone, the omohyoid m usc le  is identif ied 
and traced low i nto the neck to the poster ior  edge of the 
SCM.  It i s  mob i l ized as we l l  so it can be p u l led i nfer ior ly. 
Next, the poster ior  be l ly  of the d igastric is p u l led super i 
or ly whi le CN XI is  traced underneath the m usc le by d iv id
i ng  the over ly ing t issue unti l  it cou rses over the i nterna l  
j u g u l a r  (IJ) ve in ;  the nerve usua l ly passes su perficia l  to 
the ve in  (80%)  but can a lso pass deep to it (20%) (FIG 8) .  
The sp ina l  accessory nerve is  e levated off the deep  neck 
and is  c i rcumferentia l l y  d i ssected u p  to the IJ ;  the wa l l  of 
the IJ  ve i n  i s  then skeleton ized (FIG 9) .  
The tra nsverse p rocess of  C 1  is  pa l pated on the f loor  of 
the neck. Th is  w i l l  serve as  the super ior  l i m it of d issect ion .  
Lym phatic t issue of level 28  is  mob i l ized by  d iv id i ng  the 
t i s sue between the IJ  and  the poster ior  edge of the SCM 
down to the level of the f loor of the neck ( levator sca pu
lae musc le) .  S u per ior ly, the contents of leve l  28  w i l l  need 
to be p u l led underneath the CN X I (FIG 9) .  
The poster ior  edge of d i ssect ion para l le l s  the poster ior  
border of the SCM.  Th is  t i ssue is  i ncised down to the f loor 
of the neck as we l l ,  ta k ing  ca re to not d iv ide the cervica l 
rootlets (FIG 1 0) .  
The i nfer ior  marg in  of  d issect ion i s  approximately at the  
c lav ic le .  The omohyoid m uscle can be retracted i nfer ior ly 
or  d iv ided to access this a rea .  
Sta rt by identify ing  the IJ low i n  neck and  ske leton iz ing  
the wa l l .  Next, d iv ide the t issue adjacent to the IJ down 
to the f loor of the neck. This t issue needs to be ca refu l ly 
l i gated with sutures or c l i ps due  to the presence of the 
thorac ic  d uct. The t issue is  d iv ided between the IJ  and 
the poster ior  edge of the SCM. 
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Posterior bel ly of 
digastric muscle 

Parotid gland 

C1  transverse 
process 

Accessory 
nerve (CN 1 1 ) 

FIG 9 • The contents of level 2B a re d i ssected and  passed 
u nderneath CN 1 1 .  The transverse process of C 1  i s  pa lpab le  
beneath the m usc le .  FIG 11 • The i nfer ior  d issect ion at the level of the c lav ic le is  

comp lete, a l lowing the lymphatic t issue of levels 2, 3, and  4 to 
be e levated off the f loor of the neck. 

• The t issue is then brought forward off the f loor of the 
neck onto the IJ ve i n  (FIG 1 1 ) .  Fol low the fascia of the 
f loor without v io lat i ng  the fasc ia  cover ing  the deep neck 
musc les .  

• The package of t issue is then brought over the IJ by 
enter ing  the fascia of the ca rot id sheath; as  the t issue 
is  d i ssected off the IJ ,  the branches of the IJ a re l i gated 
(FIG 1 2) .  Once the I J  i s  nearly c i rcu mferenti a l ly d i ssected, 
the ca rotid a rtery i s  in view (FIG 1 3) .  

F IG 1 0  • With  the SCM retracted i n  the r i ght  neck, the  
contents a re e l evated off the f loor  of  the neck. CN 1 1  is  seen 
on the r ight s ide of the p ictu re, and i n  the m idd le  of the 
p ictu re, the cervica l  rootl ets a re seen p iec ing the f loor of the 
neck and  wrapped around the poster ior  SCM. 

• 

• 

• 

The hypog lossa l nerve is identif ied u n derneath the d i 
gastr ic .  Th is  is traced poster ior ly, d iv id ing  the over ly ing 
t issue a n d  ve ins  u nt i l  the nerve trave l s  between the 
ca rot id and  IJ (FIG 14) .  
The package is  b rought  over the ca rot id unt i l  the su pe
r ior thyroid a rtery i s  seen; at this poi nt, trans it ion is  made 
to the fascia of the viscera l space (FIG 1 5) .  
T h e  package o f  t issue is  t h e n  tru ncated at t h e  latera l 
border of the strap muscu lature .  

FIG 12 • The lymphatic package is  p u l led med i a l ly i n  the 
r ight neck, sti l l  attached to the i ntern a l  j u g u l a r. The package 
wi l l  be taken off of the IJ  and onto the viscera l  space. 
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FIG 13 • The ca rot id sheath is  entered and  the branches of 
the IJ  a re d iv ided a l lowing the packet to be trans it ioned onto 
the carotid a rtery. 

Superior 
thyroid artery 

Parotid 
g land 

__.,..--,.;;---- Carotid 
sheath 

FIG 14 • The hypoglossa l nerve is traced out from where it 
crosses the d igastric unt i l  it cou rses between the ca rotid and  
the J J .  The over ly ing ve in s  a re de l icate and  must be d iv ided 
ca refu l l y  to avo id  s ign if icant b leed ing  which cou l d  obstruct 
the view of the ve i n .  

F IG  1 5  • T h e  packet is  trans it ioned off t h e  carotid space 
and onto the viscera l space ca refu l l y  preservi ng the 
su per ior thyroid a rtery. 

1631 



1632 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

SELECTIVE NECK DISSECTION 

L EVEL S 2 TO 5 (POSTERIOR-L ATERAL 

NECK DISSECTION) 

• 

• 

• 

• 

• 

• 

• 

• 

The sk in  i nc i s ion is mod ified from the pr ior  procedure 
be ing located more poster ior ly and  trave l l i n g  l ower i n  
the neck. 
Alternative ly, a " l i m b "  can be d ropped down from the 
i nc i s ion to g ive access to the a rea over the suprac lavicu l a r  
fossa .  
Poster ior ly, the p latysma  is  a bsent; the refore, the ap
p roxi mate p l ane  of the su perfic ia l  l ayer  of  the cervica l  
fasc ia  is  fo l lowed .  
The sk in  f lap is  ra ised to the edge of  the trapez ius  m uscle 
poster ior ly and i nfer ior ly; the m uscle edge is  often not 
seen and  the refore m ust be est imated . 
CN XI is located with i n  the level 5 a rea .  The nerve usua l ly 
exits the poster ior  border of the SCM approxi mately 2 em 
a bove where the g reat a u ri cu l a r  nerve wraps around the 
m usc le .  The pos it ion i s  confi rmed with nerve sti m u lat ion .  
Once t h e  nerve i s  identif ied, i t  is  traced from t h e  pos
ter ior edge of the SCM u nt i l  it trave l s  u n derneath the 
trapez ius  muscle; as the nerve approaches the trapez ius, 
it often sp l its i nto more than one branch,  each of which 
shou ld  be preserved .  
The nerve i s  then mob i l ized and  e levated from the level 
5 contents. 
Next, the poster ior  super ior  edge of the SCM is 
ske leton ized .  

UNIQUE SCENARIOS 

• Sk in  i nvolvement 
• I nvolvement of the skin can happen from metastatic 

d isease in the neck or from a pr imary lesion in the neck. 
• Extent of i nvolvement shou ld  be determined based 

on  CT sca n and pa l pation with ca refu l attent ion to 
the p latysma  a n d  dermis .  

• M a rk at least 1 em a round  a reas of subcuta neous o r  
derma l  i nvolvement; c losure is  ass isted by us ing  e l 
l i pt ica l -sha ped exc is ions and  payi ng c lose attent ion 
to resu l t ing  sk in  f laps  for rotat ion o r  adva ncement.  

• This  d issect ion is carr ied out to the level of the masto id  
t ip, where the d i ssect ion tu rn s  poster ior ly unt i l  the edge 
of the trapez ius  is  ident if ied.  

• I n  th i s  a rea, the t issues a re cut down to the f loor of the 
neck u nt i l  the levator scapu lae  m uscle is  identifi ed .  

• 

• 

• 

• 

• 

• 

• 

• 

The poster ior edge of the SCM and  the edge of the tra
pezius m uscle a re d i ssected i n  the i r  enti rety down to the 
floor of the neck; ca re is  taken to not i nj u re CN XI as it 
exits and enters these m uscles .  
I nfer ior ly, the t issue at the  level  of the  c lav ic le  i s  d i 
v i d e d  head i n g  towa rd the  f l o o r  o f  the  neck; ca refu l not 
to v io l ate the  fasc ia of the  f loor  of the  neck to avo id  
i nj u ry to the  t ransverse cerv ica l  vesse l s  o r  the brach i a l  
p l exus .  
Th i s  d i ssect ion w i l l  connect to both the a nter ior SCM d is
sect ion and  the poster ior  trapez ius  d i ssect ion .  
The omohyoid m uscle can be d iv ided near  i t s  i n sert ion 
i nto the sca p u l a .  
T h e  contents o f  level SA and  SB  a re n o w  brought for
ward by e levat ing  them off the f loor of the neck; du r i ng  
th i s  process, the sensory cervica l rootlets can be d i ssected 
free and p rese rved or  d iv ided . 
Once the contents a re brought to the poster ior  edge of 
the SCM, the contents can e ither be truncated at th i s  
po int or  tucked underneath the SCM.  
The rema inder  of the leve l s  2 to 4 neck  d issect ion p ro
ceeds as  descr ibed above; beg in  by identify ing the pos
ter ior be l ly  of the d igastric m uscle and trac ing it up to 
the SCM.  

• At the t ime of sk in  i nc is ion,  these a reas shou ld  i n 
cised down th rough  the level of  the p latysma .  

• Subp latysma l  sk in  f laps a re e levated around the 
a rea of i nvolvement, leavi ng  the sk in  over ly i ng  the 
tumor  pedic led on the tumor. 

I nvolvement of structu res 
• Necessity for resect ion of the SCM, CN XI ,  I J ,  or ad

d it iona l  structu res is  based on i nvolvement seen on  
imag ing  stud ies or  at the t ime of  surgery. 

• Tu mor  shou ld  never be v io lated to preserve any of 
these structu res. 

PEARLS AND PITFALLS 
Com m u n ication with anesthesia 

P lacement of inc i s ion 

Identif icat ion of structu res 

Exc is ion 

• It i s  essent ia l  that the patient i s  not para lyzed for the operat ion to a l low for mon itor ing 
of the marg i n a l  mand ibu l a r  nerve, CN XI ,  and  CN XI I .  Short-act ing  para lytics used for in 
d u ct ion genera l ly wea r off by the t ime the i nc is ion is  made .  

• The i nc is ion shou ld  be about two fi ngerb readths be low the edge of the mand ib le  to 
avo id  in jur ing  the marg i n a l  m a n d i b u l a r  nerve dur ing sk in  f lap  i nc is ion a n d  e levat ion .  

• The fascia l  p l anes provide exce l lent bounda ries for d i ssect ion a n d  shou ld  a l most a lways be 
fo l l owed d u r i ng  the neck d i ssect ion .  

• If g rossly positive lymph nodes  a re encountered, take a cuff of norma l  t i s sue  to sur round 
the node.  Th is  ca n i nvolve removi ng a port ion of the SCM or  sacrifi c ing  the I J .  
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Div is ion of spec imen • The spec imen is  typica l ly d iv ided i nto the correspon d i n g  levels of the neck  d i ssect ion to  
a l low pathology to sepa rately report which levels conta ined positive lym ph  nodes.  

Pr ior to c losure • The level 4 a rea of the neck is checked for a chyle leak with a susta i ned Va lsa lva maneuver. 
Any evidence of c lear  or m i l ky f l u id  shou ld  be treated by sewing over or c l i pp ing  the a rea .  

POSTOPERATIVE CARE 

• Following surgery, patients are admitted to the general 
inpatient unit . 

• Postoperative antibiotics are continued for 24 hours . 
• Postoperative subcutaneous heparin is used immediately 

following surgery. 
• Closed suction drains are used until output is less than 

30 mL per day. 
• Patients with extensive CN XI dissection are seen by physical 

therapy for arm mobilization and strengthening exercises. 

OUTCOMES 

• The rate of regional recurrence after selective neck dissection 
for melanoma depends on the extent of cervical disease at 
the time of resection. It is as low as 15% for micrometastatic 
disease and as high as 50% for macroscopic disease with 
extracapsular extension. 

• Postoperative radiation therapy is considered for patients 
with extracapsular extension, a single node greater than 

4 em, three or more positive nodes, or for neck dissections 
following a regional recurrence. 

• Recurrent neck disease after neck dissection must be care
fully evaluated to determine resectability. 

COMPLICATIONS 

• Hematoma 
• Chyle leak 
• CN XI injury 
• Hypoglossal injury 
• Marginal mandibular weakness 
• Stroke 

SUGGESTED READINGS 
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Glenda G. Callender Kelly M. McMasters 

DEFINITION 

• Popliteal dissection, or popliteal lymphadenectomy, is the 
removal of all lymph node-bearing tissue from the popli
teal fossa. This procedure is most commonly performed for 
melanoma but may rarely be performed for other cutaneous 
cancers or for the limited number of sarcomas that have a 
propensity to metastasize to lymph nodes. 

• Popliteal dissection is indicated in patients with no evidence of 
distant metastatic disease who are found to have the following: 

Positive popliteal sentinel lymph node biopsy (microscopic 
nodal disease) 
Clinically positive popliteal lymph nodes (macroscopic 
nodal disease) 

• Boundaries of the popliteal fossa ( FIG 1 ) 
Superomedial: semitendinosus and semimembranosus 
muscles 
Superolateral: biceps femoris muscle 
Inferomedial: medial head of the gastrocnemius muscle 
Inferolateral: lateral head of the gastrocnemius muscle 
and plantaris muscle 
Roof: skin, superficial fascia, deep (popliteal) fascia 
Floor: popliteal surface of femur, capsule of knee joint, 
oblique popliteal ligament, fascia overlying popliteus muscle 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A thorough history should be elicited prior to treatment, in
cluding a detailed past medical and surgical history, present 
medications and allergies, and a personal and family history 
of cancer. A complete head-to-toe skin examination should 
be performed. All lymph node basins (cervical, supracla
vicular, axillary, epitrochlear, inguinal, popliteal) should be 
evaluated for clinically positive lymph nodes. 

Hamstrings Sem1tend1nosus --ft--9--lf-

• Clinically positive lymph nodes typically present as a pal
pable mass. However, enlarged lymph nodes in the popliteal 
fossa may not be easily palpable because of the thick overly
ing fascia. Therefore, a careful examination of the popliteal 
fossa is essential. 

• Most patients undergo popliteal dissection because of a posi
tive sentinel lymph node biopsy. Sentinel lymph node biopsy 
has now become the standard of care for evaluating regional 
lymph node basins in patients with cutaneous melanoma 
greater than 1 mm in Breslow thickness who have no evidence 
of distant metastatic disease (see Part 5, Chapter 27) . Cur
rent standard of care for patients with positive sentinel lymph 
nodes includes completion lymphadenectomy of the involved 
lymph node basin; observation alone should be performed in 
the context of a clinical trial. Approximately 50% of patients 
with a positive popliteal sentinel lymph node biopsy will also 
have documented inguinal disease; therefore, popliteal and 
inguinal dissections are often performed concomitantly. 1 •2 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• A clinically positive lymph node should be evaluated using 
fine needle aspiration biopsy. Popliteal dissection is per
formed for a positive biopsy. 

• For patients with clinically negative lymph nodes, preopera
tive lymphoscintigraphy should be performed at the time of 
the initial sentinel lymph node biopsy even if the primary 
melanoma is located on an extremity. Lymphoscintigraphy 
will demonstrate drainage to popliteal lymph nodes in 1% 
to 9% of  patients with distal lower extremity melanoma 
(i .e . , below the knee; FIG 2) . 1-5 By far, the most common 
locations for primary melanomas that drain to the popli
teal fossa are the posterolateral foot and posterior lower leg; 
however, primary melanomas of the anterior lower leg or 

{ Biceps femoris 

Semlmembranosus -4t+h,_ .. ...... r'!""'±'-W+- Popliteal surface of femur 

1 634 

5r---+- Gastrocnemius, lateral head (cut) 
.n�::...l-+-- Plantaris 

=-rH- Arcuate popliteal ligament 

Popliteus 

Soleus 

Gastrocnemius, lateral head (cut) 

FIG 1 • Boundaries of the popliteal 
fossa (right leg). 
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FIG 2 • Lym phosci nt igraphy demonstrat ing  lym phatic d ra i nage 
to the pop l itea l  fossa from a pr imary melanoma of the d ista l 
r ight foot. 

anteromedial aspect of the foot will also occasionally drain 
to the popliteal fossa. 1-4 The overall incidence of a positive 
popliteal lymph node is 0.3% to 2.8% . 1-3•5 

SURGICAL MANAGEMENT 

Preoperative Planning 

• In the preoperative area, a focused history and physical 
examination should be repeated, and the patient's prior 
pathology and imaging studies should be reviewed. 

• The patient should be marked to confirm laterality. 

PLACEMENT OF INCISION 

• There a re two options for the incis ion for popl itea l d issec
tion (FIG 4) .  The incis ion should be p lanned such that a 
prior i ncis ion for sentinel  lymph node biopsy can be excised . 

A S-shaped incision B Z -plasty incision 
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• Although there are no data that specifically address the 
wound infection rate in popliteal dissection, we favor the 
administration of a dose of preoperative antibiotics, particu
larly if concomitant inguinal dissection is planned. 

Positioning 

• The patient is placed prone, with pressure points padded, 
and the operative knee slightly flexed ( FIG 3) .  The opera
tive leg should be prepped circumferentially from above the 
midthigh to below the midcalf. 

• If a concomitant inguinal dissection is planned, the popliteal 
dissection is usually performed first . 

FIG 3 • Pat ient posit ion for popl itea l  d i ssect ion .  Note that the 
operative leg (r ig ht) i s  s l i g ht ly f lexed .  

• The S-sha ped i nc i s ion was descr ibed by Karakou
s i s6 i n  h i s  i n it i a l  report of the tech n ique  of pop l i 
tea l d i ssect ion .  Th is  i nc is ion typica l ly extends  from 
approximately 10 em proxi m a l  to the joint crease 
a long the l atera l th igh  over ly ing the b iceps femor is  

Lateral 

FIG 4 • I nc i s ions for pop l itea l d issect ion 
(r ight leg) .  A. S-shaped inc i s ion .  B. Z-p lasty 
inc i s ion .  
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m uscle, crosses the jo int  transversely, and  extends  
approximately 10 em d i sta l to the jo int  crease a long 
the med ia l  ca lf  overlyi ng  the med ia l  aspect of  the 
gastrocnemius  m usc le (FIG 4A) .  A m i rror image of 
th i s  i nc is ion,  extend ing  from the media l  th igh to the 
latera l ca lf, i s  a l so accepta b le  and  may be preferab le  
depend ing  on  the or ientation of the i nc i s ion used  to  
perform the senti ne l  lymph node b iopsy. 

• We prefer a Z-p lasty i nc is ion that a l l ows for opti
mal exposure and heals without joint contractu re.' 
Aga in ,  the or ientation is  typica l ly su perolatera l 
to i nferomed i a l .  The width and  length of the Z is  
relative to the s ize of the lower thigh, usua l ly with 
a n  i nter ior a n g l e  ran g i n g  from 1 00 to 1 20 degrees 
(FIG 4B) .  

SKIN INCISION AND RAISING OF FL APS The f laps shou ld  expose a l l  of the bounda ries of the pop
l itea l fossa, rem a i n i n g  a bove the deep fasc ia .  

• The i nc is ion is created and d i ssect ion is carr ied down 
through the su bcutaneous t issue.  Med ia l  and latera l f l aps 
a re raised wh i l e  tract ion is ma inta ined with sk in  hooks.  

• The lesser saphenous ve i n  is exposed i nfer ior ly; it shou ld  
be l i gated and  d iv ided (FIG S) .  

-_:_:_::;....:-'::-:-- Common peroneal nerve 
_:_::___.c.:_ __ Tibial nerve 

FIG S • Med ia l  and  latera l sk in  f laps  a re 
ra i sed, and  the lesser saphenous ve i n  is  
d iv ided (r ight leg) .  



INCISION OF THE DEEP FASCIA AND 

IDENTIFICATION OF STRUCTURES TO 

BE PRESERVED 

• 

• 

• 

The deep fascia is i ncised vertica l l y  with g reat ca re not to 
i nj u re u nder ly ing structu res; the nerves a re very su perfi
cial (FIG 6) .  
The  common peronea l  nerve runs  l atera l ly i n  the f ie ld ,  
j ust media l  to the b iceps femor is  m usc le .  The latera l sura l  
nerve branches media l ly from it and  eventua l ly connects 
i nfer ior ly with the med i a l  sura l  nerve to form the sura l  
nerve. The l atera l sura l  nerve may be sacrif iced if neces
sa ry; no s ign if icant deficit is  appreciated as  long as  the 
media l  sura l  nerve rema ins  i ntact. 
The t ib ia l  nerve is the most su perfi c i a l  m i d l i n e  struc
ture .  It l ies latera l to the popl itea l  vesse l s  at the super ior  

Semitendinosus m.  
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aspect of the pop l itea l fossa then cou rses a nter ior to the 
vesse l s  and  l ies med ia l  to them at the i nfer ior aspect of 
the pop l itea l fossa . The media l  sura l  nerve branches off 
of the t ib i a l  nerve and  descends in the g roove between 
the heads of the gastrocnem ius  m usc le to where it con
nects i nfer ior ly with the l atera l sural nerve. The med ia l  
sura l  nerve shou ld  be preserved if poss ib le; however, i t  
can be d iv ided if g reater access to deeper  structu res i s  
needed.  The pat ient  wi l l  experience sensory loss  a long 
the latera l aspect of the ank le  a n d  foot. 

• The pop l itea l vesse l s  a re ensheathed; upon open ing  the 
sheath, the pop l itea l a rtery wi l l  be located s l i g ht ly me
d i a l  and deep to the popl itea l ve i n  (FIG 7) .  The pop l itea l 
ve i n  has severa l  s m a l l  t r ibutar ies be low the level of the 
l esser saphenous ve in  branch,  which ca n cause bother
some b leed i n g .  

Gastrocnemius 

Soleus 

FIG 6 • U pon open ing the deep 
fascia and entering the popl iteal  fossa, 
the nerves a re exposed (right leg). 
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Popliteal 
artery and vein --==+==::::Jbf 

Nerves to 

DISSECTION OF FIBROFATTY NODE

BEARING TISSUE AWAY FROM NERVES 

AND VESSEL S 

• The f ibrofatty node-bear ing  t issue is d i ssected sharp ly 
away from the nerves and  vesse ls  and  is  removed i n  con
t i n u ity, with ca re to preserve a l l  im portant structu res 
(FIGS 7 and 8) .  

• It is im portant to recog n ize that one or two lymph 
nodes a re freq uent ly l ocated i n  the space between the 

• 

• 

Areolar tissue of 
popliteal fossa 
with lymphatics 

FIG 7 • The noda l  specimen 
is  swept away f rom the nerves 
and  vesse ls (r ight leg) .  Ca refu l 
attention m ust be made to the 
space between the popl itea l vesse l s  
and  the knee jo int  (anter ior/deep 
to the vesse ls) as  one to two lym ph  
nodes  a re com m o n ly located here 
and  a re eas i ly  over looked.  

pop l itea l a rtery and  the knee jo int  ( i .e . ,  a nter ior to the 
popl itea l a rtery from the a natomic  perspective or  deep 
to the popl itea l a rtery from the perspective of the oper
at ing surgeon) .  These lym ph nodes a re often over looked; 
this space shou ld  be ca refu l l y  d i ssected so as to not leave 
lym phatic tissue beh i n d .  
After remova l o f  the spec imen,  the pop l itea l fossa s h o u l d  
b e  eva l u ated thoro u g h ly b y  inspect ion and  pa l pation to 
ensure that a l l  lymphat ic  t issue has been resected .  
T h e  spec imen is  sent t o  pathology for permanent sect ion . 
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Specimen 

CL OSURE 

Medial sural 
nerve 

Tibial 
nerve 

Popliteal 
vessels 

• Hemostas is  is ach ieved .  The wou n d  is i rr igated copious ly 
with sa l i ne .  

• A 1 5-Fr  rou n d  fl uted, c l osed suction d ra in  is p laced i nto 
the wound a n d  brought out through a sepa rate stab inc i 
s ion (usua l l y  i nfer ior ly; FIG 9) .  

• The i nc is ion is c losed us ing  a bsorbab le  suture for the 
deep dermis  and  a subcuticu l a r  stitch for the sk in .  A ster
i l e  d ress ing  is  app l ied .  

Biceps femoris 

Common 
peroneal nerve 

Lateral sural 
nerve 

FIG 9 • The dra in  is brought out through a sepa rate sta b 
wound i nfer ior ly (r ight leg) .  

PEARLS AND PITFALLS 

FIG 8 • Photograph dep ict ing  resect ion of 
b u l ky d isease in the pop l itea l fossa (r ight 
leg) .  Sk in  and  su bcutaneous t issue were 
resected en b loc with the spec imen,  a n d  
p lastic su rg i ca l reconstruct ion w a s  req u i red 
for c losu re. 
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I n d icat ions • C l i n ica l ly pa lpab le lymph nodes may be d iffi cu lt  to appreciate i n  the pop l itea l fossa 
because of th ick over ly ing fasc ia .  

I nc i s ion  

• Most patients u ndergo pop l itea l d i ssect ion because of a posit ive senti ne l  lym ph  node 
b iopsy. 

• Options a re S-shaped and  Z-p lasty to p reserve jo int  funct ion .  
• Or ient  i nc is ion so that pr ior senti ne l  lym ph node b iopsy sca r is  excised (usua l ly 

su perolateral to i nferomed ia l ) .  
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Ra i s ing  of med ia l  and  latera l f laps • Extend f laps to boundar ies of pop l itea l  fossa . 
• L igate and  d iv ide lesser saphenous vein infer ior ly. 

I nc i s ion of the deep fascia a n d  identif i
cation of structu res to be p reserved 

• Take ca re as  fascia i s  i ncised; i m portant structu res l ie d i rect ly beneath it. 
• I dentify common peronea l  nerve, t ib i a l  nerve, med i a l  sura l  nerve, l atera l sural nerve, 

pop l itea l a rtery, and  popl itea l ve i n .  
• Div is ion o f  latera l s u r a l  nerve a lone resu lts i n  no s ig n if icant deficit .  
• Divis ion of med ia l  sural nerve resu lts i n  sensory loss.  

D i ssect ion of fi brofatty node-bear ing 
t i s sue away from nerves and  vesse ls  

• Remember to d i ssect the space between the pop l itea l a rtery and  the knee jo int 
( i .e . ,  a nter ior or  deep to the a rtery), as  one or  two lym ph  nodes a re freq uently 
identif ied i n  th i s  l ocat ion and  a re eas i ly over looked.  

C losure • P lace a d ra i n .  

POSTOPERATIVE CARE 

• The patient remains hospitalized at least overnight, but 
perhaps for several days, depending on the extent of other 
lymphadenectomies that may have been performed during 
the same operation. A posterior knee splint (knee immobi
lizer) is used for the first few postoperative days to allow for 
wound healing prior to returning to full mobility. Ambu
lation is often initially difficult; physical therapy is useful. 
The drain may be removed when output falls below 30 mL 
per day; typically, this is a relatively short interval compared 
with drain times for axillary or inguinal dissections. 

OUTCOMES 

• Lymphedema is rare after popliteal dissection, and the func
tional outcome of the knee is usually excellent . 

• The popliteal fossa is historically reported to contain 6 to 
7 lymph nodes.6 However, contemporary experience sug
gests that finding far fewer nodes is more common.7 In a 
recent study of 15 patients who underwent popliteal sen
tinel lymph node biopsy, the mean number of popliteal 
lymph nodes harvested was 1 .4 (range was 1 to 3 ) ;  how
ever, in 6 patients who subsequently underwent completion 
popliteal dissection, the mean number of lymph nodes in 
the popliteal dissection specimen was 0.3 ,  with 4 of the 
6 patients'  specimens yielding no additional (nonsentinel )  
lymph nodes.2 

• Overall, the 5-year survival for patients with stage III mela
noma (lymph node-positive disease) ranges widely ( 14% to 
85% ) ,  with the 5-year survival of a patient with a single mi
croscopically positive lymph node approximating 70% .8-10 
It is difficult to determine whether the presence of a posi
tive popliteal lymph node carries a different prognosis when 
compared with the presence of a positive lymph node in one 
of the more commonly involved regional lymph node basins 
( i .e . ,  axillary, inguinal, cervical ) .  Because popliteal disease is 
overall quite rare, the literature contains only case reports 
and small case series, most of which include both patients 
with micrometastatic disease and patients with clinically 
palpable disease. 1 •3 A relatively large contemporary study in 
the literature reports on 15 patients who underwent popli
teal sentinel lymph node biopsy; 8 patients had a positive 
sentinel lymph node. At an average follow-up of 64 months, 

3 (37.5% ) patients had died of melanoma, 1 ( 12 .5% ) was 
alive with disease, and 4 (50% ) had no evidence of disease.2 
Given the very small numbers, these statistics are likely simi
lar to overall 5-year survival rates for patients with positive 
nodes in the more commonly involved regional lymph node 
basins. 

COMPLICATIONS 

• Common complications of popliteal dissection include 
wound infection (cellulitis or abscess ) ,  seroma, and hema
toma. 

• Injury to the common peroneal nerve results in postopera
tive foot drop and sensory loss or paresthesias over the dor
sum of the foot ( including the space between the great and 
second toes) and lateral shin. 

• Injury to the tibial nerve results in postoperative loss of plan
tar flexion of the foot, loss of flexion of the toes, weakened 
inversion of the foot, and sensory loss or paresthesias over 
the posterior aspect of the leg and the sole of the foot . 
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Chapter 3 3  Isolated Limb Infusion 
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DEFINITION 

• Isolated limb infusion is the term that is commonly used to indi
cate a minimally invasive, low flow rate, nonoxygenated perfu
sion of an extremity with chemotherapy to effect control of a 
cancer within that extremity1 (FIG 1 ). It is a more recent modi
fication of a more traditional technique commonly referred to 
as isolated limb perfusion (see Part 5, Chapter 34), which uses 
higher flow rates and an oxygenated circuit to perfuse the che
motherapy through the extremity where vascular control is ob
tained during an open procedure and is often combined with a 
formal node dissection. Comparatively, isolated limb infusion is 
a shorter, better tolerated, less complex procedure, not requiring 
a perfusionist, an oxygenator, nor blood products to prime the 
extracorporeal circuit.2•3 Proponents of limb perfusion claim a 
higher response rate, particularly in bulky disease; however, the 
techniques have not been compared in a randomized fashion. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• The most common indication for this procedure is a patient 
with in-transit melanoma restricted to an extremity whose 
lesions are too numerous or recurrent to be amenable to 
simple excision. It should be thought of as a limb salvage 

Pneumatic 
tourniquet 

Popliteal 
artery ------l.--1 

Popliteal 
vein 

�.....---.:,--- Arterial 
catheter 

- Chemotherapy 

3- Roller pump 

Heating device 

technique to treat regionally advanced disease and has no 
proven systemic benefit .  Therefore, it is not commonly used 
in the face of distant metastasis unless regional control! 
palliation is the central goal. 

• Common malignancies treated in this manner include mela
noma and Merkel cell carcinoma. Other histologies treated less 
commonly include squamous cell carcinoma and sarcoma. 

• A through history and physical should be performed with 
attention to documenting location and extent of extremity 
disease, limb function, edema, vascular exam, and evalua
tion of draining nodal basins. 

• Limb volume is estimated by water displacement . 
Sequential circumferential measurements or computed 
tomography (CT) volumetric measurements have been 
described as alternatives. 
The contralateral limb should be measured if the involved 
limb is edematous. 
The limb is submerged in a water tank up to level anticipated 
to be at bottom of tourniquet. The water level is marked and 
then after removal of the limb, the tank is filled with a mea
sured amount of water to reach the marked level. 

• Patients should have nonoccluded arterial and venous systems 
to allow catheter placement and chemotherapy infusion. 

Bubble 
excluder/ 
temperature 
and pressure 
monitors 

FIG 1 • Schematic of c i rcu it used 
for i so lated l i m b  i nfus ion .  Ro l le r  
p u m p  is  optio n a l .  
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• The extent of disease needs to be distal enough in the 
extremity to be able to place a tourniquet proximally. 

In selected cases, this may require resection of limited 
more proximal disease combined with infusion of greater 
distal disease burden distally. 
Isolated limb infusion can be combined with a lymph 
node dissection with direct placement of the catheters in 
the exposed vessels. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Arterial and venous duplex ultrasound to establish arterial 
and venous patency. With adequate collaterals, limb infusion 
has been described even when superficial vessels are occluded. 

• Imaging to evaluate limb disease burden if lesions are deep 
seated and difficult to quantitate on exam 

• Imaging to evaluate for distant disease including brain mag
netic resonance imaging (MRI ) ;  whole body positron emis
sion tomography (PET)/CT; and/or chest, abdomen, pelvis 
contrast-enhanced CT scans 

SURGICAL MANAGEMENT 

• Patients should be discussed in multidisciplinary fashion to 
consider alternatives to isolated infusion including isolated 
limb perfusion; intralesional therapy; simple excision; radi
cal excision, including circumferential excision and grafting 
or amputation; radiation; or systemic cytotoxic, immuno
therapeutic, and other biologic therapies as well as clinical 
trial eligibility. 

Preoperative Planning 

• Who and where vascular access is to be obtained should be 
determined preoperatively and may be institution specific. 
Possible methods include the following: 

Interventional radiology. Vascular access can be performed 
in the interventional radiology suite, with the patient then 
transported to the operating room ( OR) with the arterial 
and venous catheters in place. 
Vascular surgery. Some vascular surgeons have the training, 
experience, and interest to perform the vascular access as 
an alternative to the interventional radiologist .  Access can 
be obtained in the OR directly if appropriately equipped 
with fluoroscopic capabilities. Although additional OR 
time is required if done in the OR, the catheters can more 
easily be manipulated later, as needed. Moreover, access can 
be obtained under general anesthesia and risk of dislodge
ment during transport/bed transfer is eliminated. 
Chemotherapy. Melphalan and dactinomycin are pre
pared just prior to the procedure . The calculated drug 
dosage is often reduced if the patient's actual body weight 
exceeds ideal body weight by multiplying the calculated 
drug dose by the ratio of ideal to actual body weight . 
Melphalan dose is 7.5 mg/L volume for lower extremity 
infusions (maximum dose of 100 mg) or 10 mg/L volume 
for the upper extremity (maximum dose 50 mg) .  
Dactinomycin dose i s  1% o f  the melphalan dose (maximum 
0.5 mg) .  
The drugs are mixed together in  400-mL normal saline 
lower extremity (200 mL upper extremity) and delivered 
to OR for administration. 

FIG 2 • Exposed affected l i m b  with tourn iquet proxi m a l ly. 

Positioning 

• The patient is positioned supine on a fluoroscopy-capable 
OR bed for vascular access or in case catheter manipulation 
is needed. 

• The room should be prewarmed. 
• A heated circulating water blanket is placed around the 

affected extremity or an external radiant heater utilized 
( FIGS 2 and 3 ) .  

FIG 3 • Affected l i m b  wra pped i n  water b l a n ket. 



• Heated air blankets are placed on the patient's trunk and 
head or an external radiant heater is used. 

• A pneumatic tourniquet is placed on the proximal aspect of 
the extremity with the lower edge marked with a radiopaque 
hemostat . For distal-only infusions, the tourniquet can be 
placed lower. 

VASCUL AR ACCESS 

• Venous and  a rter ia l  access is obta ined in the u n i nvolved 
lower l i m b  us ing  the Se ld inger  tech n ique  with u ltra
sound and f luoroscop ic  gu ida nce. 

• After p lac ing  a vascu l a r  access sheath, a 5- or 6-Fr 1 00-cm 
catheter is  i ntrod uced i nto the externa l  i l i ac  a rtery retro
g rade and m a n i p u l ated across the i l i ac  b ifurcat ion a n d  
down the index l i m b  a rter ia l  system t o  a p o i n t  beyond  
the lower edge  of  the tourn iq uet. S i m i l a r ly, a 7- to 8-Fr 
catheter is  p laced thru the venous  system and posit ioned 
be low the tourn iq uet (FIG 4) .  

• The patient is hepar in ized at 200 to 300 u n its/kg to 
obta i n  a n  ACT of 400. 

FIG 4 • Radiograph of extrem ity with catheters in p l ace 
be low lower edge of pneumatic tourn iq uet. Note, wi re in 
a rter ia l  catheter w i l l  be removed prior to i nfus ion .  

INFUSION CIRCUIT 

• The catheters a re connected to ste r i l e  14" p u m p  t u b- • 
i n g  with h i g h-flow stopcock connectors a n d  a 20- m l  • 
syr i nge  as a h a n d  p u m p  or th ru  a s i n g l e  ro l l e r  p u m p  
(FIGS 5 a n d  6) .  

• The ci rcuit then passes through a heat exchange u n it or  
heated water bath set  to heat the f l u id  to 41 "C fo l l owed 
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• Needle temperature probes are inserted into deep and 
superficial locations within the proximal and distal limb 
locations. 

• Baseline activated clotting time (ACT) is obtained. 

by a bubb le  exc luder  before connect ing  to the a rter ia l  
catheter. The c i rcu it is  pr imed with sa l i ne .  
I nflate the tourn iq uet to 250 to 300  m m H g .  
Adeq uate f low i s  obta ined b y  h a n d  p u m p i n g  t h e  syr inge 
and  us ing  the th ree-way stopcock to pu l l  f rom the venous 
catheter a n d  i nfuse toward the a rter ia l  catheter. Alterna
tively, a ro l l e r  pump can be used at rate approximately 
1 00 m l  per m i n ute. 

FIG 5 • Photog raph of ro l ler  p u m p  workstat ion with 
tem peratu re mon itors, heat exchanger  (water bath not 
dep icted), ACT mon itor, p ressu re gauge, and patient in 
background .  
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CHEMOTHERAPY INFUSION 

FIG 6 • Contra latera l gro in  with catheters in p l ace connected 
to i nfus ion c i rcuit .  

• The chemotherapy d rug and  dosage is doub le  checked 
and then i nfused i nto c i rcu it .  

• If the hand  or foot is not to be perfused, an Esmarch • Chemothera py and  b lood a re c i rcu lated for 30 m i n utes 
by hand  p u m p  syr inge o r  ro l l e r  p u m p  method. 
Tem peratu re, f low rate, p ressu re, and  extrem ity a re 
mon itored .  B l ood gas a n d  ACT a re checked at 1 0- to 
1 5- m i n ute i nterva ls .  

bandage i s  t ig htly wrapped around the hand o r  foot to 
exc lude  the chemothera py. • 

• Papaver ine (60 mg for the lower extrem ity, 30 mg for the 
upper  extrem ity) is  i nfused i nto the c i rcuit .  

CHEMOTHERAPY WASHOUT 

• The venous  tub ing  is d i sconnected from c i rcu it a n d  
a l l owed t o  g ravity dra in  b l o o d  i nto a waste conta iner. 

CONCLUSION 

• 

• 

The tourn iq uet is released after notif icat ion to anesthesi
o log ist of poss ib le  e lectrolyte and  vo l u m e  changes.  
The catheters a re removed whi le leavi ng  sheaths in 
p l ace. Esm a rch bandage, if used, is  removed . 

• One l iter of lactated R inger's so l ut ion (500 m l  u pper 
extrem ity) i s  i nfused i nto the a rter ia l  c i rcu it .  

• Vascu l a r  exa m of i nfused extrem ity is assessed and ,  if 
base l i ne, p rota m i n e  is  g iven to reverse the hepar i n .  

• Once ACT is corrected, the sheaths a re removed with 
pressu re app l ied for hemostas is  at the vascu l a r  puncture 
sites. 

PEARLS AND PITFALLS 
Drug dos ing 

Poor venous  return 

Proxi ma l  d isease 

• If no  idea l  body we ight  correct ion,  overa l l  response rate may be increased; however, toxic ity 
is  a lso increased without c lear  i m p rovement in comp lete response rate. 

• Catheter may be up aga i nst va lve, ve in  s idewa l l ,  or  p u l led back u nder  tourn iq uet. 
• With heating, l i m b  may vasod i l ate l ead ing  to re lative i ntravasc u l a r  vo l u m e  loss.  I nfus ing an 

extra 500-ml  sa l i ne  i nto l i m b  through a rter ia l  c i rcu it  may he lp .  
• An Esma rch bandage  can be u sed  as  a tou rn iq uet h i g h  on the l i m b  to a l low for  g reater 

vo l u m e  of leg i nfused . 
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L imb tem perature • Pump ing  heated b lood through circuit prior to chemothera py a d m i n istrat ion can heat up 
l i m b  i ntern a l ly to g reater than 37"C i n  5 to 1 5  m i nutes. 

Antiemet ics • Stero ids  shou ld  not be used as ant iemetics du r i ng  or after anesthes ia as they have an un 
known effect on response rate. 

Res i d u a l  m e l a n i n  p igmentation • Response may cont inue  over severa l months .  I n -trans it  les ions may fl atten but reta i n  
p igment.  B iopsy m a y  i nd icate me lan in- laden macrophages without v iab le  tumor. 

POSTOPERATIVE CARE 

• The patient is routinely extubated and admitted to an appro
priate care unit capable of frequent neurovascular extrem
ity monitoring for first 24 hours. Baseline serum creatinine 
phosphokinase (CPK) ,  complete blood count (CBC) ,  and 
chemistry panel are obtained. 

• The extremity should be elevated when in bed, but the 
patient is allowed to get out of bed after 24 hours if extrem
ity toxicity is not evident .  

• Twice-daily physician examination should be performed, 
checking for vascular access complications, vascular and 
neurologic exam, and for compartment syndrome. Daily 
CPK is obtained, as muscle injury will routinely occur to 
some extent. 

• CPK levels are expected to rise, peaking on postoperative 
days 4 and 5. Once levels begin to decrease and the extremity 
is stable, then the patient may be discharged. If the patient 
is reliable and has immediate health care access, it may be 
possible to discharge patient sooner with careful outpatient 
follow-up and instructions as the inpatient care after the first 
day is for toxicity monitoring. 

• If the CPK levels rapidly rise sooner than day 4 and/or exceed 
1 ,000 IU/L, then the patient is in danger of developing a 

B 

FIG 7 • A. Photograph of l imb with in-transit d isease. B. Photograph 
of same l imb 4 weeks fol lowing isolated l imb infusion .  

compartment syndrome and potential l imb loss .  Steroids 
can ameliorate associated inflammation and decrease risk 
of requiring operative intervention. Dexamethasone can be 
given at 4 mg every 6 hours with rapid taper when the CPK 
drops below 1 ,000 IU/L. 

OUTCOMES 

• A complete clinical response is seen in 30% to 40% of 
patients after a single isolated limb infusion with another 
30% to 50% of patients experiencing a partial response .4-7 
Complete responses are often durable, whereas partial re
sponses are usually not ( FIGS 7A, B ) .  Response may take 2 
to 6 weeks to be seen clinically. Limb salvage is obtained 
in the vast maj ority of patients, whereas 5-year overall 
survival is approximately 30% due to distant disease pro
gression. Nearly all patients will develop some side effects 
from the procedure including skin erythema and lymph
edema. Approximately half of patients  will report return 
to baseline limb function by 3 months and the remainder 
by a year. 

• Isolated limb infusion is better tolerated with less toxicity as 
compared to isolated limb perfusion, is technically easier to 
perform, and appears to have similar response rates. 

COMPLICATIONS 

• Potential complications related to vascular access include 
hematoma, pseudoaneurysm, dissection, and embolization. 
Stroke can be a complication of upper extremity arterial 
access. 

• Toxicity from the isolated limb infusion of chemotherapy 
into the extremity skin and soft tissue are classified by the 
Wieberdink grading scale (Table 1 ) . 8 Grade V or limb loss 
occurs in less than 1% of cases. 

• Systemic toxicity from the chemotherapy should be rare but 
might include nausea and bone marrow suppression. 

Table 1 :  Wieberdink Extrem ity Toxicity Sca le 

G rade I 
G rade I I  
G rade I l l  

G rade I V  

G rade V 

No react ion 
S l ight erythema and/or edema 
Cons iderate erythema and/or edema with some b l ister ing;  s l i ghtly 

d isturbed moti l ity permiss ib le 
Extens ive ep idermolysis and/or obv ious damage to the deep 
tissues, caus ing defin ite functiona l  d isturbances; th reaten ing  or 
man ifest compartmenta l syndromes 

Reaction that may necessitate amputation 

From Wieberdink J, Benckhuysen C, Braat RP, et al .  Dosimetry in  isolated 
perfusion of the limbs by assessment of perfused tissue volume and grading 
of toxic tissue reactions. Eu r  J Cancer C l i n  Onea l .  1 982; 1 8(10):905-9 1 0. 
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DEFINITION 

• Compared to other cancer types, melanoma has a particular 
biology in various respects.  In-transit dissemination is typi
cal of this disease and occurs in a few percentage of patients.  
In-transit metastases grow from tumor cells that are stuck in 
a lymph vessel in the skin or in the subcutaneous tissue. Such 
metastases are preferably excised but they tend to recur in 
larger numbers ( FIG 1 ) .  Isolated perfusion can be considered 
when they are situated on a limb and their number is too 
great or they recur too frequently. 

• Isolated limb perfusion (ILP) enables treatment of an arm or 
leg with a high dose of chemotherapy without exposing the 
remainder of the body to the drug( s ) .  This is accomplished 
by isolating the limb from the body's circulation and creat
ing a separate oxygenated blood circuit . This is in contrast 
to isolated limb infusion (ILI ) ,  a low-flow, nonoxygenated 
perfusion that is described in Part 5, Chapter 33. ILP and 
ILI are therapeutic options for patients with locally or re
gionally advanced melanoma that would otherwise require a 
more debilitating operation, for example, amputation. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• After treatment of their primary melanoma, patients are in
structed to regularly examine the scar of the excision for 
local recurrence and to check the skin and subcutaneous tis
sue around this area up to the regional lymph node basin 
for visible or palpable satellite and in-transit metastases. The 
physician who follows the patient inquires about new re
gional lesions. Patients themselves detect about half of the 
recurrences, but at an early stage, they can look quite in
nocuous. The detection of the more subtle ones requires the 
expertise and suspicious mind of an experienced surgeon. 

• A detailed history should be obtained to assess the general 
condition of the patient and to be informed about other rel
evant ailments, allergies, and medication. 

• Physical examination of melanoma patients is aimed at de
tecting a local recurrence, satellite metastases, in-transit me
tastases, regional lymph node involvement, and a subsequent 

FIG 1 • Extens ive i n -tra nsit metastases on the left th igh .  

primary melanoma. A detailed examination of the  skin, the 
regional subcutaneous tissue, and the regional node field is 
warranted. 

• The vascular situation of the limb is assessed. The presence 
of peripheral arterial pulsations needs to be sufficient to 
allow for ILP. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The presence of advanced melanoma in the extremity should 
be confirmed by biopsy. 

• In addition to the routine preoperative tests, screening for 
metastases elsewhere is appropriate as their presence may 
change the treatment plan. Whole body positron emission 
tomography (PET) or computed tomography (CT) and mag
netic resonance imaging (MRI )  of the brain are frequently 
recommended for this purpose. 

• Arteriography is indicated if the arterial blood supply is 
questionable. A complete obstruction in the target artery 
or a major impediment downstream renders perfusion im
possible. Extensive arterial calcification per se is not a 
contraindication. 

• An elevated tumor marker such as the TA90 glycoprotein 
antigen or the 5100 protein provides an opportunity to mon
itor the course of the disease. 

SURGICAL MANAGEMENT 

Rationale and Contraindications 

• Extensive involvement limited to a certain region is typical 
for melanoma. 

• The rationale for ILP is that melanoma is sensitive to cyto
toxic drugs but effective treatment requires a higher dosage 
compared to various other cancer types. In contrast to the 
vital organs, the normal tissues in the extremities tolerate 
such a high dose. ILP with cytotoxic medication may im
prove regional tumor control while limiting the systemic 
side effects .  

• The procedure makes it possible to vary physiologic condi
tions such as blood flow, temperature, and oxygenation. 

• Prophylactic ILP is not indicated in patients with excised 
high-risk primary melanoma without evidence of regional 
metastases. 1 

• The contraindications are listed in Table 1 .  A major vascular 
obstruction may prevent access to the artery and precludes 
the operation. 

• Diabetes mellitus with severe peripheral vascular disease is a 
contraindication. 

• ILP should not be performed in children as it may damage 
the epiphyseal plates. 

• Previous radiotherapy is a relative contraindication as perfu
sion may cause necrosis of prior irradiated skin. 

• A large superficial tumor with major tendon involvement is 
a relative contraindication. 

1 647 

I 
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Table 1 :  Absol ute and Relative Contra ind ications 
to Isolated Limb Perfusion 

Absol ute contra i nd ications 

Obstruct ion of major a rtery 
D iabetes with ser ious per iphera l  vascu la r  d isease 
Ch i l d  with open ep iphysea l  p lates 

Re lative contra ind icat ions 
Previous radiotherapy 
Large superf ic ia l  tumor with major tendon i nvolvement 
B ra i n  metastases 
I nfected wound or u l cer  

• Brain metastases tend to bleed and their presence is a relative 
contraindication. 

• An infected wound or ulcer is another relative contraindication. 
• ILP can be carried out safely at an advanced age.2 The pres

ence of regional node involvement is not a contraindication, 
as this procedure can be combined with a regional node dis
section. In the presence of distant metastases, systemic ther
apy is a reasonable first option, but perfusion can provide 
good regional palliation in the presence of refractory blood
borne metastases. 

Anatomy 

• For advanced disease of the leg, ILP can be performed at the 
femoral or iliac level. The arm can be treated at the brachial 
level or through the axilla. 

Preoperative Planning 

• ILP requires cooperation of the surgeon, the perfusionist, 
and the nuclear medicine worker in addition to the custom
ary operating room team. 

• Melphalan is the standard drug used in current practice. 
The dosage of the drug is adjusted to the need of the indi
vidual patient . The volume of the extremity is an often used 
parameter to calculate the required melphalan dose. The 

ISOL ATED FEMORAL PERFUSION 

Positioning 

• The patient is p l aced on the operat ing  tab le in a sup ine  
posit ion .  The leg may be s l i g ht ly exorotated .  

• The leg is prepped and  d ra ped in a ster i le  fash ion  in its 
enti rety. 

• A pneumat ic  tourn iq uet is posit ioned around the u pper 
thigh, but it is  not inf lated yet. 

• A heati ng b l anket is wrapped around the knee and  the 
lower leg .  

• A cotton doug h n ut is posit ioned u n derneath the heel  to 
prevent decubitus .  

• The operat ing  tab le  is t i lted toward the su rgeon .  

Incision 

• A long itu d i n a l  inc i s ion of approximately 1 0  em is made 
sta rt ing  j ust below the pneumatic tou rn iq uet (FIG 3) .  

F IG 2 • Water reservo i r  fo r  measur ing  the vo l u m e  of  a l i m b .  On  
the r i ght  is  the e l evator to br ing the patient u p  to the req u i red 
he ight.  The e levator hand le  is  on  the left. 

volume can be determined using a water reservoir { FIG 2 ) .  
Adjustments to the dosage can b e  made based o n  risk factors 
for regional toxicity like female gender and obesity. 

• ILP requires sophisticated technology. The surgeon should 
verify the availability of the required drug(s )  and make sure 
that the necessary equipment and materials are present and 
in good working order. 

• General anesthesia is required. Epidural anesthesia is to be 
avoided as it induces vasodilation and predisposes to leakage 
of blood from the systemic circulation to the perfusion circuit. 

• Preoperative antibiotics are not necessary. 

The i nc is ion runs  over the sa rtor ius  m usc le .  The sk in  
and  the su bcuta neous t i s sue a re d iv ided a nd, su bse
quently, the fasc ia .  Adson retractors are p laced (FIG 4) .  

Access to the Superficial Femoral Vessels and 
Cannulation 

• The external femoral vessels run beh ind the sartorius mus
cle. The vessels a re reached either media l ly or latera l ly from 
the m uscle. The th in fascia covering the vessels (FIG 5) is 
incised, exposing the superficial femoral a rtery. The a rtery 
is mobi l ized over the exposed length (FIG 6) .  Sma l l  arter
ies branch ing from the superficia l  femoral a rtery are l igated 
and d ivided. A vessel loop fac i l itates the d issection. The ac
companying vein  is identified when the a rtery is pu l led aside 
(FIG 7) .  The vein  is mobi l ized over the exposed length. At
tributing branches a re l igated at the conf l uence and d ivided. 
• Hepar in  is a d m i n istered in a qua ntity of 1 50 u n its/kg 

body weight .  



-J'--- Pneumatic 
tourniquet 

FIG 3 • The i nc is ion i s  made over the i nner  th igh  j ust below 
the pneumatic tourn iquet.  

• Open access to the saphenous ve i n  at the level of the 
ank le is  ga ined to measure the venous  p ressu re .  The 
venous  p ressu re is  mon itored th roughout the proce
d u re a n d  shou ld  not deviate more than 1 0  mm H20 
from the i n it i a l  assessment.  An i ncrease is associated 
with postoperative morb id ity. 

• The appropriate d iameter of a rter ia l  and  venous  
can n u lae for the perfus ion is  determ ined .  The can
n u lae  a re tun ne led su bcutaneous ly underneath the 
tourn iq uet to the open wou n d  to p revent k ink ing .  

• The ve i n  is c l am ped cra n i a l ly a n d  ca uda l ly. A trans
verse venotomy of a few m i l l i meters is  performed.  

FIG 4 • The long add uctor m uscle (above) and  the sa rtor ius  
m uscle (below) a re exposed .  The su perfic ia l  femora l  vesse l s  
l i e  beh ind  the sa rtor ius  m usc le .  

C h a p t e r  34 ISOLATED LIMB PERFUSION 

FIG S • The superfic ia l  femora l  a rtery can be  seen  through  
the th i n  fascia that  covers the vesse ls .  

FIG 6 • The su perfic i a l  femora l  a rtery is  mob i l ized.  

FIG 7 • The su perfic i a l  femora l  a rtery is  p u l led as ide (red 
vessel l oop) and the accompany ing ve i n  is  identif ied and  
d i ssected (b lue vesse l loop) .  

1649 
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Vessel 
c lamp 

tourniquet 

Superficial 
femoral vein 

FIG 8 • A,B. I nsert ion of can n u l a  i n  superfic i a l  femora l ve i n .  

T h e  ca n n u l a  is  i nserted cau d a l ly and  secured with 
the vesse l loop (FIG 8A,B) .  The ca n n u l a  is  hooked 
u p  to the extracorporea l  c i rcu it  and 300 ml of b lood 
is  tapped for the perfus ion c i rcuit .  S u bseq uently, the 
a rteriotomy is  performed i n  a s i m i l a r  fash ion  and  
the a rter ia l  ca n n u l a  is  i ntrod uced and  secu red, and  
the c i rcu it  is  comp leted (FIG 9) .  

Establishing the Perfusion 

• The perfus ion device cons ists of a reservo i r  to co l l ect 
the venous  b lood, an oxygenator, a heat exchanger  
a n d  a ro l l e r  pump (FIG 1 0) .  I n  add it ion to the patient's 

FIG 9 • The can n u lae  in the su perfic i a l  femora l  a rtery and  
ve in  a re secured w i th  vesse l l oops  t ig htened through  Rumme l  
tou rn iquets. 

Venous reservoir Rol ler pump Oxygenator 
heat exchanger 

FIG 10 • The perfus ion device conta in s  a venous  inf low 
reservo i r, a ro l l e r  p u m p, a n  oxygenator a n nex heat exchanger, 
and  access to the c i rcu it for ta pp ing  b lood and  a d m i n istrat ion 
of drugs .  

• 

• 

• 

• 

own b lood, the perfus ion f l u id  cons ists of 1 00 m l  of a 
crysta l lo id  so l ut ion ( lactated R inger's so lut ion} ,  200 m l  
6 %  hyd roxyethyl sta rch so lut ion (H ES) a n d  2,500 u n its 
of hepa r i n .  The hematocrit is  approxi mately 3 0 % .  The 
flow shou ld  be generous, but it shou ld  not i ncrease the 
venous  pressu re i n  the l i m b .  The flow is typica l ly  30 to 
60 m UL lower extrem ity vo l u m e/m i n .  The venous b lood 
is  reco l lected by g ravity. 
Therm istor p robes a re i nserted in the su bcuta neous t is
sue and a m uscle compartment of the lower leg and the 
th igh .  At th i s  poi nt, the leg is  fou n d  to be around 34°C. 
The heati ng  b l a n ket is  a nother tool to atta i n  the des i red 
tem peratu re of 37"C .  
The tou rn iq uet is  inf lated to a pressu re of 350 m m Hg,  if 
necessa ry h i g her. Th is  occ ludes  the co l l atera l vesse l s  to 
and from the system i c  c i rcu lat ion in the sk in ,  the su bcu
taneous t issue and musc les .  FIG 11 shows the setup  at 
this point .  
Escape of the d rug (s) from the l i m b  to the main c i rcu lat ion 
is  to be avo ided .  Leakage ca n be mon itored conti nuous ly 
by a d m i n ister ing  a s m a l l  dose of a rad iopha rmaceutica l 
such as technet i um 99m- labe led serum h u m a n  a l b u m i n  
t o  the perfus ion c i rcu it .3 An even s m a l l e r  background  
dose is  a d m i n istered i ntravenous ly i nto the systemic c i r
cu lat ion .  A gamma-ray detector is p l aced over the heart 
(FIG 1 2) .  The percentage of leakage can be ca l cu lated 
when the n u m ber  of counts increases after correct ion for 
the physica l ha lf-l ife of the rad ionuc l ide  (FIG 1 3) .  

• Su bstant i a l  leakage e ither way can a lso be detected by 
assess ing  the f l u id  level in the venous  return reservo i r. 

• The drug is a d m i n i stered when the f low and  venous  pres
su re a re stab le, when the t issue temperatu res a re a round  
37"C, a n d  there is  no leakage.  Me lpha l an  has a lways 
been the drug of choice .  The dosage is  1 0  mg/L of per
fused vo l u m e  with adj ustments based on r isk factors for 
morb id ity. The dose shou ld  not exceed 1 50 m g .  

• 
• 

The l i m b  is exposed to the me lpha l an  for 1 hour  . 
The tem peratu re in the va r ious t issues is kept between 
37"C and 38°C. 



FIG 1 1  • From top to bottom, note the cotton dough n ut 
under  the heel  to prevent decub itus, the thermistors with 
the wh ite cords to mon itor the tissue tem peratu res, the b lue  
wa rming b lanket that  is fo lded open  for  the p ictu re, the open 
wound that wou ld  normal ly be covered with a wet gauze to 
prevent the vesse ls from d ry ing out, the pneumatic tourn iquet 
a round the root of the th igh ,  and  the a rter ia l  (left) and venous 
can n u lae tunne led subcutaneously underneath the tou rn iq uet. 

• Tu mor  necrosis factor-o: i nduces apoptosis of tumor  endo
the l i a l  ce l l s  and  i s  benefi c ia l  i n  patients with b u l ky tumor  
nod u l es .4 It causes throm bosis and  i ncreased me lpha l an  
penetrat ion .  A dose  of  3 mg is  g iven 30 m i nutes p reced-

C h a p t e r  34 ISOLATED L IMB PERFUSION 

F IG 1 2  • Mobi le  gam ma-ray detector w ith  screen to assess 
leakage.  

pub l i shed response rates, one tech n ique  is  not necessa r
i l y  better than  a nother. 

Terminating the Perfusion 

• After the leg has  been exposed to the drug for the i n 
tended d u ration, the perfusate is  washed from the l eg  
us ing a co l lo id  or  a s im i l a r  f l u id  fo l l owed by  a lactated 
R inger's so lut ion .  Massag ing  the leg he lps  to c lear  the less 

ing the me lpha l an  a d m i n istrat ion .  When tumor  necrosis • 
wel l -perfused tissues. The leg wi l l  be seen to turn pa le .  
Meanwhi le, the temperatu re p robes and  the venous  p res
sure can n u l a  a re removed .  The saphenous ve in  is  l igated . factor is used, the tem peratu re of the leg is increased 

from 37"C to 39°( to 40°( i n  the last half hour. At th i s  
t ime, most of the me lpha lan  has been accu m u l ated i n  
the tissues, wh i ch  l i m its potent ia l  heat- ind uced toxicity. 

• Para m eters to mon itor a re flow, venous  a n d  a rter ia l  
b lood gas  va l ues, venous  and  a rter i a l  p ressu re i n  the 
perfus ion ci rcu it, leakage to o r  from the systemic  ci rcu
lat ion,  and venous  p ressu re and t issue temperature in 
the l i m b .  

• There is cons iderab le  va r iat ion in the perfus ion tech n i q u e  
between i n stitutions .  S o m e  su rgeons u s e  body weight 
(0 . 5  to 1 . 5 mg/kg) o r  a nother parameter to ca l cu late the 
me lpha l an  dose in stead of the vo l u m e  of the leg .  Some 
su rgeons use other d rugs  than  the ones descr ibed here, 
such as dact inomyc in  or  c i sp lat i n .  Tumor  necrosis factor 
is  not reg i stered throughout the world .  If ava i l a b le, the 
dosage used ranges between 0 .5  and  4 mg .  Desp ite its 
obvious advantages, few su rgeons use a utologous b lood 
fo r the perfus ion c i rcu it .  Tem peratu res u p  to 43°( have 
been used for the leg,  but these h igher  temperatu res 
tend to severely i ncrease the postoperative morb id ity. 
The venous  pressure is  not a lways measu red to g u ide 
the f low. The d u rat ion of the perfus ion i n  d ifferent i n 
st itut ions ranges  from 45 to 90 m i n utes. J udg ing  by  the  

F IG 1 3  • The green cu rve reflects the leakage.  Note steep i n 
crease when backg rou n d  rad iopha rmaceutica l i s  a d m i n istered 
to the systemic  c i rcu lat ion and subseq uent two b u m ps u p  
w h e n  t h e  m a i n  dose i n it i a l l y  passes through t h e  perfus ion 
c i rcu it .  The cu rve i s  f lat thereafter, i n d icat ing  adequate 
iso lat ion du r i ng  the perfus ion .  
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• The f lu sh ing  is term inated when the f l u i d  that comes 
back from the leg is  c lea r. The tou rn iq uet is  defl ated a n d  
taken off. The can n u lae a re removed from the superfic ia l  
femora l  a rtery and  ve i n  and  the d ista l vessel c l amps a re 
rea pp l ied .  

• The ve i n  is c losed with a r u n n i n g  Pro lene 6-0 suture 
(FIG 14) and the c l amps a re removed .  The a rtery is  c l osed 
with horizonta l mattress sutu res us ing doub le-armed 
Pro lene 6-0 (FIG 1 S) .  

FIG 1 4  • The ve i n  i s  c losed with a runn ing Pro lene  6-0 suture .  

ISOL ATED ILIAC PERFUSION 

Aspects Specific to Isolated Iliac Perfusion 

• I so lated perfus ion at the externa l  i l i ac  l evel is performed 
if the d isease i nvolves the upper th igh .  Specif ic poi nts i n 
herent to th i s  p roced u re that  a re d ifferent from femora l  
perfus ion a re descr ibed here .  

• The approach to the externa l  i l i a c  vesse ls is extra per i
tonea l .  The Bookwa lter retractor provides a n  exce l lent 
exposu re .  An externa l  i l iac and  obtu rator lym ph  node 
d issect ion i s  carr ied out fi rst (see Part 5, Chapter 29,  
I n g u i n a l  Lym p h  Node D issect ion) .  These nodes may con
ta i n  metastasis, but even if th i s  is  not the case,  their  d is
sect ion is  worthwh i l e  beca use they ca n become i nvolved 
l ater on  and a retroper itonea l  approach is  cha l l eng ing  
after perfus ion .  Al so, a n  i l i ac  and  obtu rator node  d i ssec
t ion resu lts in l itt le  morb id ity. 

FIG 1 S  • The a rtery is  c losed with doub le-armed Pro lene 6-0. 
Horizonta l mattress sutu res evert the edges of the a rter ia l  
wound i n  order  to a ppose the endoth e l i u m  layers. 

• The c l amps from the a rtery a re removed and  the leg as
sumes a p i nk i sh  hue. The nuc lear  medic ine worker w i l l  
n o w  s e e  a n  u pward turn  i n  h i s  cu rve and  the lea kage, 
which typica l ly is 0% dur i ng  the perfus ion,  ends  up be ing 
2 %  or  3 % .  

• A vacuum dra in  is i nserted a n d  the wound is c losed i n  
l ayers. 

• 

• 

• 

• 

• 

• 

Protamine admin istration to counter the heparin is optiona l .  

Arter ia l  branches a n d  venous  tr i butar ies of  the externa l  
i l i ac  vesse l s  a re l i gated and  d iv ided.  The obtu rator a rtery 
and  ve in  a re l i gated and  a lso other vesse l s  that connect 
to the th igh .  The i ntern a l  i l i ac  vesse l s  may be c lam ped 
temporar i ly. 
The t ips  of the ca n n u lae a re posit ioned in the common 
femora l  vesse l s .  
Because the d i ameter of the i l iac vein i s  generous, a 
long itu d i n a l  venotomy can be performed without fea r 
of stenos is  after sutu r i ng .  
Occ l us ion of  co l l atera l vesse l s  is  obta ined by  wrapp ing  
a n  Esmarch rubber  bandage  around the th igh  through 
the g ro in ,  anchored by a Ste i n m a n n  p in  i n  the i l i ac  crest. 
The Ste i n m a n n  pin i s  i nserted before the hepar in  is  
a d m i n istered .  
Pro lene 5 -0  is  used  for  c los ing the vesse l s .  



ISOL ATED BRACHIAL PERFUSION 

Aspects Specific to Isolated Brachial Perfusion 

• I so l ated perfus ion at the brach i a l  level is performed if 
the d isease is  l i m ited to the forea rm.  Some specif ic poi nts 
i nhe rent to th i s  proced u re a re descr ibed here.  

• The patient is p laced on the operat ing  ta b le  in a sup ine  
posit ion .  The arm i s  p laced i n  90% a bd uction .  

• A pneumatic tourn iq uet is wrapped around the prox ima l  
upper  a rm .  

• An 8-cm long itud i na l  i nc is ion is made over the med ia l  
aspect of the upper  a rm, ca uda l l y  f rom the tou rn iq uet. 

• M icrovascu l a r  i n struments a re used.  
• The ca n nu l ae  a re led through a su bcuta neous tunne l  

underneath the tou rn i quet to avo id  k ink ing .  
• Both ve ins  may be can n u lated if the venous return  from 

a s i ng le  one is  i nsuffic ient .  
• The qua ntity of a utologous b lood needed to pr ime the 

extracorporea l  c i rcu it  is  200 m l. 
• Venous p ressure measu rement is performed us ing  the 

cepha l i c  ve i n  at the wrist (FIG 1 6) .  
• The tou rn iq uet is i nfl ated to a pressu re of 250 m m H g .  
• The dosage of me lpha l an  is 1 3  mg/L of perfused vo l u m e  

if the vo l u m e  o f  the arm exceeds 3 . 5  L ,  with adj ustments 
based on r isk factors for morb id ity. Otherwise, 1 0  mg/L of 
perfused vo l u m e  is g iven .  The dosage of tumor  necrosis 
factor is  2 mg .  

ISOL ATED AXILLARY PERFUSION 

Aspects Specific to Isolated Axillary Perfusion 

• I so l ated perfus ion at the level of the axi l l a  is performed if 
the d i sease i nvolves the upper arm. Some specif ic poi nts 
i nhe rent to th i s  p roced u re and d iffer ing  from the bra
ch i a l  perfus ion a re descr ibed here.  

• The axi l l a  is approached via an i nc is ion a long the latera l 
marg i n  of the major pectora l  m usc le .  Axi l l a ry lym ph  node 
d i ssect ion is  opt iona l  ( see Part 5, Chapter 28,  Axi l l a ry 
Lym p h  Node D issect ion for Me la noma) .  

PEARLS AND PITFALLS 
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• Pro lene 6-0 sutures a re used for c los ing the vesse ls .  
Alternatively, the ve i n (s) may be l i gated beca use there is  
suff ic ient co l l atera l c i rcu lat ion .  

FIG 1 6  • H e l i u m-fi l l ed ba l loon keep ing  u p  the venous  
pressu re l i n e  i n  a brach i a l  perfus ion .  

• 

• 

The axi l l a ry ve in is exposed and  d i ssected .  The axi l l a ry 
a rtery l ies a m idst the brach ia l  p lexus and  is mob i l ized.  
B ra nches a re l i gated and  d iv ided.  
Occ lus ion of co l l atera l vesse l s  is  obta ined by wrapp ing  an 
Esmarch rubber bandage a round  the u pper arm through 
the axi l l a  anchored by a Ste i n m a n n  p in  i n  the h u mera l  
head .  A cotton pad underneath the bandage protects 
the brach i a l  p lexus from undue  p ressu re . 5  
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Vo l u m e  measurement • If the l imb i s  edematous, the vo l u m e  of the contra latera l l i m b-if norma l-shou ld  be measu red to 
gu ide the me lpha l an  dosage.  

Drug dosage 

Prevent ion of systemic  
s ide effects 

I nsert ion of the ca n n u l a  i n  
the femora l  ve in 

• A suffic ient dose for the des i red effect is  warranted but a n  excessive dose can be associated with 
l i m b-th reaten ing  morb id ity. The surgeon threads a th in l ine and  th i s  i m p l ies a ca refu l ca lcu lat ion of 
the drug dose and attent ion to the deta i l s  of the p rocedu re .  

• Extremely h igh doses  of cytotoxic d rugs  a re used and  the toxicity i n  case of leakage of the drugs  to 
the systemic c i rcu l at ion can be l ife th reaten i ng .  Therefore, pa i nsta k ing  occ lus ion  of co l l atera l ves
sels  and meticu lous  measu r ing  of leakage a re of the essence. 

• Va lves i n  the femora l  ve i n  may prevent accu rate posit ion ing  of the venous  ca n n u l a .  A h i g h  a rter ia l  
i nf low a n d  tempora ry c lamp ing of the ve in  create a generous  outflow, which opens the va lves and  
fac i l itates advanc ing  the can n u l a .  Alternatives a re abd uction of  the leg or  ca n n u l a  i n se rt ion over a 
Fogarty catheter. 
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Perfus ion • The hand  and  foot a re part icu l a r ly sens itive to the s ide effects of me lpha l an .  The i r  exposu re to 
the drug can be l i m ited by tempora r i ly  excl ud ing  them from the perfus ion ci rcuit .  Th i s  can be 
acco m p l ished by wrapp ing  the hand o r  foot i n  a t ight Esmarch rubber bandage for the fi rst 30 
m i n utes of the me lpha l an  perfus ion .  

Major tendon i nvolvement 
is  a contra i nd ication 

• A l a rge superfic ia l  tumor mass with su bstant ia l  tendon i nvolvement i ntu itively appears as an 
appropr iate i nd ication for perfus ion .  H owever, a comp lete response wi l l  lead to necrotic tendons 
that may necessitate a m putat ion .  

Auto logous b lood • Most surgeons use a l logeneic  b l ood, but a utologous b lood obta ined at the beg i n n ing  of  the 
procedu re i s  cheaper and  safer. 

E lder ly patients • In contrast to what is often suggested i n  the l iteratu re, advanced age is  not a contra ind i cat ion,  as 
I LP  is  effective and  q u ite safe i n  e lder ly patients.2 

Pa l l iat ion • I n  the presence of refractory b lood-borne metastases, I LP can p rovide va l uab le  p a l l iat ion for 
patients with otherwise u n m a nageab le  l i m b  d isease that is  bothersome beca use of pain, recu rrent 
b l eed ing ,  or  fungat ing infectio n .  

POSTOPERATIVE CARE 

• Overnight monitoring of the distal arterial pulsations is 
obligatory as arterial occlusion at the level of the sutured 
arteriotomy is a complication that is threatening in the first 
few hours. 

• Postoperatively, the leg is kept elevated on a Braun frame to 
limit development of edema. The vacuum drain is removed 
the next day. Patients experience surprisingly little pain. 
Muscle-setting exercises are performed, but bed rest is main
tained until the inflammatory signs subside. 

• Creatine phosphokinase is checked daily. An increase in the 
first few days is normal but an excessive level may indicate 
muscle necrosis due to a compartment syndrome. 

• An anticoagulant is given for the duration of 3 months. 
• Responding dermal in-transit metastases may be seen to wrin

kle, shrink, and develop a crust. Subcutaneous metastases typ
ically soften and show fluctuation on physical examination. 

• The patient is mobilized when the inflammatory signs sub
side. The patient is discharged when fully mobilized, usually 
after 7 to 1 0 days. 

OUTCOMES 

• There appears to be no relationship between limb toxicity 
and tumor response to the treatment . 6  

• A response may become evident as early as on the  operating 
table but may also take up to 9 months. Remaining lesions 
can be excised later in case of a partial response. ILP results 
in a complete response in 54% of the patients.7 The com
plete response is durable in half of them. In an additional 
30% of patients, a partial response is obtained. The com
plete response rate when tumor necrosis factor is used is 
around 70% ,8 but the end result is not better than with mel
phalan alone. Ten-year survival in patients with a complete 
response is 49% .9 

• Long-term survivors have a better quality of life than 
comparable control individuals. 1 0 

• The Wieberdink classification is used to quantify the limb 
morbidity (Table 2 ) . 1 1  

• Acute regional toxicity determines long-term morbidity. One 
year after treatment, 44% of the patients show some degree 

of morbidity: recurrent infections, 3%;  neuropathy, 4% ; 
pain, 8 %; muscle atrophy or fibrosis, 1 1  %; limb malfunc
tion, 15% ; or lymphedema, 28% . 12 The lymphedema can be 
attributed to concomitant lymph node dissection. 

• Postoperative toxicity necessitates amputation in 0.9% of 
the patients .B Amputation for intractable recurrence is re
quired in 2 .4% of the patients. 14 

COMPLICATIONS 

• Perioperative mortality is less than 1 % . 13• 15 
• If tumor necrosis factor is used, some of the drug inevitably 

remains in the body and may cause a slight fever immedi
ately after the operation. 

• Serious postoperative complications associated with ILP are 
rare but they demand urgent intervention. Arterial thrombo
sis looms in the first few hours and requires thrombectomy. 
A venous patch is often necessary to ensure a sufficient flow. 

• Excessive swelling of the muscles in the limb compresses the 
vessels, which may decrease the blood supply and lead to 
a compartmental syndrome. Excruciating pain suggests this 
diagnosis and it can be confirmed by measuring the intra
compartmental pressure . Timely fasciotomy of the involved 
muscle compartments prevents permanent damage. 

• In the first few days, an inflammatory response typically devel
ops and the leg becomes red, warm, and slightly edematous. 

• Over a period of 2 to 3 weeks, the edema and redness subside 
and give way to a tan discoloration that gradually disappears 
over the course of several months. 

Table 2:  Wieberdink Classification of 
Postoperative Limb Morbidity 

1 No sk in react ion 
2 Redness, edema 
3 B l isters 
4 Superfic ia l  necrosis, damage to deep t issues caus ing functiona l  

d istu rbance, th reaten ing  or  man ifest compartmental syndrome 
Necrosis requ i r i ng  amputation 

Wieberdink J, Benckhuysen C, Braat RP, et a/. Dosimetry in isolation perfusion 
of the limbs by assessment of perfused tissue volume and grading of toxic 
tissue reactions. Eu r  J Cance r  C l i n  Oncol .  1 982; 1 8:905-9 1 0. 
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Chapter 3 5  Thyroid Lobectomy 
I 
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Amy C. Fox Pa ul G. Gauger 

DEFINITION 

• Total thyroid lobectomy is defined as the surgical removal 
of an entire thyroid lobe and isthmus. It can be used as a 
diagnostic or a therapeutic procedure . 

• Thyroid disease requiring a lobectomy is most often due to 
the presence of a thyroid nodule. Palpable thyroid nodules 
are common and occur in 4% to 7% of the general popula
tion with an increased incidence with advanced age. 1 

• The most common indications for a thyroid lobectomy are 
the following: 

A thyroid nodule with diagnostic uncertainty 
A symptomatic thyroid nodule (e .g. ,  compressive unilat
eral goiter or autonomous toxic nodule ) 

DIFFERENTIAL DIAGNOSIS 

• Benign thyroid nodule 
• Toxic adenoma 
• Thyroid cancer 
• Intra thyroidal parathyroid adenoma 
• Lymph node 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Although thyroid nodules are common, the vast majority of 
them are benign. A thorough patient history can assist the 
clinician in determining which thyroid nodules may require 
surgical management .  Previous radiation to the neck, a rap
idly growing mass, hoarseness, associated lymphadenopa
thy, or a family history of cancer may raise the suspicion 
of malignancy. Dysphagia, choking, or intolerance to things 
around the neck may suggest local compressive symptoms 
from a large thyroid nodule. 

• The physical exam should focus on characteristics of the thy
roid such as size, firmness, and the presence of nodules. The 
neck should be palpated for associated lymphadenopathy. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Thyroid function studies. A thyroid-stimulating hormone 
(TSH) can assess the biochemical status of the patient's 
thyroid. A TSH should be obtained prior to any fine needle 
aspiration to ensure the patient is not hyperthyroid. 

• Ultrasonography. Neck ultrasound is a user dependent but 
highly sensitive adjunct in the evaluation of the thyroid and 
cervical lymphadenopathy. It can also assist in fine needle 
aspiration of thyroid nodules .  A high-frequency probe of 
7.5 MHz to 10 MHz is required. 

• Biopsy. Fine needle aspiration can help determine benign 
from potentially malignant nodules. It is often done using 
ultrasound guidance. The cytopathology results can be cat
egorized according to the Bethesda system.2 These categories 
are associated with varying risks of malignancy allowing for 
different proposals for clinical management (Table 1 ) .3 
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• Computed tomography (CT). A preoperative neck or chest 
CT is usually not necessary except in specific situations: 

Malignancy-A neck CT may suggest local invasion of 
the thyroid into surrounding structures such as the carotid 
artery, internal jugular vein, or trachea which could po
tentially modify the operative approach. A CT scan of the 
neck can also provide a detailed map of cervical lymphade
nopathy. A chest CT can evaluate for metastatic disease. 
Large goiters-A neck and chest CT scan can help deter
mine the degree of tracheal obstruction or substernal ex
tension of large goiters. Patients with clinical evidence of 
airway obstruction should have a CT to provide anatomic 
information to help manage a potentially difficult airway. 

• Laryngoscopy. Flexible laryngoscopy should be performed 
on all patients with hoarseness or a previous history of neck 
surgery. This provides a current assessment and baseline 
evaluation of bilateral vocal cords prior to surgery. 

SURGICAL MANAGEMENT 

• Thyroid lobectomy is therapeutic for patients with a unilat
eral goiter or a solitary toxic nodule which is symptomatic. 

• Thyroid lobectomy is diagnostic and can potentially be thera
peutic for patients with indeterminate thyroid nodules such as 
those categorized as "follicular lesions of undetermined signifi
cance," "follicular neoplasms, "  or "suspicious for malignancy. " 

• Although thyroid malignancy often warrants surgical interven
tion, thyroid lobectomy is typically not the standard of care. 
Total thyroidectomy is recommended for most thyroid malig
nancies greater than a centimeter in size. A thyroid lobectomy 
may sometimes be appropriate for very small (less than a cen
timeter) well-differentiated thyroid cancers in select patients. 

• In any thyroid lobectomy, the patient and surgeon should 
be prepared for the conversion to a total thyroidectomy if 
intraoperative findings dictate this need. If the patient was 

Table 1 :  Thyroid Fine Need le Aspi ration 
Classification Scheme and Cl in ica l  Management 

Risk of Suggested 
Category Mal ignancy Management 

Nond iagnostic Repeat FNA under  
u ltrasound  

Ben ign  < 1 %  Mon itor 
Fo l l i cu la r  les ion of 5%-1 0% Repeat FNA or  

undetermined s ign if icance thyroid lobectomy 
(e.g . ,  atyp ia) 

Fo l l i cu la r  neoplasm 20%-30% Thyro id lobectomy 
Susp ic ion for ma l i g nancy 50%-7 5% Thyro id lobectomy or  

tota l thyro idectomy 
Ma l ignant  1 00% Tota l thyroidectomy 

FNA, fine needle aspiration. 
From Cibas ES, Ali SZ. The Bethesda system for reporting thyroid cytopatho

logy Thyro id .  2009; 1 9(1 1): 1 1 59- 1 1 65; Baloch ZW, Cibas ES, Clark DP, et a/. 
The National Cancer Institute thyroid fine needle aspiration state of the 
science conference: a summation. Cytojourna l .  2008;5:6. 

-



not counseled of this possibility, the surgeon should com
plete the lobectomy and defer definitive management until 
appropriate consent from the patient . 

Preoperative Planning 

• Thyroid lobectomy is performed under a general anesthesia, 
but locoregional anesthetic with sedation may be adequate 
for lobectomy in select patients.  

• Routine use of preoperative antibiotics is not common as 
wound infections after thyroid lobectomy are rare.4 

Positioning 

• The patient is placed in the supine position with the arms 
padded and tucked at the side (FIG 1 ) . A roll can be placed 
under the shoulders to help extend the neck; however, 
extreme extension should be avoided as this can cause post
operative discomfort . 

SKIN INCISION AND FL AP CREATION 

• A low co l l a r  i nc is ion is p laced sym metrica l ly across the 
neck desp ite o n ly remov ing a lobe .  The i nc is ion is  ide
a l ly  located a bout two f ingerbreadths a bove the sterna l  
notch or  1 em be low the cr i co id  ca rti l age (FIG 2) .  This  
location provides good exposure to the ent i re thyroid 
g l a n d  and part icu l a r ly the super ior  po le .  

• P lac ing the inc i s ion in a sk in  crease can provide exce l lent 
cosmetic resu lts. If no sk in  crease i s  a ppropr iate, Langer's 
l i nes p rovide an adequate g u ide .  

FIG 2 • I nc i s ion a natomy. The sterna l  notch and  cr icoid 
cart i l age a re pa l pated to help determine  the i nc is ion s ite.  

GL AND EXPOSURE 

• The i nc is ion is carr ied through the subcutaneous t issue 
and p latysma .  Subp latysma l  f laps a re created to enhance 
mob i l ity from the i nc is ion (FIG 3) .  These flaps shou ld  ex
tend to the thyro id  cart i l age  su per ior ly and the supra
sterna l  notch i nfer ior ly. The ass ista nt shou ld  retract the 
sk in  to he lp create the p lane  of d i ssect ion .  The a nter ior 
j u g u l a r  ve ins  wi l l  rem a i n  down on the strap musc les if 
the correct p lane  is  d i ssected .  

• 

• 

• 
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FIG 1 • Pat ient positi on i ng .  The a rms shou ld  be padded and  can 
be tucked to the s ide with a sheet us ing  a towel c l i p .  

The m i d l i n e  ra phe between the stra p m uscles is  opened 
and  d i ssect ion extends  down to the level of the isth mus  
(FIG 4) .  
T h e  sternohyoid a n d, su bseq uent ly, t h e  sternothyro id  
m uscles a re d i ssected off the thyro id  and  refl ected 
l atera l ly. 
The thyroid lobe is  then retracted media l ly with a fi nger  
or  hemostatic c l amp .  The space between the thyro id  and 
the ca rot id sheath is  opened b l u nt ly u nt i l  the p reverte
b ra l  fascia i s  encou ntered (FIG 5) .  D u ri n g  th i s  port ion of 
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FIG 3 • Creat ion of subp latysma l  f laps .  Adeq uate retract ion 
he lps creation of the subp latysma l  f laps  and  prevents 
buttonho l i ng  the ski n .  

F IG  4 • Exposure o f  t h e  thyro id .  T h e  m i d l i n e  raphe between 
the strap m uscles is  avascu l a r  a n d  provides access to the 
thyroid when opened.  

SUPERIOR POLE DISSECTION 

• The cr icothyro id  space is an avascu l a r  space between the 
cr icothyro id  m usc le a n d  thyro id  g l a n d .  Th i s  space can be 
b l u nt ly opened a l l  the way to the p revertebra l  fasc ia .  

• 

• 

• 

Retract ion of the super ior  po le of the thyro id  in the i n - • 
fer ior  and  l atera l d i rect ions  can fac i l itate th i s  d i ssect ion 
(FIG 6) .  

• The externa l  branch of the super ior  l a ryngea l  nerve • 
may be identif ied du r i ng  th i s  d i ssect ion and  shou ld  be 

FIG 5 • Exposure of the poster ior  thyro id .  The thyroid i s  
retracted toward the m i d l i n e  and  the midd le  thyro id  ve i n  i s  
d iv ided.  The a reo la r  t i s sue beh ind  the thyro id  can be b l u nt ly 
d i ssected with scissors. 

the d issect ion,  the m idd le  thyroid vein shou ld  be con
tro l led and  l i gated . 
D i ssect ion of the isthmus  ca n he lp  mob i l ize the thyroid 
g l a n d .  The superior suspensory l igament and associated 
vesse l s  at the super ior  border of the isthmus  shou ld  be 
d iv ided .  A pyram ida l  lobe can be d i ssected and d iv ided if 
present. 
The i nfer ior  vesse ls  and attachments to the trachea 
a long  the i nfer ior  border of the isthmus  shou ld  a l so be 
d iv ided .  
The contra latera l thyro id lobe ca n be pa l pated to en
sure no abnorma l ities; however, forma l  d i ssect ion on 
the contra l atera l s ide shou ld  be avoided to p revent scar  
format ion .  

preserved .  The nerve is  vu lnerab le  to i nj u ry as  it crosses 
the vesse l s  c lose to the super ior  pole of the thyroid pr ior  
to its  i nsert ion i nto the m usc le .  The a natomic  va r iat ions 
of the nerve i n  re lat ion to the super ior  thyro id vesse l s  are 
best descr ibed by Cernea et a l . 5  (FIG 7) .  
The super ior  po le vesse ls  a re d iv ided at the level of  the  
thyroid capsu le  to p revent i n ju ry of  the nerve (FIG 6) .  
This  d i ssect ion shou ld  p roceed from med ia l  to latera l .  
A su per ior pa rathyro id  g l a n d  may b e  identif ied i n  th i s  
a rea and  shou ld  be d issected off the g l a n d .  



External laryngeal nerve 

External branch 
of superior 
laryngeal nerve 

- - ,  
I 1 em 1 
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FIG 6 • Exposu re of the super ior  po le .  The cr icothyro id  
space is  opened u p  b l u ntly. Retract ion of the super ior  po le  i n  
a latera l a n d  infer ior d i rect ion he lps t o  m i n i m ize t h e  r isk of 
i nj u ry to the externa l  branch of the super ior  l a ryngea l  nerve 
(dotted line). 

- - ,  
I 1 em 1 

- - ,  
I 1 em 1 

Type 1 Type 2a Type 2b 
FIG 7 • Anatomic  var iat ions of the externa l  branch of the super ior  l a ryngea l  nerve. The nerve crosses the vesse ls  g reater 
than a centi meter from the super ior  pole i n  type 1 a natomy. Type 2 anatomy p laces the nerve at h igher  r isk of i n ju ry 
d u r ing  d issect ion because it crossed less than  a cent imeter from the super ior  po le (type 2a) or even be low it (type 2b) .  
(From Cernea CR,  Ferraz AR, N ish io  S, et a l .  S u rg ica l  anatomy of the externa l  branch of the super ior  l a ryngea l nerve. Head 
Neck. 1 992; 1 4:380-383.)  

LATERAL L OBE DISSECTION 

• Once the super ior  po le is mob i l ized, the latera l and  i n 
fer ior aspect of  the thyroid can be d i ssected .  The thyroid 
lobe shou ld  be retracted med ia l l y  o r  e levated out of the 
wou n d .  An assistant should retract the ca rot id sheath l at
era l ly to open up the latera l space. 

• The identificat ion and  preservat ion of the recu rrent 
l a ryngea l nerve is cr it ica l to the d i ssect ion .  The nerve 
shou ld  be identif ied ear ly  and  can often be fou n d  where 
it passes i nfer ior  to the i nfer ior thyroid a rtery. Once the 
nerve is  fou nd, the d i ssect ion p roceeds a long the cou rse 
of the nerve up to its cr icothyro id  i nsert ion .  The nerve is 
most vu lnerab le  in th i s  a rea .  
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• The tert ia ry vesse l s  of the i nfe r ior  thyro id  a rtery a re d iv ided 
at the level of the thyroid capsu l e  (FIG 8) .  This  capsu l a r  d is
sect ion he lps decrease the risk of nerve in ju ry a n d  devascu
l a r izat ion of the pa rathyro id  g l ands .  

• The attach ments of the thyroid to the trachea a re freed by Superior parathyroid gland 
d iv id i ng  the l i gament of Berry. 

FIG 8 • Div is ion of the infer ior thyro id  a rtery. The tert ia ry 
branches of the i nfer ior  thyroid a rtery a re l i gated at the thyroid 
capsu le  to prevent i nj u ry to the recu rrent l a ryngea l  nerve and  
the b lood supp ly to the parathyroid g l a n ds .  The dotted line 
denotes the a rea of d i ssect ion .  

PARATHYROID PRESERVATION 

• The i nfer ior and  super ior  pa rathyro id  g l a nds shou ld  be 
identif ied and  p reserved .  Th i s  is  acco m p l ished by ca refu l 

TRANSECTION OF THE THYROID 

• A thyroid l obectomy req u i res tra nsect ion of the thyro id  
at the j u nct ion of the isthmus  and  contra latera l lobe .  
If th i s  j u nction is  sma l l ,  a H a rmon ic  sca lpe l  can transect 
th i s  a rea wh i l e  p rovid i ng  good hemostas is .  If the a rea is  
b u l ky o r  a H a rmon ic  sca lpe l  is  not ava i l a b le, a c lamp can 
be p l aced across the a rea of tra nsect ion .  A kn ife i s  then 
used to transect the thyroid and  the spec imen is  removed 
(FIG 9) .  A r u n n i n g  a bsorba b le  suture can be p laced as a 
hemostatic stitch u n derneath the c l amp .  

FIG 9 • Tra nsect ion of  the thyro id .  The j u n ct ion between the  
isthmus  and  contra l atera l lobe is  transected to remove the  
speci men .  

Inferior thyroid artery 

Inferior parathyroid g land 

d i ssect ion and reflection of them i n  a posterolatera l d i 
rect ion away from the thyro id .  The m a i n  tru n k  of  the 
i nfer ior  thyro id  a rtery shou ld  not be l igated as it typica l ly 
provides the b lood supp ly  to both pa rathyro id  g lands .  



CL OSURE 

• Pr ior to c losure, the su rg ica l  f ie ld  is meticu lous ly eva l u 
ated f o r  hemostas is .  Sma l l  occu l t  b leed i n g  ca n l e a d  to 
c l i n ica l ly s ign if icant neck hematomas if not contro l led .  

• The pa rathyro id g l a nds a re eva l u ated once more for vi
a b i l ity. Addit iona l ly, the lobectomy spec imen should be 
exa m i ned for the i nadvertent remova l of a norma l  para
thyroid g l a n d .  If e ither s ituat ion a r ises, the parathyroid 
g l a n d  shou ld  be m i nced u p  and i m p l a nted i nto the i ps i 
l atera l sternoc le idomasto id .  

• The recu rrent l a ryngea l nerve is exa m i ned with v i sua l  i n 
spect ion o r  nerve mon itor ing to ensure a n  i ntact c i rcu it .  

• After adequate hemostas is  and  i nspect ion,  the strap 
musc les a re reapproximated with a bsorbab le  i nterru pted 
sutu res (FIG 1 0) .  P l acement of these sutu res req u i res ca re 
to avoid i nj u ry to the a nter ior j u g u l a r  ve ins .  

• The p l atysma is reapproxi mated with bu ried i nterru pted 
sutu res. 

• The sk in  can be c losed in a var iety of ways. If the wou n d  
appears t o  be under  tens ion d u ri n g  c losure, remova l of 
the shou lder  ro l l  can he lp .  O u r  p ractice is  to c lose the 
sk in  with a knot less r u n n i n g  su bcuticu l a r  Pro lene stitch 
fo l l owed by the p lacement of sk in  g l u e .  Once the g l u e  
d r ies, t h e  Pro lene i s  removed and  Steri-Str ips a re p laced 
as a d ry d ress ing  over the inc i s ion .  Other a lternatives to 
rea pproximate the sk in  i nc lude  the use of a runn i ng  ab
sorbab le  sutu re o r  the use of sk in  g l u e  exc lus ively. 

PEARLS AND PITFALLS 
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Sternohyoid 
muscle 

iblllln""'-"K'---- Sternothyroid 
muscle 

FIG 10 • Clos ing the stra p musc les .  The strap m uscles a re 
rea pprox imated with i nterru pted sutu res. 

I nc is ion aesthetics • A natura l  skin crease shou ld  be used if p resent. 
• An i nc is ion too cepha lad  i s  ve ry not icea b le  with norma l  c loth i n g .  
• An i nc is ion t o o  ca uda l  can increase the r i s k  o f  ke lo id formatio n .  

1661 

Parathyroid preservat ion • If a pa rathyro id g l a nd ca n n ot be preserved, it should be p l aced i nto cold sa l ine for preservat ion .  

Hemostas is  

Large substerna l  go iter 

• A sma l l  port ion of the pa rathyro id g l a n d  shou ld  be sent for frozen sect ion to confi rm norma l  
parathyroid t issue.  

• The g l a n d  should then be m i nced i nto s m a l l  p ieces and imp l anted i nto the ips i l atera l 
sternoc le idomasto id .  

• A c l i p  o r  permanent suture can mark the a utog raft sites. 
• Hemostas is  can be eva l u ated under  Va lsa lva m a neuver to look for occu l t  b leed i n g .  
• D r a i n s  a re rarely needed and  a re never a su bstitute fo r adequate hemostas is .  
• E lectrocautery should be avoided i n  the a rea of the recu rrent l a ryngea l nerve. 
• Most su bsterna l  go iters located a bove the brachiocepha l i c  ve i n  can be removed through a cervica l  

i nc is ion .  
• Dissect ion o f  t h e  super ior  p o l e  and  ear ly transect ion o f  t h e  i sthmus  c a n  provide added mob i l ity 

needed to p u l l  up a go iter from beh ind  the stern u m .  
• T h e  patient shou ld  be cou nseled and  t h e  chest prepped i n  case a m i n i-sternotomy i s  needed.  

POSTOPERATIVE CARE 
• After a period of monitoring, most patients may be safely dis

charged home after a thyroid lobectomy. Patients should expect 
to resume their normal activities within a few days of surgery. • The patient should be monitored in the postoperative area 

for a few hours to ensure no significant hematoma develops .  
• An ice pack may be placed over the neck to assist with pain 

and swelling. Once the patient is sufficiently awake, the diet 
may be advanced as tolerated. 

• Most patients will not require thyroid hormone replacement 
after a lobectomy if the remaining lobe is normal. Thyroid 
hormone levels should be checked about 2 months after sur
gery to ensure the other lobe is adequately functioning. 
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COMPLICATIONS 

• Hematoma 
• Hypocalcemia 
• Hoarseness 
• Vocal cord paralysis 
• Wound infection 
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Said C. Azoury Martha A. Zeiger 

DEFINITION 

• Total thyroidectomy involves removal of all thyroid tissue, 
including both lobes and isthmus, while preserving the para
thyroid glands, the recurrent laryngeal nerve (RLN),  and the 
external branch of the superior laryngeal nerve. 

ANATOMY 

• The thyroid gland typically weighs 20 g and has a right and 
left lobe bridged by a narrow isthmus. 

• The thyroid gland is located in the central compartment of 
the anterior neck below the thyroid cartilage. 

• The thyroid cartilage forms the laryngeal prominence or the 
"Adam's apple. "  

• The thyroid lobes lie medial t o  the carotid sheaths and ster
nocleidomastoid muscles. 

• The anterolateral surface of the gland is covered by the ster
nothyroid and sternohyoid muscles ( FIG 1 ) .  

• The "thyroid sheath" i s  a connective tissue expansion o f  the 
pretracheal fascia and envelops the thyroid, condensing pos
teromedially into the ligament of Berry. 

• The thyroid gland receives its blood supply from the supe
rior and inferior thyroid arteries. 

• The superior thyroid artery arises from the ipsilateral exter
nal carotid artery and the superior thyroid vein runs with the 
artery. 

• The middle thyroid vein drains into the ipsilateral internal 
jugular. The inferior thyroid artery originates from the thy
rocervical trunk. The left RLN arises from the vagus at the 
level of the aortic arch and loops around the ligamentum 
arteriosum; the right RLN loops around the right subclavian 
artery ( FIG 2) .  

Omohyoid 
muscle __ __._..,_ 

Sternohyoid 
muscle ----;;..w-_.., 

Mylohyoid 
muscle 

Stylohyoid 
muscle 

�-:-'--- Thyrohyoid 
muscle 

,...-'--':---- Sternohyoid 
muscle 

FIG 1 • Strap m uscles of the neck. 

• The right RLN may be nonrecurrent in 0.5% to 1% of 
individuals. 

• The RLN innervates all the intrinsic muscles of the larynx 
except the cricothyroid muscles. 

• The internal branch of the superior laryngeal nerve is the sen
sory nerve for the supraglottic larynx. The external branch 
of the superior laryngeal nerve lies on the inferior pharyn
geal constrictor muscle and descends alongside the superior 
thyroid vessels before innervating the cricothyroid muscle. 

• The superior parathyroid glands are generally located poste
rior to the superior thyroid lobe and the RLN. The inferior 
parathyroid locations are more variable but oftentimes are 
located anterior to the inferior thyroid lobes and RLN or on 
the inferolateral aspect of the lobes. 

INDICATIONS FOR TOTAL THYROIDECTOMY 

Graves' DiseaseH 

Thyroid Cancer 

• In general, total thyroidectomy is indicated for follicular or 
papillary thyroid cancer.4-6 Patients may also need a concom
itant central lymph node dissection.4-6 Total thyroidectomy 
with central lymph node dissection is typically indicated for 
medullary thyroid cancer.7 

Multinodular Goiter 

• Total thyroidectomy is indicated for symptomatic multi
nodular goiter (MNG) or for patients who have suspicious 
or indeterminate thyroid nodules on fine needle aspiration 
biopsy (FNAB) . 8-10  

PATIENT HISTORY AND PHYSICAL FINDINGS 

History 

• Thyroid cancer is more common in extremes of age, younger 
than 20 or older than 60 years. 

• Most thyroid nodules are asymptomatic, and most patients 
are euthyroid. 

• Thyroid nodules are more common in females, but there is a 
greater risk of malignancy in males. 

• One must inquire about a history of radiation therapy and 
family history of thyroid cancer: Nearly 90% of radiation
associated thyroid cancers are papillary. 

• Personal or family history of other endocrine disorders such 
as a history of thyroid cancer, primary hyperparathyroidism, 
pancreatic islet cell tumors, pituitary tumors, or adrenal 
tumors is essential to understand a patient 's risk. 

• Medullary thyroid cancer is a known component of multiple 
endocrine neoplasia 2 (MEN2 ) .  

• Weight gain, fatigue, depression, constipation, dry skin, and 
brittle nails are symptoms of hypothyroidism; weight loss, 
weakness, anxiety, palpitations, and diarrhea are symptoms 
of hyperthyroidism; both are key elements of the review of 
systems portion of a history. 

1 663 
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Superior thyroid artery 
Superior thyroid vein Pyramidal lobe thyroid 

Inferior thyroid vein 

FIG 2 • Anatom ic locat ion of thyroid g l a n d  and vascu l a r  a natomy. 

• One should inquire about symptoms of dysphagia, dyspnea, 
voice change, cough, or trouble breathing. 

Physical Exam 

• Size of thyroid nodules, firmness of the nodules, and the 
presence of substernal extension are important to assess. 

• Findings suggestive of cancer include nodule fixation, hard 
texture, and associated cervical lymphadenopathy. 

• Important eye signs include stare, lid lag, dryness, diplopia, or 
exophthalmos (FIG 3) ;  all of which can suggest Graves' disease. 

FIG 3 • G raves' ophth a l mopathy: prominent sta re. 

• Extremities should be examined for pretibial myxedema 
(waxy, discolored induration, and swelling) that can be 
associated with severe hypothyroidism. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

Thyroid-Stimulating Hormone (Normally 0.5 to 
5 f.LU/mL) 

• A serum thyroid-stimulating hormone (TSH) should be 
measured to determine if the patient is hypo-, hyper-, or 
euthyroid. There is an inverse relationship between the free 
thyroxine (T4 )  level and the TSH concentration. 

Free Thyroxine (Normally 12 to 28 pmoVL) 

• Free T4 is a sensitive and accurate measurement of biologi
cally active thyroid hormone. 

• In early hyperthyroidism, total T4 levels are normal but free 
T4 levels are elevated. 

• Hyperfunctioning nodules are much less likely to harbor 
malignancy. 

Serum Thyroglobulin 

• Thyroglobulin is primarily used to detect recurrent thyroid 
cancer. 



Needle for 
aspiration� 
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FIG 4 • FNA of thyroid nodu le .  

Fine Needle Aspiration Biopsy 

• Ultrasound-guided needle aspiration is performed using 
23- to 27-gauge needles and a 10-mL syringe ( FIG 4) .  

• FNAB specimens are classified a s  malignant, benign, inde
terminate (atypical cells of undetermined significance, suspi
cious for follicular or Hi.irthle cell neoplasm, or suspicious 
for malignancy) ,  or insufficient for diagnosis. 

• Overall sensitivity of FNAB is 95% to 98% .7 

Iodine Scintigraphy 

• Elevated iodine uptake with diffuse uptake and enlargement 
is consistent with Graves' disease. 

• The risk of malignancy in "hot" lesions is extremely low. 
Iodine scintigraphy should only be used if the patient is 
hyperthyroid and has nodular disease to determine if a 
nodule is responsible for the hyperthyroidism. 

Antithyroglobulin and Antithyroid Peroxidase 
Antibodies 

• Anti-thyroid peroxidase (anti-TPO) antibodies are associated 
with Hashimoto's thyroiditis. Antithyroglobulin (anti-Tg) ,  if 
present, makes following patients with thyroid cancer for Tg 
elevation unreliable. 

High-Resolution Ultrasonography 

• Ultrasound is recommended to determine the number, size, 
and characteristics of the thyroid nodules. 

• Increased intranodular vascularity, irregular margins, the 
so-called " halo sign " or anechoic rim, microcalcifications, 
and hypoechogenicity are generally associated with a 
malignancy. 

• Cervical ultrasound to assess for lymphadenopathy is rec
ommended for suspicious or malignant thyroid nodules. 

Computed Tomography 

• Computed tomography (CT) imaging is indicated for sub
sternal goiters or if a cancer is large or appears fixed to sur
rounding anatomic structures. 
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NONOPERATIVE MANAGEMENT 

Antithyroid Drugs: Propylthiouracil and Methimazole 

• When used for Graves' Disease, generally, propylthiouracil 
(PTU) ( 100 to 300 mg three times daily) or methimazole ( 10  to 
30 mg three times daily) are the antithyroid drugs of choice. 

• Both drugs inhibit the organic binding of iodine and thyra
peroxidase coupling of iodotyrosines. PTU also inhibits the 
peripheral conversion of T4 to triiodothyronine (T3 ) .  

Radioactive Iodine Therapy 

• Radioiodine therapy has been the preferred treatment for 
most patients with Graves'  disease. 

• Radioiodine therapy is indicated postoperatively for patients 
with thyroid cancer who have a high risk of recurrence .  

Close Follow-up 

• Patients with asymptomatic and benign thyroid nodules 
should be followed with serial neck ultrasounds and repeat 
fine needle aspiration (FNA) as needed. 

• Patients may need longitudinal neck ultrasounds and repeat FNA. 

SURGICAL MANAGEMENT 

• The use of total thyroidectomy for benign disease has in
creased over the last 15 years in the United States from 17.6% 
( 1993-1997) to 39.6% (2003-2007) compared with 82.4% 
and 60.4% for partial thyroidectomy over the same periods.U 

• Total thyroidectomy for Graves'  is the gold standard advo
cated by endocrine surgeons. 

• In one study of patients with Graves' disease, reasons for 
having thyroid surgery were persistent disease despite medi
cal therapy (46.6% ) ,  patient preference (24. 1% ), MNG/cold 
nodules (20.3% ) ,  failed radioactive iodine (RAI )  treatment 
( 1 6% ) ,  and ophthalmopathy ( 1 2 . 1 % ) . 12 

• In general, the indication for total thyroidectomy should be 
considered in cases of suspicious or definite malignant nod
ules; the presence of thyroid nodules; and a history of head 
and neck irradiation, Graves' disease, large or substernal 
goiter, or symptomatic goiter (dysphagia, pressure, dyspnea) .  

• The most important goals o f  surgery for MNG are t o  prevent 
recurrence after surgery and to definitively diagnose thyroid 
nodules that were indeterminate or suspicious preoperatively. 

• The advantage of total thyroidectomy, compared to subtotal 
thyroidectomy, for treatment of Graves' is the avoidance of 
recurrent hyperthyroidism, which has been reported to be as 
high as 22% following subtotal thyroidectomy?·13• 14 

• Advantages of total thyroidectomy over thyroid lobectomy 
for well-differentiated thyroid carcinoma (WDTC) include 
the fact that papillary thyroid cancer can be multifocal, 
facilitation of radioiodine imaging and ablation for residual 
metastatic disease, and the use of serum thyroglobulin for 
postoperative disease surveillance. 

• Surgery is often recommended for patients with severe oph
thalmopathy; this condition can be worsened by RAI. 

• Surgery is appropriate in children and in pregnant women 
with Graves' disease. 1 5 

• Surgery is indicated for a substernal goiter because these 
are usually symptomatic and substernal nodules cannot be 
assessed by FNA. 
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Preoperative Planning 

• Thyroid scintigraphy is only indicated in a subset of patients 
with hyperthyroidism. 

• FNA under ultrasound guidance is the gold standard when 
there is a suspicion for thyroid cancer and should be per
formed if a nodule is found to be greater than 1 em and/or if 
the nodule has suspicious ultrasound characteristics.7 FNA 
provides quick and specific information that helps to guide 
definitive surgical management . 

• High-resolution ultrasound of the neck can be used to evalu
ate for cervical lymphadenopathy. 

• Laryngoscopy is often used before surgery whether for 
benign or malignant disease, especially for patients with 
voice changes, to determine the extent and any involvement 
of surrounding structures including the RLN. 

Intraoperative Positioning of the Patient 

• Patient is placed in supine position with arms tucked at 
the sides. 

• A soft roll is placed lengthwise beneath the shoulders to 
extend the neck, and a soft foam "donut-shaped" rest is 
used to stabilize the head. 

• Patient is further placed in a semi-Fowler's position, with the 
head of the bed at approximately 30 degrees ( FIG S) .  

FIG S • Sem i-Fowler's posit ion .  

TOTAL THYROIDECTOMY 

FIG 6 • RLN nerve mon itor ing wi res anchored to the patient's 
shou lder, out of the way of the neck a n d  the ster i le  operat ing  
f ie ld .  

• The RLN nerve monitoring wires are anchored to the pa
tient 's shoulder, out of the way of the neck and the sterile 
operating field ( FIG 6 ) .  

Approach 

• During surgery, great care should be taken to identify the 
recurrent and superior laryngeal nerves, the parathyroid 
glands, and their vascular supply. Parathyroid glands can 
be distinguished from surrounding structures by their fine 
surface vascular pattern and brown hue. 

• Intraoperative nerve monitoring with electrode attached to 
endotracheal tube allows for stimulation and detection of 
the RLN and superior laryngeal nerves. 

• Due to the vascularity of the thyroid gland, many sur
geons use LigaSure rather than bipolar cautery, ties, or 
clips . 16 The duration of the procedure with the use of 
the LigaSure is significantly shorter, and there are fewer 
complications compared to the classic "tie and knot " 
technique. 16 

• There is no statistical difference noted in the litera
ture when comparing suture tying and Harmonic scalpel 
complications. 17• 1 8 

• Clips can also be used for hemostasis on the specimen 
side. 

on the patient's body hab itus and the size of the thyroid 
g land  (FIG 8) .  

• With the patient lyi ng  sup ine  in a sem i-Fowler's posit ion • The subcutaneous tissue and p latysma a re d ivided, and skin 
f laps a re ra ised i n  a subp latysmal  p lane from the sterna l  
notch inferiorly to the level  of the thyroid carti lage supe
riorly and the sternocleidomastoid muscles latera l ly. Sk in 
hooks a id  with the exposu re and f lap e levations (FIG 9) .  
Strap m uscles a re sepa rated i n  the m i d l i n e  from the 
thyroid cart i l age  to the sterna l  notch and  a re refl ected 
l atera l ly (FIG 1 0) .  

• 

with the arms tucked at the s ides, the a nter ior su rface of 
the neck is prepped and d raped, exposing  the a nter ior 
neck from the sterna l  notch to the chin and  from both an
ter ior borders of the sternoc le idomasto id  m uscles (FIG 7) .  
Transverse curvi l i near co l l a r  inc is ion is made  approximately • 
two f ingerbreadths above the sterna l  notch, a long a nor-
ma l  sk in crease. The length of the inc is ion varies depend ing 



FIG 7 • Patient prepped and  d raped, with thyroid cart i l age 
and  sterna l  notch a natomic  l a n d m a rks ma rked out as we l l  as 
the p roposed inc i s ion .  

FIG 8 • I nc i s ion mark ing .  

FIG 9 • Sk in  hooks  a id ing with  the exposu re and  f lap  
e levat ions to a l low for subp latysma l  d i ssect ion .  

C h a p t e r  3 6  TOTAL THYROI DECTOMY 

FIG 10 • Stra p musc les a re sepa rated i n  the m i d l i n e  from 
thyroid cart i l age  to the sterna l  notch us ing e l ectroca utery. 

• Horizontal  d iv is ion of the sternohyoid and  ste rnothyroid 
musc les may be necessa ry to fu l ly expose a l a rge thyro id  
g l a n d  (FIG 1 1 ) .  

• If the pyra m i d a l  lobe is eas i ly  identif ied d u r ing  th i s  phase 
of the operation, it ca n be d i ssected free from its attach
ments and  l i gated to a l low for g reater mob i l ity of the 
g l a n d  (FIG 1 2) .  

• Typica l ly, the m idd le  thyroid ve ins  a re the fi rst vesse l s  
identif ied i n  the d issect ion and  a re l i gated and  d iv ided 
(FIG 1 3) .  

• Super ior  po le  vesse l s  a re then identif ied by exert ing  trac
tion on the upper pole of the g l and ,  oftent imes us ing  a 
Babcock c l amp to a id  with the retract ion .  The super ior  
thyro id vesse l s  a re i n d iv id u a l ly l i gated, and  we typica l ly 
use the L igaSure for th i s  (FIG 14) .  

F IG 11  • Div is ion of  sternothyroid muscles he lps to fu l l y  
expose the thyroid g land .  
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FIG 1 2  • Dissect ion and  mob i l izat ion of the pyram ida l  lobe 
and  l igat ion of its  attachments. 

FIG 13 • L igat ion of the m idd le  thyro id  ve i n .  

F IG  14  • S u per ior  p o l e  vesse l s  a re identif ied a n d  i n d iv idu a l ly 
l i gated . 

FIG 1 5  • S u bcaps u l a r  d i ssect ion is carr ied c lose to thyroid 
g l a n d  to avoid i nj u ry to the externa l  branch of the super ior  
l a ryngea l  nerve. 

• Su bcapsu l a r  d issect ion is carr ied c lose to thyroid g l a n d  to 
avoid i nj u ry to the externa l  branch of the super ior  l a ryn
gea l  nerve (FIG 1 5) .  

• Areo la r  t issue between the common carotid a rtery and  
the thyroid lobe is  d i ssected us ing  a comb inat ion of  b l u nt 
d issect ion,  e l ectrocautery, and  L igaSu re, he lp i ng  to faci l i 
tate a nteromed ia l  thyroid lobe  rotat ion (FIG 16) .  

• The infer ior thyroid a rtery is identif ied, and  its c lose 
prox im ity to the RLN then a l lows for easy identif icat ion 
of the nerve. The RLN is  then traced through its  ent i re 
cou rse and  preserved (FIG 1 7) .  

• I ntraoperative nerve mon itor ing is often used to he lp  
confi rm the locat ion and  i nteg rity of  the nerve (FIG 1 8) .  

• The i nfer ior po le of the thyroid g l a n d  is mob i l ized once 
the RLN is  identif ied, and this i s  done by l igat ing the 
branches of the a rteries a n d  veins c lose to the thyroid 

FIG 16 • Areo la r  t issue between the common ca rotid a rtery 
and  thyroid lobe is d i ssected with e lectrocautery. 
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FIG 17 • The thyroid g land i s  rotated a nteromed ia l ly, and FIG 19 • L igat ion of the i nfer ior  thyroid vesse ls c lose to the 
the recu rrent l a ryngea l  nerve is  traced a long its  ent i re cou rse. g l a n d .  
Note the RLN at the t ip  o f  the r i g h t  a n g l e .  

g l a n d .  By l igat ing the vesse l s  c lose t o  the g l a nd, t h e  
b lood s u p p l y  t o  the i nfer ior pa rathyro id  g l a n d  is  there
fore preserved (FIG 1 9) .  

• The a nter ior su rface of the trachea is then exposed 
(FIG 20), and s i m u ltaneous a nteromed ia l  retract ion of 
the super ior  and  i nfer ior  poles of the thyro id  enha nces 
the exposure of the RLN (FIG 21 ) .  

• The rem a i n i n g  branches of the i nfer ior thyro id  a rtery 
a re l i gated a n d  d iv ided close to the thyroid parenchyma 
us ing va r ious tech n iq ues i n c l ud i ng  su rg ica l c l ip and  t ie or  
L igaSure (FIG 22) .  

• The rem a i n i n g  thyroid lobe and  l i g a ment of Berry a re 
separated from the RLN, p reserv ing  the b lood supp ly  to 
the super ior  parathyroid g l a n d  (FIG 23) .  

• Once the lobe of the thyroid g land has been separated from 
the RLN, the remainder of the l igament of Berry can be 
d ivided, separat ing the isthmus form the trachea (FIG 24) .  

FIG 1 8  • I ntraoperative nerve mon itor ing be ing used to he lp  
with identify ing the RLN and  confi rm ing  i ts  i nteg rity. 

FIG 20 • Anter ior  su rface of the trachea exposed .  

FIG 21 • RLN exposed, with the g land a nteromed i a l ly 
retracted and  cou ntertract ion app l ied to the trachea.  
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FIG 22 • I nfer ior thyroid po le vesse l s  are l i gated and  d iv ided 
c lose to the thyroid g l and ,  with ca refu l attent ion pa id  to the 
b lood supp ly  of the pa rathyro id g lands .  

FIG 23 • Pa rathyro id  g l a n d  d i ssected f ree and  preserved 
with its b lood supp ly  seen at the tip of the r ight ang le .  

F IG 24 • Tract ion p laced on the thyroid g l a n d  as the  
l i ga ment of  berry i s  d iv ided, thereby re leas ing  the g l a n d  from 
its tracheal attachment.  

FIG 2S • I nteg r ity of the RLN is  confi rmed, both by visu a l  
i nspect ion and  with t h e  nerve probe.  

• The contra l atera l lobe is resected in an identica l fash ion ,  
and  after comp lete remova l ,  the i nteg rity of the RLN is  
confi rmed, both by v i sua l  i n spect ion and  with the nerve 
probe (FIG 2S) .  

• The trachea is left exposed and  hemostas is  is then at
ta ined,  fo l l owed by i rr igat ion with norma l  sa l i n e  (FIG 26) .  

• The sternohyoid m uscles a re rea pproximated in the m id
l i n e  us ing  a runn ing or  locki ng  sutu re, through o n ly fas
c ia and not m usc le .  The i nfer ior  aspect is  left open over a 
d ista nce of 1 to 2 em to a l low b lood to decompress i nto 
the subcutaneous space if b leed i n g  deve lops (FIG 27) .  

• The p latysma I m usc l e  l ayer is then rea pproximated us ing  
s imp le  i nterru pted sutu re (FIG 28) .  

• 

• 

A su bcutic u l a r  r unn i ng  suture techn ique, with a free 
knot less ta i l  left on  e ither end of the i nc i s ion,  is  used to 
c losely rea pproxi mate the sk in .  Ca refu l attention i s  pa id  
to the cosmesis  of  the c losu re (FIG 29) .  
A s ing le  Steri-Str ip  is  p laced hor izonta l ly i n  the d i rect ion 
of the i nc is ion,  and  a sutu re ta i l  i s  l eft free on  e ither end 
of  the i nc i s ion (FIG 30) .  

FIG 26 • The trachea is  left exposed and  hemostas is  is  then  
atta i ned, fo l l owed by  i rr igat ion w i th  norma l  sa l i ne .  
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FIG 27 • Sternohyoid musc les reapproxi mated in m i d l i n e  
with i nfer ior m a r g i n  left open .  

FIG 28 • P latysma !  m uscle layer  rea pproximated i n  the 
m i d l i n e  with s imple i nterrupted suture .  

FIG 29 • Su bcuticu l a r  r u n n i n g  suture techn ique .  F IG 30 • Steri-Str ip  app l ied a long  the l ength of  the inc i s ion .  

PEARLS AND PITFALLS 
Su bcapsu l a r  
d i ssect ion 

Gent le 
retract ion 
I ntraoperative 
nerve 
mon itor ing 

Vessel l igat ion 
C losu re of 
strap m uscles 

Use of a neck 
d ra i n  
S k i n  c losure 

• A subcapsu la r  d issection, in c lose proxim ity to the thyroid capsu le, is the approach of choice, taking meticu lous care 
to preserve b lood f low to pa rathyroid g lands, and identify the RLNs, protect ing them a l l  the way to their i nsertion in 
the cricopharyngeus m uscle .  This approach he lps m in im ize the risk of postoperative hypoca lcemia and nerve inj u ry. 

• This  s imp le  subt lety of su rgeon's techn ique  he lps to avoid nerve i nj u ry and  p reserve vascu l a r  supp ly  to the 
parathyroid g lands .  

• Easy to setup  and  a ids  with  the identif icat ion of the RLN, oftent imes before visua l i zat ion .  It a l l ows for 
funct iona l  assessment of an a natomica l ly i ntact RLN and a lso perm its vag a l  nerve identif icat ion to confi rm RLN 
funct ion when visu a l  identif icat ion is  d iffi cu lt .  Pitfa l l  of this is  that it i s  expensive, req u i res a learn i ng  cu rve, 
a n d  may be associated with fa l se-positive or fa lse-negat ive nerve s igna l s  if not proper ly i nterpreted .  

• The H a rmon ic  sca lpe l  and  L igaSure have been shown to resu l t  i n  decrease length of operat ion .  
• Strap muscles a re approximated in  the  m id l i ne with a runn ing, locking sutu re, and 1 to  2 em is left open  at its inferior 

marg in .  This wi l l  a l low b lood to escape i nto the subcutaneous space i n  the event of a postoperative hemorrhage, 
so that pressure agai nst the a i rvvay is m in im ized . Platysma I muscles are reapproximated using a s imple interrupted 
technique; again,  in the event of a hematoma, the ind iv idual  sutu res can be cut to a l low for s imple evacuation .  

• Dra ins  a re a l m ost never used . 

• A 4-0 su bcuticu l a r  stitch is used . A sutu re ta i l  is left at the corner of each end of the sk in  i nc is ion,  and  p iece of 
Steri-Str ip  is app l ied horizonta l ly a long  the inc i s ion .  If the wou n d  needs to be red ressed, the or ig i n a l  d ress ing  i s  
removed, a n d  the two ends  of the sutu res can be used to produce cou ntertract ion on e ither end of the inc i s ion 
a n d  a new Steri-Str ip  can then be neat ly  app l ied .  
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POSTOPERATIVE CARE 

• Total or ionized calcium are checked on the morning of 
postoperative day 1, as some reports have shown that nearly 
one-third of patients will have mild temporary hypocalcemia 
within the first 1 to 2 days after surgery.9 

• Calcium supplementation is administered based on how 
low the postoperative calcium level is and as needed for any 
numbness or tingling. 

• Levothyroxine ( 1 .6 f.Lg/kg!day) is prescribed and started 
3 days after surgery, unless the patient is already on sup
plementation or is hyperthyroid; TSH suppression with 
levothyroxine is thought to improve recurrence and survival 
rates in cancer patients.  

• Laryngoscopy is indicated postoperatively if the patient 
complains of hoarseness or for any voice changes in order to 
assess for RLN or vocal cord damage. 

• For those with locally advanced disease or with macroscopic 
residual tumor, radioactive 13 1I therapy is given adjuvantly. 
Serum thyroglobulin is followed postoperatively to detect 
persistent or metastatic disease. 

• For patients with WDTC that is greater than 1 .5 em, RAI 
remnant ablation is oftentimes recommended, especially if 
there is residual remnant tissue, nodal metastasis, extrathy
roidal extension, or distant disease. 

• Ultrasonography is indicated yearly for the first 2 years after 
treatment; thyroid function is measured directly by free T4 
and indirectly by TSH. 

OUTCOMES 

• MNG is more likely to recur after bilateral subtotal thyroid
ectomy than after total or near-total thyroidectomy, with 
relapse rates after subtotal thyroidectomy reported to be as 
high as 9% to 43% ;  and the risk of malignancy in remaining 
thyroid tissue, 4% to 17% .9 

• It is important to emphasize that reoperative thyroid surgery 
is associated with more risk of complications that the first 
operation. 

COMPLICATIONS 

• Transient or permanent RLN injury 
• Bilateral RLN injury 
• Transient or permanent hypoparathyroidism 
• Injury to the external branch of the superior laryngeal nerve 
• Postoperative neck hematoma 
• Surgical site infection 
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Chapter 3 7  Thyroidectomy for 
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DEFINITION 

• A goiter refers to any abnormal thyroid enlargement second
ary to nutritional deficiency, endocrine disease, or neoplasm. 
In general terms, substernal goiter applies to conditions in 
which the majority of the thyroid volume lies below the 
thoracic inlet . 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• A comprehensive medical history is obligatory, including 
assessment of the indications for surgery, consideration of 
medical comorbidities, and ensuring that patients are medi
cally optimized and risk-stratified for surgery. Any prior 
operative records and pathology reports should be reviewed 
in advance. 

• A detailed physical examination is mandatory, including 
consideration of upper airway patency and visualization of 
the larynx to assess vocal fold mobility. 

• Flexible fiberoptic laryngoscopy is helpful in evaluating 
glottic function and assessing the airway. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Cross-sectional imaging (usually computerized tomography) 
is invaluable in defining the intrathoracic anatomic extent of 
the mass and its relationship to critical cervical and intratho
racic structures. 1 

• Intravenous contrast may delay the ability to use radioac
tive iodine but should be used whenever anatomic consider
ations may affect the surgical planning or technique. 

• Ultrasound may also be employed but is of limited use in 
assessing the intrathoracic extent of disease. 

• A thoughtful approach to the airway is necessary. In addition to 
history, physical examination, and imaging studies, exclusion 
of cardiopulmonary factors affecting respiration is important. 

• Spirometry and flow-volume loops are useful adjuncts in order 
to understand the underlying respiratory physiology. How
ever, surgical decisions are made based on functional and ana
tomic considerations rather than strictly physiologic tests. 

• Preoperative laboratory studies should include thyroid func
tion testing and thyroglobulin. 

• In the case of a thyroid mass or nodule, fine needle aspi
ration (preferably image-guided) with cytologic evaluation 
should be attempted prior to surgery. 

SURGICAL MANAGEMENT 

• Consideration for removal of substernal goiters is 
multifactorial . 2 

• Indications for an operation may relate to the need to make 
a diagnosis, extirpate malignancy, ameliorate compression 
of the upper aerodigestive tract, or relieve venous outflow 
obstruction ( superior vena cava syndrome) .  

• I n  most patients meeting criteria for surgery, medical options 
other than watchful waiting are limited. 

• Given that most goiter operations are elective, prudent 
and deliberate preoperative planning and counseling are 
essential. The indications, risks, benefits, and alternatives of 
surgery versus expectant management should be discussed. 

Preoperative Planning 

• Preoperative communication with anesthesia is critical. 
Although most patients can be readily intubated, airway 
compression or deviation must be considered. Atraumatic 
intubation is necessary. 3 

• The endotracheal tube cuff should be well below the vocal 
folds to avoid both glottic trauma and inadvertent extuba
tion, as the endotracheal tube has a tendency to be displaced 
with movement during surgery. 

• Thoracic surgeons should provide preoperative input and be 
available to assist in cases in which ilieir presence may be needed. 

• Options such as small endotracheal tubes, endotracheal 
tubes facilitating nerve monitoring, and/or fiberoptic 
bronchoscopy/intubation should be discussed prior to 
induction with anesthesia. 

• Fiberoptic intubation is rarely necessary, although adjunc
tive technologies, such as the GlideScope®, may be useful. 

Positioning 

• The patient is positioned supine with gentle neck extension. 
Effort should be made to prepare and drape in a manner 
that facilitates some movement of the head and neck while 
preserving the sterile field. 

• Overextension of the neck may put the recurrent laryngeal 
nerves (RLNs )  under tension and make them more difficult 
to identify. 

• Even if sternotomy is not planned, the chest should be 
prepped for access in case of either an emergency or the in
ability to free the gland transcervically. 

Anatomy 

• The tuberculum of Zuckerkandl is a posterolateral promi
nence of thyroid tissue that frequently approximates the lo
cation of the RLN.4 

• Berry's ligament is a condensation of the pretracheal fascia 
that attaches the thyroid to the airway. Small vessels run 
along the ligament, and it may be in close proximity to the 
RLN, requiring careful attention in order to ensure preserva
tion of the nerve when the thyroid is being mobilized. 

• In general, the substernal component of the thyroid gland 
originates from one lobe. Left substernal goiters are anteri
orly displaced by the aortic arch. Right substernal goiters are 
frequently nestled between the superior vena cava and the 
prevertebral muscles ( FIG 1 ) . 

• Posterior mediastinal goiters are rare, but when present, the 
RLN may be anteriorly displaced. 

• In rare cases, substernal goiters may not be contiguous with 
the cervical thyroid gland. 
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Approach 

• The cervical vascular supply, anterior position, and rarity of 
bilateral intrathoracic extension typically facilitate complete 
removal of substernal goiters transcervically. 5  

• Less than 10% of substernal goiters require sternotomy or 
thoracotomy. 

• Relative indications for sternotomy include the following: 
Prior mediastinal surgery 
RetroesophageaUposterior mediastinal location 
Goiter abutting the carina 
Intrathoracic malignancy with extra thyroidal extension 
Intimate association with the great vessels 
Massive substernal goiters that physically cannot be 
removed through the neck 

• When sternotomy is indicated, a "T" incision is frequently 
preferred. 

• Transcervical dissection and ligation of vessels occur prior to 
opening the chest . However, in cases with venous obstruc
tion, sternotomy precedes vessel ligation in order to limit 
intrathoracic venous distension. 

• The sternotomy may be partial or complete. 
• Care is necessary in order to identify and manage aberrant 

mediastinal vascular tributaries supplying the thyroid gland. 
FIG 1 • Anatomy of substernal  go iter. The substerna l  component of 
the thyroid g land usua l ly orig inates from one lobe. Left substerna l  
goiters a re anteriorly d isp laced by the aortic a rch .  Right substernal  
goiters (pictu red) a re frequently nestled between the superior vena 
cava and the prevertebra l  muscles. 

• The intrathoracic trajectory of the RLNs can be identified 
and preserved under direct vision. 

• Lateral thoracotomy typically provides suboptimal visualiza
tion of critical structures but may be preferred in specific cases. 

• Video-assisted thoracic surgery may also be considered. 

INCISION AND EXPOSURE 

• Exposu re is cr it ica l ,  as satisfactory access fac i l itates 
appropr iate v i sua l izat ion .  Thus, a generous  transverse 
neck i nc is ion is  p l an ned with i n  an exist ing  neck crease, 
approxi mat ing the level of the cr icoid cart i l age .  

• The strap musc les a re identif ied and  d iv ided a long  the 
m i d l i n e  ra phe .  I n  order to obta in  suffic ient access, the 
strap m usc les a re transected at least on  the s ide of i ntra
thoracic extens ion (FIG 2) .  

� Hyoid 

�� Thyroid cartilage 

A Cricoid cartilage 

Transverse incision 
just inferior to 
cricoid cartilage 

1-....;.... _________ "T" incision if 
transthoracic 
access is needed 

FIG 2 • I nc i s ion and  exposu re .  The patient is 
posit ioned sup ine  with gent le neck extens ion .  
A generous transverse neck i nc is ion i s  p l an ned 
wit h i n  a n  exist ing  neck crease, approxi mat ing 
the l evel of  the cr ico id cart i l age .  The chest shou ld  
be prepped with i n  the fie l d .  When sternotomy 
i s  i nd icated, a "T" inc i s ion is  p referred . 
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MOBILIZATION OF THYROID GL AND 

• As the thyro id  is gent ly and  b l u nt ly freed from su rround- • 
i ng  a reo lar  t issue, meticu lous  attent ion is necessary to 
ensure extraca psu l a r  d issect ion in order to m a i nta i n  a 
b lood less fi e l d .  

• The m idd le  thyro id  ve i n  is i so l ated and  d iv ided . • 
• The super ior  pa rathyro id g l a n d  is identif ied and  pre

served, g iven that the i nfer ior  g l a nds  a re at h igher  r isk 

IDENTIFICATION OF RECURRENT 

L ARYNGEAL NERVE 

• 

• 

The RLN is ident ified .  The s ize a n d  b u l k  of the thyroid 
g l a n d  may make this  d i ssect ion d ifficu lt, and the nerve 
may be d isp laced from its sta n d a rd a natomic  posit ion .  
I n  genera l ,  i t s  entry i nto the l a rynx at the cr icothyroid 
jo i nt i s  the most cons istent and re l i ab l e  location for 
identif icat ion .  
The  RLN i s  traced and  exposed i nfer ior ly. I n  cases i n  wh ich  
the su bsterna l  go iter i s  poster ior ly posit ioned, the nerve 

Cricoid carti lage 

Cricothyroid membrane � \ 

Thy<Oid """"'' � '\ 

Cricothyroid joint 

• 

• 

for i n ju ry du r i ng  d i ssect ion of the su bsterna l  extent of 
the thyroid g l a n d .  
W h e n  necessa ry, devascu l a rized o r  excised parathyroid 
g l ands  may be a utotransp lanted i nto the sternoc le ido
masto id  m usc le .  Perform frozen sect ion confi rmation of 
h isto logy pr ior  to re imp l antat ion .  
The su per ior thyroid ped ic le i s  iso l ated and  d iv ided c lose 
to the super ior  pole, tak ing care not to i nj u re the su pe
rior l a ryngea l  nerve or  super ior  pa rathyro id  g l a n d .  

is  l i ke ly to be d isp laced a nter ior ly, putt ing  it at h i g h e r  
r i s k  for i nj u ry. 
I n  some cases, the thyro id  g l a n d  w i l l  need to be d i sp laced 
i n  order to fac i l itate nerve d issect ion,  which i nvolves ret
rograde d issect ion of the RLN from the cr icothyro id  jo int  
i nfer ior ly wh i l e  d isp lac ing the thyro id  g land a nteromed i 
a l ly ("toboggan  approach ")  (FIG 3) .  
The  RLN may b ranch  p r io r  to i t s  entry i nto the la rynx, 
and  such a natomic  var iat ions shou ld  be expected .  Ante
rior d iv is ions of the nerve a re more l i ke ly to be motor 
branches .  

/ Finger retracting 
thyroid medial ly 

Right thyroid lobe 

Recurrent laryngeal Tubercu lum of 
nerve entering larynx Zuckerkandl laryngeal nerve 

FIG 3 • I dentif icat ion of RLN .  The RLN's entry i nto the l a rynx at the cri cothyro id  jo int  is  the 
most cons istent and  re l i ab le  l ocation for identif icat ion .  The RLN i s  traced and  exposed i nfer ior ly. 
In some cases, the thyroid g l a n d  w i l l  need to be d i sp laced in order to fac i l itate nerve d issect ion,  
which i nvolves retrograde d i ssect ion of the RLN from the cr icothyro id  jo int  i nfer ior ly wh i l e  
d isp lac ing  the thyroid g l a n d  a nteromed i a l ly ("toboggan  a pproach" ) .  
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LIGATION OF THE INFERIOR PEDICL E AND 

MOBILIZATION 

• The i nfer ior  thyroid vesse l s  a re isol ated and  d iv ided me
t icu lous ly. Damage to these vesse l s  du r i ng  mob i l ization 
can cause i ntrathorac ic  hemorrhage not amenab le  to 
transcervica l hemostas is .  

• 

• 

Right thyroid lobe 

Gentle,  b l u nt su bsterna l  d i ssect ion shou ld  commence 
l atera l ly, under  the sternoc le idomasto id  m uscle, and  
progress med i a l ly. It may be usefu l to d iv ide the ster
na l  head of th i s  m usc le  to i m p rove access. S m a l l  venous  
tr ibutar ies a re freq uent ly encou ntered a n d  d iv ided.  
Hemocl i ps, L igaSurerM, o r  other hemostatic adj u n ctive 
devices may be emp loyed at the su rgeon's d i scret ion 
(FIGS 4 and  5) .  

Recurrent laryngeal nerve 

Inferior pedicle divided 

FIG 4 • L igat ion of the i nfer ior  ped ic le .  
The i nfer ior thyro id vesse l s  a re isolated 
and d iv ided meticu lous ly. Damage to these 
vesse ls du r i ng  mob i l izat ion can cause 
i ntrathoracic hemorrhage not amenab le  
to transcervica l  hemostas is .  It may be  
d iffi cu lt  to visu a l ize a n d  p reserve the  
ips i l ateral  i nfer ior  parathyroid g l and .  

FIG 5 • Mob i l izat ion of  su bsterna l  go iter. Gent le, b l u nt 
su bsterna l  fi nger  d i ssect ion shou ld  commence l atera l ly, 
under  the sternoc le idomasto id musc le, and  p rog ress 
med ia l ly. 

CONTRAL ATERAL DISSECTION 

• The procedure is repeated on the other thyroid lobe.  • 
• Typica l ly, the lobe with su bsterna l  extens ion is removed 

fi rst i n  order to ensure that the RLN is  preserved pr ior  
to contra latera l d issect ion .  If the nerve mon itor is  be ing 

used,  it i s  appropr iate to test the d i ssected nerve's i nteg
rity prior to contra l atera l surgery. 
Ca re shou ld  be taken when free ing  the g l and  off of the 
cr icothyroid jo int  and  Berry's l i gament, as sma l l  vesse l s  
can cause b leed i n g  that obscu res v isua l ization of the RLN .  
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CL OSURE 

• Closed suction d ra i n  p lacement is freq uent ly i n d icated 
due to the l a rge potent ia l  space created by expa ns ive 

Midl ine raphe loosely 
reapproximated 

su bsterna l  go iters. Incision closed 
• Wou n d  c losure is performed in the standard manner, tak

ing ca re to reapproximate d iv ided muscles (ste rnoc le ido
masto id  and  straps) .  The m i d l i n e  raphe between the 
strap m uscles shou ld be loosely approximated to faci l i 
tate eg ress o f  b lood and  tra nsudate and  t o  m it igate a i r
way com press ion in the case of an expans i l e  hematoma .  

• The method of sk in  c losure is at the d iscret ion of the 
su rgeon (FIG 6) .  

• Smooth extu bation and  anesthetic emergence is i mpor
tant in order to l i m it sudden increases in i ntrathorac ic  
pressu re .  If a i rway concerns a re p resent, de layed extuba
t ion can be cons idered.  

PEARLS AND PITFALLS 

Reapproximated 
sternocleidomastoid 
muscle 

Reapproximated 
strap muscles 

FIG 6 • Closure .  Take care to rea pprox imate d ivided m uscles 
(sternoc le idomasto id and stra ps). The m i d l i n e  raphe between 
the strap m uscles shou ld  be loosely approxi mated to fac i l itate 
egress of b lood and  tra nsudate. C losed suction d ra i n  p lacement 
is  frequently i nd icated .  

I n d icat ions • G iven that most goiter operat ions a re e lective, prudent a n d  de l i berate preoperative p l a n n i n g  and 
counse l i n g  a re essent ia l .  

Approach • Sternotomy i s  rarely necessa ry for remova l of a su bsterna l  thyro id  g l a n d .  
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Position ing  • The patient shou ld  be p l aced sup ine  w i th  gent le  neck  extens ion a n d  d ra ped i n  a manner  that  fac i l itates 
movement of the head and neck. 

Ai rway • Although  most patients can be rea d i ly i ntu bated, a i rway com p ress ion or deviat ion must be cons idered.  
Because the endotrachea l  tube has  a tendency to become d i sp laced d u ri ng  su rg ica l  m a n i p u lat ion,  
confirm that the cuff is  we l l  below the voca l fo lds .  

Exposure • Satisfactory access is cr it ica l for safety and  v isua l i zat ion .  Use a generous  transverse neck inc i s ion and  
cons ider  d iv id i ng  stra p musc les at least on  the s ide of  i ntrathorac ic  extens ion .  

P lane  of d i ssect ion • As the thyro id i s  mob i l ized, meticu lous  attent ion i s  necessary to ensure extracapsu l a r  d i ssect ion i n  order 
to m a i nta i n  a b lood less fi e l d .  

Ma nagement of 
pa rathyro id  g l ands  

• The i nfer ior g l ands  a re at h igher  r i s k  for i nj u ry o r  devascu l a rizat ion d u ri ng  d i ssect ion of  the su bsterna l  
extent of the thyroid g land .  Thus, make su re to identify and  p reserve the super ior  pa rathyro id g lands .  

POSTOPERATIVE CARE 

• Check postoperative serum calcium levels. The use of 
intraoperative and/or postoperative parathyroid hormone 
levels is optional. Decisions regarding calcium supplemen
tation and further laboratory studies should be based on 
individual circumstances, laboratory findings, and clinician 
preferences. 

• Patients should be informed to call 91 1 if they develop any 
sudden difficulty breathing or neck swelling. 

• Patients should be encouraged to ambulate early and per
form pulmonary toilet, although they should restrict from 
strenuous physical activity and heavy lifting for a few weeks . 

COMPLICATIONS 

• Surgical site infection-In general, strict adherence to asep
tic technique and maintenance of the sterile field assures 
that surgical site infections are uncommon in patients 
without underlying risk factors. Perioperative antibiotics 
should be administered in accordance with established 
guidelines . 6 

• Seroma-Some degree of seroma formation within the 
operative bed is inevitable. Intervention rarely becomes 
necessary. 

• Intraoperative hemorrhage-Meticulous technique includ
ing limiting shearing/tearing vessels and maintaining an 
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intact thyroid capsule are critical. Rarely, uncontrolled 
intrathoracic hemorrhage will require emergent sternotomy 
and/or aggressive resuscitation. 

• Hematoma-Approximately 1% to 3% of cases will develop 
a postoperative hematoma that requires intervention. All 
cases of expansile hematomas require consideration of air
way compression and prompt attention. 

• Nerve inj ury-The RLNs are susceptible to inj ury both 
within the neck and chest .  Rates of inj ury are slightly 
higher in cases of substernal goiter than in standard 
thyroidectomies. 

• Hypoparathyroidism-Inferior parathyroid glands are more 
difficult to identify and preserve with substernal goiters, 
making identification and meticulous preservation of supe
rior glands critical. 

• Hemothorax/pneumothorax-Intrathoracic complications 
are quite rare. Routine postoperative chest x-ray should be 
considered. 

• Tracheomalacia-Despite frequent tracheal deviation and/ 
or compression, clinically significant tracheomalacia is rare. 
The adult airway is quite resilient,  and even long-standing 
compression will not often be problematic. 
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DEFINITION 

• Subtotal thyroidectomy means the removal of most of both 
lobes of the thyroid, but some thyroid tissue is intentionally 
left on one or both sides of the neck. 

Total thyroidectomy alone or with appropriate neck dis
sections is the procedure of choice for most thyroid can
cers and is discussed in Part 5, Chapter 36 .  
Thyroid lobectomy is used for some unilateral benign 
colloid nodules or goiters and for many indeterminate 
thyroid lesions; that is, when the fine needle aspirate dem
onstrates a possible follicular neoplasm or a follicular 
lesion of undetermined significance (FLUS) that requires 
operation ( see Part 5, Chapter 35) . 
Subtotal thyroidectomy is frequently used in the treat
ment of benign thyroid diseases such as nontoxic or toxic 
multinodular goiters, especially when the disease is bilat
eral and commonly in the treatment of Graves' disease, 
although near-total or total thyroidectomy may be more 
appropriate in some patients.  
The purpose of subtotal thyroidectomy is to reduce the 
incidence of postoperative complications of total thyroid
ectomy-permanent hypoparathyroidism and recurrent 
laryngeal nerve injury-and to leave functional thyroid 
tissue in the neck of some patients.  Although the rate of 
complications of total thyroidectomy is low in the hands 
of expert thyroid surgeons, most surgeons would agree 
and most studies have demonstrated a lower incidence of 
complications when subtotal thyroidectomy is performed. 
This section will briefly discuss the diagnosis and preop
erative assessment of patients with benign thyroid condi
tions and will illustrate the preoperative management and 
surgical technique when performing a subtotal thyroidec
tomy for Graves' disease. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• In order to differentiate these benign thyroid conditions, a 
careful history and physical examination are first necessary. 

• History: Of greatest importance is a previous history of low
dose (or high-dose) radiation to the neck, which is associated 
with an increased risk of thyroid cancer. Also important are 
the metabolic status of the patient and whether or not there 
are symptoms of respiratory impairment, pressure on the 
trachea, or difficulty swallowing from an enlarged thyroid 
or from thyroid nodules. 

Major symptoms of hypothyroidism 
Severe fatigue, weight gain, dry skin, irregular menstrual 
periods, constipation, depression, hair loss, brittle nails, 
feeling cold, slowness of speech, and puffiness. In its 
most severe form, hypothyroid coma may rarely occur. 

Major symptoms of hyperthyroidism (thyrotoxicosis) 
Weight loss despite a normal or an increased appetite, rapid 
or irregular heartbeat, nervousness, anxiety, irritability, 

tremor, sweating, changes in menstrual pattern, increased 
sensitivity to heat, more frequent bowel movements, fa
tigue, muscle weakness, difficulty sleeping, and fine brittle 
hair. In its most severe form, thyroid storm might occur. 

Respiratory and compressive changes and difficulty 
swallowing 

Nodules of the thyroid or an enlarged thyroid (goiter) 
may cause pain and tenderness in the neck as well as 
trouble breathing. As the thyroid enlarges, the trachea 
can be compressed and narrowed and eventually re
spiratory impairment may occur resulting in coughing, 
shortness of breath, and stridorous breathing. Rarely, an 
enlarged goiter can result in recurrent laryngeal nerve im
pairment with hoarseness. Pressure from a goiter or from 
thyroid nodules can also result in trouble swallowing. 

Physical findings 
The physician should assess the size of the thyroid gland 
and the size, consistency, number, and position of any 
thyroid nodules; whether or not the trachea is devi
ated; and if any enlarged and abnormal lymph nodes 
are present in the central or lateral neck. Finally, the 
physician should assess whether there are any signs of 
thyrotoxicosis in general or evidence of manifestations 
of Graves' disease such as exophthalmos, pretibial myx
edema, and a diffuse goiter with a bruit . 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Thyroid function tests 
Almost all patients with hypothyroidism have an elevated 
thyrotropin (TSH) level with low free thyroxine (FT4) and 
triiodothyroxine (T3 ) values. 
Almost all thyrotoxic patients have a suppressed TSH 
with elevated FT4 and T3 values. 

• Tests for autoimmunity 
In Hashimoto's disease and Graves'  disease, antibodies 
to thyroid peroxidase (anti-TPO antibodies) are found 
in up to 90% of patients, whereas antithyroglobulin 
(anti-TG) antibodies are found in approximately 50% . 
Elevated anti-TSH receptor antibodies (TSab) are also 
commonly detected in patients with Graves'  disease and 
these thyroid-stimulating immunoglobulins (TSI )  are the 
cause of the thyrotoxicosis of Graves'  disease. 

• Imaging and nuclear uptake scanning 
The thyroid uptake of radioiodine or technetium isotopes 
is usually increased in toxic multinodular goiter, toxic 
adenoma, and Graves' disease. 
Nuclear scans may help to differentiate each of these 
diseases. 

With toxic multinodular goiter, an enlarged thyroid 
gland is noted with one or more "hot "  areas usually 
among other "cold" areas. 
Toxic adenoma. A single hot area is clearly seen which 
corresponds to the thyroid nodule. The remaining thyroid 
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tissue is suppressed and barely visualized on the scan. 
Graves'  disease. Both lobes of the thyroid demonstrate 
increased uptake of isotope on the scan. 

Other imaging studies 
Ultrasound examinations are commonly used to evalu
ate the thyroid for nodules and to identify abnormal 
lymph nodes and have replaced a nuclear scan unless a 
hot nodule is suspected. 
Computerized tomography ( CT) scan and magnetic res
onance imaging (MRI)  exams are helpful to evaluate the 
presence or absence of tracheal compression; abnormal 
lymph nodes; or the presence, size, and anatomic loca
tion of a substernal goiter. These are often reserved for 
goiters that extend below the clavicle or if significant 
tracheal narrowing is of concern. 
The most important test to evaluate a thyroid nodule 
is a fine needle aspiration (FNA) with cytologic exami
nation. This exam should be used liberally. Usually, it 
is performed under ultrasound guidance in order to be 
certain that the nodule in question has correctly been 
sampled. 

DIFFERENTIAL DIAGNOSIS 

• A short list of common benign thyroid conditions: 
Thyroid abnormalities associated with normal thyroid 
function or hypothyroidism 

Single colloid nodule or cyst 
Single microfollicular or macrofollicular adenoma 
Multinodular goiter 
Hashimoto's thyroiditis 

Thyroid abnormalities associated with thyrotoxicosis 
Toxic adenoma 
Toxic multinodular goiter 
Graves'  disease 

Graves' disease is an autoimmune disease character
ized by a goiter, thyrotoxicosis, and exophthalmic eye 
disease. Less commonly, pretibial myxedema is also 
present .  It is closely related to Hashimoto's thyroid
itis, which usually presents with hypothyroidism. 
It was described first in the English language by Caleb 
Perry ( 1755-1822) but commonly bears the name of 
the Irish physician, Robert Graves. On the European 
continent, it is called Basedow's disease. 
As an autoimmune thyroid disease, it exhibits both 
antibodies and cell-mediated immunity directed to 
thyroid peroxidase (TPO) and thyroglobulin (TG) 
as well as stimulating antibodies against the TSH 
receptor (called TSab, but formerly called long-acting 
thyroid stimulator [LATS] ) .  Antibodies against eye 
muscle and fibroblasts are also found in the serum of 
same patients with severe Graves' ophthalmopathy. 
Incidence of Graves'  disease 

Found in women 5 to 8 times more commonly than 
m men 
Thirty cases per 108,000 population annually in 
Ohmstead County, Minnesota 
Increases in incidence during each decade from 
adolescence to 60 years of age 
Six percent of all Americans have autoimmune thy
roid disease. 

SURGICAL MANAGEMENT 

• A thyroidectomy is usually indicated for the following reasons: 
To treat thyroid malignancies and some benign thyroid 
nodules 
To establish a definitive diagnosis when diagnosis by FNA 
is equivocal, nondiagnostic, or indeterminate 
To alleviate pressure symptoms or respiratory difficulties 
associated with a malignant or a benign process 
To remove a substernal goiter 
To remove an unsightly goiter 
As definitive therapy for individuals with thyrotoxicosis
selected patients with hot nodules, toxic multinodular goi
ter, and Graves' disease 

• Preparation for surgery 
Most patients undergoing a thyroid operation are euthyroid 
and require no specific preoperative preparation related to 
their thyroid gland. Determination of serum calcium and 
parathyroid hormone (PTH) levels may be helpful. Endo
scopic or indirect laryngoscopy might be helpful for all pa
tients preoperatively but definitely should be done in those 
who are hoarse or who have had a change in voice and in 
others who have had a prior thyroid, parathyroid, carotid, 
lateral neck, anterior cervical disc, or chest operation in order 
to detect the possibility of a recurrent laryngeal nerve injury. 

• Hypothyroidism 
Modest hypothyroidism is of little concern when treating 
a surgical patient; however, severe hypothyroidism can 
be a significant risk factor. Severe hypothyroidism can be 
diagnosed clinically by myxedema as well as by slowness 
of affect, speech, and reflexes. Circulating thyroxine and 
triiodothyronine values are low. The serum TSH level is 
high in all cases of hypothyroidism that are not caused by 
pituitary insufficiency. In the presence of severe hypothy
roidism, both the morbidity and the mortality of surgery 
are increased as a result of the effects of both the anesthesia 
and the operation. Such patients have a higher incidence of 
perioperative hypotension, cardiovascular problems, gas
trointestinal hypomotility, prolonged anesthetic recovery, 
and neuropsychiatric disturbances. They metabolize drugs 
slowly and are very sensitive to all medications. Therefore, 
when severe myxedema is present,  it is preferable to defer 
elective surgery until a euthyroid state is achieved. 

• Hyperthyroidism 
Toxic multinodular goiter and a toxic adenoma are usu
ally treated to a euthyroid state with an antithyroid medi
cation such as methimazole (Tapazole ) or propylthiouracil 
(PTU),  and the possible use of a beta-adrenergic blocker 
such as propranolol. Radioiodine therapy may sometimes 
be used as definitive therapy. 
Operative therapy for a toxic multinodular goiter is usu
ally a subtotal or total thyroidectomy. For a toxic adenoma, 
enucleation of the nodule or a thyroid lobectomy is curative 
because a hot nodule is almost always benign. This can be 
confirmed preoperatively by FNA evaluation. Furthermore, 
because most of the thyroid tissue remains after enucle
ation, the majority of patients become euthyroid postopera
tively without the need for thyroid hormone replacement. 

• Treatment of patients with Graves'  disease 
In the United States, most patients with thyrotoxicosis 
have Graves'  disease. Furthermore, in the United States, 
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over 90% of all patients with Graves'  disease are treated 
with radioiodine therapy. 
Operative indications for Graves'  disease may include 
very young patients, others with very large goiters, some 
pregnant women, and those with suspicious thyroid nod
ules or severe ophthalmopathy. 
For greatest safety, patients with Graves'  disease should be 
treated preoperatively with PTU or methimazole and io
dine drops to restore a euthyroid state and to prevent thy
roid storm. Thyroid storm is the name for the most severe 
manifestations of thyrotoxicosis including a very rapid 
heart rate or cardiac arrhythmias, fever, disorientation, 
hypotension, coma, and even death. In the past,  mortal
ity of thyroid storm was very high, but now, with the use 
of beta-blockers, antithyroid medications, iodine, oxygen, 
glucose, possibly adrenocortical steroids, and intensive 
care measures, the death rate has been greatly reduced. 
Both anesthesia and operation on a poorly prepared thy
rotoxic patient are the leading precipitating factors for 
this event . Furthermore, operation on an unprepared 
Graves'  gland can be more difficult because severe bleed
ing may occur because the thyroid is often soft and very 
vascular. With proper preoperative preparation, however, 
operation on the thyroid gland in Graves'  disease can be 
performed safely. 

• Preparation of Graves'  patient for operation 
In mild cases of thyrotoxicosis with Graves'  disease, io
dine therapy alone has been used for preoperative prepa
ration, although we do not recommend this approach 
routinely. Lugol's solution or a saturated solution of po
tassium iodide (SSKI ) ,  two or three drops twice daily, is 
given for 8 to 10  days preoperatively. This medication is 
taken in milk or orange juice to make it more palatable. 
Iodine therapy suppresses thyroid hormone release only in 
Graves' disease and should not be given to patients with 
toxic nodular goiter or toxic adenoma. 
Most patients with Graves' disease are treated initially with 
antithyroid drugs, PTU or more commonly, methimazole 
(Tapazole) until they approach a euthyroid state. Then iodine 
is added to the regimen for 8 to 10 days before surgery. The 
iodine decreases the vascularity and increases the firmness 
of the gland. Sometimes, thyroxine is added to this regimen 
to prevent hypothyroidism and to decrease the size of the 
gland. Beta-adrenergic blockers such as propranolol (lnderal) 
are used commonly with the antithyroid drugs to decrease 
the pulse rate and eliminate the tremor. Other preoperative 
protocols using propranolol alone or with Lugol's solution 
are sometimes necessary, especially when allergic reactions to 
antithyroid medications have occurred. However, we do not 
use these routinely because they appear to be less safe. 

OPERATION Cu rrently, sma l l  i nc i s ions a re the ru le  u n less a l a rge go iter 
is  p resent. 

• Fo l lowing genera l  anesthesia,  the patient is p l aced in a • 
sup ine  posit ion with the neck extended .  A low co l l a r  inc i 
s ion is  made, usua l ly i n  a sk in  crease, and  carr ied down 
through the subcutaneous t issue and p l atysma m usc le .  

Super ior  and  i nfer ior subp latysma l  f l aps a re deve loped, 
and the strap musc les a re d iv ided vertica l ly i n  the m i d l i ne  
and  retracted l atera l ly. Often, a l a rge pyram ida l  lobe is  
present (FIG 1 , left) . 

Thyroid carti lage ---, Superior 
thyroid artery 

FIG 1 • Left: An en la rged thyroid g l and  of G raves' d isease is 
usua l ly q u ite vascu la r  and often exh ib its a large pyramida l  lobe.  
Right: The isthmus is mob i l ized from the anterior trachea us ing 
a r ight ang le  c lamp and the p lane between the thyroid and the 
cricothyroid m uscle is  carefu l ly  developed.  Then, the isthmus  is 
d ivided between c lamps or  by use of an  energy device. 
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• The thyroid isth mus  is c l amped and  d iv ided ear ly i n  
the cou rse of  operation fo r  most patients w i th  G raves' 
d isease (FIG 1 , right) .  Alternative ly, an energy device can 
be used to transect the isth mus .  

• The isthmus  on each s ide is then sharp ly d issected from 
the front of the trachea in order to improve mob i l ization 
of the g l and .  The isthmus on each s ide is  oversewn for he-

Superior thyroid 
artery and vein ------.. 

mostasis (FIG 2) .  The media l  s ide of the thyroid lobe to be Cricothyroid 
operated on fi rst is  then ca refu l ly  d issected in a superf ic ia l  musc:le ---------+.-
p lane toward the u pper pole, deve lop ing a p lane between 
the thyroid lobe and the cricothyro id m uscle.  Care is taken 
to preserve and not damage the externa l  branch of the Middle thyroid vein-----... 
super ior l a ryngeal  nerve and the cricothyro id m uscle.  

• The thyroid lobe to be operated on fi rst is mob i l ized by 
d iv id i ng  the a reo lar  t issue and  any s m a l l  vesse l s  a long  its 
l atera l su rface. 

• The upper  po le vesse ls a re then i n d iv idu a l ly l i gated 
a long  the front su rface of the upper  pole and not more 
cepha lad in the neck. The r ight a n g l e  is  kept " po int ing 
out latera l ly" to p revent damage to the externa l  branch 
of the super ior  l a ryngea l  nerve (FIG 2) .  This  nerve can 
often be visu a l ized if the a rea is  ca refu l ly eva l uated .  

• The thyroid lobe is then retracted media l ly  aga in  and 
the midd le  thyroid vein  is identified, l igated, and d ivided 
(FIG 3) .  This ve in  is usua l ly i n  a plane superfic ia l  to the i nfe
r ior thyroid a rtery and to the recu rrent la ryngeal nerve, but 
al l  structu res should be ca refu l ly eva luated before l igat ion.  

• The i nfer ior  thyroid a rtery, a branch of the thyrocervi
ca l  tru n k  which runs media l ly and enters the field deep 
to the ca rot id  a rtery, as  we l l  as  the recu rrent l a ryngea l  
nerve a re now ca refu l ly identif ied (FIG 4) .  Whenever 

External branch of 
superior laryngeal nerve 

Superior thyroid 
artery and vein 

FIG 2 • If the isthmus  was c l am ped, it is  oversewn by a 
runn i ng  hor izontal  mattress suture beh ind  the hemostat 
fo l l owed by a " baseba l l  stitc h "  for hemostas is .  The upper  
po le vesse l s  are i n d iv id u a l ly l igated on the a nter ior su rface 
of the upper  thyro id  po le and  d iv ided.  The poi nts of the r ight 
ang le shou ld  face away from the trachea and  ca re is  taken to 
identify the externa l  branch of the super ior  l a ryngea l  nerve 
when poss ib le  and  not to i nj u re it. 

FIG 3 • The thyroid lobe is  retracted med i a l ly and  ca re is 
taken to c lear ly identify the m idd le  thyroid ve i n  and  to l i gate 
and d iv ide it .  Be certa i n  that the ve i n  is  sepa rate from other 
structu res before d iv id ing  it i n  order to avo id  i nj u ry to the 
recu rrent l a ryngea l  nerve. 

External branch of 
superior laryngeal nerve 

Superior parathyroid 

Inferior thyroid artery 

Inferior parathyroid 

FIG 4 • With further  b l u nt d issect ion,  the i nfer ior  thyroid 
a rtery, which runs transversely towa rd the thyroid lobe, is  
identif ied and  the recu rrent nerve is  v isu a l ized.  The i nfer ior  
thyro id a rtery is  not l i gated as  a s ing le tru n k  but rather  
i n d iv id u a l  branches  of it a re l i gated a n d  d iv ided on the 
su rface of the lobe, and  the l ower pa rathyro id g land is  moved 
off the thyroid lobe with its b lood supp ly i ntact. 
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External branch of 
superior laryngeal nerve 

FIG S • The recu rrent l a ryngea l  nerve shou ld  be v i sua l ized 
and fo l l owed up toward the l i gament of Berry. The nerve 
shou ld  be treated gently and  tissues " u n roofed"  from its 
a nter ior su rface. C l amps a re then app l ied (or an energy 
device used) o n ly after the recu rrent l a ryngea l  nerve and  
pa rathyro ids a re seen  to be safe ly p reserved.  

• 

poss ib le, the infer ior thyroid a rtery is not l i gated as a 
s i ng le  tru n k  beca use th i s  m i g ht devascu la r ize the para
thyroid g l ands .  Rather, the sma l l  branches of the a rtery 
a re i n d iv idua l l y  l igated and  d iv ided a long  the su rface of 
the thyroid lobe.  The i nfer ior  parathyroid g l and,  which 
often is  present h igh a long  the lower thyro id lobe, is  mo
b i l ized with its b lood supp ly and  moved more poster ior ly 
and  latera l l y  off the thyroid lobe.  
The ca rot id a rtery is  now retracted latera l ly and  the recu r
rent l a ryngea l  nerve is  more ca refu l ly identif ied, usua l ly 
in the lower neck, and  fo l l owed in an i nferior to super ior  
d i rect ion by " u n roofi n g "  the t i ssues from the front of 
the nerve (FIG S) .  Remember that on the r ight s ide, the 
recu rrent l a ryngea l  nerve ta kes an  obl ique cou rse from 
l atera l to media l  and  from deep to su perfi c i a l .  On  the left 
s ide, the nerve usua l ly runs  stra ight  u pward and  is usua l ly 
fou n d  in the lower neck much more med i a l ly than  on the 
r ight s ide with i n  or  near  the tracheoesophagea l  g roove. 

• If a su btota l l obectomy is to be done, before any c l amps 
a re p laced on the thyroid lobe, the surgeon must be cer
ta i n  that the recu rrent nerve has been identif ied and  
fo l l owed i n  a cepha lad  d i rect ion to near  the l i ga ment 
of Berry and  that the nerve and  pa rathyro id g l ands  a re 
c lear ly  poster ior  and  away from the s ites to be c l a m ped.  
Then hemostats a re app l ied to the t i s sue a n d  most of the 
lobe is  resected (FIG S) .  The rem a i n i n g  sma l l  thyroid rem
nant is  oversewn for hemostas is .  Th i s  resect ion can a lso 
be accomp l ished by us ing  a n  energy device if one is  fa r 
enough from the nerve so the heat does not damage it. 
Do not perform a su btota l thyroid lobectomy without vi
sua l i z i ng  the recu rrent l a ryngea l  nerve, for th i s  is  unsafe. 

• At the end of the procedu re for G raves' d isease (FIG 6), 
a sma l l , we l l -vascu la rized remnant of thyroid tissue can 
be left on each s ide, a procedure ca l led b i l atera l su bto
tal lobectom ies. In other  i n stances, to ach ieve the same 

External branch of 
superior laryngeal nerve 

Bilateral Subtotal Lobectomies 

Recurrent 
laryngeal nerve 

"Dunhil l  Operation" 
FIG 6 • At the end of an  operation for G raves' d i sease, each recu rrent l a ryngea l  nerve has been 
identif ied and p reserved, and the pa rathyro id  g l ands  have been spared.  E ither s m a l l  thyroid remna nts 
a re left b i l atera l ly ( left) or a tota l l obectomy and contra latera l subtota l lobectomy (right) a re 
performed, often ca l led a " D u n h i l l  operat ion . "  
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resu lt, a lobectomy can be performed on one s ide with a 
su btota l  lobectomy on the other s ide, often ca l led a Dun
h i l l  operation from the Austra l i an  surgeon who popu lar-
ized th i s  techn ique .  Whichever operation is performed, it • 
is im portant to leave sma l l  thyro id  remna nts especia l ly i n  
young  patients i n  order t o  prevent a recu rrence o f  d is-
ease. When severe ophtha lmopathy is present, a tota l thy- • 
roidectomy may be most appropr iate and  many su rgeons 
recommend tota l  thyroidectomy instead of su btota l 
thyroidectomy more common ly for patients with g raves' 

d isease. However, a lways remem ber that G raves' d isease 
is  a ben ign d isorder and our aim is  to do an operation 
that does not cause a nerve i nj u ry or  hypoparathyro id i sm.  
M a ny su rgeons f ind  a recu rrent l a ryngea l  nerve mon itor 
to be he lpfu l ;  a lthough i n  cu rrent p ractice, its use is  not 
mandatory. 
F i na l ly, as stated, i nstead of sutu r ing  the thyroid, an  
energy device may be u sed .  H owever, be ca refu l when  
us ing  these i nstruments, espec ia l l y  near  the recu rrent la 
ryngea l  nerve for  the heat generated may damage i t .  

PEARLS AND PITFALLS 
Preoperative 
cons iderat ions 

Recurrent l a ryngea l  nerve 

Pa rathyro id  

Postoperative care 

• When operat ing  on the thyroid, some surgeons ra ise the head of the bed.  Although  this may seem 
attractive beca use it decreases venous  b leed i n g, it is  more dangerous beca use it i ncreases the 
cha nce of a n  air embo l ism if a major ve i n  i s  opened dur i ng  the d i ssect ion .  

• The operation for  G raves' d isease is  often more  d ifficu l t  than  for  co l lo id  nod u l a r  d isease because 
of an i ncrease i n  vascu la rity and "stickiness" i n  some cases. Treatment with iod ine  preoperatively 
has been shown to decrease the b lood f low to the thyro id .  

• Although  it may be best to check  the voca l cords p reoperative ly i n  a l l  patients, the su rgeon must 
be su re that both voca l cords a re moving  we l l  in any patient who has  had a p revious neck or chest 
operation or in others who a re hoarse. 

• Always v isua l l y  identify the recu rrent l a ryngea l  nerve, ca refu l l y  " u n roof" it, and gent ly fo l l ow its 
cou rse. Although  temporary nerve in ju r ies may occur  when this p ractice i s  fo l l owed, rarely w i l l  the 
i nj u ry be permanent .  

• Remem ber that non recu rrent recu rrent l a ryngea l  nerves may occ u r  especia l ly on the r ight s ide of 
the neck. Each is  associated with a vascu l a r  anoma ly. 

• Use of a recu rrent l a ryngea l  nerve mon itor may be he lpfu l  especia l ly in a reoperative thyro idec
tomy. However, th i s  tech n ique  has not been shown to red uce nerve in ju r ies and sometimes can be 
m is lead ing  to the casua l  user. 

• If the nerve mon itor demonstrates the loss of recu rrent l a ryngea l nerve funct ion on the fi rst s ide of 
the neck, one shou ld  strong ly cons ider h a lt i ng  the operat ion or l i m it ing  the contra l atera l resect ion 
i n  order to prevent the poss ib i l ity of a b i l atera l nerve i nj u ry if one p roceeds. 

• Ca refu l ly search for and try to save each parathyroid g l a n d  with a good blood supp ly. 
• Do not l i gate the i nfer ior thyroid a rtery as a s i ng le  t runk .  Rather, l igate sma l l  branches on the su r

face of the thyroid lobe in order to p reserve the de l icate b lood supp ly to the parathyroid g lands .  
• Autotra nsp lant  each pa rathyro id g l a n d  that looks devascu la r ized, if it does  not b leed we l l  on b i 

opsy o r  if it is  acc idently removed .  
• Observe patients ca refu l ly postoperative ly. De l ayed b leed ing  with a hematoma can occu r. 
• A postoperative neck hematoma is an emergency which req u i res rap id return to the operat ing  

room or  open ing  of  the wou n d  at the beds ide if resp i ratory sym ptoms a re present. 
• In the postoperative care of a patient with G raves' d i sease, one ca nnot re l i a b ly use the TSH va l ue  

a lone  to assess thyro id  funct ion,  fo r  the TSH  va l ue  may stay suppressed even for  weeks postopera
tively if the patient was sti l l  thyrotoxic  at the time of operatio n .  The FT4 is  usua l ly a better i nd ica
tor of funct ion i n  the ear ly postoperative cou rse. 

POSTOPERATIVE CARE • A serum calcium and PTH value is helpful. Some obtain a 
PTH in the recovery room; however, the authors generally 
wait until the morning of the first operative day to routinely 
obtain these results .  Patients with Graves'  disease may be 
more prone to manifesting hypocalcemia than others, partly 
due to bone hunger. 

• In the recovery room, the patient should be observed for 
difficulty breathing and for swelling of the neck, which 
might indicate postoperative bleeding or hematoma. Re
turn the patient to the operating room as an emergency if an 
expanding hematoma is recognized. Some surgeons advise 
endoscopic evaluation of the vocal cords in each patient;  
however, this should definitely be done if respiratory impair
ment is present .  

• Severe symptomatic hypocalcemia may require intravenous 
calcium therapy followed by oral calcium and vitamin D 
therapy. However, most patients are treated with oral cal
cium, which is given liberally and do very well . Thyroid 
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Table 1 :  Ablative Treatment of G raves' Disease with Thyrotoxicosis 

Method 

Su rgery 

Radio iod i ne  
5-1 0 mC i  

Dose or Extent of 
Surgery 

Subtota l excis ion of 
g l and  

Onset of 
Response 

I mmed iate 

Severa l weeks 
to months 

Complications 

Morta l ity < 1 %  
Permanent hypothyro id ism 20%-30% o r  g reate r '  
Recurrent hyperthyro id ism < 1 5%' 
Voca l cord paralysis approximately 1 %  
Hypoparathyro id i sm approximately 1 %  
Permanent hypothyro id ism, at least 50%-70%, 

often with de layed onset; mu lt ip le  treatments 
sometimes necessary i n  l a rge go iters 

Remarks 

Appl icab le i n  young patients, 
pregnant women, l a rge 
goiter, or nodu la r  g land 

Avoid i n  ch i l d ren or  preg
nant women 

'Depends on size of thyroid remnant which is left in neck. As more tissue is removed, the incidence of hypothyroidism is increased but recurrence rate is diminished. 

replacement is given to many patients soon after surgery un
less they are still thyrotoxic with a tachycardia. Although 
TSH is usually the best indicator of thyroid function, the 
FT4 is often a better indication in Graves'  patients postop
eratively because their TSH value may be suppressed for a 
considerable period of time. 

OUTCOMES 

• Although radioiodine therapy is the usual treatment, thyroid
ectomy is a very successful treatment for the thyrotoxicosis of 
Graves' disease in selected patients (Table 1 ) .  A major benefit 
is the rapid return to a euthyroid state, which is much quicker 
than following radioiodine therapy. It can be used in very 
young patients and during pregnancy if necessary. In each 
of these instances, radioiodine therapy is contraindicated. It 
removes the goiter and any thyroid nodules which are pres
ent . Finally, in patients with severe ophthalmopathy, many 
studies have shown improvement of eye changes or stabili
zation in others following thyroidectomy, whereas following 
radioiodine, the eye changes in some patients become worse. 

• Postoperative thyroid function is directly related to the size 
of the thyroid remnants which are left in the neck. The larger 
the size of the remnant thyroid, the greater the rate of recur
rence of thyrotoxicosis. Most patients and endocrinologists 
want a cure for the thyrotoxicosis and thus small thyroid 
remnants are preferable. In young patients, the chance of 
recurrence is greater and very small remnants should be 
used. In patients with severe ophthalmopathy, total thyroid
ectomy should be performed and may be most beneficial. Fi
nally, subtotal or near-total thyroidectomy results in a lower 

incidence of complications than total thyroidectomy in most 
surgeons' practice and thus remains the surgical procedure 
of choice, especially in young children. 

COMPLICATIONS 

• Thyroid storm 
• Postoperative hemorrhage (with respiratory distress ) 
• Injury to the external branch of the superior laryngeal nerve 
• Unilateral or bilateral recurrent laryngeal nerve injury 
• Temporary or permanent hypoparathyroidism 
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Chapter 3 9  Minimally Invasive 
Video-Assisted Thyroidectomy 
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t Paolo Miccoli Gabriele Ma terazzi 

DEFINITION 

• Minimally invasive video-assisted thyroidectomy (MIVAT) 
is an endoscopic procedure characterized by the use of exter
nal retraction, avoiding any gas inflation, in order to create 
an operative space in the neck. 

• This approach to the thyroid has been used at our Depart
ment of Surgery for the last 15 years on more than 3 ,500 
patients with results that can successfully rival those of stan
dard open surgery. 

• This is not an appropriate operation for any patient with 
thyroid disease; patients must be strictly selected. Only 1 0% 
to 30% of the cases 1 are appropriate for a MIVAT procedure. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• The inclusion criteria and the main contraindications are 
summarized in the following text. The most significant 
limit is represented by the size of both the nodule(s )  and/ 
or the gland as measured by means of an accurate ultraso
nographic study obtained preoperatively. In countries where 
goiter is endemic, the gland volume can be relevantly inde
pendent from the nodule volume, and this aspect might be 
responsible for the necessity of converting the procedure. 

• Ultrasonography can also be useful to exclude the presence 
of thyroiditis, which might make the dissection troublesome. 
In case ultrasonography only gives the suspicion of thyroid
itis, autoantibodies should be measured in the serum. If thy
roiditis is diagnosed preoperatively, this is a consideration to 
MIVAT. 

• One of the most controversial aspects regarding the appro
priateness of MIVAT is in the treatment of malignant thyroid 
disease. "Low-risk" papillary carcinoma constitutes an ideal 
indication for MIVAT/·3 but it is important to take into ac
count the possibility of lymph node involvement in the neck. 
Great caution should be taken when there is the possibility 
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POSITIONING OF THE PATIENT AND 

DRAPING 

• Patient is posit ioned in sup ine  posit ion without neck 
extens ion (FIG 1 ) .  Hyperextens ion must be avoided be
cause it wou l d  reduce the operative space. Convent iona l  
neck  preparation and  drap ing  is  obta ined .  The sk in  is  
protected by means of a ster i le  f i lm (Tegaderm®).  

of either metastatic lymph nodes or extracapsular invasion 
of the gland, both of which represent a contraindication to 
the minimally invasive endoscopic procedure . 

• Indications 
Multinodular goiter (thyroid volume less than 25 mL and 
nodules smaller than 3 em) 
Low-risk papillary carcinoma 
Graves' disease 
Microfollicular/Hiirthle cell adenoma 
RET gene mutation carriers ( familial medullary thyroid 
carcinoma) 

• Contraindications 
Absolute 

Previous neck surgery 
Acute thyroiditis 
Metastatic carcinoma (levels II to VI) 
Locally advanced carcinoma 
Sporadic medullary carcinoma 

Relative 
Previous neck irradiation 
Short neck in an obese patient 
Chronic thyroiditis 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients should undergo ( 1 )  neck ultrasound in order 
to evaluate thyroid gland total volume (this should be less 
than 25 mL) and diameter of nodule/s (these should be 
less than 3 em) ;  (2) fine needle aspiration cytology of sus
picious nodules; ( 3 )  blood tests in order to exclude thy
rotoxicosis and acute thyroiditis before surgery; (4) basal 
serum calcitonin dosage is strongly suggested in order to 
exclude medullary carcinoma, which is a contraindication 
to MIVAT; (5) routine preoperative laryngoscopy is strongly 
recommended in all patients in order to identify asymptom
atic vocal cord palsy. 

FIG 1 • Posit ion of the patient on the operative tab le :  Neck 
i s  not extended and sk in  i s  covered by ster i le  d ra pes. 

-
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POSITIONING OF THE SURGICAL TEAM 

• Operation is performed by fou r  su rgeons :  The fi rst 
su rgeon is  on the r ight s ide of the tab le, the fi rst assis
tant is  on the left s ide of the ta b le .  The second ass istant, 
who is  ho ld i ng  the retractors, i s  at the head of the tab le .  
The t h i rd assista nt, who is  ho ld ing the endoscope, is  on 
the l eft s ide of the ta b le .The scrub n u rse is  beh ind  the 
surgeon on the r ight s ide of the tab le  (FIG 2) .  

F IG 2 • Operat ing  room setup :  Tea m  
• T h e  su rgeon is  on t h e  r ight s i d e  o f  t h e  tab le .  
• The fi rst assistant is  on the left s ide of the tab le  (opposite 

the su rgeon) .  
• The second assista nt is  at the head of the tab le .  
• The th i rd assista nt is  on the left s ide of the tab le .  
• The sc rub  n u rse is  beh ind  the su rgeon on the r ight s ide  

of  the ta b le .  

INSTRUMENTATION 

• Forwa rd-ob l i que  te lescope 30 deg rees, d i ameter 5 mm,  
length  30 em; suct ion d i ssector w ith  cutoff ho le, with 
stylet, b l u nt, l ength 21 em; ear  forceps, very t h i n, ser
rated, work ing  length 1 2 . 5  em; convent iona l  t issue retrac
tor a rmy navy type; sma l l  tissue retractor, doub le-ended, 
length 1 2  em; c l ip app l ier  for vascu l a r  c l i ps; stra i g ht 
scissors, l ength 1 2 . 5  em, H a rmon ic  Sca l pe l  CS 1 4; e lectro
cautery (monopo la r) (FIG 3) .  

INCISION AND PREPARATION OF THE 

OPERATIVE SPACE 

• A 1 . 5-cm hor izonta l  sk in  i nc is ion is performed 2 em a bove 
the sterna l  notch in the centra l cervica l  a rea (FIG 4) .  Sub
cuta neous fat  and  p latysma a re ca refu l ly d i ssected so as 
to avo id any m i n i m u m  b leed i n g .  

• 

• 

2nd assistant 

3rd assistant 

Nurse 

Two s m a l l  retractors a re used to expose the m i d l i ne, 
which has to be i ncised for 2 to 3 em in an a bsol utely 
b lood less p l ane  (FIG 5) .  
The b l u nt d issect ion of  the thyroid l obe  from the strap 
musc les is performed through the sk in  i nc is ion by gent le 
retract ion a n d  us ing  t iny spatu las .  When the thyro id lobe 
is  a l m ost comp letely d i ssected from the stra p m uscles, 
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l a rger  and  deeper retractors (army navy type) can be i n 
serted and  they w i l l  m a i nta i n  the operative space du r i ng  
a l l  the endoscopic  part of  the p rocedure (FIG 6) .  

• Then, a 30-deg ree, 5-mm or 7-mm endoscope is i ntro
d uced through the skin inc i s ion :  From this moment on, 

FIG 4 • A 1 . 5-cm hor izontal  skin i nc is ion is  performed 
2 em above the sterna l  notch i n  the centra l cerv ica l  a rea .  

the p roced u re is  enti re ly endoscopic  unt i l  the extract ion 
of the lobe of the g l a n d .  Preparat ion of the thyrotra
chea l g roove is  comp leted under  endoscopic vision by 
us ing  s m a l l  (2 mm in d i ameter) i nstruments such as spat
u las, forceps, spat u la-sucker, and scissors. 

/ Smal l  retractor 

{ 

Thyroid 

Parathyroid gland 

Omohyoid muscle 

Sternocleidomastoid 

�h'-�lt---- Jugu lar vein 
Carotid artery 

Vagus nerve 

Recurrent 
laryngeal nerve 

FIG S • Two sma l l  retractors a re used to expose the m i d l i ne, which has  to be i ncised for 2 to 3 em 
on a n  absol utely b lood less p lane .  
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Large retractor � Skin� � 
Platysma ,� 

Thyroid 

Jugular vein 

Vagus nerve 

Recurrent 
laryngeal nerve 

Parathyroid g land Esophagus Vertebra 
FIG 6 • Access to the operative space du r i ng  M IVAT: when the thyro id  lobe is  a l most comp letely 
d i ssected from the strap musc les, l a rger  and deeper retractors (army navy type) can be i nserted 
and they w i l l  m a i nta i n  the operative space d u ri ng  a l l  the endoscop ic  part of the proced u re .  

SECTION OF THE MAIN THYROID VESSELS 

• The fi rst vesse l to be l i gated is the m idd le  ve in ,  when • 
present, or the s m a l l  ve i n s  between j u g u l a r  ve i n  and  thy-
roid capsu le .  This step a l l ows a better preparation of the 
thyrotrachea l  g roove where the recu rrent nerve w i l l  be 
l ater sea rched .  

• D u r i n g  th i s  step, the  endoscope has  to be he ld  i ns ide  
the camera w ith  the 30-deg ree t i p  look ing  downwa rd 

Upper pedicle 

Carotid artery 
Camera 

a n d  in an o rthogona l  axis  with the thyroid lobe a n d  
trachea .  
A further  step i s  represented by the exposure of the 
upper  pedic le, wh ich m ust be ca refu l l y  p repa red, unt i l  
a n  opti m a l  v i sua l izat ion of the d ifferent branches i s  
ach ieved .  Dur i ng  th i s  step, the endoscope shou ld  be 
rotated to 1 80 degrees with the 30-deg ree tip look ing 
u pward (FIG 7) a n d  he ld  i n  a para l l e l  d i rect ion with the 

FIG 7 • U pper po le  sect ion :  Dur ing th i s  step, the endoscope 
shou ld  be rotated to 1 80 deg rees with the 30-deg ree t i p  
l ook ing  u pward and  he ld  i n  a para l l e l  d i rect ion w i th  the  
thyro id  lobe and  trachea i n  o rder  to better v i sua l ize the 
u pper port ion of the operative space where the super ior  
thyro id  ve i n  and  a rtery a re r u n n i n g .  

1689 



1690 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

Spatula 

Spatula 

Carotid artery 

Upper pedicle 

External branch of 
superior laryngeal 

nerve 

thyroid lobe and  trachea in order to better v i sua l ize the 
u p per  port ion of the operative space where the super ior  
thyroid vein a n d  a rtery a re r u n n i n g .  

• The upper  ped ic le is then p repared by retract ing  down
ward and  med i a l ly the thyro id  lobe by means  of the 
retractor and  the spatu l a .  A further  spatu la  can be used 
to p u l l  the vesse l s  latera l ly. This w i l l  a l low the externa l  
branch  of the super ior  l a ryngea l nerve to be eas i l y  iden
t i f ied dur ing most p roced u res (FIG 8) .  I t s  i nj u ry can be 
avoided by keep ing  the i nactive b lade of Harmon ic® in 
the poster ior  position so as to not transm it the heat to 
th i s  de l icate structure. At th i s  po int  in t ime, sect ion of 
the upper  pedic le  ca n be obta ined by harmon ic  sca l pe l  
en  b loc or  se lective ly, depend ing  on the d iameter of the 
s ing le vesse ls  and/or the a natomic  s ituat ion (FIG 9) .  

INFERIOR LARYNGEAL NERVE AND 

PARATHYROID GL ANDS IDENTIFICATION 

AND DISSECTION 

• After retract i n g  med i a l ly a n d  l i ft i n g  u p  the  thyro id  
l o be, the  fasc ia can  be opened by a gent le  spatu l a  
retract i o n .  D u r i n g  t h i s  step, the  e n d oscope s h o u l d  b e  
repos it ioned i n  a n  o rthog o n a l  a x i s  w i t h  the  thyro id  
lobe  and trachea,  look ing downward with its 30-deg ree 
a n g l e  (FIG 1 0) .  The recu rrent l a ryngea l  n e rve a p pears 
genera l ly at t h i s  po int  i n  t i m e, l y i ng  i n  the  thyrotra
cheal  g roove, poste r io r  to the  Zuckerka n d l  tu bercu l u m  
(poste r io r  l o be), w h i c h  i s  a n  i m porta nt  l a n d m a r k  i n  t h i s  
step .  Th i s  way, the  recu rrent n e rve a n d  the  pa rathy
roid g l a nds  a re d i ssected and freed from the  thyro i d  
(FIG 1 1 A,B) .  

F IG  8 • I dentif icat ion o f  t h e  externa l  branch o f  the 
super ior  l a ryngea l nerve: The vesse ls  ( r ight s ide) a re 
prepared by retract ing  downwa rd and  med i a l ly the thyroid 
lobe by means of the retractor and the spatu l a .  A fu rther  
spatu la  can be used to pu l l  the vesse l s  l atera l ly. Th i s  w i l l  
a l l ow the externa l  branch o f  the super ior  l a ryngea l  nerve 
(SLN) to be eas i ly  identif ied d u ri ng  most p roced u res. 

FIG 9 • Sect ion of the upper ped ic le ( left s ide) by h a rmon ic  
sca lpe l .  The inactive b lade m ust be on the l a rynx i n  order  to  
avo id  any i nj u ry on  l a ryngea l  musc les and  super ior  l a ryngea l 
nerve. 

• 

• 

Dissect ion of the entire nerve from the mediasti n u m  to 
its entrance i nto the l a rynx is not mandatory and  m i g ht 
resu l t  in a t ime waste du r i ng  the endoscopic  phase.  It is  
correct and  very safe to identify the l a ryngea l nerve, to 
free it from the thyroid capsu le  as m uch as poss ib le, but 
it is  im portant to stress that the comp lete d issect ion of 
the nerve can be more eas i ly  obta i ned d u r i ng  the sub
seq uent step, under  d i rect v i s ion ,  when the thyro id  lobe 
has  a l ready been extracted .  
Both parathyroid g lands  a re genera l ly eas i ly  v isua l 
ized du r i ng  the endoscopic step; thanks to  the camera 
magn ificat ion .  The i r  vascu l a r  supp ly is p reserved by 
selective d iv is ion of the branches of the i nfer ior  thyroid 
a rtery. Dur i ng  d issect ion,  when dea l i n g  with l a rge ves
sels or  sma l l  vesse ls close to the nerve, hemostas is  ca n be 
ach ieved by 3-mm tita n i u m  vascu l a r  c l i ps .  



A 

C h a p t e r  39 M I N I MALLY I NVASIVE VIDEO-ASSISTED THYROI DECTOMY 

Parathyroid gland 

B 

FIG 1 0  • I nfer ior l a ryngea l nerve and  parathyro ids  
d i ssect ion :  Dur i ng  th i s  step, the endoscope shou ld  be 
reposit ioned i n  a n  o rthogona l  axis with the thyroid lobe 
and  trachea, look ing downward with i ts  30-deg ree ang le .  

Inferior laryngeal nerve Parathyroid g land 
FIG 11 • A. Endoscopic  v is ion :  d i ssect ion of the i nfer ior  l a ryngea l  nerve. The recu rrent l a ryngea l nerve (n) appears lying in the 
thyrotrachea l  g roove. Pa rathyro id  g l a n d  is  a lso we l l  v is i b le  (p) .  B. I l l ustrat ion of th i s  step .  

EXTRACTION OF THE LOBE AND RESECTION 

• At this point in t ime, the lobe is completely freed. The en
doscope and the retractors can be removed and the upper 
portion of the gland rotated and pu l led out us ing conven
t ional  forceps. A gentle traction over the lobe a l lows the 
complete exteriorization of the g land (FIG 12) .  The opera
tion is now conducted as an  open surgery under d i rect vi
sion. The lobe is freed from the trachea by l igating the sma l l  
vessels and d issect ing the Berry l igament. It is very impor
tant to check once aga in  the l a ryngeal nerve at this point in  
t ime, so to avo id its inj u ry before the f ina l  step.  The isthmus 
is then d issected from the trachea and d ivided. After com
pletely exposing the trachea, the lobe is fi na l ly removed.  

FIG 12 • Thyroid lobe extract ion .  A gent le tract ion over the 
lobe a l l ows the comp lete exter ior izat ion of the g l a n d .  
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CL OSURE 

• Dra inage is not necessa ry. The m i d l i n e  is then approached 
by a s i ng le  st itch; p latysma is  c losed by a su bcutic u l a r  
suture and  a cya noacry late sea lant  is  used f o r  the s k i n  
(FIGS 1 3  and  14) .  

F IG 1 3  • Sk in  is  rea pproximated and  c losed by  means  of  g l u e .  F IG  14 e M IVAT: f i na l  resu lt .  

PEARLS AND PITFALLS 
I nd ications • Perform preoperative u ltrasound  i n  order to eva l u ate thyroid vo l u m e  (l ess than 25  m l) 

and  nod u l e  d iameter ( less than  3 em) .  
• Exc lude  thyrotoxicosis a n d  acute thyro id it is 
• Exc lude  loca l ly adva nced o r  metastatic carci noma 

I nc is ion • Create a centra l cervica l  inc i s ion two fi ngers above the sterna l  notch i n  order to eas i ly  
a l low for eventua l convers ion to cervicotomy. 

• Use a t h i n  fi l m  of ster i le  d rape on the e lectroca utery b l ade, leavi ng ju st the t ip  ab le  to 
coa g u l ate, in order to avo id damage to the sk in  or the su perfic ia l  p l anes .  

• Avo id any b leed ing  from the a nter ior j u g u l a r  ve ins .  
Sect ion of upper  ped ic le  • The correct pos it ion of the retractors (both the fi rst one on the strap musc les and  the 

second  one on the u p per  part of the thyroid lobe) is  very im portant dur ing th i s  step, in  
order to obta i n  the best visu a l i zat ion of the vesse l s .  

• The endoscope shou ld be rotated 1 80 degrees with the 30-deg ree t ip  look ing u pward.  
Recurrent l a ryngea l  nerve d issect ion • Avoid e lectrocautery (b ipo lar  or  monopo lar) unt i l  both l a ryngea l  nerves have been 

exposed .  The Ha rmon ic® device is  used for a l m ost a l l  the vascu l a r  structu res; but if the 
vesse l is  r u n n i n g  part icu l a r ly c lose to the i nfer ior  l a ryngea l  nerve, then hemostas is  is  
ach ieved by means  of sma l l  vascu l a r  c l i ps .  

C losure • C lose the m i d l i n e  with one s i ng le  stitch, leaving some space in between  the strap m uscles, 
a l lowing q u ick b lood evacuat ion in case of com p ressive hematoma.  

POSTOPERATIVE CARE 

• After surgery, patients undergoing MIVAT require strict 
observation during the first 5 to 10 hours on the ward. 
Dysphonia, airway obstruction, and neck swelling must be 
carefully checked. No drain is left, so careful surveillance for 
postoperative hematomas is required during the immediate 
postoperative period. Postoperative bleeding risk is very low 
and dramatically decreases after 5 hours. 

• In case of postoperative hematoma, if compressive symp
toms and airway obstruction are present, reintervention and 
immediate hematoma evacuation is required. 

• Patients can start oral intake on the evening of the operative 
day and will be discharged the day after. On the first and 
second postoperative days, serum calcium must be checked 
in order to control hypoparathyroidism by substitutive ther
apy, as described in Table 1 .  

• Wound care is not really necessary after MIVAT because of 
the glue covering the skin, and postoperative pain will be con
trolled by means of both intravenous (IV) or oral analgesics. 

• Voice impairments and subjective or objective dysphonia 
requires an immediate postoperative vocal cord check by an 
otolaryngologist. In the case of a normal postoperative course, 
a vocal cord check can be delayed until after 3 months. 
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Table 1 :  Management of Postoperative 
Hypoca lcemia 

Management of Hypocalcemia fol lowing 
Thyroidectomy on the First Postoperative Day 

Acute symptomatic 
Asymptomatic ca lc i um -s 7 . 5  mg/dl' 

Asymptomatic ca lc ium 7 . 5-7.9 mg/d l 

'Normal range: 8 to 10 mgldL. 

COMPLICATIONS 

Ca lc ium g l uconate IV 
Ca lc i um (3 g) + vitam i n  D 

(0 . 5  fL9) per os da i l y  
Ca lc i um ( 1 . 5  g )  per os da i l y  

• Transient hypoparathyroidism and definitive hypoparathy
roidism 

• Transient monolateral inferior laryngeal nerve palsy and 
definitive monolateral inferior laryngeal nerve palsy 

• Transient bilateral inferior laryngeal nerve palsy and defini
tive bilateral inferior laryngeal nerve palsy 

• Hematoma (subcutaneous-conservative treatment; below 
strap muscles-reoperation) 

Seroma 
Wound infection 
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DEFINITION 

• Most thyroid cancer develops from the follicular cells of the 
thyroid gland (differentiated thyroid cancer includes papil
lary and follicular subtypes ) .  

• Rare thyroid cancers develop from the C cells of  the thyroid 
gland (medullary thyroid cancer) .  

• Thyroid cancer o f  any subtype can b e  associated with lymph 
node metastases in the neck. 

• Clinical circumstances can indicate the need for cervical 
lymphadenectomy either as a therapeutic intervention for 
known metastases or as a prophylactic procedure for the di
agnosis or therapy of occult metastases. 

• The lymph node compartments of the neck are divided into 
" levels" to allow communication of the affected and dis
sected areas ( FIG 1 ) .  

Level 6 i s  also known as the central neck and includes the 
lymph nodes medial to the carotid sheath on each side and 
bounded by the hyoid bone superiorly and the sternum 
inferiorly. 
Levels 1 through 5 are also known as the lateral neck and 
include all of the node compartments lateral to the carotid 
sheath on each side. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Thyroid cancer lymph node metastases can be palpable 
or, more often, nonpalpable but identifiable by imaging. 
Very small foci of thyroid cancer in lymph nodes may only 
be evident at microscopic pathology examination. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Patients with thyroid cancer should each have a staging 
ultrasound examination prior to operation. 1 This allows 
mapping of the lymph node status of each compartment in 
the neck (FIG 2 ) .  

• The level 6 lymph nodes are the most difficult t o  evaluate by 
ultrasound when the thyroid gland is still present, as these 
structures are in the same compartment. 

• Patients with large tumors or gross adenopathy may be 
best studied by computed tomography ( CT) scan with 
contrast or magnetic resonance scanning, as these mo
dalities allow better examination of the areas low in the 
neck that may be obscured by gross disease on ultrasound 
( FIG 3 ) .  

SURGICAL MANAGEMENT 

• Dissection of the level 6 lymph nodes is generally performed 
in conjunction with total thyroidectomy. 

• The level 6 lymph nodes are removed by clearing the soft tis
sue that surrounds the thyroid gland. No additional incision 
or mobilization is necessary. 

• Clearing these level 6 nodes involves additional manipula
tion of the soft tissue and vascular supply that surrounds 
the parathyroid glands. With these glands at additional 
risk of being damaged during operation, the performance 
of parathyroid autograft is particularly important to avoid 
permanent hypoparathyroidism2 (FIG 4) .  

Submandibular 
gland 

:lllllr.�""'l� .. c..-- Anterior digastric 
muscle 

�?=:��_::�- Hyoid bone 

1 694 

Jugu lar vein --\::ll:::::::t:: 
Sternocleidomastoid 

muscle ---..+-•� 
Spinal accessory 

nerve 

1-411'4'---r-f---- Carotid artery 
!....11---- Cricoid carti lage 

FIG 1 • Lym p h  node leve l s  in the neck. 

-
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FIG 2 • U ltrasound  demonstrat ion of metastatic lym ph nodes in thyroid cancer. Panel A shows a transverse view (arrow), a n d  panel B 
shows the long itud i n a l  view (arrow). 

''"-tr--+- Sternocleidomastoid 
muscle 

c 

FIG 3 • CT sca n of recu rrent noda l  d isease in the l atera l neck 
i m p i n g i n g  upon the centra l com partment (arrow).  CT is  usefu l 
in th i s  i nstance as u ltrasound  ca nnot comp letely defi ne the 
a natomy. 

D 

Parathyroid 
fragment 

FIG 4 • Schematic of parathyroid 
autograft. If a parathyroid gland has 
been devascularized during d issection, 
then the best management is parathyroid 
autograft. A. Parathyroid g lands can 
be g rafted i nto any muscle; common 
choices inc lude the neck muscles for 
normal g lands and the brachioradia l is 
muscle for abnormal g lands. B. The 
g land should be minced into sma l l  p ieces 
( 1 - to 2-mm in each d imension). C.D. The 
fragments are placed into ind ividua l  
muscle pockets. The pockets are secured 
with a stitch .  The g rafts typica l ly requ i re 
1 0  to 1 2  weeks before measurable 
function. 
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Preoperative Planning 

• Review of the preoperative ultrasound findings is critical to 
the proper inclusion of all suspicious lymph nodes. 

• Especially in reoperations, ultrasound in the operating room 
after the induction of anesthesia and positioning can be 
helpful to localize small lymph nodes. 

• A nerve stimulating and monitoring system can be helpful 
and is commonly used to identify and to test function of 
motor nerves during dissection. Testing of the vagus nerve 
is probably best accomplished by using a specialized nerve 
stimulator that includes electromyography (EMG) monitor
ing pads on the endotracheal tube to detect vocalis muscle 
contraction. Testing of motor nerves for which the enervated 
muscle is visible can be done with a simple nerve stimulator. 

Positioning 

.t I 

• The patient should be supine and the head may be raised above 
the heart to decrease venous congestion in the neck (FIG S) .  

• Airway management i s  of  particular concern. Preoperative an
esthesiology consultation should alleviate positioning concerns 
while ensuring proper airway safety during the procedure. 

FIG 5 • Position of the neck should emphasize extension, 
but support .  Overextension of the neck or lack of support for 
the head and neck can cause avoidable posterior neck stiffness 
postoperative ly. 

• A towel roll or thyroid air pillow can be placed beneath the 
shoulder blades to facilitate neck extension. 

• Arms should be tucked. 

INCISION 

• If a thyro idectomy is performed d u r i n g  the  same 
a n esthetic,  the  i n c i s i on  i s  extended l atera l l y  towa rd 
the poste r io r  a spect of the neck; i f  not, then the d i ssec
tion can g e n e ra l ly be com p l eted t h ro u g h  a t ransverse 

RAISING SKIN AND PLATYSMA 

MUSCLE FLAPS 

• F l aps a re made super ior ly, i nfer ior ly, and  poster ior ly 
(FIG 6) .  The f laps  should be i n  a p lane su perfic i a l  to the 
externa l  j u g u l a r  ve i n  and  shou ld  extend broa d ly over 
the compartments to be d i ssected .  The fac i a l  ve i n  can be 
d iv ided and retracted super ior ly. This has some benefit 
to retract and protect the m a rg i n a l  mand ibu l a r  branch 
of the facia l  nerve. Erb 's point can be identif ied as the 
a rea where the g reater a u r i cu l a r  nerve comes around the 
poster ior  edge of the sternoc le idomasto id  (SCM) m usc le .  
Th i s  site is  im portant to identify i n  order to p rotect the 
su perfic ia l  sensory nerves that converge at that s ite. 

FIG 6 • The subp latysma l  f laps shou ld  be generous  to avo id 
strugg l i ng  at the margins of d i ssect ion later i n  the case.  

i nc i s ion  at the  leve l  of the  l ower edge of the  cr i co id  
ca rt i l a g e  from the  edge of the  trachea to the  a nter ior  
border  of the  t rapez iu s  m usc le .  The g o a l  i s  to p rov ide 
exposure of the  a ntero l atera l neck and poste r io r  
t r ia n g l es .  

Facial vein 

Parotid 
g land 

Omohyoid 
muscle ---'----' 

Strap 
muscle ------'-� 
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MOBILIZING THE 

STERNOCLEIDOMASTOID MUSCLE Sternocleidomastoid 
muscle 

• The fascia over the m idd le  of the SCM m uscle is i nc ised 
long itu d i n a l ly with ca refu l preservat ion of the g reater 
a u r i cu l a r  nerve. 

• The fascia is then str i pped from the m uscle over a broad 
a rea, unwrapp ing  the m usc le  and  fo l l owing the fasc ia l  
p l ane  around the front  edge of the m uscle to i t s  deep 
su rface. The p lane  i s  conti n ued deep to the m uscle back 
to i t s  poster ior  edge .  

• The sensory nerves at E rb's po int  (g reater a u r i cu l a r, lesser 
occ ip ita l ,  transverse cervica l ,  and su praclavi cu la r) a re a l l  
preserved .  

• The SCM m uscle is enc i rc led with a Pen rose d ra i n  for 
tract ion to provide exposu re (FIG 7) .  

• The omohyo id m uscle is d iv ided to i m p rove exposu re of 
the u nder ly ing noda l  packet. 

FIG 7 • Once the SCM m usc le has been mob i l ized, the fascia 
over the node packet can be inc i sed l atera l ly. This w i l l  a l low 
separat ion of the fatty soft t issue from the a nter ior edge of 
the trapez ius  m usc le .  G reat care is  needed to identify the 
sp ina l  accessory nerve without i nj u ry. 

DISSECTION OF SOFT TISSUE SPECIMEN 

• Dissect ion of the noda l  packet can be i n itiated in a num- • 
ber of p laces (FIG 8) .  The poster ior  tr iang le  is a common 
choice.  The su perfic i a l  fascia a long  the a nter ior edge of 
the trapez ius  m uscle is  ca refu l l y  i n c ised a long the m uscle 
edge to avo id  i nadvertent d iv is ion of the sp ina l  accessory 
motor nerve. • 

• The noda l  packet attachments to the trapez ius  a re taken 
down i n it i a l l y  with b l u nt d i ssect ion,  espec ia l l y  pr ior  to 
identif icat ion of the sp ina l  accessory nerve. U n less there 
is d i rect i nvolvement of the nerve by tumor, the nerve 
shou ld  be p reserved .  

• The spec imen is d i ssected from l atera l to med ia l  with 
attent ion to the under ly ing structu res. 

• 

• The suprac lavicu l a r  sensory nerves fa n out from 
Erb's point and d iv ide the level 5 spec imen i nto 
su perfi c ia l  and deep components. Remova l of a l l  
nodes with preservat ion o f  t h e  major branches of 
these nerves requ i res recogn it ion of th i s  and  ca refu l 
d i ssect ion .  

( level 4)  of  the jugu lar  cha in ,  removi ng  these nodes  en 
b loc with the poster ior  tr ia ng l e  speci men .  
The  jugu la r  ve in  is  genera l ly p reserved u n less there 
is i nvolvement of the ve i n  by d i rect i nvas ion or tumor  
thrombus .  If the ve i n  ca n n ot be preserved, it is  inc l uded 
i n  the speci men .  There is  no morb id ity of i n c l ud ing  th i s  in  
a u n i l atera l d issect ion .  
The spec imen is  removed en b loc, marked, and  p repa red 
for patho log ic  exa m i nat ion .  

Submandibular 
gland Facial vein 

Once the d issect ion reaches the a rea deep to the SCM 
m uscle, the j u g u l a r  nodes ( levels 2 to 4) a re d i ssected 
e ither starti ng from the top ( level 2) o r  the bottom Anterior bel ly of 

digastric muscle 

FIG 8 • The d i ssect ion p rogresses with mob i l ization of the 
soft tissues away from the j u g u l a r  ve i n  (SCM not shown).  

Hyoid stump of 
omohyoid muscle 

1697 
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INSPECTION AND CL OSURE 

• Once the spec imen has  been removed, the f ie ld is  
ca refu l l y  inspected for resid u a l  soft t issue that can be 
removed (FIG 9) .  Nerves a re tested for confi rmation 
of funct ion fi nd ings  and  hemostas is  is  ensured .  Specia l  
i nspect ion a t  t h e  base o f  t h e  j u g u l a r  ve in  s h o u l d  ensure 
that there is no evidence of chyle leak .  

Parotid g land 
Facial artery 

• 

• A s m a l l  d ra in  is often p laced to remove serum or  
chyle that cou l d  accu m u l ate. If the operat ion has 
been stra ig htforward and  the d isease bu rden low, 
then th i s  may be om itted .  

The wound is  c losed i n  two l ayers, the p latysma m usc le 
l ayer with i nterru pted a bsorba b le  suture and  the skin 
by whatever cosmetica l l y  advantageous method the 
su rgeon chooses. 

Marg inal mandibular 
branch of facial Lingular nerve 

Greater auricular 
nerve branches 

Digastric 
muscle 

Stylohyoid 
muscle 

Mylohyoid 
muscle 

Hyoid bone 
Superior 

thyroid vein 
Superior 

thyroid 
artery 

Common 
carotid 

artery Vagus 
nerve 

Lingular artery 
Stylohyoid muscle 

Digastric muscle 

Omohyoid 
muscle 

Sternocleidomastoid 
muscle 

Internal 
jugular vein 

FIG 9 • Anatomy of the neck after the 
node-bear ing  soft t i ssues have been removed.  

PEARLS AND PITFALLS 
I nd ications 
Rais ing of f laps 

Mob i l iz i ng  SCM m uscle 
D i ssect ing  spec imen 
Ensur ing  hemostas is  

Avo id ing  chyle leak 

• Prophylactic l atera l neck d i ssect ion i s  not genera l ly i nd icated for thyro id  cancer. 
• The f laps p l ane  must be accu rate ly p laced deep to p l atysma and  su perfic ia l  to externa l  

jugu la r  vesse ls .  
• Avoid i nj u ry to the sensory nerves at E rb's point .  
• I dentify the sp ina l  accessory nerve ear ly to avo id i n ju ry. 
• S m a l l  venous  branches in the soft t issue deep to the c lav ic le, at the i nfer ior  marg in  of the 

d issect ion,  can cause bothersome b leed i n g .  
• P a y  ca refu l attent ion to c lea r f l u id  we l l i n g  u p  n e a r  t h e  i nfer ior-most vis ib le  port ion o f  the 

j u g u l a r  ve in ,  on e ither s ide but espec ia l ly the left. 
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POSTOPERATIVE CARE 

• Drains should be inspected for lymphatic leak and patients 
instructed on drain care. 

• Drains should be removed once output decreases to 30 mL 
or less per day. 

OUTCOMES 

• Functional outcomes are excellent if nerves are preserved. 
• A minority of patients requires physical therapy to regain 

full range of shoulder motion. 

COMPLICATIONS 

• Nerve injury: spinal accessory nerve; vagus or recurrent 
laryngeal nerve injury (if central neck dissection is included 
in the procedure) ;  brachial plexus 

• Vascular injury: internal j ugular vein; carotid artery 
causing neck hematoma, which can progress to airway 
compromise 

• Thoracic duct injury leading to lymphatic leak, possibly 
requiring operative intervention for thoracic duct ligation 

• Regional disease recurrence 
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Chapter 41 Open Neck Exploration for 
Primary Hyperparathyroidism 
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Christopher R. McHenry 

DEFINITION 

• An open neck exploration for hyperparathyroidism (HPT) 
is defined as exposure of an abnormal parathyroid gland 
or glands using standard operative techniques through 
a single incision without endoscopic or videoscopic as
sistance. This includes bilateral neck exploration for pa
tients with multiglandular disease and unilateral focused 
parathyroidectomy with intraoperative parathyroid hor
mone (PTH) monitoring for a single adenoma localized 
preoperatively. 

DIFFERENTIAL DIAGNOSIS 

• Primary HPT and malignancy account for 80% of all causes 
of hypercalcemia. 

• Primary HPT accounts for 50% to 60% of all cases of hyper
calcemia diagnosed in an ambulatory setting and approxi
mately 30% of cases diagnosed in a hospital setting. 

• There are many less common causes for hypercalcemia 
(Table 1 ) .  

• I n  patients with primary HPT, 85% to 90% will have a sin
gle adenoma, 5% to 10% hyperplasia, 3% to 4% double 
adenoma, and less than 1% carcinoma. 

Table 1 :  Causes of Hyperca lcemia 

Hyperparathyroidism 
Pr imary and tertia ry 

Mal ignancy 
Osteolytic bone metastases 
Tumor production of PTH-re l ated polypeptide 
Squamous ce l l  carcinoma of the l ung  
Rena l  ce l l  carcinoma 
B ladder cancer 
Hematologic ma l i gnancies 
Leukem ia  
Lymphoma 
M u lt ip le myeloma 

Granulomatous d isease 
Tubercu los is 
Sa rcoidosis 
Fungal i nfect ion 

Medications 
Ca lc ium 
Vitam i n  A o r  D i ntoxication 
Lith i um  
Thiazides 
M i l k-a lka l i  syndrome 

Miscel laneous 
Hyperthyro id i sm 
Paget's disease 
Immob i l ization 
Fam i l i a l  hypoca l c i u ric hyperca lcemia 

PTH, parathyroid hormone. 

1 700 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Primary HPT occurs in 1 out of every 500 women and 1 out 
of every 2,000 men. It most commonly occurs in women 
between the ages of 50 and 60 years. 

• Most patients with primary HPT are diagnosed as a result 
of the incidental hypercalcemia detected on blood work that 
is obtained for an unrelated medical problem. Patients often 
have nonspecific symptoms such as fatigue, weakness, con
stipation, and depression. 

• Patients with primary HPT may present with plethora of 
clinical manifestations (Table 2 ) .  Nephrolithiasis is the most 
common metabolic complication of primary HPT occurring 
in 15% to 20% of patients; however, only 2% to 5% of 
patients with kidney stones have primary HPT. 

• Approximately 3% of patients may present with hyperpara
thyroid crisis manifested by severe hypercalcemia (serum 
calcium > 14 mgldL), nausea, vomiting, dehydration, and 
central nervous system dysfunction including coma. 1 

• Primary HPT is associated with a higher risk of cardiovas
cular disease and mortality that decreases after parathy
roidectomy.z 

• A prior history of head or neck radiation in childhood, 
radioiodine treatment, and long-term lithium therapy are 
associated with a greater prevalence of primary HPT. 

• In 5% of patients, primary HPT is an inherited syndrome, 
underscoring the importance of obtaining a thorough family 
history. Familial HPT is inherited as an autosomal dominant 

Table 2: C l i n ical Manifestation of Primary 
Hyperparathyroidism 

Renal 
Nephro l ith ias is 
Nephroca lc inos is 
Po lyur ia 
Rena l  i nsuff ic iency 

Skeleta l 
Genera l ized bone or jo int pa in  
Osteopen ia 
Osteoporosis 
Gout 
Pseudogout 
Patho log ic bone fracture 
Osteitis fibrosa cystica 

Gastrointestinal 
Constipation 
Peptic u lcer d isease 
Pancreatitis 
Nausea 
Vom it ing 
Abdom ina l  pa in  

Psychiatric 
Depression 
Letha rgy 
Memory loss 
Confusion 
Ha l l u ci nat ions 
Coma 

Neuromuscular 
Fat igue 
Weakness 
Ma la ise 

Cardiovascular 
Exacerbation of hypertens ion 
Card iac calcif ication 
Left ventricu l a r  hypertrophy 
Decreased QT i nterva l 
Conduction abnorma l it ies 
Heart block 

-
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Table 3 :  Familial Hyperparathyroidism 

A. Fami l ia l  isolated hyperparathyroidism 

B. MEN I 
Pr imary hyperparathyro id ism 
Gastroenteropancreatic tumors 
Pitu itary adenoma 
Adrenocort ica l and thyroid tumors 
L ipomas 
Men ing iomas 
Facia l  ang iofi bromas 
Bronch ia l ,  gastric, and thym ic carci no id tumors 

C. MEN IIA 
Medu l l a ry thyroid cancer 
Pheochromocytoma 
Pr imary hyperparathyro id ism 
Lichen p lanus  amylo idos is 
Hi rschsprung d isease 

D. Hyperparathyroid ism-jaw tumor syndrome 
Ossify ing fi bromas of the mand ib l e  or maxi l l a  
Rena l  cysts, hamartomas, and W i lms  tumor 
Uter ine adenosarcoma, adenof ibroma, le iomyoma, adenomyosis, and 
endometr ia l  hyperp las ia 

syndrome with primary H PT occurring as an isolated entity 
or as part of multiple endocrine neoplasia (MEN) I, MEN 
IIA, or the hyperparathyroidism-jaw tumor syndrome 
(Table 3 ). Patients with hyperparathyroidism-jaw tumor 
syndrome have more severe hypercalcemia and a 1 0 %  to 
1 5 %  incidence of parathyroid cancer. 

• In most patients with primary H PT, the physical exami
nation is normal. Less than 5% of patients with primary 
H PT will have a palpable parathyroid tumor. Patients with 
hyperparathyroid crisis are more likely to have a palpable 
neck mass. 

• A palpable neck mass in patients with primary HPT should 
raise suspicion for parathyroid cancer or an associated 
thyroid nodule. 

• Rare patients may have band keratopathy, a condition char
acterized by calcium phosphate deposition in the cornea, 
which can be identified by slit lamp examination. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• A diagnosis of primary H PT is made by an elevated serum 

calcium level and an elevated or inappropriately normal in
tact serum PTH level. 

• Up to 20% of patients have normocalcemic primary HPT 
with a serum calcium level in the normal range. Most 
patients with normocalcemic primary H PT are diagnosed 
as a result of evaluation for kidney stones, osteoporosis, or 
osteopenia.  Vitamin D deficiency, excess phosphate intake, 
low calcium set point, and hypo- or hypermagnesemia may 
be contributory factors to normocalcemic H PT. 

• Patients with primary H PT may have low or low normal 
serum phosphate and high serum chloride, alkaline phos
phatase, and uric acid levels. Alkaline phosphatase is ele
vated in patients with bone disease. 

• Patients may also have a mild metabolic acidosis, which occurs 
because of the inhibitory effect of PTH on phosphorus and 
bicarbonate reabsorption in the kidney. 

• Prior to the introduction of sensitive immunoradiometric 
and chemiluminescence assays for measurement of intact 
PTH levels, a chloride to phosphorus ratio greater than 33:1 
was used to make the diagnosis of primary H PT. 

• Blood urea nitrogen, serum creatinine, and glomerular filtra
tion rate should be measured and followed, because renal 
insufficiency is a known complication of primary H PT. 

• Bone mineral density should be measured at the lumbar spine, 
hip, and distal radius using dual energy x-ray absorptiometry. 

• A calcium:creatinine clearance ratio should be determined 
if familial hypocalciuric hypercalcemia (FHH ) is suspected. 
FHH is a rare autosomal dominant disorder characterized 
by asymptomatic hypercalcemia, hypocalciuria, and variable 
PTH elevation that results from a higher renal setpoint for 
calcium secretion. Patients with FHH have one or more first
degree relatives with hypercalcemia, a calcium:creatinine 
clearance less than 0 . 0 1 ,  and a 24-hour urine calcium less 
than 100  mg. Parathyroidectomy is not indicated. 

• Once a diagnosis of primary H PT has been established, 
imaging should be performed to localize an abnormal para
thyroid gland or glands. When an abnormal parathyroid 
gland can be localized preoperatively, a focused parathyroid
ectomy can be performed with intraoperative PTH measure
ment to confirm cure of the primary HPT. This minimizes 
dissection, shortens the operation, and reduces cost. 

• Localization studies should only be performed once a diag
nosis of H PT has been established and a decision to proceed 
with surgical therapy has been made. The role of localiza
tion studies is to help determine the site of the incision and 
where in the neck to begin the exploration. 

• Office-based, high-resolution ultrasonography is the initial 
imaging study performed. A parathyroid adenoma appears 
as a homogeneous, hypoechoic, oval- or bean-shaped mass 
posterior to the thyroid gland ( FIG 1 ) .  Occasionally, a para
thyroid adenoma may be multilobulated. Ultrasound is also 
of value in identifying concomitant nodular thyroid disease. 

• Technetium-99m-sestamibi with single-photon emission 
computed tomography (SPECT) is a combined functional 
and anatomic imaging study, which is obtained prior to 
operation. It is particularly beneficial for identifying ectopic 
parathyroid glands ( FIG 2 ) .  

• Four-dimensional computed tomography and positron emis
sion tomography/computed tomography (PET/CT) fusion 
imaging are other potentially valuable imaging studies to 
help localize abnormal parathyroid glands but are usually 
reserved for patients with persistent or recurrent H PT. 

FIG 1 • H i g h-reso lut ion u ltrasound  image  of 1 .32  x 0 .77 em 
homogenous, hypoechoic mass i nfer ior  to the r ight lobe of the 
thyroid g l a n d  i n  a sag itta l view. At operation, this was confi rmed 
to be a r ight i nfer ior  parathyro id  adenoma .  
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FIG 2 • Technetium-99m-sestamib i  image demonstrat ing abnormal  
rad iotracer accumu lation i nferior to the i nferior pole of the r ight 
lobe of the thyroid g land .  

• Intraoperative PTH monitoring is most valuable in patients 
with discordant lesions on ultrasound and technetium-
99m-sestamibi. It has been suggested that intraoperative 
PTH monitoring is unnecessary in patients with concor
dant lesions detected on ultrasound and technetium-99m
sestamibi imaging. 

SURGICAL MANAGEMENT 
• All patients with primary HPT should be presented with op

tion of surgical therapy, because parathyroidectomy is the 
only curative treatment. The classical symptoms of primary 
HPT (nephrolithiasis, osteoporosis, osteitis fibrosa cystica, 
and neuromuscular dysfunction) are well-established indica
tions for surgery. 

• In patients with asymptomatic primary HPT, indications 
for surgical therapy have been defined by the 2008 revised 
consensus guidelines sponsored by the National Institutes of 
Health3 (Table 4 ) .  Parathyroidectomy is recommended in all 
patients younger than 50 years of age because at least 25% 
will develop one or  more complications of HPT during their 
lifetime, which can be irreversible. Significant hypercalcemia, 
renal dysfunction, reduction in bone mineral density, and in
ability or unwillingness to participate in subsequent medical 
surveillance and follow-up are other indications for parathy
roidectomy in patients with asymptomatic primary HPT. 

Table 4: Indications for Surgical Therapy 
in Patients with Asymptomatic Primary 
Hyperparathyroidism as Established by the 
2008 Revised National Institutes of Health 
Consensus Guidelines 

Serum ca lc ium > 1 mg/dl above the upper l im it of the normal  range 
Glomeru la r  f i l trat ion rate <60 mUm in  
Decreased bone density: T score of- 2.5 or less  at l umba r  sp ine, femora l  neck, 

h i p, or d ista l rad ius  
Age <50 years 
When routine fo l low-up and medica l  su rve i l l ance is  problemat ic or not poss ib le  

• Open neck exploration for primary HPT is performed as 
an outpatient procedure under general anesthesia or local 
anesthesia with sedation. Various intraoperative adjuncts 
may be used including ultrasound, PTH monitoring, and 
radio guidance. 

• Intraoperative ultrasound may be used to help determine the 
best site for the incision. 

• Intraoperative PTH monitoring may be used to help deter
mine that all hyperfunctioning parathyroid tissue has been 
excised and to confirm cure of primary HPT. 

• Administration of technetium-99m-sestamibi prior to opera
tion and use of a gamma probe intraoperatively is used by 
some surgeons to help localize abnormal parathyroid tissue 
and confirm ex vivo that a sestamibi-avid parathyroid gland 
has been removed and that no sestamibi-avid glands remain 
in the neck. Some of the limitations of this technique include 
that hyperplastic parathyroid glands are most often not ses
tamibi-avid, and thyroid nodules may also retain sestamibi, 
producing false-positive results . 

• For a single adenoma localized preoperatively, a unilateral 
focused parathyroidectomy with intraoperative PTH moni
toring to confirm cure of primary HPT is performed. 

• Bilateral neck exploration is indicated for patients with 
negative preoperative imaging or when bilateral disease is 
detected preoperatively and for patients with a higher likeli
hood of multiglandular disease such as patients with MEN 
I, MEN IIA, or lithium-associated HPT. It may also be nec
essary for patients with associated thyroid disease. Bilateral 
neck exploration may also be preferentially used in all pa
tients with primary HPT. 

• Patients with a double adenoma are treated with resection of 
the two enlarged glands. 

• Patients with parathyroid hyperplasia are preferentially 
treated with subtotal parathyroidectomy, leaving a well
vascularized parathyroid remnant that approximates the 
weight and size of one normal parathyroid gland. A bilat
eral transcervical thymectomy is also performed because 
of a 5% to 1 5 %  incidence of supernumerary parathyroid 
glands, which are most commonly found in the thymus. 
Alternatively, a total parathyroidectomy and parathyroid 
autotransplantation into the brachioradialis muscle of 
the nondominant forearm may be performed (see Part 5, 
Chapter 42 ) .  

• Patients with parathyroid cancer are treated with a n  e n  bloc 
resection of the tumor and the surrounding structures that 
are invaded. This usually involves resection of the lobe of the 
thyroid gland and the strap muscles. 

• Patients with parathyroid cancer usually present with 
marked elevation in serum calcium and PTH levels and 
they may have a palpable neck mass. Parathyroid can
cer typically has a gray-white appearance and diagnosis is 
confirmed by the presence of local invasion of surrounding 
structures ( FIG 3 ) .  

Preoperative Planning 

• Serum levels of 25-hydroxy-vitamin D and alkaline phos
phatase are measured preoperatively. Patients with low 
25-hydroxy-vitamin D and elevated alkaline phosphatase 
levels are at increased risk for symptomatic postoperative 
hypocalcemia. 
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FIG 3 • A parathyroid cancer with its typ ica l  g ray-wh ite 
appearance and the lobe of the thyro id  g l a nd, which was i nvaded 
by the ca ncer. 

POSITIONING 

• The  pat ient  is pos it ioned  on t h e  operat i ng  ta b l e  

w i t h  a ro l l  p l aced l e n gthwise beneath t h e  s h o u l d e rs, 
t h e  neck extended ,  a n d  the  head  on a soft foa m 

head rest. The  pat ie nt's a rms  a re tucked at t h e  s i de  

(FIG 4). 

A B 

• 

• 

• A sequential compression device is preferably used for pro
phylaxis against deep vein thrombosis to minimize the risk 
of postoperative neck hematoma, which may occur with the 
use of subcutaneous heparin or Lovenox. Routine surgical 
antimicrobial prophylaxis is unnecessary. 

• No special preoperative preparation is required except for 
patients who present with hyperparathyroid crisis. Hydra
tion with a saline infusion, calciuresis, bisphosphonate 
therapy, and/or a calcimimetic agent are used to correct 
severe life-threatening hypercalcemia before proceeding with 
parathyroidectomy.1 

The bed is p l aced in s l i g ht reverse Trende len b u rg to re
d uce venous p ressu re. The venti l atory tub ing  is  d i rected 

off the back of the operat ing  ta b le  to opt im ize the work

ing space for the surgeon and assistants (FIG 4). 
The su rg ica l  f ie ld  is wide ly prepped with Ch lo ra Prep a n d  
a l l owed t o  d ry fo r 3 m i n utes before ster i l e  d ra pes a re 

a pp l ied .  

FIG 4 • Anteroposter ior  and  latera l views of  patient who i s  posit ioned for pa rathyro id  surgery. 
The patient's neck is extended with a soft ro l l  p laced beneath the shou lder  b lades and  the i r  
head posit ioned on a soft foam p i l l ow. The bed is  p laced i n  approximately 30 deg rees of reverse 
Trende lenburg .  The venti l ator tub ing  is passed of the head of the bed.  

I NCISION 

• The su rface anatomy of the neck is identif ied before de- • 
term i n i n g  the site of the sk in  i nc is ion (FIG S). For the 

best  cosmetic resu lt, it is  often best  to mark the site 

of the inc i s ion with the patient sta n d i n g  i n  the p reop

erative ho ld i ng  a rea .  This w i l l  help to ensure that the 
i nc is ion is  with i n  a norma l  skin crease and is  sym metrica l .  

A cu rvi l i near  i nc is ion is  m a d e  i n  t h e  m i d l i n e  o f  t h e  neck 

between the cr icoid cart i l age and  the sterna l  notch .  

The s i te  of  the i nc i s ion  is based on preoperative 
loca l i z i ng  sca ns, the patient's natura l  skin creases, a n d  

other  cosmetic cons iderat ions .  I ntraoperative u ltrasound  

may somet imes be of  he lp  to dec ide  the p lacement of 
the i n c i s ion .  
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A B c 

F IG S • A. The  ste r n a l  n otch a n d  c r i co id  ca rti l a g e  a re m a rked to h e l p  dec ide  t h e  m ost a p p ro p r i ate s ite for t h e  i n c i s i o n .  
A 0 s i l k  sutu re i s  u s e d  to m a r k  t h e  s i t e  of t h e  i n c i s i o n .  B. A 3 - c m  i n c i s ion  i s  ma rked i n  the  m i d l i n e .  C. 0 . 5 %  M a rca i n e  i s  
used to a n esthet ize  the  s i te  of the  i n c i s i on  p r i o r  to mak ing  t h e  i n c i s i on  to esta b l i sh  preoperat ive a n a lges i a .  

• A m i d l i n e  inc i s ion is cosmetica l ly p refera b le  and  it a l l ows 
easy access to both s ides of the neck for explorat ion .  

• Apply ing gent le  pressure to the neck us ing a 0 s i l k  suture • 
marks the site of the i n ci s ion .  Th i s  is i m portant to ma in 
ta i n  sym metry and  ensure a cu rv i l i near  i n c i s i on  (FIG S). 

• The m idpo int  of the inc i s ion is ma rked on the sk in  us ing  
the m i d po i nt of the sterna l  notch as a l andmark .  • 

• A 2- to 4-cm inc i s ion i n  the m i d l i n e  of the neck is used for 
parathyro idectomy (FIG S). Patients with a short, th ick  

CREATION OF A WORKI NG SPACE 

• Skin f laps a re raised in a subplatysmal p lane using skin hooks 
and sma l l  Richa rdson retractors to e levate the skin (FIG 6). 

• The a nter ior j u g u l a r  ve i n s  a re identif ied and  the p lane  

of d issect ion i s  estab l ished i m med iately a nter ior to the 

ve ins  (FIG 6). 

A B 

• 

• 

neck a n d/or morb id  obesity may req u i re a longer  i nc i s ion 

to i m p rove exposure .  
0 . 5 %  bup ivaca i ne  is  used  to a n esthetize the s i te  of the 
inc i s ion pr ior  to making the i nc i s ion to estab l ish preemp

t ive ana lges ia  (FIG S). This  he lps en hance pat ient com
fort postoperatively. 
A no .  1 5  b lade sca l pe l  is used to inc ise the sk in .  The e lec

troca utery is  used to d iv ide the su bcuta neous t issue and  
the p latysma m usc le .  

The su per ior  sk in  f lap  is  ra ised to the p ro m i nence of the 
thyro id  ca rt i l age  and  the i nfer ior  sk in  f lap  i s  ra i sed to the 

sterna l  notch .  
The sterna l  heads of the sternocle idomasto id  m uscle a re 

exposed l atera l ly. 

c 

FIG 6 • (A) S u per ior  sk in  f l aps raised i n  a subp latysma l  p l ane  us ing  the a nter ior j u g u l a r  ve ins  (B a n d  C) to create the p l ane  
of  d issect ion .  



C h a p t e r  41 OPEN NECK EXPLORATION FOR PRI MARY HYPERPARATHYROID ISM 

EXPOSURE OF THE THYROI D  G LAND • Separat ion of the sternohyoid m uscles exposes the 
thyro id  g l a n d .  

• The sternohyoid m uscles a re sepa rated i n  the m i d l i ne  • 
a long  the med ian  raphe with the e lectroca utery from 

The sternothyroid m uscle is  then d i ssected and e l evated 
from the su rface of the thyro id  lobe (FIG 8). This  is  

accomp l ished by b l u nt and  sharp d i ssect ion of the i nter

ven i n g  loose areo lar  t issue.  

the sterna l  notch i nfer ior ly to the thyro id  cart i lage su
per ior ly (FIG 7). The median raphe is  a n  avascu l a r  p l ane  

cons ist i ng  of  the i nvest i ng  fascia of  the thyro id  g l and .  

Median 
raphe 

Sternothyroid 
muscle 

1111-i+Hr#,----- Thyroid 
isthmus 

FIG 7 • The sternothyro id  m uscles a re sepa rated a long  the 
med i a n  raphe to expose the under ly ing thyro id  g l a n d .  

F IG  8 • T h e  sternothyro id  m uscle is  gently retracted with 
forceps and is  freed from the u nder ly i ng  thyro id  lobe .  

MOBI L I ZATION OF THE THYROI D  LOBE • The norma l  locat ion for a su per ior  pa rathyro id  g l a n d  i s  

poster ior  a n d  super ior  to the recurrent  l a ryngea l  n e rve . 
It is a p p roximate ly 1 em cepha lad  to the j u n ct ion  of 

the i nfer ior  thyroid a rtery a n d  the recurrent l a ryngea l 

nerve where the  recurrent l a ryngea l  nerve enters the  

AND EXPOSURE OF AN ABNORMAL 

PARATHYROI D  G LAND 

• The sternothyroid and  the sternohyoid muscles are re
tracted latera l ly. 

• The lobe of the thyro id  g l a n d  is e levated a nter ior ly and  
med ia l ly. An A l l i s  c l amp  app l ied to the thyro id  lobe faci l i 

tates retract ion and  opti m izes exposu re i n  a sma l l  work

ing space. 
• The m idd l e  thyroid ve i n  is ident ified .  It may be d iv ided if 

necessary for i m p roved exposure .  
• It is i m porta nt to m a i nta i n  a b lood less f ie ld .  B lood sta in 

i n g  of the t issues can make it more d iffi cu lt  to identify 

norma l  and  abnorma l  parathyroid t issue .  
• The i n it i a l  search for an abnorma l  parathyroid g l a n d  is  

based on p reoperative loca l izat ion stud ies .  Exp lorat ion 

of the normal a natom ic  l ocat ion for a super ior or  i nfer ior  
parathyroid g land is  com p l eted fi rst. 

• Abnorm a l  parathyro id  g lands  a re l a rger, more f irm, and  

da rker i n  co lo r  than  norma l  parathyro id  g l ands  (FIG 9). 
• I n  a d u lts, a norma l  parathyro id  g l a n d  is ye l l ow-ta n i n  

co lor  and  ova l-, spher ica l - o r  bean-shaped.  It is  usua l ly 

5 mm i n  maxi m u m  d i mens ion a n d, on average, we ighs  3 5  
t o  50 mg (FIG 1 0). I n  genera l ,  there is  no  n e e d  t o  b iopsy 
a norma l-appea r ing  parathyro id  g l a n d .  

F IG 9 • Anteromed i a l  rotat ion o f  the l o b e  o f  the thyro id  
g l a n d  to expose a l a rge abnorma l  pa rathyro id g l a n d  that is  
f i rm and  dark i n  co lor. 
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FIG 1 0  • Two norma l  pa rathyro id  g l ands  a re seen i n  the i r  
norma l  anatomic  posit ion (arrows). Both  have a typ ica l  ye l l ow
tan color and  a re ova l in shape .  The super ior  pa rathyro id  
g land is  surrounded by the ad i pose t issue.  

• 

• 

• 

• 

l a rynx poster ior  to the i nfer ior  p h a ryngea l  constr i ctor 
m usc le (FIG 1 1 ) .  
The norma l  locat ion for a n  i nfer ior  parathyro id  g land is  
approximately 1 em cauda l  to the j u nction of the i nfer ior  
thyro id  a rtery and  the recurrent l a ryngea l nerve on the 

poster ior  latera l  aspect of the i nfer ior  po le  of the thy
roid lobe .  It  i s  usua l l y  a nter ior to the recu rrent l a ryngea l 
nerve (FIG 1 1 ). 
Approximately 1 6 % of patients with p r imary H PT w i l l  

have ectop ic  pa rathyro id  g l a nds.• T h e  i nfer ior  pa rathy

roid g l a n d  is more l i ke ly  to be i n  an ectop ic  location 

re lated to its more extens ive embryo log ic  m i g rat ion .  
When a parathyro id  g land is  not fou n d  i n  i ts  norma l  ana

tomic  l ocation, a search for a n  ectop ic  g l a n d  shou ld  be 

comp leted.  

The most common locat ion for a n  ectop ic  i nfer ior  para

thyro id  g l a n d  is  i n  the thymus.  Other ectop ic  l ocations 

a re the thyrothymic l igament, the a nter ior super ior  
med iasti num,  i ntrathyro ida l ,  the ca rot id sheath ,  and  
undescended i n  a submand i b u l a r  l ocat ion (see Part 5 ,  

Cha pter 42 and  Part 5 ,  Chapter 45) .  
• The most common locat ion for an ectop ic  super ior  para

thyro id  g l a n d  is  the tracheoesophagea l  g roove . Other  
ectop ic  locations a re retroesophagea l ,  retropharyngea l ,  

poster ior  med iasti na l ,  a n d  i ntrathyro ida l .  
• A tra nscervica l thymectomy is performed to resect a n  

i ntrathym ic  pa rathyro id  adenoma .  T h i s  i s  accomp l ished 

by expos ing  the cervica l tongue of the thymus beneath 

the sternothyro id m usc le .  The thym us is  a nter ior to the 
i nfer ior  thyro id ve ins  and  is  often immed iately adjacent 

to the i nfer ior  po le  of the thyroid lobe. The recurrent la
ryngea l  nerve is  routi ne ly  exposed and  d i ssected i nto the 

chest to avoid i n ju ry. The connective t i ssue a nter ior to 

the thymus is  d iv ided . The thymic vei ns, wh ich  dra in  i nto 

Superior thyroid artery 

Superior 
parathyroid 
g land 

Recurrent 
laryngeal 
nerve 

Inferior parathyroid gland 

Trachea 

Esophagus 

FIG 1 1  • Anteromed i a l  rotation  of the lobe of the thyro id  
g l a n d  to expose the norma l  su per ior  and  i nfer ior pa rathyro id  
g lands  seen  w ith  the r ight  lobe of  the thyroid g l a n d  retracted 
a nter ior ly and med ia l ly. 

• 

to the cerv ica l  tongue of the thym us with a r ig ht-a ng le  

c l amp, p rog ressive ly e l evat ing  more and  more of  the  
retrosterna l  thymic t issue i nto the operative f ie ld .  
An intrathyro ida l  pa rathyro id  adenoma (FIG 1 2), found  

i n  approximately 1 %  of  patients w i th  p r imary H PT, ca n 
usua l l y  be enuc leated and  does not req u i re resect ion of 

the lobe of the thyroid g l a n d .  

the i n n o m i nate ve i ns, a re d iv ided w i t h  a n  e lectrotherma l  FIG 1 2  • En uc leat ion of a n  i ntrathyro ida l  parathyroid 
b ipo la r  vesse l -sea l i ng  system .  Gentle tract ion i s  app l ied adenoma .  
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• D iv is ion of the super ior  po le  vesse ls  may be he lpfu l  • 
when a super ior  pa rathyro id  g l a n d  is not fou n d  i n  its 

norma l  a natomic  l ocat ion and it is  n ecessa ry to search 
ectop ic  sites. 

RESECTION OF AN ABNORMAL 

PARATHYROI D  G LAND 

• 

• 

• 

• 

• 

• 

I n it i a l ly, the en l a rged pa rathyro id  g l a n d  is d i ssected an 

ter ior ly, latera l ly, and  poster ior ly. The med ia l  d issect ion is  
l eft unt i l  the  end  (FIG 1 3). 
An e n l a rged parathyro id  g l a n d  is gent ly mob i l ized by 
separat ing  it from the su rrou n d i n g  a reo l a r  t issue us ing  

b l u nt d issect ion with  a f ine  cu rved hemostat unt i l  a l l  that 

rema in s  i s  the vascu l a r  ped ic le .  

Care shou ld  be taken to avo id  v io lat ion of the capsu le  

of  the abnorma l  pa rathyro id  g land ,  which can lead to  

parathyroid ce l l  deposit ion i nto the soft t issue o r  para
thyromatosis, which is a cause for recu rrent H PT. 

The surgeon shou ld  a l ways be aware of the recurrent la
ryngea l  nerve, but it is  not necessa ry to routi ne ly  expose 

it nor i s  nerve mon itor i ng  necessa ry d u ri n g  parathyro id

ectomy. Th i s  i s  l eft u p  to su rgeon d i scret ion .  
Care shou ld  be taken to stay c lose to the e n l a rged para

thyro id  g l a n d  when it is being d i ssected to avoid i n ju ry to 
the recurrent l a ryngea l nerve. 
Exposu re of the recurrent l a ryngea l  nerve is  more often 
necessary when search i n g  for and remov ing a n  e n l a rged 

super ior  parathyroid g l a n d .  The super ior  pa rathyro id  

g land is  usua l l y  poster ior  to the recurrent l a ryngea l  

nerve and  the nerve may need to be d i ssected to resect 

the g l a n d .  
• After mob i l izat ion of a parathyroid adenoma has been 

comp leted and  pr ior  to l igat ing  the vascu l a r  ped ic le, 

3 m l  of b lood is obta ined from the i nterna l  j u g u l a r  
ve i n, a per iphera l  ve i n  or  a n  a rte r i a l  l i n e  f o r  i ntraop

erative PTH mon itor ing (FIG 14). The vascu l a r  pedic le is  

• 

• 

For pat ients who undergo b i l atera l neck exp lorat ion for 
m u lt i g l andu l a r  d i sease, pa rathyro id  g l a n d  locat ion is  

most often sym m etr ica l .  

t h e n  l i gated and  d iv ided and  t h e  e n l a rged pa rathyro id  

g land is  weighed and  subm itted to patho logy for pa raf

fin eva l uatio n .  An add it iona l  3 ml of b lood i s  obta i n ed 
5 a n d  1 0  m i n utes after resect ion of an abnorma l  pa rathy

roid g l a n d  for i ntraoperative PTH measurement .  

A more than 50% dec l i ne  i n  PTH compared to the p re
exc is ion or  preoperative PTH va l u e  is pred ictive of cu re, 
a lthough a more than 50% decl i n e  com pared to the 
preoperative va l u e  is  preferred before deci d i n g  that no 

add i t iona l  exp lorat ion is  necessa ry. Because of some var i 
a b i l ity i n  the ha lf- l ife of i ntact PTH,  which is  norma l ly 

between 3 a n d  5 m i n utes, it may be necessa ry to obta i n  

a n  add itiona l  i ntact PTH level before m a k i n g  a dec is ion 
to p roceed with addit iona l  explorat ion .  I ntact PTH levels 

that fa i l  to dec l i n e  by more than 50% suggest that there 
is persistent hyperfunction ing  pa rathyro id  t issue .  
F rozen sect ion  exa m of a n  excised pa rathyro id  
adenoma i s  u n n ecessa ry if i ntraoperat ive PTH mon i 

tor ing  is  used . F rozen  sect ion  exa m may be of va l u e  to  

d i sti n g u i sh norma l  o r  hyperp l ast ic pa rathyro i d  t issue 

from nodal  o r  thyro id  t i ssue .  It  may a l so be usefu l  in  
pat ients who u ndergo thyro idectomy for a n o d u l e  

w i t h  a n  i n conc l us ive fi n e  need le  asp i rat ion b iopsy o r  

a n  i nc identa l ly d i scovered thyro i d  nod u l e  that has  not  
been p revious ly b iops i ed .  

FIG 1 3  • A l a rge, super ior  pa rathyro id  adenoma that  has  
been  comp letely mob i l ized and  a l l  that  rema ins  is  the med ia l  
vascu l a r  ped ic le .  

FIG 1 4  • B lood is  obta ined from the interna l  jugu lar  ve in  for 
i ntraoperative PTH mon itori n g .  The thyro id lobe is retracted 
with an A l l is c l amp .  The strap m uscles a re retracted latera l ly  and  
the common carotid a rtery is identified .  The i nterna l  jugu la r  
ve i n  is a nterior and  latera l to the common ca rotid a rtery. 

1707 



1708 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

SURGICAL SITE CLOSURE 

• The surg ica l  s ite is c losed w h i l e  await i ng the resu lts of 
the i ntraoperative PTH measurements, which have a 

m i n i m u m  20- m i n ute turnaround  t ime .  The wound is  
exa m i ned for hemostas is .  Ven i pu n ctu re s ites i n  the i nter-
na l  j u g u l a r  ve i n  c lose with some br ief, gent le pressure .  • 

• The sternohyoid m uscles a re reapproxi mated i n  the m id 

l i n e  w i th  a r u n n i n g  absorba b le  sutu re, leavi ng a 3-cm 
open ing  at the i nfer ior  aspect of the inc i s ion (FIG 1 S). 

This  is done to p revent b lood from co l l ect i ng  i n  an  
enc losed space if b leed i n g  shou ld  occur  postoperative ly. 

It  a l l ows the b lood to dra in  i nto the subcutaneous space, 
de lay ing the onset of respi ratory comprom ise, which 
occu rs from i m p a i rment of the venous return from the 

l a rynx and  l a ryngea l  edema.  
The su bcuta neous t i ssue is  reapproxi mated with a bsorb

able suture. The skin is  c losed with a bsorbab le  suture 
p l aced i n  a su bcuticu l a r  fash ion  and Mast isol  and Ster i 
Str ips or  Dermabond is  app l ied (FIG 1 6). 

FIG 1 S • A. The sternohyoid m uscles a re rea pproxi mated in the m i d l i n e  with a ru n n i n g  a bsorbab le  suture .  B. The su bcuta neous 
t issue is  reapproxi mated i n  the m i d l i n e  with i nterrupted a bsorbab le  suture.  C. The sk in  is c l osed with a n  a bsorbab l e  suture 
p laced i n  a su bcuticu l a r  fash ion .  

FIG 1 6  • Mastisol, Steri-Stri ps, and a d ress ing a re app l i ed .  Alternatively, Derma bond  may  be used . 
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PEARLS AND PITFALLS 

I nc i s ion • For the best cosmet ic  resu lt, mark the s ite of the i nc is ion with the pat ient sta n d i n g  i n  the 
preoperative ho ld ing area .  Th i s  wi l l  he lp  to ensure that the inc i s ion is  with i n  a norma l  sk in  crease 
and i s  sym metrica l .  

Ra is ing sk in  f laps • Use the a nter ior j u g u l a r  ve ins  to he lp deve lop  the sk in  f laps .  For the most pa rt, the p lane ju st 
a nter ior  to the ve ins  is avascu l a r. 

Mob i l izat ion of the thyro id  
lobe  

• Use a n  Al l i s  c l amp to app ly tract ion and  e levate the thyro id  lobe a nteromed i a l ly. Th is  w i l l  a l l ow 
you to opt im ize exposure and  use a sma l l e r  inc i s ion .  

Pa rathyro id  d issect ion • An e n l a rged parathyroid g land is  surrounded by a reo l a r  t i ssue a nter ior ly, latera l l y, and 
poster ior ly. The vascu l a r  ped ic le  i s  media l  i n  locat ion .  The g land i s  mob i l ized pr imar i ly by b l u nt 
d i ssect ion,  stayi ng  c lose to the g l a n d  to avo id  the recurrent l a ryngea l  nerve. The vascu l a r  
ped i c l e  is  l i gated last .  The capsu le  of  the parathyro id  g l a n d  shou ld  not  be v io lated .  Th i s  can l ead  
to  parathyro id  ce l l  i m p l a ntation i n  the soft t issues (pa rathyromatosis) and  recu rrent H PT. 

Ectop ic  pa rathyro id  g lands  • A g l a n d  that is  descr ibed as i nfer ior  on a loca l i z i ng  scan  may actua l ly be a super ior  g l a n d  that  
has descended poster ior ly f rom i t s  norma l  a n atomic  l ocat ion .  The most com mon locat ion for 
a supern u merary or  an ectop ic  i nfer ior pa rathyro id  g l a n d  is  in the thym us and is  resected by 
perform ing  a tra nscervica l  thymectomy. The most common locat ion for an ectop ic  super ior  
pa rathyro id  g land is  i n  the tracheoesophagea l  g roove. An i ntrathyro ida l  pa rathyro id  adenoma 
can usu a l ly be enuc leated and  norm a l ly does  not req u i re thyro id  lobectomy. 

M u lt i g l andu l a r  d isease • Parathyro id  g la n ds a re most often sym m etr ica l  in l ocat ion .  

POSTOPERATIVE CARE 
• Patients are discharged home after routine recovery in the 

postambulatory care unit. They are instructed to keep their 
dressing on for 48 hours and keep the Steri-Strips on until 
they return for their first follow-up visit in 2 weeks. 

• Patients are instructed about the potential for neck hema
toma and symptoms of hypocalcemia. They are told to come 
directly to the emergency department if they experience neck 
swelling that is out of the ordinary or they have difficulty 
breathing. They are asked to call if they develop symptoms 
of hypocalcemia and are told to begin oral calcium 500 to 
1,000 mg three times daily. 

• A serum calcium level is obtained at their first follow-up visit 
and in 6 months to confirm curative parathyroidectomy. 
Patients are followed yearly thereafter with a serum calcium 
level to assess for recurrent disease. 

OUTCOMES 
• The cure rate for primary HPT with parathyroidectomy 

performed by an experienced surgeon is 95% to 9 9 % .  
• Parathyroidectomy for primary HPT results i n  improve

ment in health quality-of-life measures including energy 
level, muscle strength, fine motor skills, and neurocognitive 
deficits . 5-7 

• Parathyroidectomy for primary HPT results in improvement 
of bone density. 8 

• After parathyroidectomy, there is complete resolution of the 
skeletal abnormalities associated with osteitis fibrosa cystica 
and the reduced concentrating ability of the renal tubules. 
In 90% of patients, kidney stone formation resolves. 

• Parathyroidectomy may halt progressive and irreversible 
renal insufficiency and hypertension, although hypertension 
is unlikely to remit. 

• The increased cardiovascular mortality associated with 
primary HPT is reversed with parathyroidectomy.2 

• Recurrent HPT, defined as hypercalcemia with an elevated 
or inappropriately normal serum PTH level that develops 
6 months following curative parathyroidectomy, occurs in 
1 %  to 3% of patients. 

• Approximately 25% of patients have postparathyroidectomy 
secondary HPT manifested by a normal serum calcium level 
with an elevated serum PTH level following curative parathy
roidectomy. The pathogenesis is not completely understood. 
Low vitamin D levels, impaired kidney function, and bone 
remineralization has been suggested as contributory factors. 
This entity is important to recognize because it can be confused 
with recurrent disease, but it is rarely of clinical significance. 

COMPLICATIONS 
• The potential complications from parathyroidectomy in

clude bleeding with neck hematoma that can lead to acute 
respiratory compromise, hypocalcemia, permanent hypo
parathyroidism, recurrent laryngeal nerve injury, transient 
thyrotoxicosis, and persistent HPT. 

• Recurrent laryngeal nerve injury and significant bleeding 
and neck hematoma are rare following parathyroidectomy, 
occurring in less than 1 %  of patients. They occur less often 
than in patients who undergo thyroidectomy because there 
is less tissue dissection-most of which is blunt-and no 
major vessels are ligated and divided. 

• Symptomatic hypocalcemia is uncommon after resection of 
a single adenoma. Patients with elevated preoperative alka
line phosphatase levels are at higher risk for symptomatic 
hypocalcemia from " bone hunger" following parathyroid
ectomy. Patients who undergo subtotal or total parathy
roidectomy are at higher risk for developing symptomatic 
postparathyroidectomy hypocalcemia and permanent 
hypoparathyroidism. 

• Permanent hypoparathyroidism may occur in patients fol
lowing subtotal parathyroidectomy when the remnant fails 
and total parathyroidectomy when the autotransplant fails. 
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• Persistent HPT may occur as a result of an ectopic adenoma, 
a supernumerary parathyroid gland, unrecognized multi
glandular disease in patients with false-positive intraop
erative PTH results ( > 5 0 %  decline), and an adenoma in a 
normal anatomic position unrecognized as a result of sur
geon inexperience. 

• Transient thyrotoxicosis may occur in one-third of pa
tients following parathyroidectomy. It is thought to be the 
result of thyroid gland manipulation and it is self-limited. 
Beta-blocker therapy may be used for patients who are 
symptomatic. 

• Recurrent HPT occurs in 1 %  to 3% of patients and should 
raise concern for MEN I or MEN IIA. 
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Chapter 42 Subtotal Parathyroidectomy 
or Total with Autologous Graft 

---------------------------------------- � ---------------------------------------------------- � 
Brian D. Sa unders 

DEFINITION 
• Parathyroidectomy is a functional surgical procedure per

formed to remove all or nearly all of a patient's hyperactive 
parathyroid tissue. Primary hyperparathyroidism is the most 
common pathologic entity requiring parathyroidectomy. Al
though roughly 8 5 %  to 90% of primary hyperparathyroid
ism involves a single overactive parathyroid gland, there are 
somatic, as well as inherited, conditions that result in mul
tiglandular parathyroid pathology. 1 Further, secondary and 
occasionally tertiary hyperparathyroidism may require sur
gical resection of more than one parathyroid gland. Subtotal 
parathyroidectomy is the removal of all but a small por
tion of one parathyroid gland from the neck. This usually 
equates to removing three and a half parathyroid glands. 
The remnant portion of parathyroid tissue is left on its na
tive blood supply and in its normal anatomic position. An 
alternative to a subtotal resection of parathyroid tissue is 
a total or complete removal of parathyroid tissue (e .g., all 
four glands) and the immediate transplantation of autolo
gous parathyroid tissue into a heterotopic position. 

DIFFERENTIAL DIAGNOSIS 
• The necessity for a multiglandular resection of parathyroid 

tissue may be recognized preoperatively or intraoperatively. 
There are a number of etiologies for hyperparathyroid
ism that are always multiglandular in nature and, as such, 
would warrant preoperative planning for either a subtotal 
parathyroidectomy or a total parathyroidectomy with para
thyroid autotransplantation. These include multiple endo
crine neoplasia (MEN) type I- and type Ila-related primary 
hyperparathyroidism and secondary hyperparathyroidism 
related to renal failure. Other pathophysiologic conditions 
leading to hyperparathyroidism may involve the overactiv
ity of more than one gland. Intraoperative recognition of 
multiple enlarged glands, or recognition through intraopera
tive parathormone monitoring data, may lead the surgeon 
to subtotally resect the parathyroids or perform a total para
thyroidectomy with immediate transplant. These include 
sporadic primary hyperparathyroidism due to multiglan
dular hyperplasia, lithium-related primary hyperparathy
roidism, tertiary hyperparathyroidism, and CDC73-related 
causes of hyperparathyroidism? This latter category is a fa
milial hyperparathyroidism caused by germline mutations in 
the CDC73 gene (also known as HRPT2 or parafibromin) 
and includes familial, isolated hyperparathyroidism and 
hyperparathyroidism-jaw tumor syndrome.3 

PATIENT lllSTORY AND PHYSICAL FINDINGS 
• Hyperparathyroidism is a biochemical diagnosis .  The eval

uation of a patient for hyperparathyroidism may begin 
with an incidental note of an elevated calcium level on a 

laboratory report or with interrogating a patient's calcium 
level based on the patient's presenting signs or symptoms. 
Patients with recurrent nephrolithiasis (especially calcium
based kidney stones )  or osteoporotic ( e .g., fragility or 
nontraumatic ) bone fractures should be evaluated for hy
percalcemia and hyperparathyroidism. Other, less specific, 
symptoms that may warrant a biochemical investigation 
for hyperparathyroidism include fatigue; musculoskeletal 
aches and pains; neurocognitive decline; mood lability; 
abdominal pain; and recurrent, otherwise unexplained, 
pancreatitis .  

• A detailed family history should be sought to evaluate 
the possibility of an inherited cause of hyperparathy
roidism. The patient should be queried about family 
members with pituitary tumors, other cases of parathy
roid disease, medullary thyroid cancer, pheochromocyto
mas, enteropancreatic neuroendocrine tumors (especially 
gastrin-producing tumors),  and ossifying fibromas of the 
mandible. 

• Patients with suspected inherited causes of hyperparathy
roidism should be counseled to seek genetic counseling and 
testing as this may impact operative planning, future disease 
surveillance, and the health of relatives . 

• Renal-related secondary hyperparathyroidism is a con
stant and expected biochemical finding in all patients with 
chronic kidney dysfunction. The degree of hyperparathor
monemia is routinely followed by treating nephrologists, 
especially in patients who have progressed to some form 
of renal replacement therapy (peritoneal or hemodialysis ) .  
National management guidelines exist for the target para
thyroid hormone (PTH) level for each stage of chronic 
kidney disease.4 

• Physical examination findings for patients with hyper
parathyroidism are uncommon. Certainly, the neck of 
each patient proposed for a parathyroidectomy should 
be thoroughly examined.  The identification of a palpable 
mass would warrant further imaging investigation. It is dis
tinctly unusual to palpate a parathyroid adenoma. A pal
pable mass with severe hyperparathyroidism should raise 
the specter of the unusual entity of parathyroid carcinoma. 
Often, though, a palpable central neck mass in a patient 
with hyperparathyroidism is an incidentally discovered thy
roid nodule. 

• For patients planned to undergo a total parathyroidectomy 
with immediate autologous parathyroid transplantation, a 
detailed inspection of the forearms should be undertaken. 
It is important to note the handedness of the patient, as 
the parathyroid autograft is usually placed in the nondomi
nant forearm. In patients with preexisting or impending 
renal failure, note should be made of arteriovenous fistula 
position. Great care should be taken to avoid injuring a 
functional fistula or disturbing the bed of a soon-to-be con
structed fistula. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Hyperparathyroidism (whether primary, secondary, or tertiary) 

is a biochemical diagnosis. This must be made to the satisfac
tion of the surgeon prior to contemplating any procedure. 
The surgeon should consider imaging studies only after a diag
nosis has been secured and the need for an operation has been 
established. 

• Known multiglandular parathyroid disease processes that 
will require preoperative planning for a subtotal parathy
roidectomy or a total parathyroidectomy with autologous 
graft do not require parathyroid imaging as both sides of the 
neck will need to be explored and all four of the parathyroid 
glands identified. 

• High-resolution ultrasonography of the neck (whether per
formed by the surgeon or a radiologist) is an excellent mo
dality to attempt to localize enlarged parathyroid glands . 
Parathyroid adenomas appear as hypoechoic, ovoid masses 
that are separable from the thyroid gland. Upper parathyroid 
adenomas that lie in the tracheoesophageal groove will often 
be mobile with graded compression of the ultrasound probe 
( FIG 1A,B) .  Parathyroid adenomas adjacent to the thyroid 
can usually be well seen, although ectopic parathyroid ad
enomas (e .g. ,  posterior to the clavicular heads) may be diffi
cult to visualize due to limitations of the ultrasound waves in 
travelling through bone. Ultrasonography will also aid in the 
identification of concurrent thyroid pathology, which may 
then be dealt with at the time of the parathyroid operation. 

• Nuclear medicine parathyroid scans using technetium sesta
mibi as a tracer can accurately identify overactive parathy
roid glands about 8 5 %  of the time.5 When performed with 

A 

B 

FIG 1 • H i g h-reso lut ion cervica l u ltrasound  demonstrat i n g  c lear  
pa rathyro id  adenomata.  A. R ight  thyro id  lobe with  a hypoechoic  
r ight upper  pa rathyro id  adenoma i n  the tracheoesophagea l  
g roove . B. Sag itta l  u ltrasound  v iew of the left thyro id  lobe with 
a hypoecho ic  l eft i nfer ior  parathyro id  adenoma .  

B 

A OELAYNECK 

FIG 2 • N uc lear  med ic ine  parathyro id  sca n .  A. 2-hour  de layed 
p l ana r  v iew showi ng  b i l atera l  parathyro id  adenomata.  B. Fused 
sesta m i b i-SPECT/CT sca n showing  b i l atera l sestam i b i-avid 
parathyro id  lesions poster ior  to each lobe of the thyro id  g l a n d .  

a concurrent single-photon emission computed tomography 
(SPECT)/computed tomography ( CT) scan, this overlay of 
functional and structural imaging provides an excellent ana
tomic map of disease localization invaluable to the operat
ing surgeon (FIG 2A,B ) .  One caveat is that small parathyroid 
adenomas in close association with the thyroid gland may be 
difficult to visualize with this imaging technique. 

• Neck CT scan or magnetic resonance imaging (MRI) is oc
casionally used to image parathyroid glands. Newer CT scan 
imaging protocols are becoming more widespread, such as 
4D CT scans. This takes advantage of the timing of the in
travenous ( IV) contrast bolus, the vascularity of the para
thyroid tumors, and the delayed washout of hyperactive 
parathyroid lesions. 

• More invasive modalities of parathyroid localization include 
selective venous sampling for PTH measurement. This tech
nique requires experienced interventional radiologists and is 
best reserved for the reoperative setting. 

• Imaging prior to reoperative parathyroid surgery is essential 
to minimize exploration in a scarred operative field and to 
minimize iatrogenic morbidity. It is ideal to have two con
cordant imaging studies prior to all reoperative parathyroid 
surgery (see Part 5, Chapter 45 ) .  

SURGICAL MANAGEMENT 
Preoperative Planning 

• Prior to any parathyroid operation, all diagnostic biochemi
cal data should be reviewed to confirm to the surgeon's 
satisfaction that a diagnosis of surgically correctable hyper
parathyroidism is present in the patient. 

• If an autologous parathyroid transplant is planned, confir
mation with the patient as to which upper extremity will be 
the recipient site should be sought. 

• The wound classification for parathyroid surgery is clean. 
It is rare for parenteral antibiotics to be indicated prior to 
parathyroid surgery. Individual patient characteristics (e .g. ,  
cardiac valvular lesions, implanted prosthetic hardware) ,  
however, should always be considered. 

• Local or general anesthesia may be used. 
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Positioning 

• The patient is positioned supine on the operating room ( OR) 
table with the arms tucked either at the sides or lying on 
the abdomen. A sheet, fastened with towel clips, is used to 
secure the arms next to the patient and to allow for removal 
of the arm boards from the OR table ( FIG 3 ) .  

• I f  a parathyroid transplant i s  planned t o  the patient's fore
arm, this arm can be extended from the patient and reprepped 
and draped at the time of that portion of the procedure (after 
the parathyroid tissue has been removed from the neck ) .  

• A towel roll or  other small bump is placed behind the 
patient's shoulder to aid in extension of the neck. 

• The bed is positioned with the head up, the feet down, and 
in some slight Trendelenburg. This is known as the semi
Fowler's position or the beach chair position. 

• Some surgeons will rotate the OR table 90 degrees to have 
the head of the patient away from the anesthesia providers 
and thus more accessible to the surgical team. 

PLACEMENT OF INCISION 

• A transverse inc i s ion is made i n  the  l i n e  of a sk in  crease 

rou g h ly 1 em ca uda l  to the cricoid cart i l age o r  two f in 
gerbreadths cepha lad  to the suprasterna l  notch .  The 

inc is ion may be between 3 and  5 em i n  length and is  cen
tered on the m i d l i n e  of the neck (FIG 4). Some su rgeons 

Hyoid bone 

FIG 4 • S u rface anatomy and re lat ionsh ips for pa rathyro id  
i nc is ion p l acement.  

FIG 3 • The patient i s  posit ioned on the OR  tab le  with the arms 
tucked, a ro l l  behind the shou lders, and  the head e l evated .  

w i l l  i nfi ltrate the reg ion of the inc i s ion with  a loca l  an 

esthetic com b i ned w ith  ep inephr ine .  P lacement of  the 
i nc is ion with i n  a natura l  sk in  l i ne o r  crease of the neck 
is  more important for postoperative cosmesis than  the 

length of the inc i s ion (FIG 5). 

FIG 5 • D i a g ram of p l an ned parathyro idectomy i nc is ion,  
with c lav icu l a r  heads and  sterna l  notch marked for reference. 
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CREATION OF FLAPS 

• Dissect ion is deepened through the su bcuta neous tissues 

and through the p latysma m usc le with e lectrocautery. 
Subp latysma l  f laps a re created super io r ly, i nfer ior ly, a n d  

l atera l ly with a com b i n at ion o f  e lectroca utery and  b l u nt 
d issect ion (FIG 6) .  

• Care m ust be taken to avo id  i nj u ry to the pa i red a nte

rior j u g u l a r  ve ins .  Shou ld  a rent be made in one of these 
vei ns, it is  best to l igate the vein rather than  attem pt to 
cauter ize the ve i n .  

• The super ior  f l ap  shou ld  extend  to the level of the thy
roid ca rti l age and the i nfer ior  flap down to the sterna l  
notch .  

ENTRY I NTO THE DEEP CENTRAL 

NECK SPACE 

• The avascu l a r, m i d l i ne raphe between the ste rnohyoid 

and  sternothyroid m uscles on  each s ide is  entered with 
e lectrocautery. Th i s  m i d l i n e  is  best identif ied by d ig i 
ta l pa l pat ion of  the m i d l i ne  of  the under ly i ng trachea.  

These strap m uscles should be sepa rated to expose the 
under ly ing thyroid isthmus  (FIG 7). 

• The layers of the strap m uscles a re sepa rated i nto two by 
d iv id i n g  the connective t issue in the layer between the 

Superior flap 
raised 

Anterior jugu lar 

FIG 6 • Myocuta neous f laps a re raised super ior ly, i nfer ior ly, 
and  latera l ly to fac i l itate sk in  retract ion and  to expose the 
var ious s i tes  to be exp lored.  

• 

sternohyoid and  the sternothyro id  m uscles.  The l atera l 
extent of th i s  d issect ion is the late ra l borders of these 
m uscles and the ca rot id sheath .  This exposes the i nterna l  

j u g u l a r  ve in ,  a s i te from which to d raw a base l i n e  b lood 
sa mp le  for i ntraoperative PTH mon itor i ng6 (FIG 8). 
An a lternate site for PTH sa m p l i n g  is a per iphera l  ven i 
puncture (often i n  the lower extremity) performed by 
the a n esthes io log ist. If an a rter ia l  catheter is  p resent for 

a n esthetic mon itor ing ,  it is  accepta b le  to use an  a rter ia l  
b lood samp le  for PTH mon itor ing .  

Strap muscles 

Thyroid isthmus 

Sternocleidomastoid 
muscle 

FIG 7 • The strap m uscles (sternohyoid 
and  sternothyro id) a re sepa rated i n  the 
m i d l i n e  with e lectroca utery to expose the 
u nder ly ing thyro id  i sth m us .  
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Internal jugular vein 

Thyroid gland 

---------- Superior vena cava FIG 8 • B lood is  d rawn from the i nterna l  
j u g u l a r  ve i n  to test fo r  PTH leve l s .  

• The space betwee n  the sternothyroid m uscle and  the 
thyro id  lobe is  deve loped with a com b i n at ion of b l u nt 
d issect ion and  e lectrocautery. The operat ion m ust neces

sar i ly  beg i n  on one s ide of the neck, but an identica l pro

ced u re w i l l  be done on  the contra latera l  s ide of the neck 
to identify a l l  fou r  pa rathyro id  g lands .  Th is  space latera l  

to the thyro id  lobe and  med i a l  to the carot id  a rtery i s  • 
deve loped back to the level of the prevertebra l  fasc ia .  

The cross ing  m idd le  thyro id  ve i n  may need to be d iv ided .  

Platysma muscle 

Anterior jugular vein 

Common carotid artery 

Internal jugular vein 

Sternocleidomastoid -.....____ 
muscle -.....____ 

This  may be accomp l ished with meta l l i c  c l i ps, sutu re, or  

through any of the ava i lab l e  powered su rg ica l devices 
(FIG 9). Caut ion must be taken to avoid search i n g  for 

pa rathyro id  t issue too soon, as it is poss ib le  for the tumor  
to be more poster ior  than  one has opened ,  o r  rem a i n i n g  

with e ither the thyro id  o r  the ca rot id sheath.  

The recurrent l a ryngea l  nerve may be identif ied at th is  
poi nt, cours ing super ior ly  i n  the tracheoesophagea l  

g roove (FIG 1 0). 

Left lobe of thyroid 

FIG 9 • I n it i a l  d i ssect ion  for a pa rathyro idectomy i n c l udes sepa rat i ng  the strap m uscles off the u nder ly ing  thyroid lobe .  
The p l a n e  ju st med i a l  to the carot id  sheath i s  fo l l owed poste r ior ly  to the leve l  of the  sp i ne .  The on ly  transverse ly cross i ng  
structu re i s  the  m id d l e  thyro id  ve in ,  wh ich  ca n be l i g ated .  A l l  soft t issue,  a l o n g  w i th  the  thyro id  lobe, i s  kept u n d e r  the 
s u rgeon's f i nger. 
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Left lobe of thyroid 
pul led anteriorly 

Strap muscles 
moved lateral ly 

Middle thyroid 
vein ( l igated) 

Common 
carotid artery 

Inferior thyroid vein 

FIG 10 • The recu rrent l a ryngea l  nerve 
cou rses super ior ly  in the tracheoesophagea l  
g roove and  can often be identif ied most 
eas i ly  at the level of the i nfer ior  po le  of the 
thyro id  g l a n d .  

IDENTIFICATION OF SUPERIOR 

PARATHYROID G LANDS 

• The super ior  parathyro id  g lands  l i e  poster ior  to the 

upper  pole of the thyro id  lobe .  To exp lore th i s  space, 

the thyro id  lobe is  ro l led a nteromed ia l l y  us ing one's 

f inger  or a Kittner  d i ssector. The super ior  pa rathyro id  
g l ands  a re poster ior  to the recurrent l a ryngea l  nerve as 

it passes underneath the tuberc le of Zuckerkan d l  a n d  
j ust postero latera l t o  the l i gament o f  Berry (FIG 1 1 ). 
The i r  position is more constant than that of the i nfer ior  

pa rathyro id  g lands .  There is  often sym metry between 
s ides of the neck, and if one can n ot locate a super ior  

FIG 11 • R ight super ior  parathyroid adenoma lyi ng  poster ior  
to the r ight  thyro id lobe (ro l led a nter ior ly with Kittner  
d i ssector) . The r ight stra p m uscu lature i s  seen  retracted 
latera l ly. 

• 

• 

• 

• 

• 

• 

• 

parathyro id  g l a n d  on one s ide, it is often advisab le  to 

locate it on the contra latera l s ide .  
Due  to l i m ited space for e n l a rgement, super ior  para

thyro id  adenomas often g row caudad and  u lt imately l ie  

i n  a pseudoectop ic  pos i t ion i n  the tracheoesophagea l  
g roove, low i n  the neck .  The b lood supp ly, however, re

ma in s  in the eutopic posit ion near the upper  pole of the 

thyro id  lobe .  Caut ion m ust be taken e levat ing  these low

ly ing su per ior  parathyro id  adenomas out of the tracheo
esophagea l  g roove as they often l ie with the recurrent 
l a ryngea l nerve d raped over them.  

Ectop ic  posit ions for  the super ior  pa rathyro id  g l ands  

i nc l ude  low i n  the tracheoesophagea l  g roove, retro
esophagea l ,  retrotrachea l ,  with i n  the ca rot id  sheath, and  

wit h i n  the thyroid g l and .  

Exploration of  the  carotid sheath beg ins with retraction of 
the sternothyroid muscle latera l ly to expose the carotid a r
tery. Gentle b lunt d issection anterior to the carotid a rtery 

a l lows separation of the ca rotid artery from the i nternal 
j ugu la r  vei n  j ust latera l to it. Poster ior i n  the carotid sheath 

is the vagus nerve. Exposu re of the ca rotid sheath for about 
5 to 6 em i n  a cephalocauda l  d i rect ion a l lows one to search 

for a soft, brown nodu le  cons istent with a pa rathyro id ade

noma (FIG 12). Care must be taken not to m istake nodu les 
poster ior to the carotid sheath for parathyroid adenomas 
as these may i n  fact be gang l i a  of the sympathetic cha i n .  
Once identified, t h e  pa rathyro id t u m o r  s h o u l d  be d issected 

back to its s ing le  vascu lar  pedic le .  G reat care should be 
taken to avoid entry i nto the parathyro id capsu le  and  the 
potentia l for sp i l l ing and  seed ing pa rathyroid tumor ce l l s  

i n  the centra l neck space (known as parathyromatosis). 

Any u n certa i nty in the v isua l  identif ication of pa rathy

ro id t issue shou ld  prompt a b iopsy sent for frozen sect ion 
a n a lysis .  A sma l l  fragment of tumor  can be taken with 

a pa i r  of scissors. Gent le  p ressure can control any s l i g ht 
ooze from the b iops ied g l a n d .  
Once the super ior  g l a n d  h a s  b e e n  identif ied, it s h o u l d  re
m a i n  in p lace unt i l  the i nfer ior  g l a n d  has been ident if ied .  

Th i s  same proced u re wi l l  be used to identify the super ior 

pa rathyro id  g lands  on each s ide of the neck.  
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Carotid sheath 

U pper parathyroid 
gland 

Common 
carotid artery 

Esophagus 

Inferior thyroid vein 

FIG 12 • Exp lorat ion of the ca rot id sheath 
for a m issi ng  o r  ectop ic  superior pa rathyro id  
g land .  The soft t issue cover ing  the carot id  
a rtery is  opened,  and  th i s  space can be 
explored from the retropharyngea l reg ion  
i nto the poster ior  super io r  med iasti n u m .  

IDENTIFICATION OF I N FERIOR 

PARATHYRO I D  G LANDS 

• The i nfer ior  parathyro id  g l ands  have a s l i ght ly more 

va r iab le  location than  the super ior  parathyroid g l ands  

related to the g reater d ista nce of  m i g rat ion d u ri n g  em
bryo log ic  deve lopment.  The typ ica l  locat ion for  these 

g l a nds is j ust ca uda l  and s l i g ht ly poste r ior  to the i nfer ior  
t ip  of the lower po le  of the thyro id  lobe .  The i nfer ior  
pa rathyro id  g lands often l i e  i n  a p lane equa l  to the tra

chea .  They a re u n iformly a nter ior to the recu rrent l a ryn
gea l  nerve (FIG 1 3). 

• 

• 

• 

As the infer ior pa rathyro id  g l and  en l a rges, it may de
scend with g ravity i nto the fatty t issue cauda l  to the thy

roid lobe and  i nto the anter ior super ior  med iasti n u m .  
Gent le d i ssect ion i n  t h i s  reg ion  c a n  a l low f o r  identifica
t ion of a pa rathyro id  adenoma without caus ing b leed i n g .  

T h e  i nfer ior  parathyro id  g lands  m a y  l i e  i n  the con n ec
tive t issue l igament that attaches the lower po le  of the 
thyro id to the cervica l horn of the thym us (the  so-ca l l ed  

thyrothym ic l igament).  
Ectop ic  posit ions fo r the i nfer ior  pa rathyro id  g l a nds i n 
c l ude  the thyrothym ic  l i gament, the cervica l port ions  

of the thym us, the i ntrathorac ic  thym us, undescended 
with i n  the neck, and with the thyro id  g l a n d  itse lf. Each 

of these spaces needs to be exa m i ned for a m issi ng  

pa rathyro id  g l a n d .  There is  often sym metry of  locat ion 

of the i nfer ior  parathyro id  g l a nds, and  i n a b i l ity to f ind 

one i nfer ior  parathyro id  g l a n d  should prompt attem pts 
at identif ication of the contra latera l i nfer ior  pa rathyro id  

g l a n d  as a g u ide .  
• A tra nscerv ica l  thymectomy may be done to identify m i ss

i n g  or  ectop ica l ly located i nfer ior  parathyroid g lands .  
Th is  p roced u re i s  beg u n  by d issect ing  the fatty t i s sue in  

the  a nter ior super ior  med iasti n u m  j ust poster ior  to the 
c lavicu l a r  head and  j ust l atera l  to the trachea .  A search 

is  undertaken for the ca na ry ye l l ow color of the remnant 

thym us.  Gent le tract ion i n  a cepha lad d i rect ion wi l l  a l low 
one to extract the thymus from the med iasti n u m .  An en

cas ing  mem brane w i l l  often need to be opened to fu l ly 
a l low the thym us to be removed .  The cervica l thymic 

rem n a nt wi l l  th in  out to a sma l l  attachment often con
ta i n i n g  a b lood vesse l that shou ld be c l i pped or  suture 

l igated (FIG 14). 
• Once the i nfer ior  parathyroid adenoma is identif ied, 

it should be d i ssected back to its vascu l a r  pedic le .  Any 

q u est ion as to its identity shou ld  prompt a sma l l  sa mp le  

to  be taken  w i th  scissors fo r  frozen sect ion b iopsy. 

FIG 1 3  • Left i nfer ior  parathyroid adenoma retracted away • An identica l p roced u re w i l l  be fo l l owed to identify the 

i nfer ior  parathyro id  tumor  on the contra l atera l s ide .  f rom the i nfer ior  po le  of the thyro id  g l a n d .  

1717 
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FROZEN SECTION PATHOLOG IC ANALYSIS 

• It is often advisab le  to confi rm the identity of the fou r  
pa rathyro id  g lands  identif ied with frozen sect ion .  

• Frozen sect ion is used to confirm identif icat ion as para
thyro id  t issue more so than to q u antify ce l l u l a rity of the 

pa rathyro id  g land .  It i s  near ly  i m possib le  to re l i a b ly de
term i n e  parathyroid hyperp las ia  from a pa rathyro id  ad
enoma on  frozen sect ion (FIG 1 5A,B). 

SUBTOTAL RESECTION OF PARATHYROIDS 

• If a su btota l resect ion  of the  pa rathyro i d  g l a nds  is to 
be d o n e, one p l a n s  to resect th ree and a h a l f of t h e  

fou r  g l a n d s .  Th i s  i s  best d o n e  by d iv i d i n g  o n e  of t h e  
g l a n d s  fi rst a n d  cont i n u a l ly check i n g  o n  i t s  v i a b i l ity as 

t h e  resect ion  of the  seco n d  t h ro u g h  fo u rth g l a n d s  en
sues  to avo i d  a n  i n advertent tota l pa rathyro i dectomy. 

• I n  genera l ,  the remnant of pa rathyro id  g l a n d  to rem a i n  

on its native b lood supp ly  i n  t h e  neck s h o u l d  be a por
t ion  of the most norma l -appear ing g l a n d  of the fou r  
ident if ied .  

• If poss ib le, a rem n a nt i nfer ior g l a n d  shou ld  be left, as 
this remnant w i l l  s it more a nter ior, and a nter ior to the 

recu rrent l a ryngea l nerve, mak ing  it easier to reoperate 

upon if n ecessa ry. 

A 

B 

FIG 1 4  • A transcerv ica l  thymectomy can 
be acco m p l ished to identify ectop ic  i nfer ior  
parathyro id  g l a nds that l i e  cauda l  to the 
sterna l  notch .  The thym ic  t i ssue is  g rasped 
and gently p u l led u p  from the med iasti n u m  
and  i nto t h e  cervica l i nc i s ion .  

FIG 15 • Low-power photom icrog ra phs of (A) a parathyro id  
adenoma and  (B) a hyperpl astic pa rathyro id  g land .  The 
adenoma has a cha racteristic compressed r im  of norma l  
pa rathyroid t issue, w ith  adm ixed a d i pocytes and  parathyro id  
ch ief ce l l s .  

• 

• 

• 

• 

A suffic ient pa rathyro id  remnant is a bout 30 to 50 mg of 
t issue or the s ize of a norma l  parathyroid g l a n d .  
T h e  pa rathyro id  remnant i s  created b y  p l a c i n g  a me

ta l l i c  c l ip o r  c l i ps across the g land and  sharp ly  d iv id i n g  
the d i sta l  seg ment o f  the g l a n d  away from the remnant 

(FIG 1 6). 
The remnant may a l so be tagged with a Pro lene  suture 
to aid i n  future identif icat ion if a reoperation becomes 

necessa ry. G reat care shou ld  be taken when p lac ing  this 

mark ing  st itch to avo id  i n ju ry to the end a rter io le  feed
ing the pa rathyro id  g l a n d .  

T h e  second t h r o u g h  fou rth g lands  a re removed b y  d iv id
i n g  the vascu l a r  ped ic le  of the g l a n d .  The vascu l a r  ped i 

c le  can be c l i pped o r  t ied as per  su rgeon preference. 
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Left thyroid lobe 

Common carotid artery 

Inferior thyroid vein 

FIG 16 • A remnant  of a l eft l ower pa rathyro id g l a n d  is  l eft on its nat ive b lood supp ly. A meta l l i c  surg ica l  c l i p  is  p l aced to 
d iv ide the g l a n d  and to mark in the case that a futu re reoperative pa rathyro id  surgery becomes necessa ry. G reat care m ust be 
taken to ensure that the c l i p  is  not p l aced across the b lood supply to the parathyro id  rem nant .  

TOTAL PARATHYROIDECTOMY 

• A tota l parathyro idectomy i nvolves the remova l of a l l  

pa rathyro id  t issue (usu a l ly fou r  g l ands) from t h e  neck.  
• Each g l a n d  is fu l l y  d i ssected back to its vascu l a r  ped ic le, 

wh ich  is c l i pped or l igated and  then d iv ided .  
• The parathyroid t issue to be tra nsp la nted is identif ied 

and  kept moist .  G reat care should be taken to avo id  th i s  

t i s sue  f rom m istaken ly be ing handed off the ster i l e  f ie ld  
(FIG 1 7). 

I NTRAOPERATIVE PARATHYRO I D  

HORMON E  MON ITORING 

• If i ntraoperative PTH mon itor ing is being used, a postre
sect ion PTH va lue  should be d rawn and sent at 5, 1 0, or 
1 5  m inutes postresection of a l l  parathyroid tissue. Tim ing  is 

per the surgeon's protocol .  Longer time points ( 1 5 m inutes) 

a re usua l ly used if the PTH specimen is being d rawn from a 

HEMOSTASIS 

• Carefu l attent ion to hemostas is  is of para m o u nt i m por

tance throughout the ent i re pa rathyro idectomy to ease 

in parathyro id  identificat ion .  

• 

• 

• 

• Postoperative neck hematomas a re a rare but potenti a l ly • 
d isastrous com p l i cat ion fo l lowi ng  parathyroidectomy. 

FIG 17 • Ex vivo r ight super ior  parathyro id  adenoma .  

centra l vei n  ( i nterna l  jugu la r) .  Shorter t ime points may be 
used if the  spec imen is from a per ipheral  ven i puncture or a 
rad ia l  a rter ia l l i ne.6 

Reso l ut ion of hyperpa rathyro id ism and long-term euca l 
c e m i a  is  we l l  pred icted b y  postresect ion PTH va l ues that 

a re at l east 50% of the base l i n e  va l u e  and i nto the nor
m a l  range (<40 pg/m l) .7 

Pr ior to wou n d  c losu re, a Va lsa lva maneuver is  req uested 
to decrease venous return and to identify any s l i g ht 

b leed i n g  in the operative bed .  

Topica l hemostatic agents may be p laced i n  the tracheo
esophagea l  g roove and i nfer ior  to the thyroid lobes.  

Rout ine p lacement of closed suct ion drains is  not req u i red .  
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1720 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

WOUND CLOSURE • The sk in  edges a re brought together with a 3-0 Pro lene 
suture  i n  a su bcuticu l a r  stitch .  

• The two l ayers of strap m uscu lature a re c losed in the • Sk in  g l u e  is app l ied to the wound,  and  once d ry, the 
Pro lene  suture may be removed i m med iate ly. No further  

d ress ings  a re req u i red .  

• 

m i d l i n e  i n  e ither one l ayer or two sepa rate l ayers. Th ree 
to fou r  i nterrupted, absorba b le  stitches a re suffic ient to 

reapproxi mate these m uscles.  
The p l atysma m uscle layer i s  rea pproximated with i nter
ru pted, bu r ied, absorba b le  sutu res. 

IMMEDIATE PARATHYROID 

AUTOTRANSPLANTATION 

• If a tota l parathyro idectomy has been performed, one 

m ust re i mp lant  a utologous pa rathyro id t i s sue  to avo id  
permanent  hypoparathyro id i sm .  

• Rou g h ly 30 to 50 mg of pa rathyro id  t issue shou ld  be 

transp lanted . 
• 

• 

• 

The u p per  extrem ity in which the pa rathyro id  g raft is  
to be p l aced is  extended out from the patient and  sup

ported on  a n  a rm board (FIG 1 8). 
The tra n s p l a nt s ite is i nto the  brach iora d i a l i s  m u s

c le  on the  dorsa l aspect of the forea rm (usu a l ly the  
nondo m i n a nt forea rm) .  Aga i n , t h o u g ht m ust be g iven 

to the  locat i o n  of a cu rrent o r  future hemod ia lys is  
access i n  those pat ients on  ch ron i c  ren a l  rep lacement 
the ra py. 

The dorsa l  forea rm is  prepped and  d ra ped in the usua l  
fash ion .  

FIG 1 8  • The h eterotopic  transp lant site is  marked pr io r  
to su rg i ca l  prepp ing  and  drap ing .  The tra nsp lant site is  the 
brach iorad i a l i s  m uscle of the nondominant forea rm.  

to the  fasc i a  over ly ing  the b rach io ra d i a l i s  m usc le  
(FIG 1 9A,B). 

• The fragment of parathyro id  t issue to be transp la nted is  

then cut i nto 1 -mm3 frag ments, tota l i n g  a bout 1 5  frag
ments (FIG 20). 

• A 3- to 4-cm l o n g itud i n a l  i nc i s ion  is made, a n d  d i s- • A sma l l  m uscle pocket is made i n  the b rach io rad i a l i s  m us

cle with the t ip  of a d i ssect i ng  i nstrument, and  a s i ng le  sect ion  i s  deepened  th rough  the  subcuta neous t i ssue 

A B 

FIG 1 9  • Prepar ing the reci p ient site for parathyro id  t issue.  A. Dissect ion through subcuta neous t issue to the level of the 
b rach iorad i a l i s  m usc le .  B. Exposed b rach iorad i a l i s  m usc le .  
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FIG 20 • M i nced pa rathyro id  to be transp lanted.  N u m e rous 
1 -mm3 fragments of parathyroid t i ssue await p lacement i nto 
i nd iv idua l  m usc le pockets. 

fragment of pa rathyro id  t issue i s  p laced i nto th i s  pocket. 
The edges of the pocket a re loosely approxi mated with 

a n  a bsorba b le  suture or  a meta l l i c c l i p .  
• This  p rocedure is repeated u nt i l  each fragment of para

thyroid t issue has been p laced i nto a sepa rate m uscle 
pocket (FIG 21 ). 

• G reat care needs to be taken to avoid any bleed ing  in these 

muscle pockets as the i n it ia l  n utr ient supply of the parathy

roid g raft requ i res contact with the vascu la rized m uscle. 
• The wou n d  is then c losed i n  layers, us ing  i nterrupted, 

a bsorba b le  sutu res to c lose the deep derma l  l ayers a n d  
t issue adhesive t o  reapproxi mate the s k i n  edges (FIG 22). 

PEARLS AND PITFALLS 

FIG 21 • Parathyro id  a utotra nsp lantation com p l eted, with 
m usc le  pockets l oosely approxi mated with meta l l ic c l i ps.  

FIG 22 • The transp lant inc i s ion is c losed with skin g l u e .  

I n d icat ions • Hyperpa rathyro id i sm is a b iochemica l  d i agnosis, and  th i s  needs to be secured pr ior  to 
cerv ica l  imag ing  or p l a n n i n g  an operat ion .  

172 1  

I dentif ication o f  pa rathyro ids • Dissect ion i n  the centra l neck space should free the ca rot id  sheath med i a l ly and  inc lude a l l  
t h e  t issue down t o  t h e  p revertebra l  fasc ia .  

Exc i s ion of pa rathyro id  adenomas • Parathyro id  g lands  have a s i ngu l a r  b lood supp ly  a n d  shou ld  be d i ssected back to th i s  vesse l 
pr ior  to l igat ion a n d  d iv is ion to avo id  i n ju ry to cr it ica l  adjacent structu res such as the 
recurrent l a ryngea l nerve. 

H emostas is  • A b lood less f ie ld  g reatly a ids  i n  the identif icat ion of pa rathyro id g l a nds from the i r  
su rrou n d i n g  t issue.  

• A hematoma at the site of a parathyro id  transp lant g reatly jeopard i zes the v iab i l ity of the 
a utologous g raft. 

P lacement of a utologous g raft • The pa rathyro id  a utotransp lant may be p laced in e ither  the dorsa l forea rm or the 
presterna l  a rea .  

Postoperative hypoca lcemia  • Antic i pate and  agg ress ive ly treat the hypoca lcem ia that accompan ies e ither a su btota l 
pa rathyro idectomy or certa i n ly a tota l pa rathyro idectomy with a utologous g raft. 
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POSTOPERATIVE CARE 
• Patients undergoing subtotal parathyroidectomy or total 

parathyroidectomy with autologous graft should be admit
ted for at least 1 day to monitor postoperative calcium and 
PTH levels. 

• Patients having undergone a forearm parathyroid transplant 
should have a limb alert placed, and blood pressures, IV 
sites, and venipunctures should be avoided in the transplant 
arm. 

• Acetaminophen or ibuprofen is often sufficient for the pain 
related to the procedure. Occasionally, opioid agents are 
needed for a short time postoperatively. 

• Endocrinology consultation can be sought as needed by the 
surgical team. 

• Oral calcium and possibly vitamin D (in the form of cal
citriol ) should be started immediately and titrated if hypo
calcemia occurs . 

• Patients having undergone a total parathyroidectomy will 
have an obligate period of hypoparathyroidism until their 
autograft begins to function. 

• Parenteral calcium should be restricted to severely low 
serum calcium levels and/or patients with symptomatic 
hypocalcemia. 

• Symptoms of hypocalcemia include perioral and digital 
numbness or tingling, muscle aches/spasms, carpopedal 
spasms, facial nerve hyperactivity (Chvostek's sign) ,  respira
tory muscle insufficiency, and tetany. 

OUTCOMES 
• The long-term outcome as measured by eucalcemia from a 

subtotal parathyroidectomy and a total parathyroidectomy 
with immediate parathyroid autotransplantation are very 
similar. Both have a small rate of recurrent hyperparathy
roidism (as a result of the natural history of the parathyroid 
disease) .  This recurrence may occur 10 to 20 years after the 
index operation. 8 

• Immediate transplantation of autologous parathyroid tis
sue has successful engraftment approximately 95% of the 
time. Most parathyroid grafts will gain function in about 
8 weeks .9 

COMPLICATIONS 
• Compressive cervical hematoma 
• Laryngeal nerve injuries (external branch of the superior 

laryngeal nerve or recurrent laryngeal nerve) 
• Sympathetic chain/stellate ganglion injury 
• Prolonged or permanent hypoparathyroidism 
• Inability to extirpate all hyperactive tissue with resultant 

persistent hyperparathyroidism 
• Tracheal injury 
• Esophageal injury 
• Lymph or chylous leak 
• Wound infection 
• Unsightly neck or arm scarring 
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Peter Angelos Rayman H. Grogan 

DEFINITION 
• Although there is no uniformly agreed upon definition of a 

"minimally invasive parathyroidectomy" (MIP) ,  most sur
geons accept that this term refers to an operation to remove 
the parathyroid gland that is a focused or unilateral explora
tion done through a small incision. 1  Some surgeons stress 
that MIP should also refer to an operation done without 
general anesthesia in an outpatient setting. However, we be
lieve that because the choice of anesthesia and determination 
of whether a patient is discharged on the day of surgery is 
dependent on the patient (and not always the operation) ,  we 
do not limit MIP to outpatient procedures without general 
anesthetic. We believe that MIP is the treatment of choice 
for primary hyperparathyroidism (HPT) when the location 
of the abnormal parathyroid gland has been well localized 
preoperatively. 2•3 

• MIP is effective and recommended for the treatment of 
sporadic primary HPT but not in cases of familial HPT 
(e .g. ,  multiple endocrine neoplasia type 1 or 2 ) ,  secondary 
HPT, or tertiary HPT. In all of the latter categories, the high 
likelihood of multigland disease necessitates the exploration 
of all four glands. 

• Although MIP is effective in both primary operations as 
well as in reoperative cases, we will focus on primary op
erations in the following description. The decision making 
for reoperative parathyroidectomy is complicated by the 
scarring that will be present in the neck and the potential 
difficulty with performing a four-gland exploration. For 
this reason, preoperative localization becomes much more 
important in reoperative cases and is beyond the scope of 
this chapter. 

DIAGNOSIS AND INDICATIONS FOR 
SURGERY 
• The diagnosis of HPT is made by the finding of an elevated 

calcium level with an elevated intact parathyroid hormone 
( iPTH) leveL It is possible to have normocalcemic HPT if 
the calcium level is at the upper range of normal but the 
iPTH is elevated. Alternatively, patients sometimes have 
elevated calcium levels with the iPTH level being inap
propriately in the high normal range. It is important when 
making the diagnosis of HPT to assess both calcium and 
iPTH levels so that the relative values of these tests can be 
compared.  In a patient with normally functioning parathy
roid glands, a high calcium should be associated with a low 
iPTH leveL 

• In order to confirm the diagnosis of HPT and rule out famil
ial benign hypocalciuric hypercalcemia (FBHH),  a 24-hour 
urine calcium should be obtained. In FBHH, the urinary 
calcium is expected to be very low. A normal or elevated 

24-hour urine calcium level effectively rules out FBHH. An 
elevated 24-hour urine calcium increases the risk of kidney 
stones. 

• The indications for surgery in HPT are well described in sev
eral National Institutes of Health (NIH) consensus conferences 
over the last few decades.4 Most surgeons and endocrinolo
gists currently agree that patients with HPT who are symp
tomatic or have marked elevations in serum calcium should 
have surgery. A history of kidney stones and the presence of 
osteoporosis are widely accepted as indications for surgery. It 
is common for patients with HPT to have additional symp
toms that may be associated with the disease, including low 
energy, bone pain, decreased proximal extremity muscle 
strength, decreased ability to concentrate, and reductions in 
short-term memory. Although all of these symptoms may be 
caused by conditions other than HPT, they are very common 
in patients with HPT and may influence the decision to recom
mend surgery. 

• The diagnosis of HPT in a young patient (<50  years old) 
also is a relative indication for parathyroidectomy because 
such patients will have more years to develop osteoporosis 
and other problems associated with HPT. In addition, for 
women of childbearing age, HPT also appears to increase 
the risks of spontaneous abortion. 

• There is currently no approved medical treatment for pri
mary HPT. For this reason, the choice for patients and 
physicians is between parathyroidectomy and continued 
observation. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Once the decision is made to proceed to surgical treatment, 

localization studies to attempt to identify the location of the 
abnormal parathyroid gland are indicated. We recommend 
the routine use of technetium-99m (Tc-99m) sestamibi scan 
and ultrasound evaluation of the thyroid gland.5 

• Sestamibi scanning has high rates of sensitivity and speci
ficity and is effective in localizing not only parathyroid 
adenomas in the neck but also in ectopic locations such 
as undescended glands in the neck or intrathoracic glands. 
Unfortunately, in cases of multigland disease, sestamibi 
scanning is least likely to identify the location of abnormal 
glands. Sestamibi is taken up by both thyroid and para
thyroid cells. It is more rapidly cleared from thyroid cells 
than from abnormal parathyroid cells . For this reason, a 
comparison of early and delayed scans often reveals the 
presence of a persistent focus of increased activity in the 
abnormal parathyroid gland. With the use of fused ses
tamibi-computed tomography (CT) scanning or three-di
mensional single photon emission computed tomography 
(SPECT) reconstructions, it is often possible to determine 
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whether the focus of uptake is anterior in the neck (at or 
near the level of the thyroid lobe) or more posterior. Be
cause the superior parathyroid gland is located posterior 
to the recurrent laryngeal, posterior parathyroid glands 
on scans are most likely superior glands, whereas anterior 
glands are more likely to be inferior glands.  

• Ultrasonography is an effective noninvasive means of iden
tifying abnormal parathyroid glands. The study can be 
performed in the radiology department or by surgeons in 
the clinic or operating room. Ultrasonography is effective 
in identifying enlarged parathyroid glands that are close to 
the thyroid gland. Abnormal parathyroid glands usually ap
pear as hypoechoic lesions either posterior or inferior to the 
thyroid gland. Parathyroid glands that are located posterior 
to the esophagus and those in the mediastinum are less likely 
to be visualized on ultrasound. 

• Ultrasound is very effective at identifying thyroid nodules, 
which may be a source of increased uptake on sestamibi 
scans. We believe that thyroid nodules greater than 1 em or 
with suspicious characteristics should be evaluated with fine 
needle aspiration cytology prior to planned parathyroidec
tomy. This strategy limits the chances of missing a nonpal
pable thyroid malignancy and thus reduces the likelihood 
for reoperative neck surgery. 

• In cases of primary HPT when patients have negative 
preoperative localization studies, we recommend proceed
ing with surgery and planning on a four-gland exploration 
( see Part 5,  Chapter 4 1 ) .  Some surgeons would obtain a 
four-dimensional CT scan of neck and chest prior to ex
ploring the patient. However, we believe that additional evi
dence is required before this approach should be routinely 
adopted. 

SURGICAL MANAGEMENT 
• MIP can be performed either with local anesthesia and se

dation or with general anesthesia, depending on surgeon 
and patient preference. We have found that because inferior 
parathyroid adenomas are located more anteriorly in the 
neck, these glands are more amenable to resection without 
using general anesthesia. Large posteriorly located superior 
parathyroid adenomas often are more challenging to remove 
without general anesthetic because of the need to rotate the 
thyroid lobe medially to gain access to the space posterior to 
the esophagus . Although it is possible to access these glands 
even when the patient is not asleep, surgeons should be cog
nizant of the challenge and choose the appropriate patient 
for such an approach. 

• Identification of the optimal skin crease for a cosmetic inci
sion is best done with the patient sitting up while awake. 
Although extending the neck in the operating room may 

change the location of skin creases, marking them prior to 
entering the operating room increases the likelihood of a 
good cosmetic result. 

• After the patient has been either intubated or appropriately 
sedated, the use of superficial cervical plexus block may be 
used to facilitate local anesthesia if the patient has not re
ceived a general anesthetic or to improve postoperative pain 
control if a general anesthetic is used. 

• The superficial cervical plexus block is a safe, effective 
technique to provide cutaneous anesthesia to the C2, 
C3,  and C4 dermatomes. We perform a two-point (trans
verse and inferior ) ,  bilateral superficial blockade to allow 
complete local anesthesia of the midline Kocher incision, 
which, if done correctly, will last for several hours after 
the procedure. Anecdotally, this should also allow for re
duced general anesthesia intraoperatively, particularly for 
superficial lower parathyroidectomies.  We use 1 0  mL of 
0 .25% bupivacaine without epinephrine for each side of 
the neck. 

• After induction of general anesthesia, the patient's neck is 
extended with a beanbag or shoulder roll. The midpoint 
of the posterior border of the sternocleidomastoid muscle 
is identified, and a 22-gauge needle is inserted subcuta
neously (no more than 1 em) at this anatomic landmark 
( FIG 1 ) .  Check to be sure the needle is not inserted into a 
vein by pulling back on the plunger of the syringe. First, 
5 mL of anesthetic are inj ected straight toward the mid
line of the neck (transverse injection) just posterior to the 
muscle. The needle is then repositioned without removing 
it from the skin so that it is now pointing at the sternal 
notch. The remaining 5 mL of anesthetic is then injected 
inferiorly along the posterior border of the muscle ( inferior 
injection) .  The other side of the neck is then injected in a 
similar manner. 

• If done correctly, there is minimal risk associated with 
this technique. The main risk of this procedure occurs if 
the inj ection is done too deep. If injected too deep into 
the neck, branches of the brachial plexus can be anesthe
tized, and the patient may have a temporary paralysis of 
the ipsilateral upper extremity. A deep injection can also 
anesthetize the phrenic nerve and lead to temporary dia
phragmatic paralysis .  For this reason, if the inj ection is 
being done without general anesthetic while the patient is 
awake, it is important that bilateral blockade is not per
formed simultaneously on both sides of the neck. Finally, 
if the inj ection infiltrates superiorly, the greater auricu
lar branch of the plexus will be blocked, and the patient 
will have numbness of the skin overlying the parotid and 
the earlobe.  This is a common side effect that the patient 
should be told to be aware of in the immediate postopera
tive period. 
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FIG 1 • A 22-gauge  need le  is i n serted no more than 1 em subcutaneous ly atthe m i d po int  of the poste r ior  border of the  sternoc le idomastoid 
m usc le .  After assur ing  the need le is  not i n  a ve in ,  5 m l  of a n esthetic is  i njected towa rd the m i d l i n e  of the neck (transverse i nject ion) .  The 
need le  is  reposit ioned without removi ng it toward the sterna l  notch .  The rema i n i n g  5 m l  of a n esthet ic  is  then i njected i nfer ior ly a long 
the poste r ior  border  of  the m uscle ( i nfer ior  i nject ion) .  

• 

• 

Opti m a l  posit ion i ng  for parathyro idectomy is with the 

patient's neck gent ly extended but we l l  supported .  Pr ior  
to p repp ing  the sk in ,  we rout ine ly  perform a n  i ntraop

erative u ltrasou n d  of the neck to ensure the choice of 
the optim a l  location for the skin i nc i s ion (FIG 2). I n  add i 

t ion,  i ntraoperative u ltrasound  often a l l ows the su rgeon 

to confirm the locat ion of the adenoma and  focuses the 

su bseq uent surg ica l  explorat ion .  

After prepp ing  the sk in ,  it is  cr it ica l that  if the patient • 
has not received a genera l  a n esthetic, care m ust be 

ta ken when p lac ing  d rapes to ensure that the operative 
field is  fu l l y  sepa rated from the space be low the d ra pes. 

Pat ients who a re rece iv ing sedation and loca l  a n esthes ia 
usua l ly a re a l so g iven supp lementa l  oxyge n  by the a n es

thes io log ist d u r i n g  the operation .  This is  com m o n ly done 

with  nasa l ca n n u l a  and  resu lts i n  relatively h i g h  oxygen 
concentrat ions be low the d ra pes. If that  oxygen comes  i n  

contact with a spark from e lectroca utery used du r i ng  t h e  

performa nce o f  the parathyro idectomy, the r i s k  o f  fi re i s  

i n creased . F o r  th i s  reason, w h e n  d rap i ng  the patient, a n  
occ l us ive d ress ing  or  adherent d ra pes a re i m portant to 

sepa rate the operative f ie ld  from the space be low the 
dra pes (FIG 3). 
A sma l l  (2 to 3 em) i n c i s ion i n  the m i d l i n e  is  made in a 

sk in  crease. Although  some surgeons p refer an inc i s ion 
sh ifted toward the s ide of the pa rathyro id  adenoma,  we 

p refer us ing  a m i d l i n e  i n ci s ion so that if it becomes nec
essa ry to explore both s ides, the same inc i s ion can often 

be used.  If it is  necessary to lengthen the i nc is ion,  th i s  is  

usua l l y  o n ly a m i n i m a l  i ncrease i n  inc is ion s ize .  
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FIG 2 • U ltrasou n d  of the neck is performed pr ior  to 
p repp ing  the patient's neck.  The u ltrasound  is part i cu la r ly 
usefu l i n  d eterm i n i n g  the opti ma l  location for the sma l l  neck 
inc i s ion .  Note that the mark on the neck is of the sk in  crease 
but not the actua l  length of the i nc i s ion .  

• Sma l l  subp latysma l  f laps a re created with e lectrocautery 
to a l l ow the sk in  i nc is ion to be moved up or down de
pend i n g  on where the abnorma l  g l a n d  is  located . The 

m i d l i n e  stra p m uscles a re then sepa rated i n  the m i d l i n e  
s o  t h a t  the thyro id  l o b e  on the i nvolved s i d e  c a n  be ro
tated med ia l ly (FIG 4). I f, based on  preoperative imag-

FIG 4 • Sma l l  sk in  i nc i s ion after the subp latysma l  f l aps  
have been created and  the m id l i ne  stra p m uscles have been 
sepa rated to expose the thyroid g l a n d  be low. 

FIG 3 • Occ lus ive barr ier  d ress ing  be ing p laced.  This is  very 
im porta nt if the patient is  not i ntu bated and  supp lementa l  
oxygen is  used.  The barr ier  d ress ing  sepa rates the space under  
the d ra pes f rom the operative f ie ld  and  reduces the r i sk  of f i re .  

• 

i ng ,  the abnorma l  parathyro id  appears to be the i nfer ior  
pa rathyro id,  then the d issect ion i s  focused on the a rea 
near the i nfer ior  pole of the thyro id  o r  i n  the thyrothy

mic tract where i nfer ior pa rathyro id  g lands  a re most 
com m o n ly located . If the abnorma l  pa rathyro id  g l a n d  

appears t o  be a super ior  g land ,  t h e n  d issect ion is  focused 

on the more poster ior  tissue. The entire thyroid lobe is  

mob i l ized med i a l ly such that the space poster ior  to the 
esophagus  ca n be adeq uately exp lored.  
Once an  abnormal  pa rathyro id g land is  identif ied, the vas

cu l a r  ped ic le  shou ld  be ca refu l ly identif ied, l i gated, and  
d iv ided (FIG S). Once  adequate hemostasis is  ach ieved, 
the inc i s ion is  c losed . 

FIG S • Pa rathyro id  adenoma is identif ied i n  prox im ity to the 
thyro id  g l a n d .  The parathyroid adenoma i s  sepa rated from 
the su rrou n d i n g  tissue, ta k ing  care not to enter the ca psu le  
of the g land .  The vascu l a r  ped ic le  is  identif ied, l i gated, and  
d iv ided .  
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I NTRAOPERATIVE DECISION MAKI NG 

WITH I NTRAOPERATIVE PARATHYROID 

HORMON E  

• We bel ieve that intraoperative PTH assay is an important 

component of any M IP. iPTH has such a short ha lf-l ife that 
if the abnormal parathyroid g land is removed and the other 
g lands are normal, the PTH levels wil l drop by more than 
50% i n  5 to 10 m inutes for the vast majority of patients. In 
most circumstances, a second peripheral i ntravenous cath

eter is p laced prior to position ing the patient. B lood samples 

a re then drawn through  this i ntravenous catheter, taking 
care to ensure adequate blood is drawn to avoid a d i l ute 

sample from the i ntravenous f lu id .  We routi nely draw four  
samples. The  fi rst is drawn after the  sk i n  preparation prior to 

making an incision ("preincision") .  The second is drawn after 

CLOSURE 

• As long as the sk in  inc i s ion is located in a sk in  crease or at 

least in l i n e  with sk in  creases, the l i ke l i hood of a cosmeti

ca l l y  a ppea l i n g  scar is  very h i g h .  We routi ne ly  c lose the 

skin with a n  a bsorba b le  suture in the p latysma and sub
derma l  level to take tension off the skin edges.  The sk in  

POSTOPERATIVE CARE 

• 

• Assuming no other medical issues, many patients can be dis
charged after a successful MIP. Because a focused explora
tion has been undertaken, only one side of the neck has been 
dissected. Patients are generally given extra oral calcium for 
several days to prevent transient symptomatic hypocalcemia 
while the remaining parathyroid glands recover from having 
been suppressed. The extra calcium can be rapidly weaned. 
Patients are allowed to shower the day after surgery and the 
only restriction in activity is to avoid driving a car until there is 
no neck pain in turning and the patient is off pain medication. 

OUTCOMES 
• The outcomes after MIP have been shown to be excellent 

in several large series.7•8 Patients recover rapidly and many 
have improvements in energy level with decreased bone pain 
in the weeks to months after surgery. The long-term risks of 
recurrent HPT are not different in many large series when 
comparing MIP with four-gland exploration. 

COMPLICATIONS 
• The primary risk of MIP is the small possibility of recurrent 

laryngeal nerve injury resulting in hoarseness.  The risk of per
manent hoarseness is in the 1 %  to 2 %  range in most large 
series of parathyroidectomies. Use of MIP in comparison to 
four-gland exploration does not seem to affect risk of recur
rent laryngeal nerve injury. By contrast, the risk of permanent 

f ind ing the parathyroid adenoma prior to d ivid ing its blood 
supply ("preexcision ") .  Postexcision levels are then drawn at 

5 and 1 0  m inutes after removing the parathyroid adenoma. 

Although many papers have been written on identifyi ng 
the opti ma l  cr iter ia for  i ntraoperative d rop i n  PTH, we 

be l ieve that a d rop of  50% from the fi rst base l i n e  leve l  at 

5 or  10 m i n utes postexcis ion,  as long as the va l u e  is  with i n  

norma l  range, is strong ly  predictive o f  a successfu l  opera
t ion.6 If the preincis ion PTH level is very h i g h  and  the pre

excis ion level is  even h igher, it is  sometimes necessa ry to 

d raw levels beyond 1 0  m i n utes postexc is ion in order to 
see an adequate d rop in PTH leve ls .  We be l ieve that with 

posit ive preoperative loca l i zat ion stud ies and a d ramatic 

drop i n  PTH after exc i s ing the adenoma,  the l i ke l i hood of 
a second abnormal  pa rathyro id g land is  exceed i n g ly low 

and a fou r-g land exploration is  not i nd i cated .  

is  c losed with a 5-0 monofi lament subcuticu l a r  suture 
with no knots. I f  a n  a bsorba b le  suture is used, Steri-Str ips 
a re app l ied and the suture is  then cut f lush with the ski n .  

If a nonabsorba b le  suture is  used, s k i n  g l ue i s  p l aced over 
the inc i s ion prior to p u l l i n g  the su bcuticu l a r  stitch out 

in the operati ng  room .  Most patients have exce l lent cos

metic resu lts. 

hypoparathyroidism, which is approximately 1 %  with a 
four-gland exploration, is eliminated with an MIP approach. 

• Other potential complications of MIP include bleeding and 
infection. Both of these risks are extremely low with a para
thyroidectomy and are not increased by use of MIP. 

REFERENCES 
1 .  Grant CS, Thompson G, Farley D, et al. Primary hyperparathyroid

ism surgical management since the introduction of minimally inva

sive parathyroidectomy: Mayo Clinic experience. Arch Surg. 2005; 

140(5) :472-478; discussion 478-479. 

2 .  Udelsman R, Lin Z, Donovan P. The superiority of minimally invasive 
parathyroidectomy based on 1650 consecutive patients with primary 

hyperparathyroidism. Ann Surg. 20 1 1 ;253(3 ): 585-5 9 1 .  

3 .  Kuntsman JW, Udelsman R. Superiority o f  minimally invasive para
thyroidectomy. Adv Surg. 2012;46 : 1 71-1 80.  

4.  Bilezikian JP, Khan AA, Potts JT Jr. Guidelines for the management of as

ymptomatic primary hyperparathyroidism: summary statement from the 

third international workshop. J Clin Endocrinol Meta b. 2009;94(2) :335.  

5 .  Siperstein A, Berber E, Mackey R, et al. Prospective evaluation of 
sestamibi scan, ultrasonography, and rapid PTH to predict the success 

of limited exploration for sporadic primary hyperparathyroidism. 

Surgery. 2004; 136 (4 ) :872-8 80 .  
6 .  Chiu B, Sturgeon C, Angelos, P. Which intraoperative parathyroid 

hormone assay criterion best predicts operative success ?  A study of 

352 consecutive patients. Arch Surg. 2006;141 :483-487. 

7. McGill JF, Sturgeon C, Kaplan S, et al .  How does the operative strategy for 
primary hyperparathyroidism impact the findings and cure rate? A com

parison of 800 parathyroidectomies. J Am Coli Surg. 2008;207:246-249. 

8. Zanocco K, Angelos P, Sturgeon C. Cost-effectiveness analysis of 

parathyroidectomy for asymptomatic primary hyperparathyroidism. 
Surgery. 2006; 140:874-8 8 1 ;  discussion 8 8 1-882.  



Chapter 44 ' Endoscopic Parathyroidectomy 
by Lateral Approach 

I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - + 

t Jean-Franr:;ois Henry 

DEFINITION 
• A minimally invasive parathyroidectomy (MIP) may be de

fined as an operation requiring a small and discrete incision 
for a very direct access to the parathyroid glands, resulting 
in a focused dissection. MIP may be divided in two groups :  
open MIP performed under direct vision via a small cervical 
incision1 and various endoscopic MIP performed partially or 
totally with the help of an endoscope. Today, three different 
types of endoscopic parathyroidectomies can be considered 
to be an option for surgeons: ( 1 )  Video-assisted parathyroid
ectomy/ which is a mini-open procedure performed partially 
with the help of the endoscope. (2) Endoscopic techniques 
using an extracervical approach. These techniques have the 
advantage of leaving no scar in the neck area but cannot rea
sonably be described as minimally invasive as they require 
more dissection than conventional open surgery. ( 3 )  Pure 
endoscopic techniques using a cervical access. These opera
tions are performed totally with the help of the endoscope 
and include constant gas insufflations. Two pure endoscopic 
techniques have been described: the endoscopic parathyroid
ectomy by midline approach3 and the endoscopic parathy
roidectomy by lateral approach (EPLA) .4  EPLA develops the 
plane between the carotid sheath laterally and the strap mus
cles medially. This " back-door route" does not require com
plete dissection of the thyroid lobe from the strap muscles. 
It allows direct access to the posterior aspect of the thyroid 
lobe and it does not require anterior and medial retraction 
of the thyroid lobe during the entire procedure. 

DIFFERENTIAL DIAGNOSIS 
• Today, the diagnosis of primary hyperparathyroidism (PHPT) 

can be made with near certainty by documenting an increased 
serum intact parathormone (iPTH) level in a patient with in
creased ionized or total calcium. It is therefore necessary to 
eliminate all other causes of hypercalcemia and iPTH eleva
tion. As for iPTH elevation, renal dysfunction and vitamin D 
deficiency are well known. Among causes of hypercalcemia, 
thought should be given to the syndrome of benign familial 
hypocalciuric hypercalcemia (BFHH),  where the hypercalce
mia is associated with normal or slightly raised levels of iPTH 
coexisting with hypocalciuria.  

PATIENT HISTORY AND PHYSICAL FINDINGS 
• The patient must be carefully selected. Not all patients pre

senting with HPT are candidates for an EPLA, as EPLA 
does not allow for a bilateral exploration.5 Patients who are 
suspected to have multiglandular disease (MGD ) ,  includ
ing patients with secondary hyperparathyroidism (HPT) 
or patients with familial primary HPT, are not eligible for 
this procedure. Suspicion of parathyroid carcinoma is also 
an absolute contraindication. A history of neck irradiation, 
the presence of a large goiter and previous surgery in the 
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thyroid vicinity are relative contraindications. EPLA can be  
performed in  patients who have previously undergone a con
tralateral neck operation (Table 1 ) .  

• When considering EPLA, the adenoma must b e  solitary and 
clearly localized by preoperative imaging studies .  Whether 
preoperative localizations techniques can rule out MGD 
with sufficient accuracy is questionable. Therefore, as with 
other minimally invasive techniques, the risk of missing 
MGD justifies the use of a quick intraoperative parathor
mone assay ( QPTH) . 6  The less definitive the localizations 
studies, the more imperative the need for QPTH. 

• When patients are selected on the basis of the abovemen
tioned criteria, no more than 50% of patients are eligible for 
this procedure ( FIG 1 ) .  

• EPLA i s  technically more challenging than standard cervi
cal exploration and its performance should be confined to 
tertiary centers. The surgeon must be experienced in con
ventional parathyroid surgery. Mentoring by a surgeon who 
has experience with endoscopic neck procedures is also 
recommended. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 
• Only noninvasive tests should be considered. When these 

tests are negative, EPLA is not indicated and the traditional 
open cervicotomy is preferable. The topographic diagnosis 
should ideally be established by convergence of the results of 
two different investigations, one providing good anatomic 
information and the other providing functional information. 

• High-resolution ultrasonography (US) and technetium-
99m (Tc-99m) sestamibi scan are used most commonly 
in combination.7 US can only assess the cervical region 
but gives good anatomic information, including useful in
formation about the thyroid gland. The patient should be 
examined in the supine position with the neck in hyperex
tension. A pillow can be placed under the shoulders if the 
patient has a short neck. A high-frequency linear transducer 

Table 1 :  Absolute and Relative Contraindications 
for Endoscopic Parathyroidectomy by Lateral 

Approach 

Absol ute contra indications 
Suspicion of pa rathyro id carcinoma 
Large goiter 
Secondary or tert iary H PT 
Fam i l i a l  H PT 
Suspic ion of MGD 
No  loca l ization 

Relative contra indications 
Previous surgery 
H i story of neck i rradiat ion 
Large tumor (> 3 em) 
I nferior adenoma l ocated anter ior ly 

HPT, hyperparathyroidism; MGD, multiglandular disease. 

-
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Open conventional 
approach 

FIG 1 • Algor ithm for the surg ica l  m a nagement of patients 
e l i g i b l e  for an endoscop ic  pa rathyro idectomy by l atera l approach .  

(7 .5 to 1 0  MHz) is used to obtain optimal depth penetration 
of 3 to 4 em. A bilateral and comparative scan should be 
performed in transverse section, then in longitudinal section. 
In transverse section, the examination concentrates on an 
area defined by the longus colli muscles posteriorly, the thy
roid gland anteriorly, the trachea medially, and the carotid 
artery laterally. The scan is then performed in cranial and 
caudal directions. An additional scan can be performed with 
the head of the patient turned away to the side and dur
ing deglutition to optimize the lateroesophageal images. The 
anterosuperior mediastinum is examined by inclining the 
transducer deeply in a retrosternal direction. The examiner 
should note the precise location with respect to surrounding 
structures, particularly to the thyroid gland, and the depth 
from the skin. Finally, a color flow Doppler or a power flow 
Doppler will be performed to test the vascularization of the 
area and define the artery branches involved.  

• Two protocols for sestamibi scanning can be used: the single 
isotope dual phase protocol and the substraction protocol. 
The dual protocol requires early ( 1 5  minutes postinjection) 
and delayed images (at 1 and 2 to 3 hours, depending on 

Recurrent laryngeal nerve 

thyroid washout) .  In cases of multinodular thyroid disease, 
additional further delayed images are sometimes needed. 
When a subtraction protocol is used, Tc-99m sestamibi is 
used in conjunction with another radionuclide specific to the 
thyroid. T c-99m pertechnetate and 123I are the most widely 
used radioisotopes for thyroid scintigraphy. The main advan
tage of using 123I is that thyroid and parathyroid images can 
be acquired simultaneously in a dual energy window setup. 
The disadvantage is the cost of the protocol related to 123I. 
Parathyroid scintigraphy should include views of the neck and 
the mediastinum. Single-photon emission computed tomog
raphy (SPECT) can be helpful for more precise localization 
of adenomas, as it provides simultaneous three-dimensional 
(3-D) information on both neck and superior mediastinum. 

• Instead of US and Tc-99m sestamibi scan, four-dimensional 
computed tomography (4D-CT)8 or the use of computed 
axial tomography-methoxyisobutyl isonitrile (MIBI) image 
fusion,9 when available, may be preferable. 

• Consideration for EPLA depends on the results of preopera
tive imaging. EPLA should be strongly considered when the 
parathyroid adenoma is in close proximity to the recurrent 
laryngeal nerve, as the nerve is at risk during MIP. Therefore, 
EPLA is the procedure of choice in all cases where the para
thyroid adenomas are deeply located in the neck. 

• Three locations of parathyroid adenomas with regard to the 
recurrent laryngeal nerve can be described (FIG 2 ) .4 Location 
1 is posterior to the two superior thirds of the thyroid lobe 
(FIGS 3 and 4) .  These adenomas are superior glands. Loca
tion 2 is at the level of or below the inferior pole of the thy
roid lobe but in a plane posterior to it (FIGS S and 6) .  These 
adenomas may be either a superior gland that has migrated 
posteriorly and in a downward direction or an inferior gland 
that has fallen posteriorly. These glands can also migrate into 
the superior and posterior mediastinum. Location 3 is at the 
level of or below the inferior pole of the thyroid lobe but in a 
superficial plane (FIGS 7 and 8) .  These adenomas are always 
inferior glands and can be found in close contact with the tip 
of the inferior pole of the thyroid lobe but also along the thy
rothymic ligament or into the superior pole of the thymus. 

FIG 2 • The th ree d ifferent locat ions of parathyroid 
adenomas with rega rd to the recu rrent l a ryngea l  
nerve. Locat ion 1 ,  poste r ior  to the two super ior  
t h i rds of the thyro id  lobe; locat ion 2, at the l evel of  
or  be low the i nfer ior  po le  of the thyro id  lobe but in  
a p lane  poster ior  to i t ;  l ocat ion 3, at the leve l  of o r  
be low the i nfer ior  po le  of  the thyroid lobe but i n  a 
superfic ia l  p l ane .  
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FIG 3 • Pa rathyro id  Tc-99m sesta m i b i  sci nt igraphy; subtract ion 
p rotoco l .  The subtract ion image  demonstrates a r ight  pa rathyro id  
adenoma at the level of  the m i d d l e  t h i rd of  the r ight  thyro id  
lobe (arrow) .  

FIG 4 • U ltrasound  (same patient i n  FIG 3). R ight pa rathyro id  
adenoma poster ior  to the midd le  t h i rd of the thyro id  lobe :  r ight  
super ior  pa rathyro id  adenoma i n  locat ion 1 .  EPLA is i nd i cated . 

FIG S • Parathyroid Tc-99m sestam i b i  sci nt igraphy; su btract ion 
p rotoco l .  The su btract ion image  demonstrates a r ight parathyro id  
adenoma at the leve l  of the i nfer ior th i rd of the r ight  thyroid 
lobe. 

FIG 6 • U ltrasound  (same patient i n  FIG S). R ight pa rathyro id  
adenoma poster ior  to the i nfer ior  t h i rd of  the thyro id  lobe :  r ig ht, 
more probably i nfer ior, parathyro id  adenoma in location 2 .  EPLA 
is i nd icated .  

FIG 7 • Pa rathyro id  Tc-99m sesta m i b i  sc int igraphy; su btract ion 
p rotoco l .  The su btract ion image demonstrates a r ight  parathyroid 
adenoma below the i nfer ior  po le  of the thyroid lobe .  

• Adenomas in locations 1 and 2 are deeply located and are 
in the vicinity of the recurrent laryngeal nerve. The nerve 
is at risk and its clear identification during the procedure is 
recommended. The lateral view, provided by EPLA, permits 
its easy identification and allows a secure dissection. On the 
other hand, adenomas in location 3 are at distance from the 
nerve, which runs more deeply. Its identification is not es
sential. An anterior mini-open approach without the help of 
the endoscope is indicated. 

• In conclusion, the need to know preoperatively when the 
nerve is at risk reinforces the role of preoperative imaging 
studies. Depending on whether the patient has a deep-seated 
adenoma or a superficial-seated adenoma, the surgeon can 
choose between EPLA and an anterior mini-open approach. 

• The main interest of using an endoscope is not that one can 
perform a parathyroidectomy through a small incision but that 
one can perform a safe parathyroidectomy through a small in
CISIOn. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• Prior to surgery, the patient undergoes a vocal cord check. 
• The procedure is performed under general anesthesia with 

endotracheal intubation. Trocars are poorly tolerated by 

FIG 8 • U ltrasound  (same patient in FIG 7) . The adenoma (2) is 
in the su perfic ia l  p l ane, be low the i nfer ior  po le  of the thyroid 
lobe (1),  along the thyrothymic tract :  r ight  i nfer ior  parathyro id  
adenoma i n  location 3 .  There  i s  no  need for the endoscope.  A 
m i n i-open p roced u re is i n d icated .  
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FIG 9 • I nstru ments of 3-mm trocars (Medtron i c  Xomed, 
M icroFrance, Saint Aub in  Le Mon ia l ,  France) .  

patients under local or regional anesthesia. In addition, 
swallowing and spontaneous breathing present impediments 
when dissecting in a small operative space. 

• The surgical instruments required include a 1 0-mm trocar, 
which will accommodate a 0-degree fiberoptic endoscope, 
and two 3-mm trocars, which will receive a series of pur
pose-made instruments (Medtronic Xomed, MicroFrance) 
including blunt-tipped dissectors, graspers, scissors, a dia
thermy hook, and an aspiration canula. These instruments 
measure 25 em in length ( FIG 9) .  

• I n  patients presenting with small parathyroid adenomas less 
than 2 em in diameter, a 5-mm trocar and a 5-mm 0-degree 
endoscope can be used. 

• QPTH assays are performed before and at the time of inci
sion, directly before parathyroid excision and, subsequently, 
5 and 1 5  minutes after parathyroid excision. Parathyroid
ectomy is considered successful when QPTH value falls by 
greater than 5 0 %  with respect to the highest preexcision 
level and into normal range ( 1 0  to 65 pglmL) .5 

• The surgical team consists of the operator, first assistant, and 
a scrub nurse. The surgeon and first assistant stand on the 
side of the diseased gland, with the scrub nurse facing them. 
The monitor is placed next to the scrub nurse and directly in 
front of the surgeon ( FIG 1 0) .  

THE BACK-DOOR APPROACH 

• 

• 

An i n it i a l  1 2- to 1 5-mm transverse sk in  i nc is ion (optic tro- • 
car  i nc is ion) is made on the a nter ior border of the SCM, 
at the l eve l of the thyro id  isth mus  (FIG 1 1 ). I t  wi l l  permit  

the creat ion of a space through which the 1 0-mm troca r 

w i l l  be i ntrod uced.  Th i s  inc i s ion is p l aced such that in the 
event of convers ion,  it can be extended med i a l ly to resu l t  • 
i n  a sym metric co l l a r  inc i s ion .  
After d iv is ion of the p l atysma,  the a nter ior  border  of  the 

SCM is identif ied a n d  the i nvest ing  layer of cervica l fascia 
is  i nc ised.  This a l l ows access to the p l ane  of d issect ion 

Surgical 
assistant 

Anesthesiologist 

FIG 1 0  • Operati ng room org a n izat ion .  

Positioning 

Scrub 
nurse 

• The patient is positioned in the supine position. The head 
is placed in a neutral position without hyperextension to 
avoid tensing the sternocleidomastoid muscle (SCM) and the 
strap muscles. Complete relaxation and suppleness of these 
muscles are essential to prevent narrowing down the opera
tive space given that this is maintained with low-pressure 
gas insufflation. The patient is prepped and draped as for 
standard parathyroid surgery. 

between the SCM latera l l y  and  the strap m uscles med i 
a l ly, j ust i nfer ior  to the omohyo id m uscle (FIG 1 2). 

The fasc ia  con n ect ing  the poster ior  aspect of the thy

roid lobe med i a l ly to the ca rot id sheath l atera l ly is  gen
tly d iv ided with  scissors (FIG 1 3). A m idd le  thyro id  ve i n  

m a y  be encou ntered . I t  is  l igated without a n y  d iffi cu l ty 

through  the inc i s ion .  
A sma l l  moist gauze is  then inserted through the i nc is ion 

and  packed deeply i n  a n  u pward and  downward d i rect ion 

i nto the i n it ia l ly created space (FIG 14). This  b l ind maneu

ver en l a rges the cavity and  perm its a su rpr is i ng ly  q u ick, 
effic ient, and  b lood less exposu re of the operative f ie ld .  
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0- - 
B 

Anterior border of SCM 

- -!- - - -0 

A _c 

\ 
Head of clavicle 

FIG 1 1  • Troca r sites. All th ree troca rs a re posit ioned on 
the l i n e  of the anter ior  border of the SCM.  M a i n  troca r (A) 
i s  p l aced at the level of the thyro id  isthmus .  Trocars 8 and  
C shou ld  be 3 to 4 em apart and  w i l l  be u sed  for  the 2 -mm 
instruments. SCM,  sternoc le idomastoid m usc le .  

FIG 13 • The back-door approach uses the p lane between 
the poster ior  aspect of the thyro i d  lobe med i a l ly ( 1 )  to the 
carot id  sheath latera l l y  (2). 

Omohyoid muscle 

Anterior SCM 

Site for beginning 
d issection 

Posterior aspect 
of strap muscles 

FIG 12 • The access to the p l ane  of d issect ion between the 
SCM latera l l y  and  the strap m uscles med i a l ly is  j ust i nfer ior  to 
the omohyoid m usc le .  SCM, sternoc le idomasto id m usc le .  

FIG 1 4  • Creat ing  space for endoscop ic  exploration .  A sma l l  
mo ist gauze ro l l  i s  i nserted th rough  the i nc is ion and  packed 
deeply i nto the i n it ia l ly created space. 
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I NSTALLATION OF THE TWO 3-MM 

WORKI NG TROCARS 

• The two 3-m m troca rs a re p l aced on the l i n e  s ituated 
a long  the a nter ior border of the SCM, in the i r  respec

tive posit ions, a bove (5 to 6 em) and be low (3 to 4 em) 
the m a i n  optic trocar inc i s ion .  Safe troca r p l acement is  

ach ieved by tunne l l i n g  a 2 .5-mm d ra i n  i ntroducer nee
dle i nserted from with i n  the main inc i s ion through to 

the ski n .  The d i rect ion th i s  g u ide takes m ust fo l low the 

a nter ior border of the SCM.  Dur ing th i s  maneuver, one  

m ust constantly be aware of  the i ntern a l  j ugu la r  ve i n  
s ituated poster ior ly, the externa l  j u g u l a r  ve i n  s ituated 

cra n i a l ly, and the a nter ior j u g u l a r  ve i n  s ituated ca uda l ly. 
The 3-m m trocar is p laced over the t ip  of the i ntrod ucer 
need le, which has p ie rced the sk in  from ins ide out and 

ra i l roaded i nto the operative space (FIG 1 5). Each ap
propr iate ly  posit ioned 3-mm troca r is then loose ly fixed 
to the skin with a nonabsorbab le  monofi l ament st itch to 

p revent invo l u nta ry remova l .  

A C 

A 

Trocar fol lowing 
guide stick 

Guide stick inserted 
toward second trocar 

FIG 1 5  • I nsta l l at ion of the 3-mm troca rs. The transpar ieta l  path of both trocars is  made through the i nc i s ion (A), from the 
ins ide  to the outs ide,  us ing  a g u ide st ick .  The pathway of the gu ide st ick m ust fo l low the a nter ior border of the SCM.  Then,  the 
3-mm troca r is  p laced over the t ip  of the g u ide  st ick and  ra i l roaded i nto the operative space. 

I NSTALLATION OF THE 10-MM 

OPTIC TROCAR 

• A pu rse-str ing stitch is p laced around the m a i n  wou n d .  It  

i ncorporates not o n ly the sk in  but a lso the a nter ior bor
der  of the SCM l atera l ly a n d  the poster ior  border of the 

sternothyro id  m uscle med ia l ly. At th i s  stage, the gauze 

ro l l  i s  removed, the 1 0-m m troca r i n serted and  he ld  in 

posit ion with the pu rse-str ing suture.  

• 

• 

The purse str ing  is su bseq uently th readed through a n  
eye l et mou nted on a specifica l ly des igned device enc i rc l 

i n g  the trocar  a n d  secured to th i s  (FIG 1 6). This  a rrange

ment gua ra ntees a i r  t ightness, a l l ows the a m p l if icat ion  
of the operative space, and  p revents the troca r f rom s l i p

p ing  out of the wou n d .  

T h e  th ree troca rs a re n o w  posit ioned .  T h e  assistant takes 
care of the endoscope and the surgeon works through 

the other  two trocars (FIG 1 7). 

1733 
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FIG 1 6  • I n sta l l at ion of the m a i n  troca r. A p u rse-str ing st itch 
is  p l aced around the m a i n  wou n d  and i s  t ied on a specif ica l ly 
desig n ed device enc i rc l i n g  the m a i n  troca r. 

EN DOSCOPIC PARATHYROI D  

EXPLORATION 

• A pneumocervicotomy is esta b l i shed us ing  i nsuffl at ion 

with carbon d i ox ide (C02) at low pressure (8 m m Hg) .  The 
gas not o n ly m a i nta ins  the  work ing  operative space but 

a l so may tamponade off minor b leeders. F i rst, the ca

rot id  m ust be identified .  Then,  the space betwee n  the 
carotid l atera l l y  and the poste rolatera l  aspect of the 
thyro id  lobe med ia l l y  is  deve loped .  The d i ssect ion i s  
performed with the he lp  of two b l u nt-t ipped m eta l l ic 

d i ssectors. L igatu res or c l i p  app l icat ions a re not n eces

sa ry. The com b i nat ion of b l u nt d i ssect ion and gas i nsuf

f lat ion a l l ows easy separat ion of structu res, m i n i m iz i ng  

the need  fo r  sharp d issect ion .  Th i s  fac i l itates i dentif ica
t ion of the key structu res and l andma rks that w i l l  per

m it a safe d i ssect ion .  The i nfer ior  thyro id  a rtery and ,  of 

cou rse, the recurrent l a ryngea l  nerve must be ident if ied 
fi rst . The i nfer ior  thyro id  a rtery i s  a usefu l  l andmark  for 
locat i ng  the recurrent l a ryngea l  nerve. The eas iest site to 
i dentify the nerve i s  at the level of the lower pole of the 
thyro id  g l and ,  j ust ca uda l l y  to the tru n k  of the a rtery. 

On the l eft s ide, the nerve ascends  at the depth of the 
tracheoesophagea l  g roove . On  the r ight  s ide, the nerve 
cou rses more ob l i que ly. The magn if icat ion a l lowed by 

I DENTIFICATION OF THE PARATHYROI D  

ADENOMA 

• Based on the resu lts of the preoperative i m a g i n g  stud
i es, the  s u rgeon may suspect a n  adenoma i n  locat ion 

1 o r  2 .  
• A l l  g l a nds  i n  locat ion 1 a re super io r  pa rathyro id  a d 

e n o m a s .  The  s e a r c h  for them req u i res t h e  d i ssect ion  

of the  u p p e r  two-t h i rds  of poste r io r  aspect of the  thy
ro id  lobe (FIG 1 9). S m a l l  s upe r io r  a d e n o m as usua l l y  

F IG  1 7  • T h e  th ree trocars a re posit ioned .  I nsuffl at ion 
(8 m m Hg) is  i n sta l l ed .  The assista nt ho lds  the camera and 
the operator works through the other  two 3-mm troca rs. 
Endoscop ic  exp lorat ion ca n start. 

• 

the endoscope provides i m p roved visu a l i zat ion of the 
vasa  nervorum runn ing a long  the nerve a n d  h e l p  its 

identif icat ion .  

Very often one can observe that  the nerve branches fa r 
be low its l a ryngea l  entry po int (FIG 1 8). Also, sma l l  ex

tra l a ryngea l branches extend ing  to the adjacent trachea 
and esophagus  a re easi ly see n .  

F IG 1 8  • Endoscop ic  exp lorat ion on the r i g h t  s ide :  
identif icat ion of  the r ight  recurrent l a ryngea l nerve. I n  th i s  
case, the  nerve branches fa r be low its  l a ryngea l entry poi nt. 

• 

rem a i n  l ocated i n  t h e i r  o rthoto p i c  s ite,  f loat i n g  i n  a 
loose, fatty sett i n g  i m m e d i ate ly  adjacent  to t h e  i nfe

r ior thyro id  a rte ry. La rge supe r io r  a d e n o m a s  tend to 
m i g rate poste r io r ly  and downwa rd . Therefore, i f  they 
a re not fou n d  i n  i m m e d i ate contact with t h e  thyro i d  
capsu l e, t h e y  s h o u l d  be  s o u g h t  b e s i d e  o r  b e h i n d  t h e  
eso p h a g u s .  
G lands  i n  locat ion 2 m a y  be a l so super ior  pa rathyro id 

adenomas .  The i r  m i g ration may d rag them down very 

low, we l l  be low the i nfer ior thyro id  a rtery, beh ind  whose 
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FIG 19 • Endoscop ic  exp lorat ion on the r ight  s ide :  i nfer ior  
thyro id a rtery (1), super ior  parathyroid adenoma (2) poster ior  
to the midd le  th i rd of the thyro id  lobe (3). The adenoma is 
located i n  locat ion 1 .  

• 

trun k  they cross d u r i ng  the i r  descent. Endoscopic  exp lora

t ion beh ind  the i nfer ior thyro id  a rtery, along the esoph
ag us, and  down i nto the poster ior  med iasti n u m  ca n be 

easily accomp l ished by this back-door approach .  These 
adenomas are revea led by the i r  vascu la r  pedic le, which is 

easi ly d i ssected at the level of the i nfer ior thyro id  a rtery. 
They emerge with s imp le  tract ion on it and  the i r  e lon

gated shape is  amenab le  to exped it ious extract ion .  
The search of i nfer ior  parathyro id  adenomas i n  loca
t ion 2 req u i res the exp lorat ion of the lower th i rd of the 

DISSECTION OF THE PARATHYROID 

ADENOMA 

• The adenoma m ust never be g rasped to avo id  pa rathy

roid fracture and potenti a l  risk of pa rathyromatosis .  The 

adenoma i s  p rogress ively freed from adjacent structu res 
by b l u nt d i ssect ion with the he lp  of two b l u nt-t ipped 

meta l l ic d i ssectors (FIG 21 ). One d i ssector retracts the 

FIG 21  • Endoscop ic  d issect ion of the super ior  parathyro id  
adenoma with  the he lp  of two b l u nt-t ipped d i ssectors. 
The g l a n d  shou ld  not be g rasped to avo id  capsu l a r  d is rupt ion .  

poster ior  aspect of the thyro id  lobe .  Somet i mes, they  a re 

identif ied i m med iately after i ntrod uc ing  the endoscope .  
They tend to descend  poster ior ly a n d  i n  a downwa rd d i 

rect ion to acq u i re a pa ratrachea l or  a pa raesophagea l  

posit ion .  It  is i n  these  cases that  they become i nt i mate 
with the recu rrent l a ryngea l nerve. Their poster ior  su r

face may ad here to the nerve. In these cases, the l atera l 

view a l l ows a secure d issect ion of the nerve. 
• Although  search i n g  for the ips i l atera l g l a n d  is not man

datory, it can often be identif ied when it is  i n  locat ion 
1 o r  2 (FIG 20). 

FIG 20 • I dentif icat ion of the ips i l atera l  i nfer ior  pa rathyro id  
g land .  The g land is  norm a l .  

adenoma,  provid i n g  tens ion,  wh i l e  the other  i n strument 
is  used to d issect the g land away from su rrou n d i n g  struc
tu res and loose a reo l a r  tissue unt i l  comp lete mob i l iza

t ion is  ach ieved . When the ped ic le  is iso lated (FIG 22), 
the term i n a l  vascu l a r  branches a re g rasped, skeleton ized, 

and e lectrocoagu lated with the 3-mm d iathermy hook 

(FIG 23). 

FIG 22 • Dissect ion of the vascu l a r  pedicle of the super ior  
parathyro id  adenoma .  
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EXTRACTION OF THE PARATHYROI D  

ADENOMA 

• Most parathyro id  adenomas can be extracted through 

the 1 0-mm trocar. I n  perform ing  th i s  step, after remov

i n g  the 1 0-mm endoscope, a g rasper and  a 5-mm lens a re 
s i m u ltaneous ly i ntrod uced i nto the 1 0-mm troca r. The 

pedic le of the adenoma is  g rasped and the adenoma is  
d rawn i nto the trocar (FIG 24), the troca r conta i n i n g  the 
spec imen is  then removed .  

• La rger  a d e n o m as that  can n ot be d rawn i nto the  

1 0- m m  troca r a re extracted d i rect ly t h r o u g h  t h e  tro
ca r s ite u n d e r  d i rect v i s i on .  The re i s  no  need to p l ace 

them in a ste r i l e  p l ast ic  bag  d u r i n g  th is  m a n euver. 

After  check i n g  h e m ostas i s, the  two 3 -mm troca rs a re 

remove d .  

CLOSURE 

• A surg ica l d ra i n  is not necessa ry. The p latysma  is sutured.  

The sk in  inc is ion and the two 3-mm trocars s ites a re 

c losed with f ibr in  g l u e  (FIG 2S). No d ress ing  is req u i red .  

F IG 23 • E l ectrocoagu lat ion of  the term i n a l  vascu l a r  
branches (1) of  the super ior  parathyro id  adenoma (2) with 
the 3-mm d iathermy hook.  3, thyro id  lobe; 4, ca rot id a rtery. 

FIG 24 • Extract ion of the parathyro id  adenoma .  The ped ic le  
of the adenoma is  g rasped and  the adenoma i s  d rawn i nto the 
troca r. 

FIG 25 • F ib r i n  g l u e  is used to c lose the ski n .  
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PEARLS AND PITFALLS 

I n d icat ions • O n ly patients with sporad i c  p r imary H PT, i n  whom a s ing le  adenoma has been c lear ly  loca l 
i zed  by  preoperative imag ing  stu d ies, a re potent ia l  can d idates for  E PLA. 

• Based on the resu lts of preoperative imag ing  stud ies, EPLA shou ld  be reserved for patients 
presenti ng with pa rathyro id  adenomas deeply located in the neck.  

QPTH assay • The ava i l a b i l ity of the QPTH assay i s  of utmost i m porta nce.  This test is especia l ly usefu l 
when loca l i zat ion stud ies a re less certa i n .  

I nsta l l at ion  o f  trocars • Place a l l  th ree troca rs on the l i n e  of the a nter ior border of the SCM and f ix them to the sk in  
to prevent invo l u nta ry remova l .  

• Optic troca r inc i s ion s h o u l d  be created s u c h  that i n  t h e  event o f  convers ion,  it ca n be ex
tended med i a l ly to resu lt  in a trad i t iona l  cervicotomy. 

• The transpar ieta l path of the work ing  trocars shou ld  be made through the optic troca r 
i nc is ion,  from the ins ide  to the outs ide .  

Work ing space • Place the head i n  a neutra l posit ion  to avo id  tens ing  the SCM and the stra p musc les. 
• In order to e n l a rge  the work ing  a rea, before i ntrod uc ing  the optic troca r, stuff a sma l l  

mo ist ga uze, u pwa rd and  downward, deep ly  i nto the i n it i a l l y  created space, a n d  then  
remove it . 

Endoscop ic  exp loration  • B e a r  i n  m ind  that  beca use t h e  work i n g  space  i s  very sma l l ,  t h e  e n d oscope i s  very c l ose 
to the anatom i c  st ructu res, wh ich  w i l l  t h e refore a p pe a r  h i g h ly m a g n if i ed .  There i s  
a def i n ite r i sk  of remov i n g  a norma l  g l a n d  that  a p p e a rs e n l a rged  under  e n d osco p i c  
v i s i o n .  

Endoscop ic  d i ssect ion • Never g rasp the adenoma to avo id  parathyroid fracture .  The d issect ion can be performed 
ent ire ly with the two b l u nt-t ipped pa l pators. 

POSTOPERATIVE CARE 
• The patient may remain in the operating room or, in case of 

long processing for the QPTH assay, may be transferred to the 
postanesthesia care unit after extubation. In this latter case, 
if the results of QPTH are not consistent with successful re
moval of parathyroid adenoma, the patient must be returned 
to the operating room. In both cases, conversion to bilateral 
neck exploration is performed if the QPTH value does not fall 
by greater than 50% and into normal range ( 1 0  to 65 pglmL). 

• Patients have determination of serum parathyroid hormone 
(PTH) 4 hours after excision of the adenoma, then on day 
1 and day 8 after surgery. Calcemia and phosphoremia are 
also systematically evaluated on day 1 and day 8 .  

• The serum PTH level reaches its nadir 4 hours after excision of 
the adenoma and, in most patients, the serum calcium reaches 
its lowest level within 48 to 72 hours after surgery. Because the 
parathyroid exploration is unilateral, postoperative hypopara
thyroidism is not observed. However, postoperative hypocalce
mia can be observed in patients with severe skeletal depletion 
of calcium, resulting in "bone hunger. " If symptoms appear, 
calcium and vitamin D derivatives should be administrated. 

• Usually, patients are discharged the day after surgery. 
• Postoperative vocal cord evaluation must be performed 

systematically. 

OUTCOMES 
• After EPLA, more than 95 % of patients are normocalcemic. 

However, it should be kept in mind that these excellent re
sults are obtained in a group of carefully selected patients.4 

• EPLA does not appear to be clearly superior to other MIP 
technique in terms of recurrent disease or postoperative 
complications. 10  

• As with other techniques of single-gland excision through 
a limited neck exploration, EPLA does not lead to an in
creased incidence of persistent/recurrent HPT10; it is asso
ciated with a better postoperative course in terms of pain 
and it produces better cosmetic results compared to bilateral 
neck exploration1 1  ( FIG 26) .  Prevalence and severity of post
operative hypocalcemia are loweredY 

FIG 26 • Cerv ica l  sca r 1 month after surgery. 
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COMPLICATIONS 
• Hematoma 
• Inferior laryngeal nerve injury 
• Parathyroid adenoma not found: conversion 
• Capsular rupture of adenoma 
• False-positive result of preoperative imaging studies 
• False-negative result of QPTH assay 
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DEFINITIONS 
• Reoperative parathyroid surgery occurs in multiple clinical 

settings but is most frequently performed as the result of failed 
exploration, recurrent, or persistent hyperparathyroidism. 

• Persistent hyperparathyroidism is defined as hypercalce
mia that remains or recurs within 6 months of an initial 
parathyroid operation. 

• Recurrent hyperparathyroidism is the reappearance of 
hypercalcemia after a period of 6 months of postoperative 
normocalcemia following successful surgery. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• A detailed history of the patient's disease should be per

formed, focusing on the management to date. 
• Biochemical confirmation of persistent or recurrent hyper

parathyroidism is the initial step in management. A 24-hour 
collection for calcium is recommended. 1 •2 

• The benefits of reoperation must be weighed against the risks 
of continued hyperparathyroidism and the surgical compli
cations for each individual patient. Nonsurgical management 
can be considered if the sequela of continued parathyroid 
disease is relatively low risk or the risk of operation is high. 

• Surgical history is an essential component of reoperative 
parathyroid surgery. The surgeon must understand reasons 
for initial operative failure.3 

• Operative and pathology reports should be carefully re
viewed, focusing on the extent of exploration, glands identi
fied and removed, whether confirmed by biopsy, if marked, 
and if reimplanted. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• Extensive preoperative planning is key to successful reopera

tive surgery. 

Right internal 
jugular vein 

• Previous operative reports, imaging, and pathology results 
should be obtained and reviewed to understand the cause of 
failure.2 

• Localization studies are an essential portion of preoperative 
planning and should be performed in all reoperative parathy
roid patients. Ultrasound, sestamibi, computed tomography 
(CT) (parathyroid protocol, 4-D ) ( FIG 1 ), single-photon emis
sion computed tomography---<:omputed tomography (SPECT/ 
CT) ,  and fluorodeoxyglucose-positron emission tomography 
(FDG-PET) can be used for localization and to rule out mul
tigland disease. Preoperative location of abnormal glands 
can significantly alter the operative approach particularly if 
aberrant glands lie in the mediastinum. 

• Fine needle aspiration (FNA) with measurement of parathy
roid hormone (PTH) can confirm parathyroid tissue in ques
tionable lesions or parathyroid adenomatosis identified by 
ultrasound. 

• Invasive localization studies such as selective venous sam
pling ( FIG 2 ) or arteriography should be reserved for when 
noninvasive studies fail to localize pathology. 

SURGICAL MANAGEMENT 
Preoperative Planning 

• The imaging must be thoroughly reviewed to plan the opera
tive approach. 

• Prior operative notes are reviewed and operative steps clearly 
determined prior to reexploration. 

• Positively localized lesions lend themselves to focused reex
plorations, whereas more extensive exploration is required 
for multigland or nonlocalized diseases. 

• Preoperative flexible laryngoscopy is recommended prior to 
reoperative surgery to document vocal cord function and 
guide the extent of surgery. 

• Frozen section and intraoperative PTH assays are useful 
adjuncts to confirm parathyroid identification and biochem
ical cure. 

Trachea 

Left common 
carotid artery 

Esophagus 

FIG 1 • Pa rathyro id CT demonstrates a contrast
enhanc ing  les ion poster ior to the r ight common 
carot id  a rtery, posterol atera l to the trachea,  and 
latera l to the esophag us, representi ng a r ight  i nfer ior  
pa rathyro id  adenoma.  
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Superior thyroid Thyroid carti lage 
vein 

Internal jugular 
vein -----t---t 

Location 
of highest 

PTH levels _____ _,_ ,,ot•! 

Subclavian 

Positioning 

• The patient is positioned either supine or in the semi
Fowler position. Both arms are tucked and neck extension is 
achieved with a shoulder roll ( FIG 3) .  

• Surgical prep must b e  wide enough t o  allow access superi
orly to angle of mandible and inferiorly to xiphoid in the 
instance that sternotomy is necessary. 

• General endotracheal anesthesia permits the use of intra
operative nerve monitoring. 

Middle thyroid 
vein 

Thyroid g land 

FIG 2 • Se lective venous sam p l i n g  
schematic l i sts PTH levels a t  d ifferent 
a natomic  l ocat ions and is  cons istent 
with a r ight m i d l obe pa rathyro id  
adenoma .  

FIG 3 • The pat ient  is  p laced sup ine  with  both  arms tucked.  
A shoulder ro l l  p rovides add it iona l  neck extens ion,  wh ich  e l evates 
the trachea a nter ior ly and super ior  med iasti n a l  structu res 
cepha lad .  
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CERVICAL REEXPLORATION 

Incision and Flap Elevation 

• Sk in  i nc i s ions a re p laced as i nd icated by the preoperative 
loca l i z i ng  stu d ies, p refera b ly in a natura l  cervica l sk in  
crease or  the o ld  i n ci s ion ( u n l ess the sca r i s  too low or  

h i g h) .  Width of inc i s ion i s  dependent on  depth of neck 

but is  l a rge  enough to a l l ow access super ior ly  to the l evel 
of the hyoid bone and  i nfer ior ly to the a nter ior med ias

t i n u m  (FIG 4). 
• I nc i s ions may be p laced over the site of pathology for a 

d i rected approach if preoperatively loca l i zed .  
• Sk in  and  p latysma a re d iv ided and  subp latysma l  f l aps su

perfic ia l  to the a nter ior j u g u l a r  ve ins  a re e levated super i 
or ly to the thyro id  notch, i nfer ior ly to the sterna l  notch, 

and latera l ly to a nter ior borders of the sternoc le idomas
toid m uscles (SCM) .  

Cervical Approach3 

• S u rg ica l  approach to the reoperative neck is done v ia fo
cused exp lorat ion or  by c lass ic m i d l i ne, posterolatera l ,  or 

thyrothymic l i gament approaches.  
• Focused explorat ions for preoperative ly loca l ized ectop ic  

g l ands not access ib le  v ia pr ior  cervicotomy shou ld  be ad
j usted to locat ion and  su rgeon exper ience with i n c i s ions 
p l aced accord i n g  to i m a g i n g .  

F IG 4 • Sk in  i n c i s ions a re p laced i n  a natura l  sk in  crease 
and is  adj usted accord i n g  to preoperative loca l izat ion and  
p l an ned approach .  C lassic, l a rge, i nfer ior  i nc i s ions  have  been 
su bst ituted by more super ior sma l l e r  inc is ions or  i n ci s ions  
d i rect ly over  parathyro id  les ions .  Latera l  i nc i s ions can be 
made for a poste rolatera l approach with entry between the 
a nter ior border of the sternoc le idomastoid and latera l  border 
of the strap m uscles.  Upward arrows on the p ictu res show a 
c lass ic inc i s ion versus a sma l l  super ior  inc i s ion as i nd icated by 
the solid transverse line m arkings. 

• Revis ion cervicotomy is i nd icated when m u lt ig l and  d is- • The back door or posterolateral approach shou ld  be con-

ease i s  suspected o r  when abnorma l  g l a nds a re not lo
ca l ized preoperative ly. The previous inc is ion i s  used and 
the cerv ica l  sca r revised pr ior  to open i n g  the m i d l i n e  

raphe b y  vert ica l  separat ion o f  strap m uscles (see Pa rt 5, 
Cha pters 45 and  48) . 

Sternocleidomastoid 
muscle 

Parathyroid 
adenoma 

side red when there i s  extens ive sca r tissue or  when seek
ing a poster ior ly loca l ized g l a n d .  The latera l port ion of 

a pr ior  wound is  used and  entry to the neck is  ach ieved 

between the latera l border of the straps and a nter ior 
port ion of the SCM (FIG 5) . 

r.------ sternocleidomastoid FIG 5 • The poste rolatera l approach to 
the neck is  s i m i l a r  to the c lass ic approach 
except that su bseq uent access is  ach ieved 
a long the med i a l  border of the SCM a n d  
latera l t o  the sternohyoid-sternothyro id,  
m i n i m iz i ng  d i ssect ion through m i d l i ne 
sca r. The omohyo id m uscle is d iv ided as 
necessa ry. 

Recurrent 
laryngeal nerve 

muscle 

Trachea 

Strap muscles 
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• The front door or thyrothymic l i ga ment approach shou ld  
be cons idered when adenomas  a re loca l ized a nter ior ly 

a long the i nfer ior thyro id  po le  or  thyrothym ic  l i ga ment. 

l nfra hyo id  m uscles may be d iv ided as i nfer ior ly as pos
s ib le  to a l l ow d i rect access to the thyrothymic l igaments, 

avo id i ng  d i ssect ion between the stra p m uscles a n d  thy
ro id  ca psu le .  

• Once deep to the strap m uscles, retract ion of the thy

ro id  i nvolves e l evat ion  of the stra p m uscles off the g l a n d  
and  med ia l  thyro id  rotat ion .  A Kittner, thyroid c l amp, or  

f igu re-of-e ight  suture assists thyro id  retract ion .  
• The recurrent l a ryngea l nerve (RLN) is then identif ied 

and  preserved .  

Exploration 

• Steps a re systematica l ly p l an ned a n d  based on preopera
tive i m a g i n g .  

• 

• 

• 

• 

• 

• 

• 

If an abnorma l  g l a n d  is loca l ized preoperative ly, com
mence with focused explorat ion .  

Start by  explor ing the  normal locations of  the  m issing 

g lands. The superior g lands are genera l ly at the mid  to 
upper one-th i rd of the thyroid in the expected position 85% 

of the time, at the inferior border of  the thyroid cart i lage 

posterior to the RLN and the superior portion of the inferior 

thyroid artery. 
The inferior g lands a re classica l ly located near the posterior 
aspect of the thyroid pole, anterior to the RLN from the 

infer ior thyroid a rtery to the i nferior thyroid pole or a long 
thyrothymic l igament (see Part 5, Chapter 4 1 ,  FIG 1 1 ). 
If unab le  to locate i n  norma l  posit ions, search expected 

a berrant posit ions .  
Ectopic superior g lands are genera l ly d isplaced posteriorly or 

i nferiorly, becoming more posterior as they travel inferiorly. 

Search c i rcumferentia l ly around the super ior  thyro id  

ped ic le  and  viscera l sheath of the thyro id  capsu le  with 
thyro id  pa l patio n .  

Fol low the tracheoesophagea l  g roove i nfer ior ly down to 
the poster ior  med iasti n u m  (FIG 6). 

Trachea 
Left thyroid 

lobe 

Esophagus Spine 

FIG 6 • The latera l  wa l l  of the esophagus  and the tracheo
esophagea l  g roove a re exposed from the hypopharynx 
super ior ly down to the med iasti n u m .  M issi ng  g l ands  may 
be fou n d  i n  the p revertebra l  space and  the search for 
pa rathyro ids  i n  th i s  reg ion is  augmented by d i g ita l  pa l pat ion .  

us ing  sharp d issect ion is  performed w ith  g reat ca re  to  

not  d isturb  the frag i l e  b lood  supp ly. 
• I ntraoperative PTH mon itor ing  i m p roves the cu re rate 

and g u ides the extent of explorat ion .  
• A drop i n  PTH by 50% of base l i ne  and  with i n  normal  l i m its 

at 1 0  m i n utes is i nd i cative of cure.  If operat ing for m u lt i 

g land d isease (as opposed to a m i ssed adenoma), the PTH 
level at 1 0  m i nutes shou ld  a lso be with in  normal  l i m its. 

• Explorat ion conti n ues if levels do not fa l l  precip itous ly 

and the p rocess is repeated u nt i l  a n  appropr iate d rop  is  

ach ieved . 

Additional Maneuvers 

• I nfer ior  g l a nds have a g reater range of posit ion  but • 
near ly 2 5 %  a re a long  the thyrothymic l i ga ment or u pper 

po le  of the thym us.  They a re rarely poster ior  and  become 

Because i nfer ior  adenomas a re usu a l ly d isp laced i nto the 

a nter ior aspect of super ior  med iasti num,  they may be in
t imately associated with the thym us g l a n d .  

more a nter ior the lower they a re .  • Cervical thymectomy may be performed in the case of ab

sent g l a nds (FIG 8). Gent le tract ion cepha lad  with sequen
t ia l  g rasps and  b l u nt mob i l i zation a re used to de l iver the 
thymus i nto the cervica l wound  with the a i m  of remova l 

of thymus tissue to the level of the i nnom inate ve i n .  

S i m i l a r ly, thyroid lobectomy on the s i d e  o f  a m issi ng 
pa rathyro id  may be performed.  

• Sea rch a n d  d i g ita l l y  explore the poster ior  and  i nfer ior  
thyro id  g l a n d .  

• I nspect the thyrothym ic l i ga ment, i n c ise the thym ic  
sheath ,  and  pu l l  the thym ic  lobe cepha lad  to inspect the 

thymus (see FIG 8). • 
• Explore the carotid sheath u p  to the a n g l e  of the 

mandib le  (FIG 7). • Staged procedures a re common with non local ized reopera
tive parathyroid surgery. C losure and reloca l izat ion should 

be performed if the offend ing g land cannot be found .  Gland Identification and Excision 

• 

• 

• 

• 

Norma l  pa rathyro ids a re approximately 3 x 2 x 4 m m  
and  t a n  i n  a ppearance.  
Abnormal  g la n ds have a cha racteristic rubbery feel a n d  

redd ish brown appearance.  

They a re freed from the sur ro u n d i n g  t issue and  the 
vascu l a r  ped ic le  is  c l am ped and  d iv ided .  

Pa rathyro id  conf irmat ion ca n be ach ieved through h i sto
log ic  exa m i nat ion .  B iopsy of the a nt i h i l a r  tip of the g l a n d  

Closure 

• M eticu lous  hemostasis is ach ieved; strap muscles a re re

approxi mated in m i d l i ne  (or to SCM if latera l approach 

done), fo l l owed by p l atysma reapprox imat ion and sk in  

c losure .  
• Dra ins  a re not reg u l a r ly used u n less there is extens ive 

d issect ion or exp loration .  
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FIG 7 • If the search fa i l s  to d i sc lose an 
adenoma, the ca rot id sheath is  opened .  

FIG 8 • Because it is  not i nfreq uent that  pa rathyro id  
g l a nds a re found  part ia l ly em bedded i n  the thym us, 
cervica l thymectomy may be performed in the case of 
a m issi ng g l a n d .  The super ior  aspect of the thymus is 
g rasped a n d  p u l led by conti nuous  tract ion from the chest. 
It can be g ra bbed seq uenti a l ly and l i fted cepha lad  unt i l  
the often s i ng l e  poster ior  vesse l is  seen  and  d iv ided . If a 
g l and  rema ins  m iss ing ,  it is the practice of some su rgeons 
to perform a thyroid lobectomy on  the affected s ide .  The 
med iasti n u m  should not be sp l it u n less there is  def in ite 
evidence of a mediast i na l  tumor  by p reoperative i m a g i n g .  
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A 

MEDIASTI NAL EXPLORATION1·3 

Approach 

• M e d iasti n a l  exp lorat ion shou ld  n ot be performed with

out loca l i zat ion ev idence of a hyperfunct io n i n g  g l a n d  

i n  the  med iasti n u m .  Preferab ly, two d ifferent loca l i z i n g  
stud ies  s h o u l d  ident ify g l a n d  l ocat ion  p r io r  to surgery. 

• Most adenomas i n  the poster ior  med iasti n u m  or anter ior 

med iasti n u m  a bove the aort ic  a rch can be approached 
and  excised through neck.  

carotid 

Innominate 
vein -----�-L• 

Thymus 
mobil ized 

B 

• 

• 

• 

Those deep in the a nter ior med iasti n u m  or i n  the  m idd le  
med iasti n u m  requ i re a thorac ic  approach (FIG 9). 
Precise loca l i zat ion is paramount and  may a l low less i nva
sive approaches of a nter ior med iast inotomy or  thoracos

copy rather  than part ia l  or  med i a n  sternotomy (FIG 1 0). 
Choice of approach depends on g l and  locat ion and  su r
geon expert ise .  

FIG 9 • Median sternotomy or  part ia l  sternotomy to 
3 em be low the predicted level of the adenoma provides 
access to the med iasti n u m  ( i nset shows where the i nc is ion 
wou l d  be on the chest) . The a rea of exp lorat ion is bound 
by the i nnom inate ve i n  super ior ly and  the per icard i u m  
i nfer ior ly. Adenomas com m o n ly l i e  i n  t h e  thymic rem n a nt 
i n  the a nter ior med iasti n u m .  

F IG  1 0  • Thoracic approaches shou ld  not be performed without positive loca l i zat ion stud ies .  A.  The i m a g e  i n d icates position i ng  
fo r  a thoracoscop ic  approach .  The  patient is  sup i ne, w i th  the ips i l atera l  arm e levated above the head  to a l low transthoracic access 
between r ibs .  B. Posit ion p lacement for thoracoscopic trocars. 
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PARATHYRO I D  REIMPLANTATION • Approximately 50 mg of the most norma l-appea r ing  
pa rathyro id  t issue i s  m i nced i nto 1 -m m  p ieces and  p laced 
i nto muscu l a r  pockets i n  the forea rm.  Alternative ly, it 

may be p l aced i n  the su bcutaneous t issue over ly ing the 
fo rearm or  a nter ior chest wa l l  (FIG 1 1 ). 

Procedure 

• For mu lt ig land disease or when the vasculature of rema in ing 
parathyroid tissue is compromised, pa rathyroid re imp lanta
tion may be performed to preserve function.  G rafts have a 
h igh success rate but may take severa l weeks to function .  

FIG 11 • Pa rathyro id  t issue to re i m p l a nt is m i nced i nto 
1 -m m  p ieces and p l aced i nto i ntram uscu l a r  pockets in the 
forea rm as seen i n  the f igure .  Alternatively, they can be 
p laced su bcuta neous ly i n  the forea rm or  on the a nter ior 
chest wa l l .  

PEARLS AND PITFALLS 

I n d icat ions 

Preoperative p l a n n i n g  

P lacement o f  inc i s ion 

Cervica l  approach 

Exp lorat ion 

Med iasti n a l  les ions 

Add it iona l  maneuvers 

C losure 

• Com p lete h i story a n d  physica l with sym ptoms and  severity of hyperca lcem ia  shou ld  be obta ined .  
B iochemica l  d i ag nosis  of  recu rrent or  pers istent hyperpa rathyro id i sm m ust be confi rmed . 

• Review of i n it i a l  operative notes a n d  pathology is req u i red .  
• Preoperative loca l izat ion p rovides a map  for reoperative surgery. 

• I nc i s ions  a re created, keep ing  i n  m i n d  the loca l izat ion of patho logy and  the operative p l a n .  
• (osmesis is  i m p roved w h e n  p l aced i n  a natura l  sk in  crease. 

• Entry i nto the neck may be v ia focused, posterolatera l ,  thyrothym ic  l i ga ment, o r  rev is ion m i d l i n e  
cervicotomy approach . 

• Eutopic locat ions for super ior  and  i nfer ior  g l a nds shou ld  fi rst be sea rched .  
• Explorat ion i n  expected ectop ic  sites a long  the tracheoesophagea l  g roove, carot id  sheath, 

thyrothym ic l i gament, cervica l thym us, and i ntrathyro id  shou ld  fo l l ow. 

• Accurate preoperative loca l i zat ion a l l ows the least i nvasive p roced u re for les ions in the med iasti num,  
wh ich  may be approached via cervica l  o r  thoracoscop ic  approach . 

• Cervica l thymectomy or i ps i l atera l thyroid lobectomy can be performed when an offend ing  g l a n d  
ca n n ot be located .  

• Pa rathyro id  re i m p l a ntat ion p rovides a usefu l adj u nct to patients w i th  m u lt i g l and  d i sease. 

• Layered c losure without d ra in  
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POSTOPERATIVE CARE 
• Patients should be monitored for respiratory compromise in 

the immediate postoperative period. 
• Patients with reimplantation, extensive dissection, gland or 

vascular manipulation, or multiple gland removal are at in
creased risk of postoperative hypoparathyroidism. 

• Postoperative hypocalcemia can be mitigated with calcium 
and vitamin D prophylaxis versus expectant monitor
ing of serum calcium and PTH. Calcium supplements are 
generally continued for 3 to 6 months to avoid reactive 
secondary hyperparathyroidism from a chronic hypocalce
mic state. 

OUTCOMES 
• Success rates between 82% and 9 8 %  are expected of reoper

ative parathyroid surgery, with rates as low as 37% to 73 % 
in multigland disease. 

• RLN injury ranges from 0% to 2 .7%,  whereas permanent 
hypocalcemia rates vary from 1 %  to 1 8 % .  

COMPLICATIONS 
• Neck seroma 
• Hematoma 
• Infection 
• Voice change 
• RLN injury 
• Hypocalcemia, hypoparathyroidism 
• Failure of cure, recurrence 
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DEFINITION 
• Adrenal masses may be functional or nonfunctional and 

benign or malignant. Most are incidentally discovered when 
imaging is obtained for other reasons. Laparoscopic adrenal
ectomy is the gold standard for appropriately sized benign 
(most often functional) adrenal masses and for some meta
static tumors to the adrenal gland (see Part 5, Chapters 49 
and 50 ) .  If adrenocortical carcinoma is a concern, adrenal
ectomy by an open approach should be performed.1 Several 
genetic syndromes are associated with adrenal abnormalities 
and appropriate testing should be obtained if indicated. 

DIFFERENTIAL DIAGNOSIS 
• Adenoma 
• Metastatic cancer 
• Pheochromocytoma 
• Ganglioneuroma 
• Primary adrenocortical carcinoma 
• Cyst 
• Adjacent paraganglioma 
• Soft tissue tumor 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• All adrenal abnormalities should be evaluated in a systematic 

fashion, including a thorough history and physical exami
nation investigating the possibility of a hormone-secreting 
mass. This includes the possibility of a pheochromocytoma, 
Cushing's syndrome, primary hyperaldosteronism, and hy
pertestosteronemia.  Specifically, the patient should be ques
tioned regarding poorly controlled hypertension, diabetes, 
edema, diaphoresis, tachycardia, palpitations, sudden severe 
headaches, flushing, and easy bruising. The physical exam 
should look for evidence of central obesity, edema, periph
eral wasting, core muscle weakness, a buffalo hump, striae, 
thin skin, and facial plethora. Because the adrenal gland is 
situated in the retroperitoneum, unless it is extremely large, 
palpation of the mass is usually unable to be achieved. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• All adrenal masses should undergo appropriate biochemical 

testing. Even in the absence of signs or symptoms, patients 
should have at a minimum the following: potassium, aldo
sterone, renin, plasma fractionated metanephrines (followed 
by 24-hour urine metanephrines and normetanephrines, 
catecholamines, and vanillylmandelic acid [VMA] if plasma 
values are abnormal) ,  24-hour urine-free cortisol, and ad
renocorticotropic hormone (ACTH) .  Some physicians may 
also perform a low-dose dexamethasone suppression test 
and obtain dehydroepiandrosterone-sulfate (DHEA-S)  and 
free testosterone, among other laboratory tests. 

• Imaging studies should include an adrenal protocol com
puted tomography (CT) scan (to assess imaging character
istics and calculate washout percentage of contrast from the 
tumor) or magnetic resonance imaging (MRI) (to assess for 
loss of signal intensity between in and out of phase images) 
and a positron emission tomography (PET) scan if malig
nancy is questioned ( FIG 1 ) .  

• Additional imaging studies may b e  required depending on 
the functionality of the tumor (metaiodobenzylguanidine 
[MIBG] for pheochromocytoma in select cases, adrenal vein 
sampling for hyperaldosteronism, etc . ) .  

• Fine needle aspiration or  core biopsy is not recommended if 
adrenocortical carcinoma is suspected but may be useful if 
metastasis to the adrenal gland is in the differential and the 
adrenal tumor is the most accessible site of metastasis for 
biopsy in the setting of multiple sites of metastatic disease. 
If biopsy is performed, it is imperative to first biochemically 
rule out a pheochromocytoma. 

SURGICAL MANAGEMENT 
• Adrenal tumors, if benign appearing by imaging criteria, 

nonfunctional, and therefore not requiring resection, should 
be reevaluated with at least one additional CT scan or MRI 
6 to 12 months after the initial imaging study to ensure sta
bility in size and internal imaging characteristics. Some ad
vocate for a longer period of follow-up imaging for 2 years 
with reevaluation of biochemistry for 4 more years.2 

• Functional tumors leading to hormone excess, indetermi
nate masses, and those suspected of being adrenocortical 
carcinoma or isolated metastatic disease from another pri
mary tumor without evidence of widespread metastatic dis
ease should be removed. 

mass 

A 

Aorta 

B 

FIG 1 • A. CT scan showi ng  l a rge  heterogeneous r ight ad rena l  
mass concern ing  fo r  ad renocortica l carc inoma .  B. CT sca n showi ng 
a l a rg e  left a d rena l  mass. 
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Preoperative Planning 

• The surgeon must evaluate available imaging studies for tumor 
involvement of adjacent organs, vessels, and lymphadenopathy. 
Invasion of major vessels (vena cava) or adjacent organs may 
require additional teams or different approaches to the tumor. 
As CT tends to overestimate invasion of adjacent vessels, MRI 
with magnetic resonance venogram can be especially helpful to 
assess for vena cava invasion or intracaval tumor thrombus. 

• The risks, benefits, and alternatives to surgery are discussed 
with the patient, including potential need for steroid supple
mentation in the postoperative setting. Patients with pheo
chromocytomas should be adequately alpha blocked and 
volume replete. Beta blockade may also be necessary. In pa
tients with hyperaldosteronism, a potassium level should be 
checked the morning of surgery and treated if necessary. 

• Routine prophylactic antibiotics and deep vein thrombosis 
(DVT) prophylaxis is administered prior to surgery, and 
sequential compression devices are applied. 

• A general endotracheal anesthetic is administered and an 
epidural is often placed for postoperative pain management. 

• Common to all approaches, skin preparation with clipping 
rather than shaving is preferred, and the surgical area is 
prepped and draped in a sterile fashion. 

FIG 2 • The patient is p laced sup ine  on the ta b le  with arms out.  
Pressu re poi nts a re padded . An i nc is ion is  marked 2 em i nfer ior  
to the costa l  marg in and  carr ied from the latera l abdom i n a l  wa l l  
across t h e  m i d l i n e  t o  fac i l itate exposu re. 

Positioning 

• The patient is placed supine on the table with arms out to the 
side, and all pressure points are padded appropriately (FIG 2 ) .  

RIGHT ADRENALECTOMY 

Exposure 

• 

• 

• 

A wide r ight su bcosta l inc i s ion is made and  ca rr ied across 

the m i d l i n e  to the m i d  left abdomen .  The su bcutaneous 
fat, fasc ia ,  abdom i n a l  wa l l  m uscu lature, and  poster ior  
fasc ia  are i ncised with cautery. The per itoneum is en

tered sharp ly with  scissors and  the inc i s ion opened to 
i t s  fu l l  length .  The l i ga mentum teres is d iv ided between 

sutu res and  the peritonea l  cavity is i nspected i n  a system

atic manner, assess ing  for evidence of metastatic d isease 
or  other  abnorma l it ies .  The fa lc iform l i ga ment, t r i angu
l a r, and  coronary l i ga ments of the l eft a n d  r ight lobes of  

the l iver a re d iv ided to a l low for fu l l  mob i l ity of the l iver 

du r i ng  retract ion (FIGS 3 and 4). 
U ltrasound  of the l iver is a l so performed to assess 
for metastat ic  d isease not identif ied on p reoperative 

i m a g i ng, and the vena cava may a l so be eva l u ated sono
graph ica l ly for evidence of i ntracava l tumor thrombus or  

d i rect tumor  i nvasion .  
The  hepat ic f lexure of  the co lon  may need  to be mob i 
l i zed, and  if a Kocher  maneuver is  needed, it shou ld  be 
done at th is  t ime .  The r ight lobe of the l iver is  retracted 

med i a l ly to expose the retroper itoneum and a l low ac

cess to the a rea of the tumor  and vena  cava . A retractor 

system is p l aced . The O m n i  retractor provides exce l l ent 

retract ion as we l l  as the cr it ica l ly i m portant a b i l ity to 

retract the costa l marg i n  and  r ibs as super ior ly and  an 

ter ior ly as poss ib le .  A l a rge  sa l i n e-soaked towel is  p l aced 

aga i nst the bowel with retractors to not o n ly prov ide 

exposure but a lso to exc lude  the rest of the per itonea l  
cavity and  m i n i m ize potenti a l  seed i n g  of the per itonea l  
cavity by a m a l i g nant  tumor  (FIG S). 

Dissection 

• 

• 

The poster ior  per itonea l  l i n i n g  over the retroperito
neum is i ncised over the super ior  half of the right k id

ney and  carr ied from media l  to latera l out to the s ide 

of the abdom i n a l  wa l l .  Media l  d i ssect ion shou ld  p roceed 
ca refu l ly to the vena  cava, mak ing  sure not to d iv ide 

branches of the ren a l  a rtery supp ly ing the u p per  port ion 

of the k id ney or  venous  branches d ra i n i n g  to the rena l  
ve i n .  S m a l l  branches supp ly i ng  and  d ra i n i n g  the adrena l  
g l a n d  shou ld  be carefu l ly l igated and  d iv ided .  Any lymph 

nodes  poster ior  to the ren a l  h i l um shou ld  be i nc l uded i n  
the d issect ion (FIGS 6 and  7). 
The fat over ly ing a n d  ju st super ior  to the k id ney is mo
b i l ized from i nfer ior  to super ior, mak ing  th i s  t issue the 

i nfer ior  marg in ,  us ing  cautery, s i lk  sutu res, and  other 
hemostatic devices as needed, making su re not to cre

ate a nonexistent p l ane  between the i nfer ior  aspect of 

the tumor  and  the super ior  aspect of the k idney. The 

peritonea l  l i n i n g  should rem a i n  i ntact over the anter ior 



A 
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Right triangular and 
coronary l igaments 
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Falciform l igament 

C h a p t e r  46 ADRENALECTOMY: Open Anter ior  

FIG 3 • A-C. The fa lc iform l i gament and  left a n d  r ight  tr ia n g u l a r  
and  coronary l i ga ments a re d iv ided .  

Left triangular and 
coronary l igaments 

FIG 4 • With the l i ga mentu m te res, 
falc iform l i ga ment, and  tr ia n g u l a r  and  
coronary l i ga ments d iv ided, th i s  a l l ows 
adequate retract ion of the l iver and  access 
to the tumor  and vena cava . 
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FIG 7 • The i ntended l i n e  of d issect ion to i nc lude  the tumor  

FIG s • A retractor system is p laced to retract the r ibs and  a l l  retroper itoneal  soft t issue is marked.  

super ior ly  and  a nter ior ly and to retract the l iver med ia l ly. 
A mo ist towe l is p l aced i nfer ior ly to retract the bowel a n d  
exc lude  the rest o f  the per itonea l  cavity. m uscle, a port ion of the m uscle shou ld  be i n c l u ded with 

the tumor to ensure n egative marg ins .  
• The a nter ior  su rface of the vena cava shou ld  be ident i -

aspect of the tumor to serve as the a nter ior marg i n  if not f ied and  the peritonea l  l i n i n g  over ly ing th i s  shou ld  be 

a l ready i nvaded by the tumor (FIG 8). i ncised a long its length .  Us ing  a ve i n  retractor to retract 
• The d i ssect ion  cont i n ues super ior ly  a l o n g  the d i a 

phragm,  m a k i n g  s u re to l i g ate a n d  d iv ide  any  feed

ing vesse ls, most com mon ly  branches from the i nfer ior  

phren ic  vesse ls .  
• Poster ior  d i ssect ion shou ld  proceed from latera l  to 

med ia l ,  mak ing  su re to remove a l l  fat poster ior  to the 
tumor  i n  a n  en  b loc fash ion .  If the tumor  i nvades the 

Right 
adrenal 

vein 

Right 
adrenal 

gland 

Line of 
d issection 

Right 
kidney 

the vena cava med ia l ly, soft t issue attachments med ia l  
to the g l a n d  and  poster ior  to the vena cava, i nc lud ing  

lymphat ics, a re l i gated and  d iv ided .  As  the m i d po i nt 
of the adrena l  g l a n d  is reached, the r ight adrena l  ve i n  
s h o u l d  be identif ied, l i gated, and  d iv ided (FIG 9). The 

ve i n  should be inspected and  ca refu l ly pa l pated to assess 
for any tumor  thrombus so that the tumor  thrombus 

--'-1-t--- Mobil ized duodenum 
and head of pancreas 

FIG 6 • With the l iver retracted med ia l ly, the ad rena l  ve i n  a n d  i nfer ior  vena cava a re exposed.  
The dotted line demonstrates the i ntended l ine of d issect ion .  



Right renal artery 

FIG 8 • The i nfer ior  port ion of the d issect ion is shown. 
A branch of the r ight rena l  a rtery i s  seen between two 
branches of the r ight ren a l  ve i n .  

• 

can be i n c l uded with the spec imen i n  an en b loc fash
ion. Adva nced tech n i q ues for manag ing  l a rge  tumor  

thromb i  with i n  the vena cava a re beyond  the scope of  
th i s  cha pter. If removi ng a pheochromocytoma, the an
esthes io log ist shou ld  be warned we l l  i n  advance pr ior  
to  l igat ing the adrena l  ve i n  i n  a nt ic i pat ion of ensu i n g  

hypotens ion .  T h e  d issect ion is conti n ued super ior ly u n t i l  

a l l  med ia l  attachments have b e e n  released (FIG 1 0). 
The a d rena l  g l a n d  and  the per iadrena l  soft t issue a re 
removed, marked with or ient ing sutu res for the patholo
g i st, and  sent to the pathology l a b  (FIG 1 1 ). 

Closure 

• A sma l l  a m o u nt of water shou ld  be used for i rr igat ion 

and  f ina l  hemostas is  is ach ieved .  The a rea encompassed 

FIG 9 • The r ight adrena l  ve i n  has been d i ssected free of its 
attachments. More super ior ly  a long  the vena cava, a second  
ve i n  from the adrena l  to the i nfer ior  vena cava has been 
c l i pped and  d iv ided .  

C h a p t e r  46 ADRENALECTOMY: Open Anter ior  

F IG 1 0  • The a d rena l  tumor  and  a l l  retroperitonea l  soft 
t issue has been removed en b loc .  The r ight k id ney has 
m i g rated super ior ly aga i nst the d i a phragm to fi l l  the space. 

• 

by the d i ssect ion shou ld  be ma rked with l a rge  c l i ps to as
s ist with postoperative externa l  beam rad iat ion therapy 

if needed.  
A dra in may be p laced if des i red but is not req u i red in  

many cases. 
• The retractor system is removed, the  organs  rep laced 

i n  the i r  norma l  anatomic  pos it ions, a n d  the abdom i 
n a l  wa l l  m uscu latu re i s  c losed i n  two sepa rate l ay

ers. The su bcuta neous  t i ssue may be rea p p roxi m ated 
with i nter rupted a bsorba b l e  sutu res if  needed and the 

skin c losed with sta p l es o r  suture. A ste r i l e  d ress i n g  i s  

a p p l ie d .  

F IG 11  • A sma l l  port ion o f  n o r m a l  a d r e n a l  t issue rema in s  
and  is  seen  at the r i ght  s ide  of  the g l a n d  i n  th i s  image .  
Sur ro u n d i n g  soft t issue a n d  the over ly ing a nter ior per itonea l  
l i n ing  rem a i n  on the anter ior  su rface of the g l a n d .  
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LEFT ADRENALECTOMY 

Exposure 

• A wide left su bcosta l inc i s ion is made and  carr ied across 
the m i d l i n e  to the m i d right  abdomen (FIG 1 2). The sub
cuta n eous fat, fasc ia ,  abdom i n a l  wa l l  m uscu lature, and  

poster ior  fasc ia  a re i ncised w i th  cautery. The peritoneum 

is ente red sharp ly  w ith  scissors and  the inc i s ion opened to  
i t s  fu l l  l ength . The l i ga mentum teres is d iv ided between 

sutu res and  the peritonea l  cavity is i nspected i n  a system

atic manner, assess ing  for evidence of metastatic d i sease 
o r  other  abnorma l it ies .  

• U ltrasound  of the l iver is a l so performed to assess for 
metastatic d isease and the vena cava may a l so be eva lu 
ated for  evidence of i ntracava l tumor  thrombus f rom the  

left ad rena l  and  ren a l  ve ins .  
• 

• 

The falc iform l i ga ment and  left tr i a n g u l a r  and  coronary 
l i gaments of the left lobe of the l iver a re d iv ided to a l l ow 

for mob i l ity of the l iver d u ri ng  retract ion (FIG 1 3). 
The descend ing  co lon  is  mob i l ized a long the l i n e  of To ldt 
and  the colon ref lected med ia l ly. The mob i l izat ion is  

cont i nued super ior ly to d iv ide the splenic attachments to 
the abdom i n a l  s ide wa l l  a n d  the d i a p h ra g m .  The sp leen,  

stomach,  pancreas, sp len ic  f lexu re , and  co lon shou ld be 
ref lected med ia l ly, a l lowing exposu re of the left retro

peritoneum (FIG 14). A retractor system i s  p laced .  A l a rge  
sa l i n e-soaked towe l w ith  retractors is  p l aced aga i nst the 

bowe l ,  pancreas, sp leen to not o n ly p rovide exposu re 
but a lso to exc lude  the rest of the per itonea l  cavity to 

m i n i m ize potent ia l  seed ing  of the per itonea l  cavity by 

a m a l i gnant tumor. The left s ide of the aorta shou ld  be 
c lear ly  a ppreciab le  if  the exposu re is adequate. 

Dissection 

• Because the per itonea l  cover ing on the left has been 

ref lected with the sp leen and  pancreas, the surgeon 

should make every effort to m a n i p u late the tumor 

FIG 12 • The patient is  p laced sup ine on  the ta b le  with a rms 
out.  Pressu re poi nts a re padded.  A wide left su bcosta l inc is ion 
i s  marked 2 em i nfer ior  to the costa l m a rg i n  and  carr ied across 
the m i d l i ne to the r i ght abdomen to fac i l itate exposu re. 

FIG 13 • The fa lc iform l i ga ment and left tr ia n g u l a r  and  
coronary l i ga ments a re d iv ided, a l lowing exposu re of  the left 
upper  abdomen and  mob i l ity of the l iver. 

su rface as l itt le  as poss ib le  (no-touch tech n iq ue) .  The 

soft t issue over ly i ng  the super ior h a lf of the left k id ney is  

i nc ised and  carr ied from med ia l  to latera l out to the s ide 

of the abdom i n a l  wa l l .  I nfer ior  d issect ion shou ld p roceed 
ca refu l ly to the aorta med i a l ly a long  the l eft ren a l  ve in ,  

mak ing  sure not  to d iv ide branches of  the poster ior ly 
s ituated ren a l  a rtery supply ing the upper  port ion of the 
k id ney o r  venous branches d ra i n i n g  to the rena l  ve i n .  

Sma l l  branches supp ly ing  and  d ra i n i n g  t h e  adrena l  g l a n d  
shou ld  be ca refu l l y  l i gated and  d iv ided .  A n y  lymph nodes 
poster ior  to the ren a l  h i l u m  should be inc l uded i n  the 

d issect ion .  
• The left a d rena l  ve i n  w i l l  be identif ied at the med ia l  as

pect of the left ren a l  ve i n  as it cou rses a nter ior  to the 
aorta (FIG 1 S). I t  genera l ly enters the a d rena l  g land i n  

the 7 o'c lock posit ion .  It s h o u l d  be l igated and  d iv ided .  

The a d rena l  ve i n  and  ren a l  ve i n  shou ld  be inspected and  

ca refu l ly pa l pated to assess fo r  a ny tumor  thrombus 
so that the tumor  thrombus can be i n c l uded with the 

FIG 1 4  • The sp leen,  stomach,  and  pancreas a re mob i l ized 
med ia l ly. 
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C h a p t e r  46 ADRENALECTOMY: Open Anter ior  

• Latera l  d issect ion shou ld  cont i nue  a long the abdom i n a l  

s i d e  wa l l .  T h e  d i ssect ion conti nues  super ior ly  a long the 

d i aph ragm,  making sure to l igate and  d iv ide any feed
ing vesse ls, most com m o n ly branches from the i nfer ior  

phren ic  vesse ls .  
• Poster ior  d i ssect ion shou ld  proceed from l atera l to 

med ia l ,  mak ing  su re to remove a l l  fat and  any i nvolved 

m uscle poster ior  to the tumor  in a n  en  bloc fash ion .  
• 
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FIG 15 • With retractors i n  p l ace, the left retroperitoneum is 
exposed and  exc luded from the rest of the peritonea l  cavity. 

The left latera l  su rface of the aorta shou ld  be identif ied, 
and  the soft t issue attachments i n c l ud i ng  sma l l  vesse l s  

and  lym phat ics a re l igated a n d  d iv ided .  If remov ing  

a pheochromocytoma, the a n esthes io log ist shou ld  be 
warned we l l  i n  advance prior to l igat ing  the adrena l  

ve i n  i n  a nt ic i pation of ensu ing  hypotens ion .  The d i ssec
t ion  is  conti nued super ior ly unt i l  a l l  med ia l  attachments 

have been re leased.  Any lymph nodes a long  the aorta or 
identif ied near  the super ior  mesenter ic a rtery or ce l i ac  

ax i s  shou ld  be i nc l uded w ith  the speci men .  
The left s ide of  the aorta, ren a l  ve in ,  and  adrena l  ve in  a re • 
visu a l i zed, with the left adrena l  ve i n  identif ied at the med ia l  
aspect of  the left ren a l  vei n .  The adrena l  ve i n  can be l i gated 
and d iv ided at its j u nct ion with the ren a l  ve i n .  

T h e  adrena l  g l a n d  and  t h e  per iadrena l  soft t issue a re 
removed, ma rked with or ient ing suture for the patho lo

g i st, and  sent  to the pathology lab .  

Closure 

• 

speci men  i n  an en b loc fash ion .  Adva nced tech n i q ues for 

manag ing  l a rge  tumor  thrombi  with i n  the ren a l  ve i n  and  
vena cava a re not d iscussed i n  th is  chapter. 

The fat over ly i ng  a n d  j ust super io r  to the  k id ney i s  

• 

m o b i l i zed from i nfe r io r  to super io r, m a k i n g  th i s  t i s- • 
sue  the  i nfe r io r  m a rg i n ,  u s i n g  caute ry, s i l k  sutu res, 

and oth e r  hemostat i c  devices as  needed,  m a k i n g  s u re 
n ot to create a n o n ex i stent p l a n e  between the  i nfe-

r i o r  aspect of the t u m o r  a n d  the super io r  aspect of the  
k i d n ey. 

A sma l l  a m o u nt of water shou ld  be used for i rr igat ion 
and  f ina l  hemostas is  is ach ieved . The a rea encompassed 
by the d i ssect ion shou ld  be ma rked with l a rge  c l i ps 

to assist with postoperative externa l  beam rad iat ion 

therapy if needed . A dra in  may be p laced . 

The retractor system is removed, the organs replaced i n  
the i r  norma l  a natom ic  posit ion, and  t h e  abdom i n a l  wa l l  

m uscu latu re is  c losed i n  two sepa rate layers. The subcu
taneous t issue may be rea pproxi mated with i nterrupted 
a bsorbab le  sutu res if needed and the skin c losed with 

sta p les  o r  suture. A ster i l e  d ress ing  i s  app l ied .  

PEARLS AND PITFALLS 

B l eed i n g-arter ia l  and  
venous 

• May resu l t  from d isrupt ion of the vena cava, rena l  ve i n  or  a rtery, and  aorta .  K itners, sponge sticks, 
and  vascu l a r  c l amps a re he lpfu l .  Obta i n  proxi m a l  a n d  d ista l control pr ior  to potent i a l ly dangerous 
maneuvers. 

L iver mob i l izat ion • M o b i l i ze r ight and  l eft lobes to obta i n  best exposu re for r ight adrena lectomy. Mob i l ize l eft lobe to 
obta i n  best exposure for l eft adrena lectomy. 

Tu mor  capsu le  penetrat ion • Avoid  th i s  as  penetrat ion leads to per itonea l  spread,  which wi l l  resu lt  i n  recu rrence and  often 
shortened su rviva l compa red to a lternate sites of recurrence.  En  b loc resect ion is cr it ica l  to p revent 
creat ing  a p l ane  through m i croscop ica l ly  positive tumor  marg i ns .  

POSTOPERATIVE CARE 
• Most patients will not need intensive care unit (ICU) care, 

although pheochromocytoma patients often need closer 
monitoring for the first 24 hours, depending on intraopera
tive stability and volume status. 

• Hydrocortisone should be given administered to patients 
with overt Cushing's syndrome. A cosyntropin stimulation 

test can be performed the morning after surgery in subclinical 
or mild Cushing's cases if there is a question about the re
quirement for steroid supplementation. 

• Electrolytes should be checked the morning after surgery. 
Patients undergoing surgery for primary hyperaldosteronism 
may experience rebound hyperkalemia. 

• After bilateral adrenalectomy, high-dose intravenous 
(IV) hydrocortisone should be weaned to replacement 
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dose oral hydrocortisone and fludrocortisone 0 . 1  mg 
daily. 

• Antihypertensive medications are withheld in the immediate 
postoperative setting and reinstituted as needed. 

• Routine postoperative care is pursued and patients are dis
charged 3 to 7 days after surgery. 

• Follow-up is typically 1 to 2 weeks after surgery with endo
crine testing as needed. 

OUTCOMES 
• Although laparoscopic surgery has become the gold 

standard for benign adrenal disease due to decreased 
bleeding, infection, pain, and hospital stay, open adrenal
ectomy is still performed if conversion from laparoscopic 
adrenalectomy is required for various reasons, for very 
large adrenal tumors, and when adrenocortical carcinoma 
is in the differential diagnosis, as some studies have found a 
significantly higher incidence of incomplete positive margin 
resections, a higher incidence of and shorter time to tumor 
bed and peritoneal cavity recurrence, and decreased sur
vival compared to laparoscopic surgery.3-5 A greater num
ber of oncologic principles of resection can be respected 
with open surgery for adrenal cancer compared to a lapa
roscopic approach. 

COMPLICATIONS 
• Bleeding 
• Infection 
• Adrenal insufficiency in those with Cushing's syndrome 
• Postoperative hypotension in those with pheochromocytoma 
• Rebound hyperkalemia in those with Conn's syndrome 
• Lymphatic leak 
• Pneumothorax 
• Neurogenic pain 
• Abdominal wall laxity 
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DEFINITION 
• Adrenal masses may be benign or malignant. If adrenocor

tical carcinoma is a concern, adrenalectomy by an open 
approach should be performed. Adrenal masses may be 
functional or nonfunctional with regard to excess hormone 
secretion. Several genetic syndromes are associated with 
adrenal abnormalities and should be evaluated if indicated.  

DIFFERENTIAL DIAGNOSIS 
• Primary adrenal adenoma 
• Primary adrenocortical carcinoma 
• Cyst 
• Metastatic cancer 
• Pheochromocytoma 
• Ganglioneuroma 
• Adjacent paraganglioma 
• Soft tissue tumor 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• All adrenal abnormalities should be evaluated in a sys

tematic fashion, including a thorough history and 
physical examination investigating the possibility of a 
hormone-secreting mass. This includes the possibility of a 
pheochromocytoma, Cushing's syndrome, primary hyper
aldosteronism, and hypertestosteronemia .  Specifically, the 
patient should be questioned regarding poorly controlled 
hypertension, diabetes, edema, diaphoresis, tachycardia, 
palpitations, sudden severe headaches, flushing, and easy 
bruising. The physical exam should look for evidence of 
central obesity, edema, peripheral wasting, core muscle 
weakness, a buffalo hump, striae, thin skin, and facial 
plethora. Because the adrenal gland is situated in the ret
roperitoneum, unless it is extremely large, palpation of the 
mass is usually unable to be achieved. 

FIG 1 • CT image (ax ia l  cut) showi ng  l a rge  heterogeneous r ight 
ad rena l  mass concern ing  for ad renocort ica l  carci noma .  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• All adrenal masses should undergo appropriate biochemical 

testing. Even in the absence of signs or symptoms, patients 
should have at a minimum the following: potassium, aldo
sterone, renin, plasma fractionated metanephrines (followed 
by 24-hour urine metanephrines and normetanephrines, 
catecholamines, and vanillylmandelic acid [VMA] if plasma 
values are abnormal) ,  24-hour urine-free cortisol, and ad
renocorticotropic hormone (ACTH) .  Some physicians may 
also perform a low-dose dexamethasone suppression test, 
dehydroepiandrosterone-sulfate (DHEA-S) ,  and free testos
terone, among other laboratory tests . 

• Imaging studies (FIGS 1 and 2 ) should include an adrenal 
protocol computed tomography (CT) scan (noncontrast, 
contrast, 1 5-minute-delayed scan to calculate washout per
centage of contrast from the tumor) or magnetic resonance 
imaging (MRI) (to assess for loss of signal intensity between 
in and out of phase images) and a positron emission tomog
raphy (PET) scan if malignancy is questioned. 

• Additional imaging studies may be required depending on 
the functionality of the tumor (metaiodobenzylguanidine 
[MIBG] for pheochromocytoma in select cases, adrenal vein 
sampling for hyperaldosteronism, etc . ) .  

• Fine needle aspiration or  core biopsy i s  not recommended 
if adrenocortical carcinoma is possible but may be useful 
if metastasis to the adrenal gland is in the differential and 
the adrenal tumor is the most accessible site of metastasis in 
the setting of multiple sites of metastatic disease. If biopsy 
is performed, it is imperative to first biochemically rule out 
pheochromocytoma as a diagnosis. 

FIG 2 • CT image (corona l  cut) showi ng  l a rge  heterogeneous 
r ight adrena l  mass concern i ng  for ad renocortica l carci noma .  
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SURGICAL MANAGEMENT 
• Adrenal tumors, if benign appearing by imaging criteria and 

hormonally nonfunctional, should be reevaluated with at 
least one additional CT scan or MRI 6 to 12 months after 
the initial imaging study to ensure stability in size and in
ternal imaging characteristics. Some advocate for a longer 
period of follow-up imaging for 2 years with reevaluation of 
biochemistry for 4 more years. 1 

• Functional tumors leading to hormone excess, indeterminate 
masses, and those suspected of being adrenocortical carci
noma or isolated metastatic disease from another primary 
tumor without evidence of widespread metastatic disease 
should be removed. 

• Adrenalectomy may be performed by anterior, posterior, 
or thoracoabdominal approach. The thoracoabdominal 
approach is particularly useful for providing excellent ex
posure and access to large adrenal tumors.2-5 Although ex
cellent exposure can be achieved by an anterior approach 
in most cases, the thoracoabdominal approach is most 
beneficial in patients who have undergone prior abdominal 
surgery, thereby avoiding the time and potential morbidity 
associated with extensive lysis of adhesions. 

Preoperative Planning 

• The surgeon must evaluate available imaging studies for 
possible involvement of adjacent organs and vessels and 
lymphadenopathy. Invasion of major vessels (vena cava) 
or adjacent organs may require additional teams or differ
ent approaches to the tumor. As CT tends to overestimate 
invasion of adjacent vessels, MRI with magnetic resonance 
venogram can be especially helpful to assess for vena cava 
invasion or intracaval tumor thrombus. 

• The risks, benefits, and alternatives to surgery are discussed 
with the patient including potential need for steroid supple
mentation in the postoperative setting. Patients with pheo
chromocytomas should be adequately alpha blocked and 
volume replete. Beta blockade may also be necessary. A po
tassium level should be checked the morning of surgery and 
treated as necessary in patients with hyperaldosteronism. 

• Routine prophylactic antibiotics and deep vein thrombosis 
(DVT) prophylaxis are administered prior to surgery, and 
sequential compression devices are applied. 

• A general endotracheal anesthetic is administered. A dual 
lumen endotracheal tube may be placed for improved expo
sure but in general is not required. 

• An epidural is often placed for postoperative pain 
management. 

• Common to all approaches, skin preparation with clipping 
rather than shaving is prepared, and the surgical area is 
prepped and draped in a sterile fashion. 

Positioning 

• For a right adrenalectomy, the patient is placed in semi-left 
lateral decubitus position on a beanbag with an axillary roll 
beneath the left axilla .  The right arm is held in place parallel 
over the left arm with a thoracic arm holder ( FIG 3 ) .  For a left 
adrenalectomy, the opposite setup is performed. The pelvis 
remains flat. This allows access to the chest and abdomen. 
The bed is flexed to increase the space between the ribs and 
the pelvis. 

• All pressure points are padded appropriately. 
• The patient is prepped and draped. 

FIG 3 • The patient is p laced i n  sem i-left latera l  decu b itus 
posit ion  on a beanbag with a n  axi l l a ry ro l l  beneath the left 
axi l l a .  The chest is near ly fu l ly latera l ,  and  the pelv is  rema in s  f lat 
(corkscrew twist) . The r ight arm is held i n  p lace para l l e l  over the 
left a rm with a thorac ic arm ho lder. 
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RIGHT ADRENALECTOMY 

Exposure 
N ipple --- � . • An i nc is ion is made 2 em i nfer ior to the t ip  of the r ight 

1 , � 
scapu la  and  extended to a point m i dway between the xi

pho id  process and  the u m b i l icus (FIG 4). If necessa ry, the 
i nc is ion can then be carr ied i nfer ior ly a long  the m i d l i n e  

o f  the abdomen .  T h e  subcuta neous t issue and  musc le  a re 
d ivided, spar ing the latiss imus  dors i  and  inc i s ing the ser

ratus a nter ior. The chest is entered at the 8th intercos
tal space, the pu lmonary l igament d iv ided, and  the l u n g  

retracted super ior ly. T h e  d i aph ragm is i ncised 2 t o  4 e m  
from its attachments, spar ing the phren i c  nerve . Severa l  
mark ing stitches shou ld  be p laced i nterm ittently on e i 

ther s ide of the d iv ided d i aphragm to a id  with reapproxi
mation at the end of the case (FIG 5). The costochondra l  

cart i l age  i s  d iv ided.  A port ion may be excised . The a b
dom ina l  i nc is ion is extended and  the peritonea l  cavity is 

entered . A se lf-reta i n i n g  retractor system can be p laced.  
• The d i aph ragmatic attachments to the r ight lobe of the 

l iver a re re leased with e lectroca utery as i s  the fa lc iform 

l i gament.  The l i gamentum teres is  l i gated and d iv ided 

with s i lk  l igatures. If the adrenal  tumor  is  adherent to the 
d i aph ragm,  that port ion of the d i a phragm should be re

moved en  bloc with the tumor  and can be reconstructed 
with mesh o r  othe r  mater i a l .  I nspect ion of the peritonea l  

cavity is  performed as much as poss ib le  i n  a systematic 

Retractors 

muscles 

FIG 4 • An i nc is ion is  made 2 em i nfer ior  to the tip of the 
r ight sca p u l a  and  extended to a po int  m idway between the 
x iphoid p rocess a n d  the u m b i l icus .  The i n c i s ion can then be 
carr ied i nfer ior ly a long the m i d l i n e  of the abdomen .  The 
su bcuta neous t issue and m usc le a re d iv ided, spa r ing  the 
lat iss imus  dors i  and  inc is ing the serratus a nter ior. The chest is  
entered at the 8th i ntercosta l space. 

B 

FIG 5 • A. The d i a phragm is i ncised 2 to 4 em 
from its  attachments, spa r ing  the phren ic  nerve. 
B. Severa l  mark ing  stitches (arrows) ca n be p laced 
i nterm ittently on  either s ide of the d iv ided 
d i aph ragm to a id  with rea pproxi mat ion at the end 
of the case.  
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Cut edge of 
diaphragm ----'-----4.� 

fash ion  and  an u ltrasound  of the l iver is performed.  The 

r ight lobe of the l iver i s  retracted toward the left s ide, 

a l lowing  access to the retrohepatic i nfer ior  vena  cava 

(FIG 6). 

Dissection 

• The poster ior  per itonea l  l i n i n g  over the retroperitoneum 
i n  i nc ised over the super io r  ha l f  of the r ight k id ney and  

carr ied from med ia l  to latera l out to the s ide of  the ab 
domina l  wa l l  (FIG 7) . Med ia l  d i ssect ion shou ld  p roceed 

ca refu l ly to the vena  cava, mak ing  su re not to d iv ide 

branches of the ren a l  a rtery supp ly ing the u p per  port ion 

of the k idney or  venous branches d ra i n i n g  to the rena l  
ve i n .  S m a l l  branches supp ly i ng  and  d ra i n i n g  the adrena l  

g land shou ld  be ca refu l ly l igated and  d iv ided .  Any lymph 

nodes poster ior  to the ren a l  h i l u m  shou ld  be inc l uded i n  
the d issect ion .  

• The fat over ly ing and  ju st super ior  to the k id ney is mo

b i l ized from i nfer ior to super ior, mak ing  th i s  t issue the 

FIG 6 • The d i aph ragmatic attach ments to 
the r ight lobe of the l iver a re re leased with 
e lectrocautery as is  the fa l c iform l i ga ment.  
Both lobes of the l iver a re mob i l ized .  A 
port ion of the d i a phragm shou ld  be removed 
en bloc with a ny adherent tumor. 

FIG 7 • The poster ior  l i n i n g  over the retroper itonea l  fat and  
k id ney is  i n c ised over the super ior  ha lf  of  the r i ght  k id ney 
and carried from med ia l  to latera l out to the side of the 
abdom i n a l  wa l l .  
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i nfer ior  marg i n, u s i n g  cautery, s i l k  sutu res, and  other  he
mostat ic  d evices as needed, mak ing  su re not to create 

a nonexistent p l ane  between the i nfer ior aspect of the 
tumor  and the super ior  aspect of the k idney. The perito

neal l i n i n g  shou ld  rem a i n  i ntact over the a nter ior aspect 
of the tumor  to serve as the a nter ior marg in  if not a l ready 

i nvaded by the tumor. The d i ssect ion cont i nues super ior ly 

a long  the d i aph ragm,  mak ing  sure to l i gate and d iv ide 
any feed i n g  vesse ls, most com m o n ly branches from the 

i nfer ior  phren ic  vesse ls .  Poster ior  d i ssect ion shou ld  p ro
ceed from latera l  to med ia l ,  mak ing  su re to remove a l l  
fat poster ior  t o  t h e  tumor  i n  a n  en  b l o c  fash ion .  If the 

tumor  i nvades the m uscle, a port ion of the musc le  shou ld  
be i nc l uded with  the tumor  to ensure negative marg i ns .  

• The a nter ior su rface of the vena cava shou ld  be ident i 
f ied and  the peritonea l  l i n i n g  over ly ing th is  should be 

i ncised along its length . Using a ve i n  retractor to retract 
the vena  cava med ia l ly, soft t issue attachments, i n c l ud i ng  

sma l l  vesse ls  and  lym phatics, a re l igated and  d iv ided .  As 
the m i d po int  of the adrena l  g l a n d  is reached, the r ight 

adrena l  ve i n  should be identif ied, l i gated, and  d iv ided.  
The ve i n  should be inspected and  carefu l ly pa l pated to as
sess for a ny tumor  thrombus so that the tumor  thrombus 

can be i nc l uded with the spec imen i n  a n  en  b loc fash ion .  
Adva nced techn i q ues for manag ing  l a rge  tumor  thrombi  

with i n  the vena cava a re not d iscussed i n  th i s  cha pter. 

If removi ng  a pheochromocytoma, the anesthes io log ist 
shou ld  be wa rned we l l  in advance pr ior  to l i gat ing the 

adrena l  ve i n  i n  a nt ic ipat ion of ensu ing  hypotens ion .  The 

d i ssect ion is conti nued super ior ly unt i l  a l l  media l  attach
ments have been re leased.  Retract ion of the vena cava a l

l ows access to poster ior  tissue, which should be removed 

as we l l .  The adrena l  g l a n d  and  the per iadrena l  soft t issue 
a re removed, ma rked with or ienting suture for the pa

tholog ist, and sent to the pathology l ab .  

Closure 

• A sma l l  a m o u nt of water shou ld  be used for i rr igat ion 

and  f ina l  hemostas is  is  ach ieved .  The a rea encompassed 
by the d issect ion shou ld  be ma rked with l a rge  c l i ps to 

assist with postoperative externa l  beam radiat ion ther

a py if needed.  A d ra in  may be p l aced i n  the adrena l  bed, 
and a chest tube is  p laced .  

• C losure is beg un ,  and  the bed is taken out of the flexed 

posit ion .  A chest tube is  p laced .  The d i a phragm is re
pa i red with no. 1 polyd ioxanone  (PDS) suture in a run

n i n g  lock ing  o r  i nterru pted fash ion .  
• At the j u n ct ion of the d i a p h ragm and  abdom i n a l  fas

cia, a no. 2 Vicryl f igu re-of-e ight  suture is  used to re

approxi mate the tissue en  masse. If a port ion of the 
costochondra l  cart i l age  has not been excised, it may 
be rea pproximated us ing a m icrod r i l l  and  a no .  2 Vicry l  

suture.  The r ibs a re a lso reapproxi mated with no .  2 Vicry l  

FIG 8 • A port ion of the costa l marg in  can be excised 
to m i n i m ize postoperative rubb ing  of the ends a n d  
costochond rit is .  If a port ion o f  the costochondra l  ca rt i l age  h a s  
n o t  b e e n  exc ised, it m a y  be reapproximated us ing  a m icrod r i l l  
and  a no .  2 Vicryl suture.  T h e  r ibs a re reapproximated with 
no .  2 Vicryl sutu res, with or  without the m icrodr i l l .  

A r i b  approximator device he lps decrease t h e  tens ion 
req u i red to t ie  the sutu res. The abdom i n a l  m i d l i n e  is  re
approxi mated with r u n n i n g  no. 1 PDS suture.  The chest 

wa l l  m uscu latu re is c losed in two sepa rate layers us ing  

no .  1 Vicryl suture .  The sk in  is c losed with  sta p les and  a 

ster i l e  d ress ing  is app l ied (FIG 10). 

sutu res, with or without the m icrod r i l l  (FIGS 8 a n d  9). FIG 9 • The m icrod r i l l  is used to he lp  rea pproximate the r i bs. 
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Chest 
tube 

LEFT ADRENALECTOMY 

Exposure 

• An i nc is ion is made 2 em i nfer ior  to the t ip  of the r ight 
sca pu la  and  extended to a point m i dway between the 

x ipho id  p rocess and  the u m b i l icus (FIGS 11 and  1 2). If 
necessa ry, the i nc i s ion can then be carr ied i nfer ior ly a long  

the m i d l i ne of the abdomen .  The su bcuta neous tissue and  
m uscle are d iv ided, spa r i ng  the latiss imus  dors i  and  inc i s

i n g  the serratus anter ior. The chest is entered at the 8th 
i ntercosta l space, the pu lmonary l i gament d iv ided, and  
the l u n g  retracted super ior ly. The  d i aphragm is i ncised 2 
to 4 em from its attachments, spar ing the phren ic  nerve. 

Severa l  mark ing st itches shou ld  be p laced i nterm ittently 
on  either s ide of the d iv ided d i aph ragm to aid with reap

prox imat ion at the end of the case. The costochondra l  
cart i l age  is d iv ided .  A port ion may be excised . The ab
domina l  i nc is ion is  extended and the peritonea l  cavity is  

entered. A se lf-reta i n i n g  retractor system is p laced.  
• The d i a p h ragmat ic  attachments to the sp leen a re re

leased with e lectroca utery and reflected toward the 

r ight  s ide  a long with the stomach a n d  pa ncreas.  I f  the 
adrena l  tumor i s  a d herent to the d i a p h ragm,  that por

t ion  of the d i a phragm shou ld  be removed en b loc  with 
the tumor and ca n be reconstructed with mesh o r  other  
mater ia l .  The sp lenoco l i c  attachments w i l l  req u i re re

lease a n d  the omentum is re leased from the co lon .  
The l igamentum teres is  l i g ated and  d iv ided w i th  s i l k  

l i g atu res. 
• I nspect ion of the peritonea l  cavity is performed as much 

as poss ib le  i n  a systematic fash ion ,  and  a n  u ltrasound  of  

the l iver is performed.  

• 

• 

FIG 1 0  • Dur i ng  c losure, a chest tube is i n serted .  The 
abdom i n a l  m i d l i n e  is rea pproximated in a s i ng le  l ayer. 
The chest wa l l  m uscu lature is c losed i n  severa l layers. 
The skin is  c losed with stap les and a ster i l e  d ress ing  is  
app l ied .  

The left lobe of the l iver is retracted toward the r ight 

s ide, a l l ow ing  for better mob i l izat ion of the stomach, 
spleen, and pancreas. 
A l a rge sa l i n e-soaked towel with retractors is  p l aced 
aga i nst the bowe l ,  pancreas, and sp leen to not o n ly 

provide  exposu re but a l so to exc lude  the rest of the 

FIG 11 • Options for l eft thoracoabdom i n a l  i nc i s ion for 
adrena lectomy. 
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F IG  1 2  • An i nc is ion is  m a d e  2 em i nfer ior  t o  t h e  t ip  o f  the 
r ight sca p u l a  and  extended to a point m idway between the 
x iphoid process and  the u m b i l icus .  

per itonea l  cavity to m i n i m ize potent i a l  seed i n g  of the 
per itonea l  cavity. The l eft s ide of the aorta should be 
appreciab le  if  the exposure is  adequate (FIG 1 3). 

Dissection 

• Because the per itonea l  cover ing  on the left has been 
ref lected with the spleen and pancreas, the s u rgeon 

shou ld  make every effort to m a n i p u late the tumor  su r
face as l itt le  as poss ib l e  (no-touch tech n i q u e) .  The soft 
t issue over ly ing the super ior  ha l f  of the l eft k id ney is 

i nc ised a n d  carr ied from med ia l  to l atera l out to the 

FIG 13 • With the stomach, pancreas, and  sp leen retracted 
med ia l ly, the aorta, adrena l  mass, and k idney a re exposed a n d  
exc luded from the rest o f  the per itonea l  cavity. 

s ide  of the abdom i n a l  wa l l .  I nfer ior  d i ssect ion shou ld  

proceed ca refu l ly to the aorta med ia l l y  a l o n g  the l eft 

ren a l  ve in ,  mak ing  su re not to d iv ide branches of the 
poster ior ly  s ituated ren a l  a rtery supply ing the u pper 

port ion of the k idney or  venous branches d r a i n i n g  to the 
ren a l  ve i n .  S m a l l  branches supply ing a n d  d ra i n i n g  the 

adrena l  g land should be ca refu l ly l i gated a n d  d iv ided .  

Any lym ph nodes poster ior  to the ren a l  h i l u m  shou ld  
be i n c l uded with  the d issect ion .  The left adrena l  ve i n  
w i l l  be ident if ied a t  t h e  m e d i a l  aspect o f  t h e  left ren a l  

ve i n  as it cou rses a nter ior  to the aorta .  It  genera l ly e n 
ters the a d r e n a l  g la n d  i n  the 7 o'c lock posit ion .  It  shou ld  

be l i g ated and  d iv ided .  The adrena l  ve i n  and  ren a l  ve i n  

shou ld  be inspected a n d  ca refu l l y  pa l pated t o  assess for 

any tumor  thrombus so that the tumor  thrombus can be 
i nc l uded with the spec imen  i n  a n  en  b loc fash ion .  Ad

vanced tech n i q ues for manag ing  l a rge  tumor  th ro m b i  

with i n  the ren a l  ve i n  and  vena  cava a re not d i scussed i n  
t h i s  cha pter. T h e  fat over ly ing a n d  ju st super ior  t o  the 

k id ney i s  mob i l ized from i nfer ior  to super ior, making th i s  
t i s sue the i nfer ior  marg in ,  us ing  caute ry, s i l k  sutu res, and  

other  hemostat ic  devices as needed,  mak ing  su re not to  
create a nonexistent p l a n e  between the i nfer ior  aspect 

of the tumor  a n d  the super ior  aspect of the k idney. Lat

eral d issect ion shou ld  cont i n u e  a long  the a bdom i n a l  
s i d e  wa l l .  T h e  d i ssect ion cont i n u es su per ior ly a long  the 

d i a p h ragm,  making su re to l i gate a n d  d iv ide a ny feed
ing vesse ls, most common ly  branches from the i nfer ior  

p h ren i c  vesse ls .  Poster ior  d issect ion shou ld  p roceed from 
lateral to med ia l ,  mak ing  sure to remove a l l  fat poster ior  
to the tumor  i n  a n  en  b loc  fash ion .  I f  the tumor  i nvades 

the m uscle, a port ion of the m uscle shou ld  be i nc l uded 
with the tumor  to ensure negative marg ins .  The left l at

era l su rface of the aorta shou ld  be identif ied, a n d  the 

soft t issue attachments i n c l u d i n g  smal l  vesse l s  a n d  lym

phat ics a re l i gated and  d iv ided .  If removi ng  a pheoch ro
mocytoma,  the a n esthes io log ist shou ld  be warned we l l  

i n  advance pr ior  t o  l i gat i ng  t h e  adrena l  ve i n  i n  a nt ic i 
pation  of ensu ing hypotens ion .  The d issect ion i s  conti n

ued super ior ly  unt i l  a l l  med ia l  attachments have been 
re leased.  Any lym ph nodes a long the aorta o r  ident if ied 
near  the super ior mesenter ic a rtery o r  ce l i a c  axis shou ld  

be i nc l uded with  the spec imen .  The adrena l  g l and  and  
the per iadrena l  soft t issue is  removed, ma rked with 

or ient i ng  suture for the patholog ist, and sent to the 

pathology l ab .  

Closure 

• A sma l l  amount of water shou ld  be used for i rr igat ion 

and  f ina l  hemostasis ach ieved . The a rea encompassed by 
the d i ssect ion should be ma rked with l a rge c l i ps to assist 
with postoperative externa l  beam rad iat ion therapy if 

needed.  A d ra i n  may be p laced i n  the adrenal  bed, and 

a chest tube is p laced . C losure is  begun,  and  the bed is  
taken out of the f lexed posit ion .  The d i aph ragm is re

pa i red with no. 1 PDS suture in a ru n n i n g  lock ing or  i n 

terru pted fash ion .  At  the j u nction of the d i aphragm and  
abdom ina l  fasc ia,  a no .  2 Vicry l  f igu re-of-e ight suture i s  
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used to reapproximate the t issue en masse. If a port ion of the 

costochondra l  cart i l age has not been excised, it may be reap
prox imated us ing a m icrodr i l l  and  a no .  2 Vicryl suture.  The 
r ibs a re a lso reapproximated with no.  2 Vicry l  sutu res, with 

or  without the m icrod ri l l .  A r ib  approximator device helps 

PEARLS AND PITFALLS 

decrease the tension req u i red to t ie the sutu res. The abdomi

na l  m i d l i n e  is reapproximated with runn ing no .  1 PDS suture.  

The chest wa l l  m uscu l ature is  c losed i n  two sepa rate layers 
us ing no. 1 Vicry l  suture.  The skin is  c losed with stap les and a 

ster i le  d ress ing  is app l i ed .  

Ate lectasis • E nsure exce l l ent resp i ratory care and pu lmonary to i l et due to i ncreased pain l i m it i ng  resp i ratory effort. 

B leed i n g  • Access to the suprahepatic i nfer ior  vena cava is  i m p roved d u r i n g  left a d rena lectomy with th i s  approach, 
a l lowing for eas ier  vascu l a r  contro l .  

Pa i n  • Thoracoabdom ina l  i nc is ions a re associated with g reater pa i n  t h a n  other i nc is ions .  Loca l a n esthetic b locks 
may be he lpfu l .  

Neu rovascu l a r  • Avoid  transect ion of  the b u n d l e  and  damage to the nerve by i n c i s i ng  a long  the super ior  border of  the r i b .  
bund le  of  r i b  

Phren i c  nerve pa lsy • Ta ke care to stay away from the phren ic  nerve when inc i s ing  the d i a phragm.  

POSTOPERATIVE CARE 
• Most patients will need intensive care unit (ICU) care for 24 

to 48 hours, either for pulmonary care or for resuscitation. 
The chest tube may be managed in standard fashion and 
removed when appropriate . 

• Hydrocortisone should be administered to patients with 
overt Cushing's syndrome. A cosyntropin stimulation test 
can be performed the morning after surgery in subclinical or 
mild Cushing's cases if there is a question about the require
ment for steroid supplementation. After bilateral adrenalec
tomy, high-dose intravenous (IV) hydrocortisone should be 
weaned to replacement dose oral hydrocortisone and fludro
cortisone 0 . 1  mg daily. Electrolytes should be checked the 
morning after surgery. Patients undergoing surgery for pri
mary hyperaldosteronism may experience rebound hyper
kalemia. Antihypertensive medications are withheld in the 
immediate postoperative setting and reinstituted as needed. 
Routine postoperative care is pursued and patients are dis
charged approximately 5 to 7 days after surgery. Follow-up 
is typically 1 to 2 weeks after surgery with endocrine testing 
as needed. 

OUTCOMES 
• Excellent outcomes can be expected with low morbidity if 

aggressive respiratory care and pain control is initiated early 
in the postoperative period. 

COMPLICATIONS 
• Prolonged atelectasis: 2 1 %  
• Prolonged ileus: 9 %  
• Phrenic nerve injury and diaphragmatic paralysis 
• Chronic pain 
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DEFINITION 
• Adrenal masses may be benign or malignant and functional 

or nonfunctional with regard to excess hormone secretion. 
An open posterior approach should be considered if: 

An anterior, lateral, or posterior retroperitoneoscopic ap
proach is not feasible in a patient with a benign or meta
static adrenal tumor. 
An open anterior approach is not feasible in patients who 
have undergone previous extensive upper abdominal surgery 
and are presumed to have dense adhesions limiting access. 
Conversion from a retroperitoneoscopic posterior ap
proach to an open approach is required. 
Both adrenals need to be removed and repositioning of the 
patient during the case is to be avoided. 

DIFFERENTIAL DIAGNOSIS 
• Primary adrenal adenoma 
• Primary adrenocortical carcinoma 
• Cyst 
• Metastatic cancer 
• Pheochromocytoma 
• Ganglioneuroma 
• Adjacent paraganglioma 
• Soft tissue tumor 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• All adrenal abnormalities should be evaluated in a systematic 

fashion, including a thorough history and physical exami
nation investigating the possibility of a hormone-secreting 
mass. This includes the possibility of a pheochromocytoma, 
Cushing's syndrome, primary hyperaldosteronism, and hy
pertestosteronemia.  Specifically, the patient should be ques
tioned regarding poorly controlled hypertension, diabetes, 
edema, diaphoresis, tachycardia, palpitations, sudden severe 
headaches, flushing, and easy bruising. The physical exam 
should look for evidence of central obesity, edema, periph
eral wasting, core muscle weakness, a buffalo hump, striae, 
thin skin, and facial plethora. Because the adrenal gland is 
situated in the retroperitoneum, unless it is extremely large, 
palpation of the mass is usually unable to be achieved. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 
• All adrenal masses should undergo appropriate biochemical 

testing. Even in the absence of signs or symptoms, patients 
should have at a minimum: potassium, aldosterone, renin, 
plasma fractionated metanephrines (followed by 24-hour 
urine metanephrines and normetanephrines, catecholamines, 
and vanillylmandelic acid (VMA) if plasma values are ab
normal) ,  24-hour urine-free cortisol, and adrenocortico
tropic hormone (ACTH) .  Some physicians may also perform 

a low-dose dexamethasone suppression test and obtain 
dehydroepiandrosterone Sulfate (DHEA-S ) and free testos
terone, among other laboratory tests . 

• Imaging studies should include an adrenal protocol com
puted tomography (CT) scan (to assess imaging character
istics and calculate washout percentage of contrast from 
the tumor) or magnetic resonance imaging (MRI) (to assess 
decrease in signal berween in and out of phase images) and 
1 8F-Fluorodeoxyglucose ( 1 8FDG) positron emission tomogra
phy (PET) CT if malignancy is questioned (FIG 1 ) .  

• Additional imaging studies may be required depending on 
the functionality of the tumor (metaiodobenzylguanidine 
[MIBG] for some pheochromocytoma patients, adrenal vein 
sampling for hyperaldosteronism, etc . ) .  

• Fine needle aspiration or  core biopsy i s  not recommended i f  ad
renocortical carcinoma is questioned. FNA may be useful if me
tastasis to the adrenal gland is in the differential and the adrenal 
tumor is the most accessible site of metastasis in the setting of 
multiple sites of metastatic disease. If biopsy is performed, it is 
imperative to first biochemically rule out pheochromocytoma. 

SURGICAL MANAGEMENT 
• Adrenal tumors, if benign appearing by imaging criteria, 

nonfunctional, and therefore not requiring resection, should 
be reevaluated with at least one additional CT scan or MRI 
6 to 12 months after the initial imaging study to ensure sta
bility in size and internal imaging characteristics. Some ad
vocate for a longer period of follow-up imaging for 2 years 
with reevaluation of biochemistry for 4 years . 1  

• Functional tumors leading t o  hormone excess, indeterminate 
masses, and those suspected of being adrenocortical carci
noma or isolated metastatic disease from another primary 
tumor without evidence of widespread metastatic disease 
should be removed. 

FIG 1 • B i latera l hyperplastic adrena l  g l a nds (arrows) with 
ben ign  imag ing  character ist ics a re shown i n  a n  obese patient 
with Cush i ng's d isease req u i ri n g  b i l atera l adrena l ectomy. 
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Preoperative Planning Positioning 

• The surgeon must evaluate available imaging studies for 
possible adrenocortical carcinoma or tumor involvement 
of adjacent organs, vessels, and lymphadenopathy. An open 
posterior approach is not optimal for removing adrenocor
tical carcinomas or large tumors, as the working space is 
limited by the rib cage and does not allow for multivisceral 
resections . These types of tumors should be approached by 
an open anterior or thoracoabdominal approach. 

• Patients are intubated and a Foley catheter is placed prior 
to placing the patient in a modified prone position. Several 
methods for positioning may be used, including use of the 
Wilson frame, the Cloward surgical saddle, gel rolls, and 
flexion of the table ( FIG 2 ) .  All of these have the common 
goal of creating a gentle flexion of the spine . Space is also 
created for the abdominal contents to shift away from the 
retroperitoneum. 

• The surgeon should evaluate the position of the adrenal 
gland with respect to the overlying rib that will need to 
be resected as well as any visible vasculature supplying or 
draining the adrenal gland. 

• All pressure points are padded appropriately. 

• The risks, benefits, and alternatives to surgery are discussed 
with the patient including potential need for steroid supple
mentation in the postoperative setting. Patients with pheo
chromocytomas should be adequately alpha blocked and 
volume replete. Beta blockade may also be necessary. A 
potassium level should be checked the morning of surgery 
and treated as necessary in patients with Conn's syndrome 
(hyperaldosteronism) .  

• Routine prophylactic antibiotics and deep vein thrombosis 
(DVT) prophylaxis are administered prior to surgery, and 
sequential compression devices are applied. 

• A general endotracheal anesthetic is administered. 
• Common to all approaches, skin preparation with clipping 

rather than shaving is prepared, and the surgical area is 
prepped and draped in a sterile fashion. 

LEFT ADRENALECTOMY 

Exposure 

• A curvi l i near  i nc is ion is made from a paramed ian  posi

t ion (4 to 5 em from the sp ine) over the left 1 0th r ib  and  

carr ied i nferolatera l ly toward the i l iac  crest. Alternative ly, 

a stra ighter i nc is ion over the 1 1 th or 1 2th r ib, depend

i n g  on the pos it ion of the g land on CT scan, with a more 
vert ica l  u pward i nc is ion med i a l ly may be made (FIGS 3 
and 4). 

• The su bcuta neous t issue and  m uscu latu re ( lat iss imus  
dors i  and  l u m bodorsa l fascia) a re d iv ided .  The sacrosp i 

na l i s  is  retracted med ia l ly with a handhe ld retractor. The 
1 2th r ib  (and  occas iona l ly the 1 1 th r i b) is c lea red of its 
attachments in a su bper iostea l  fash ion  us ing  cautery a n d  

a Doyen o r  per iostea l  e l evator, mak ing  su re t o  prese rve 
the neu rovascu l a r  bund le  (FIGS S and  6). The r ib  is tran
sected as fa r med i a l ly as possi b le  with bone cutters a n d  

removed i n  its ent i rety. Bone w a x  m a y  be used t o  assist 
with hemostasis .  

• E ntrance i nto the d i a p h ragm and  p leu ra shou ld  be 
avoided and  the d i ap h ragm is  reflected super ior ly. The 
retroperitonea l  fat wi l l  be evident (FIG 7). 

Dissection 

• Us ing  retractors to sepa rate the t issue and  r ib (s), Gerota's 

fascia is i ncised after identifyi ng the upper  po le  of the 
k idney. The surgeon's hand p laces downwa rd (i nfer ior  

FIG 2 • The pat ient  is  p laced i n  a mod if ied prone posit ion .  
Pressu re poi nts a re padded.  

• 

• 

and  toward the per itonea l  cavity) p ressure on the k id ney 
to fac i l itate exposu re of the adrena l  g l a n d  (FIG 8). 
The i nfer ior, latera l ,  super ior, and med ia l  attachments 

may be d iv ided in s i m i l a r  fash ion  to the standard open 

a nter ior approach, but the peritoneum over ly ing the an

ter ior su rface of the g land as descr ibed i n  the anter ior  

open a pproach i s  not inc l uded with the spec imen .  The 

i nfer ior  attachments should be left unt i l  last, as  they as
s ist i n  retract ion and  exposure of the g l a n d .  
T h e  left adrena l  ve i n  shou ld be l igated and d ivided when 
encountered d u ring  the cou rse of d i ssect ion of the i nfer ior 

attachments and  wi l l  be found media l ly near the j unct ion 
of the super ior aspect of the left rena l  ve i n  with the latera l 
aspect of the aorta i n  a 5 o'clock position due  to the prone 

posit ion .  The left adrenal ve i n  wi l l  be s l i ghtly poster ior 
whi le i n  the prone pos it ion beneath some of the fatty at
tachments between the adrena l  g land  and left rena l  ve i n .  

• The adrena l  g l a n d  with the per iadrena l  soft t issue is re
moved en  b loc, ma rked with or ient i ng sutu res for the 

patho log ist, and  sent to the patho logy lab .  

Closure 

• A sma l l  a m o u nt of water shou ld  be used for i rr igat ion 

and f ina l  hemostas is  is  ach ieved . A d ra i n  may be p laced if 

desi red but is  not req u i red i n  most cases. 
• The muscu l ature and  su bcuta neous t issue a re c losed i n  

l ayers a n d  t h e  s k i n  c losed with sta p les or  suture.  A ster i l e  

d ress ing  is  app l i ed .  



1 2th rib Spleen Left kidney Right kidney 

Abdominal aorta Inferior vena cava 

C h a p t e r  48 ADRENALECTOMY: Open Poster ior  

FIG 3 • The inc i s ion  can be made i n  a l i near  or  cu rvi l i near  
fash ion  to fac i l itate access to the 1 1 th and  1 2th r ibs .  

FIG 4 • I ntraoperative image of cu rvi l i near  i n ci s ion ca rr ied 
from 1 0th r ib  med i a l ly across the 1 1 th r i b  and  i nfer ior  to 
the 1 2th r ib  l atera l ly. 
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Latissimus dorsi muscle 

1 2th rib 

Sacrospinal is 
muscle 

FIG S • Schematic of exposure of the 1 2th rib that is 
c lea red of its attachments i n  a subper iostea l  fash ion  us ing  
cautery and  a Doyen o r  per iostea l  e levator, mak ing  su re to 
preserve the neu rovascu l a r  bund le .  

FIG 6 • I ntraoperative photo showi ng exposure of the 
1 2th r ib .  



Latissimus 

Edge of 
diaphragm 

Gerota's fascia 

FIG 7 • After remova l of the 1 2th r ib ,  Gerota's fascia a n d  the 
retroper itoneal  fat is  evident.  

RIGHT ADRENALECTOMY 

Exposure 

• A curvi l i near  inc i s ion is made from a paramed i a n  posi
t ion (4 to 5 em from the sp ine) over the r ight 1 Oth r ib  

and  carr ied i nfero latera l l y  towa rd the i l i ac  crest. Alter
native ly, a stra ig hter inc i s ion over the 1 1 th or  1 2th r ib, 
depend ing  on the posit ion of the g l a n d  on CT sca n, with 

a more vert ica l  u pwa rd inc i s ion med i a l ly may be made .  
• The su bcutaneous t issue and  m uscu latu re ( lat iss imus  

dors i  and  l u m bodorsa l fasc ia)  a re d iv ided .  The sacrosp i 
na l i s  i s  retracted media l ly  with a handhe ld retractor. The 
1 2th r ib  (a nd occas iona l ly the 1 1 th r ib) i s  c lea red of its 

attachments in a subper iostea l  fash ion  us ing  ca utery and  
a Doyen o r  per iostea l  e levator, mak ing  sure to  p reserve 
the neu rovascu l a r  bund le .  The r ib  is tra nsected as fa r me

d i a l ly as poss ib le  with bone cutters and  removed i n  its 
ent irety. Bone wax may be used to assist with hemostas is .  

• E ntrance i nto the d i a p h ragm and  p l eu ra shou ld  be 
avoided and is  ref lected super ior ly. The retroperitonea l  

fat  w i l l  be evident.  

Dissection 

• Us ing retractors to sepa rate the tissue and  r ib(s), Gerota 's 

fascia is i ncised after identify ing the a rea of the u pper 
pole of the k idney. The surgeon's hand p laces downward 

( i nfer ior and toward the peritonea l  cavity) pressure on the 
k idney to fac i l itate exposure of the adrena l  g l and  (FIG 9). 

C h a p t e r  48 ADRENALECTOMY: Open Poster ior  1 767 

Diaphragm 

Posterior aspect of 
Cut edge of 1 2th rib 

left adrenal gland 

Kidney 

Left adrenal vein 

Aorta 

FIG 8 • The left adrena l  g l a n d  is  best exposed us ing 
retractors and  downward retract ion us ing the hand  on the 
upper  po le  of the k idney. The left a d rena l  ve i n  is located i n  a 
5 o'c lock posit ion .  

Posterior aspect of 
inferior vena cava 

Right adrenal vein 

Posterior aspect 
of right adrenal 

Kidney 

FIG 9 • The r ight ad rena l  g l a n d  is best exposed us ing  
retractors and  downward retract ion us ing  the hand  on the 
upper  po le  of the k idney. The r ight adrena l  ve i n  is  located in  
a 9 o'c lock posit ion .  
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• The r ight a d rena l  ve i n  wi l l  be fou n d  a long  the med ia l  
aspect of the g l a n d  i n  a more anter ior  posit ion off of  the 

i nfer ior  vena  cava ( IV C)  d u e  to the prone posit ion of the 

patient and  should be l igated and  d iv ided .  

Closure 

• A sma l l  a m o u nt of water shou ld  be used for i rr igat ion 
and f ina l  hemostasis is  ach ieved . 

• A dra in  may be p laced if des i red but is not requ i red i n  

m a n y  cases. 
• The i nfer ior, latera l, super ior, and  med ia l  attachments 

may be d iv ided in s i m i l a r  fash ion  to the standard ap
proach,  but the per itoneum over ly ing the a nter ior 
su rface of the g land as descr ibed i n  the a nter ior open 

approach i s  not inc l uded with the specimen .  The i nfer ior  

attachments shou ld be left unt i l  last, as they assist i n  re
tract ion a n d  exposure of the g l a n d .  

• The muscu l atu re and  su bcuta neous t issue a re c losed i n  
layers a n d  the sk in  c losed with sta p les or  suture.  A ste r i l e  

d ress ing  is  app l i ed .  

• The adrena l  g land  with the peri ad rena l  soft t issue is re
moved en  b loc, ma rked with or ient ing sutu res for the 

patho log ist, and  sent to the patho logy lab .  

PEARLS AND PITFALLS 

B leed ing-a rter ia l  and  venous • May resu l t  from d i s rupt ion of the vena  cava, ren a l  ve i n  or a rtery, and  aorta .  A l aparoscop ic  
knot pusher, A l l i s  c l amp, a n d/or Kitner may be he lpfu l  g iven l i m ited access d u e  to the overly
ing r i bs .  

D i aph ragmatic penetrat ion • May occur  upon entry to the retroperitoneum .  May be c losed i n  standard fash i o n .  

Neu rovascu l a r  bund le  i n ju ry • Chron ic  pa i n  may resu lt  if care is not taken to spare the b u n d l e  when remov ing  the r ib  or  
upon c losure of the wou n d .  

POSTOPERATIVE CARE OUTCOMES 
• Most patients will not need intensive care unit (ICU) care, 

although pheochromocytoma patients often need closer 
monitoring for the first 24 hours, depending on intraopera
tive stability and volume status. 

• Hydrocortisone should be given to patients with overt 
Cushing's syndrome. A cosyntropin stimulation test can be 
performed the morning after surgery in subclinical or mild 
Cushing's cases if there is a question about the requirement 
for steroid supplementation. 

• Electrolytes should be checked the morning after surgery. 
Patients undergoing surgery for primary hyperaldosteronism 
may experience rebound hyperkalemia. 

• After bilateral adrenalectomy, high-dose intravenous ( IV) 
hydrocortisone should be weaned to replacement dose oral 
hydrocortisone and fludrocortisone 0.1 mg daily. 

• Routine postoperative care is pursued. Diets may be begun 
early, as ileus is not usually an issue due to the entirely ret
roperitoneal dissection. Patients are discharged 2 to 3 days 
after surgery. 

• Follow-up is typically 1 to 2 weeks after surgery with endo
crine testing as indicated. 

• Outcomes in general are quite good; however, hospital stay 
is longer, pain is greater, and morbidity can be higher com
pared to other approaches.2 

• Neurologic changes due to injury of the neurovascular bundle 
coursing along the inferior aspect of the rib can be problematic. 

COMPLICATIONS 
• Bleeding 
• Infection 
• Adrenal insufficiency in those with Cushing's syndrome 
• Postoperative hypotension in those with pheochromocytoma 
• Rebound hyperkalemia in those with Conn's syndrome 
• Lymphatic leak 
• Pneumothorax 
• Neurogenic pain 
• Laxity of flank musculature 
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INDICATIONS 
• Adrenalectomy is indicated for a variety of different clini

cal scenarios, including patients with ( 1 )  a functional tumor; 
(2) a solid adrenal mass larger than 3 to 4 em, due to 
increasing risk of adrenocortical carcinoma; ( 3 )  growth of 
0 .5  em or greater in 6 months based on serial cross-sectional 
imaging, again due to a risk of adrenocortical carcinoma; 
and (4) isolated metastasis from a remote primary malig
nancy. 

• Laparoscopic adrenalectomy is now considered standard 
practice due to its shorter duration of postoperative pain, 
shorter hospitalization, and faster return to work compared 
to an open procedure . 

• Contraindications to the transabdominal laparoscopic ap
proach include severe cardiopulmonary disease and coagulopa
thy. Relative contraindications include prior intraabdominal 
surgery and very large tumor size. 

• The laparoscopic retroperitoneal approach is based on the 
historical open posterior approach. This approach is gain
ing popularity as it offers advantages over a laparoscopic 
transabdominal approach. These advantages include faster 
operating times, potentially less postoperative pain, a lower 
risk of complications (especially of incisional hernia) ,  and 
improved intraoperative hemostasis as the surgeon has the 
ability to increase the insufflation pressure to 30 mmHg (a  
maneuver not feasible in  a laparoscopic transabdominal 
approach given the negative impact on central venous return 
and renal perfusion ) .  

• The laparoscopic retroperitoneal approach does have some 
potential drawbacks. There is a slightly longer learning curve 
associated with the nontraditional " back-door" anatomic 
view. This approach may also be more difficult in patients 
with large tumors or who are morbidly obese. 

• The posterior approach is the ideal approach for bilateral 
procedures because it eliminates the need for patient reposi
tioning. It is also preferable for patients who have had previ
ous transabdominal operations. 

• Absolute contraindications to the laparoscopic retroperito
neal approach include the need to explore the rest of the 
abdomen and coagulopathy. 

• Relative contraindications include an adrenal mass greater 
than 8 em due to the smaller working space, patient body 
mass index greater than 45 due to the patient's pannus and 
visceral fat compressing the retroperitoneal working space. 
Severe cardiopulmonary disease is also a relative contrain
dication but may be less of an issue than for the transab
dominal laparoscopic approach, as the diaphragm is not 
compressed to the same extent. Theoretically, increased 
ocular pressures are also a relative contraindication, as 
an extended time in a prone position would put the optic 
nerve at risk. This is usually only a problem for very long 
operations, however, and the vast majority of laparoscopic 

retroperitoneal adrenalectomies should not threaten the 
optic nerve. 

PREOPERATIVE PLANNING 
• As with any endocrine disease, the workup of adrenal disease 

typically follows a logical progression, from making a bio
chemical diagnosis to localizing the lesion to determining the 
indications for an operation. In deciding if an operation is 
indicated, the two principal questions to be answered are 
( 1 )  " Is the mass functional ? "  and (2) "What is the risk for 
cancer (either primary or metastatic disease ) ? "  Most func
tional tumors and most malignant lesions should be consid
ered for resection, taking into account the patient's overall 
health, prognosis, and preferences .  

Aldosteronoma. Ideally, the potassium level should be 
normalized preoperatively. Potassium supplements and/or 
aldosterone antagonists may be employed to achieve this 
goaL Maintain or optimize the antihypertensive regimen 
preoperatively. 
Pheochromocytoma. Give the patient an a-blocker such 
as phenoxybenzamine. Start at 10 mg twice daily and in
crease the frequency and dose as tolerated until the patient 
becomes slightly symptomatic ( including mild orthostasis 
and stuffy nose) .  A selective a-blocker is a good alternative 
in an older male patient due to less reflex tachycardia and 
potential prostatism benefits . In addition, some patients 
may be candidates for calcium channel therapy instead. As 
a-blockade proceeds, it is critical to replete the intravas
cular space with liberal fluid and some additional salt in
take preoperatively. 13-Blockade may be started a few days 
prior to the operation if the patient becomes tachycardic. 
Do not start 13-blockade prior to adequate a-blockade 
or the resulting unopposed a-mediated vasoconstriction 
may cause stroke, myocardial infarction, and even death. 
Close communication with the anesthesia team is critical 
throughout the operation as manipulation of the tumor 
may cause wide swings in hemodynamics. Ensure that the 
anesthesia team is equipped with short-acting vasoactive 
agents to control or support intraoperative blood pressure 
as needed. 
Cortisol-producing tumor. Give stress-dose steroids prior to 
induction. The patient will require a careful steroid taper 
postoperatively and endocrinology consultation is recom
mended. Although no level I data is available, perioperative 
antibiotics should be considered due to the relative immu
nosuppressed state in a patient with cortisol excess. 
Adrenocortical carcinoma. Primary adrenal cancers may 
manifest any or all of the biochemical irregularities found 
in the aforementioned tumors and should be addressed as 
appropriate. It is important to assess the vasculature for evi
dence of venous invasion and tumor thrombus, ideally with 
a magnetic resonance venogram or formal venogram. The 
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laparoscopic retroperitoneal approach should not be used 
in cases of very large or locally invasive adrenal tumors. 

teriorly ( i .e . ,  away from table ) ,  the kidney/adrenal gland/ 
peritoneum anteriorly ( i .e . ,  toward the table ) ,  and the dia
phragm superiorly. 

ANATOMY 
• The retroperitoneal space is bounded by the peritoneum 

laterally, the paraspinous muscle medially, the rib cage pos-

• The superior pole of the kidney and the paraspinous muscle 
serve as the major landmarks. 

PATIENT POSITIONING 

• A mod if icat ion of the "Wa lz  posit io n "  
• I ntubate, obta i n  i ntravenous/a rter ia l  access as i n d i cated, 

and p lace a u r i na ry catheter wh i l e  patient i s  sti l l  on 
stretcher. Adm i n ister stress-dose stero ids and per iopera- • 
tive ant ib iot ics if i n d icated .  

• P lace patient prone on two noncompress ib le  bolsters 

with the lower bolster posit ioned at the break in the  

operati ng  room (OR)  ta b le .  The h i ps rest on the lower • 
bolster. The lower r i bcage rests on the upper  bolster. 

The pannus  shou ld  hang  freely i n  between the bolsters 
to a l l ow for the g reatest a m o u nt of retroperitonea l  • 
work ing space. P l ace the operative s ide  of the patient 
f lush with that s ide of the ta b le  so that the ta b le  w i l l  

Break in bed 

not h i nder  the fu l l  range of motion of i nstruments, es
pecia l ly in the l atera l -most port .  If perform ing  a b i latera l  

adrena lectomy, the o n ly pat ient reposit ion ing  neces
sa ry w i l l  be to sh i ft the patient to the other  edge of the 
bed (FIG 1 ). 
The lower back shou ld  be in a comp letely hor izontal  

p lane.  Th i s  can be accomp l ished by loweri ng the leg por

t ion  of the OR ta b le  as m uch as poss ib le  to stretch the 
back and  counter  the natura l  convexity of the lower back .  
Ra i s ing the leg extens ion with the knees f l exed a n d  lower 

legs hor izonta l/para l l e l  to the f loor w i l l  help to prevent 
the patient from s l i pp i ng  further  down on the bed. 

F lex arms at e l bows, pad p ressure poi nts, and secure pa

t ient i n  p l ace. Prep from midchest to j ust a bove buttocks. 

Pi l low 

Foam kneepad 

FIG 1 • Pat ient posit io n i n g  for a lapa roscop ic  retroperitonea l  adrena lectomy. 

PORT PLACEMENT 

• Three ports ( latera l ,  m idd le, a n d  med ia l) (FIG 2) • 
• Med ia l :  5-mm " ped iatr ic" or short port .  P lace th i s  

just latera l to parasp inous  m uscle a n d  a few centi
meters i nfer ior  to the costa l marg i n .  

• M idd le :  1 0-mm port with a "donut"  ba l loon .  Pl ace 

this ha lfway in between the med ia l  and latera l ports. 
• Latera l :  5-mm pediatr ic  or short port .  P lace th i s  as 

l atera l ly as poss ib le .  
• The m idd l e  port is p laced fi rst v ia  a d i rect cutdown by 

mak ing  a transverse i nc is ion j ust l a rge  enough to a d m it 

a f inger  i m m ed i ately i nfer ior  to the t ip  of 1 2th r ib  or the 

costa l m a rg i n .  The posit ion  of th i s  port is  determined 
as d iscussed ear l i e r. 

D i ssect ion proceeds through the su bcutaneous t issue to 

the m uscle j ust i nfer ior  to the costa l marg in  by sprea d i n g  

w i t h  a M etzenbaum scissors. T h e  retroperitonea l  space i s  
e ntered b y  b l u nt d issect ion w i t h  the Metzenbaum scis

sors through the fascia and m uscle us ing  a techn i q u e  s im

i l a r  to p lac ing  a chest tube (except that the ho le  is  made 
d i rectly inferior to the costa l marg in ) .  Fee l i n g  the smooth 

undersu rface of the r ibs p rovides conf i rmat ion that the 
correct space has been entered . Use b l u nt d i ssect ion 

with the f inger  both latera l l y  and  med i a l ly to deve lop  
space for  the p lacement of the subsequent 5-mm ports 
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S mm 
S mm 

0 0 0 
1 0-mm 

balloon port 

FIG 2 • R ig ht-s ided port p lacement.  

DISSECTION OF THE RETROPERITON EAL 

SPACE 

• I nsuffl ate to 20 m m Hg, l i bera l ly i ncreas ing  as needed to 
maxi m u m  of 30 m m H g .  

• Place camera i nto the m idd l e  port and  a sea l i n g  device 

i nto the latera l  port. 

FIG 3 • Retroperitoneoscop ic view of the spat ia l  re lat ionsh i ps 
d u ri n g  i n it i a l  d issect ion of a r ight  adrena l  g l a n d .  ( Image 
cou rtesy of www.coachsurgery.com .) 

I DENTIFICATION OF THE ADRENAL VEI N  

under  d i rect pa l pat ion .  D i ssect ion shou ld  not b e  carr ied 

su per ior ly as th i s  can make enter ing  Gerota's fasc ia more 

cha l l e n g i n g .  
• Place the med ia l  port 3 to 4 em i nfer ior  to the costa l 

marg in  j u st latera l  to the parasp inous  m uscle enter ing 
the retroperitonea l  space on  a b ias/ang le  cepha lad  of 

approxi mately 45 degrees such that the port e nters the 
retroper itonea l  space just i nfer ior  to the i nfer ior  marg i n  

o f  1 2th r i b .  Th is  a n g l i n g  o f  t h e  port w i l l  i m p rove visua l 

izat ion, obviati ng  the need  to torque  the port. 
• Place the latera l port j ust i nfe r ior  to the costa l m a rg i n  as 

fa r l atera l ly as poss ib le .  
• Place a ba l loon port i n  the m idd l e  port site to form a sea l 

for the retroper itoneal  i nsufflat ion .  

• 

• 

• 

E nter Gerota's fasc ia  b l u nt ly and  open it wide ly from left 

to r ig ht. 

Sweep the fi l my poster ior  attachments of the per i  adrena l  
and  per i rena l  fat  a nter ior ly ( i .e . ,  toward the tab le) .  Con

t i nue  th i s  d i ssect ion to expose the peritoneum latera l ly, 
parasp inous  m uscle med ia l ly, and  peritoneum super ior ly. 

Switch camera to med ia l  port and  p l ace a g rasper i nto 
the m idd l e  port (FIG 3). 

• I dentify the super ior  border of the k idney. Sta rt i ng  later

a l ly, d iv ide the adrena l - rena l  con n ections  us ing  a combi

nat ion of b l u nt a n d  sharp d issect ion .  Ca rry th i s  d issect ion 
towa rd the parasp inous  m uscle fo l lowi n g  the super ior  

contour  of the k idney, wh ich  wi l l  a l low the k id ney to be 
retracted i nferomed i a l ly. 

• Carefu l ly  d i ssect the f i lmy p lane between the adrena l  g land  

and the parasp inous muscle media l ly to  a l low identifica
tion of the i nferior vena cava d u ring  a r ight adrena lectomy 

or the i nfer ior phren ic  vei n  dur ing a left adrenalectomy. 
The adrena l  a rteries w i l l  be in a p lane that is poster ior ( i .e . ,  
away from the table) to the level  of the adrena l  ve i n .  These 

arteries may be l igated with a sea l i ng  device. 

a nter ior ly ( i . e . ,  towa rd the tab le) .  D iv ide the ve i n  with 

c l i ps o r  a sea l i n g  device. 
• R ight  ad rena l  ve i n  (FIG 4). Once the i nfer ior  vena cava • 

is identif ied, fo l low the cava super ior ly. The adrena l  

ve i n  ca n typica l l y  be fou n d  enter ing the adrena l  g l a n d  

Left ad rena l  ve i n  (FIG 5). I dentify the a d r e n a l  ve i n  e i 

ther  b y  traci ng the i nfer ior  p h ren i c  vei n from super ior ly 
to i nfer ior ly or  by d i ssect ing  the i nfer ior  border of the 

adrena l  g land from l atera l to media l  unt i l  the confl u ence at the j u nct ion of the m idd l e  and super ior  th i rd of the 
adrena l  g l a n d .  The adrena l  ve i n  enters the a d rena l  g l a n d  

1 771 



1 772 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

Paraspinous 
muscle IVC Adrenal vein 

of the adrena l  ve i n  and i nfer ior  p h ren i c  ve i n  i s  encoun
tered .  E nsure that the i nfer ior-med i a l  border  of the ad-
ren a l  g land is  fu l ly d i ssected from the su rrou nd ing  tissue, • 
as there is often a tongue  of a d rena l  t issue extend ing  

towa rd the rena l  h i l um .  D iv ide the left ad rena l  ve i n  with 

Phrenic vein Adrenal vein 

FIG 4 • The short r ight  adrena l  ve i n  is 
seen here at the end of the i nstru ment 
in the m idd l e  of the picture.  Note the 
re l ative ly f lat i nfer ior  vena cava due 
to the insuff lat ion p ressu re .  ( Image 
courtesy of www.coachsurgery.com.)  

c l i ps or  a sea l i n g  device.  The i nfer ior  p h ren i c  ve i n  may be 

either l i gated or  spared.  
Once the ve i n  is  d iv ided, the rema inder  of the adrena l  

g l a n d  can be d i ssected with  mostly b l u nt d issect ion and  a 

m i n i m u m  of sharp d i ssect ion .  

FIG S • The left a d rena l  g l a n d  (nota b le  for i t s  d i st i nct co lor  that d i fferentiates it f rom su rrou n d i n g  retroper itonea l  fat) seen 
here at the end of the left a d rena l  ve i n  (d i rectly a bove the i nstrument i n  the  m idd l e  of the p ictu re). The left p h ren i c  ve in jo ins  
at a n  a n g l e  f rom a bove and  can often be spared .  The red-toned structure i n  the r i ght foreg round i s  the parasp inous  m usc le .  
( Image courtesy of www.coachsurgery.com. )  

SPECI MEN EXTRACTION 

• The a d rena l  g l a n d  ca n be p laced i n  a spec imen bag a n d  

removed through the m idd le  port site, usua l ly without 
the need to e n l a rge  th i s  s ite. 

• Repl ace the m idd l e  port a n d  i nspect for hemostas is .  De

crease insuffl at ion to 5 to 7 m m H g  to assist in identif ica
tion of b leed i n g .  

• 
• 

• 

A c losed suct ion dra in  is not norm a l ly necessa ry. 

Remove the ports and  c lose the m idd l e  port site fascia 
with a s i ng le  a bsorba b le  f igu re-of-e ight  stitch, tak ing  

care  to avo id  the su bcosta l ne rve. 
C lose the skin with su bcuticu l a r  stitches . 
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PEARLS AND PITFALLS 

Pat ient posit ion ing  • Proper patient posit ion i ng  is cr it ica l .  
• Make su re t h e  r i b  cage and  h i ps rest on  t h e  bolsters with t h e  pannus  h a n g i n g  free ly. 
• Place the operative s ide f lush with the s ide of the tab le .  
• Lower the leg port ion of the O R  ta b le  to stretch the back so it i s  comp letely hor izonta l .  Then 

raise the leg extens ion with the knees fl exed to prevent the patient s l i pp i ng  down the bed.  

Port p lacement a n d  i nsufflat ion • The m idd l e  port is  p l aced j ust i nfer ior  to the t ip  of 1 2th r ib .  Use b l u nt d issect ion with M et-
zenbaum scissors and f ingers to enter the correct p l ane  and a l low the other two ports under  
d i rect pa lpat ion .  

• Make l i bera l  u se  of  i ncreased i nsuffl at ion pressu res (20  to 30 m m Hg) to i m p rove visu a l i zat ion 
and  hemostas is .  

D i ssect ion • Because of the nontra d it iona l  v iew of the a natomy, there i s  a longer  learn i n g  cu rve associated 
with this a pproach.  

• Dissect ing  the super ior  po le  of the k id ney from latera l  to media l  and  then retract ing  the 
k id ney i nferomed i a l ly a l lows for the best  exposure to the adrena l  g land and  adrena l  ve i n .  

POSTOPERATIVE MANAGEMENT 
• Remove the urinary catheter 4 to 6 hours postoperatively. 
• Patients may ambulate and eat a regular diet on the day of 

surgery. 
• Aldosteronoma. Draw potassium, aldosterone, and renin 

levels the morning after surgery. Stop potassium supple
ments and aldosterone antagonists. Implementation of 
the antihypertensive regimen differs from patient to pa
tient.  Some clinicians will  choose to stop all antihyper
tensives and add them back as needed, whereas others 
will cut the patient's typical doses in half and add them 
back as needed. Typically, beta-blockers are continued 
postoperatively. 

• Pheochromocytoma. Monitor hemodynamics closely and 
treat as indicated until stabilized. Stop all a-blockade. After 
removal of a pheochromocytoma, the major hemodynamic 
change to watch for is hypotension. 

• Cortisol-producing tumor. Begin steroid taper. Consider 
keeping patients in-house for a day or two to begin the ste
roid taper under observed conditions. 

COMPLICATIONS 
• Bleeding. Significant bleeding occurs in less than 1 %  

of cases.  Increasing insufflation pressures a s  high a s  3 0  
mmHg often tamponades small bleeding sites. Even with 
a significant caval inj ury, increasing the insufflation pres
sure can cause tamponade that allows time either to re
pair the inj ury laparoscopically or to convert to an open 
procedure. 

• Significant intraoperative hypertension occurs in 1 %  to 2 %  
o f  cases. 

• Conversion to an open operation occurs in approximately 
1 %  of cases. Emergent conversion (such as for significant 
bleeding) should be done through a posterior approach, ob
viating the need for patient repositioning and minimizing the 
dissection needed to get to the affected area. Resection of 
the 1 2th rib improves exposure to the retroperitoneal space 

significantly. If conversion is not emergent, conversion to a 
laparoscopic transabdominal adrenalectomy or an open lat
eral approach should be considered. 

• Incisional hernia, pneumothorax, and wound infection 
occur in less than 1 %  of cases. 

• Hyperesthesia and abdominal wall laxity occur in approxi
mately 5% to 8% of cases but are usually temporary. 

RESULTS 
• Walz et a!. reported in 2006 a prospective study of 560 lapa

roscopic retroperitoneal adrenalectomies on 520 patients, 
demonstrating a 2% conversion rate, a median operating 
time of 55 minutes that decreased throughout the study, and 
a median intraoperative blood loss of 10 mL. 

• More recently, Dickson et a! .  reported a prospective series 
of 1 1 8  laparoscopic retroperitoneal adrenalectomies on 109 
patients . A conversion rate of 6 .6% was reported, mainly 
due to a failure to maintain an adequate working space with 
C02 insufflation, not due to uncontrolled bleeding. 
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Chapter 50 Laparoscopic Adrenalectomy
Lateral Approach 
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Geoffrey B. Thompson Anna Kundel 

DEFINITION 
• Lateral laparoscopic adrenalectomy is defined as a mini

mally invasive procedure to remove all or part of an adrenal 
gland via a lateral transperitoneal approach with the patient 
in a nearly full decubitus position. 

ANATOMY 
• The adrenal glands lie partially anterior, medial, and superior 

to the upper pole of the kidneys. The caudal limb of the left ad
renal gland often lies in close proximity to the left renal hilum. 

• The left adrenal vein frequently joins with the medially lo
cated inferior phrenic vein to form a common channel enter
ing the left renal vein. This anatomic configuration, resulting 
in hormonal dilution within the common channel, is very 
important in understanding and interpreting the results of 
adrenal venous sampling (FIG 1 ) .  

• The right adrenal vein i s  short, often wide, and empties di
rectly into the posterolateral aspect of the inferior vena cava. 
On occasion, additional right adrenal veins may drain di
rectly into the inferior vena cava or the right hepatic vein. 
Arterial inflow to the adrenals is less predictable but gener
ally arises as small arteries originating from the renal artery 
( inferior adrenal artery) ,  the aorta (middle adrenal artery) ,  
and the inferior phrenic artery ( superior adrenal artery ) .  

• Paired small veins may accompany these arteries .  I t  i s  these 
anatomic findings that allow for cortical-sparing adrenal
ectomy in familial pheochromocytoma syndromes, such as 
von Hippel-Lindau (vHL) ,  neurofibromatosis type 1 (NF1 ) ,  
and multiple endocrine neoplasia type 2 (MEN-2) ( FIG 2 ) .  

• Rarely, small rests o f  adrenocortical tissue may b e  found 
at sites near the adrenal bed or within the gonads. This has 

FIG 1 • Vascu l a r  anatomy of the adrena l  g l a nds .  

FIG 2 • Cortica l-spa r ing  adrena lectomy. 

particular importance when treating corticotropin-dependent 
hyperadrenocorticism. 

PATHOGENESIS 
• Pheochromocytomas, aldosteronomas, and cortisol-secret

ing tumors produce catecholamines and hormones in an un
controlled fashion, resulting in potentially life-threatening 
hormonal sequelae. Some of these tumors are seen in familial 
cases (MEN, vHL, NF1 ) ;  most occur sporadically. 

NATURAL HISTORY 
• Untreated functional tumors can lead to death and disability. 

Undiagnosed adrenocortical carcinomas are most often fatal .  

PATIENT HISTORY AND PHYSICAL FINDINGS 
• Laparoscopic adrenalectomy is used for small functional and 

nonfunctional adrenal tumors, the latter being removed be
cause of suspicion of underlying malignancy (either primary 
or metastatic) .  

• Adrenal incidentalomas are incidentally discovered (asymp
tomatic ) adrenal masses, typically picked up on cross
sectional imaging studies performed for some other reason. 
For example, a patient comes to the emergency room with 
renal colic and a computed tomography (CT) with stone 
protocol is performed, revealing a ureteral calculus and an 
incidentally discovered 4-cm right adrenal mass. 

• Indications for removal an adrenal incidentaloma include 
( 1 )  a functional lesion because of the risk associated with 
excess hormonal sequelae; (2 )  a growing lesion or a lesion 
greater than 4 em in diameter because of the risk of adreno
cortical malignancy; or ( 3 )  an abnormal radiographic pheno
type, which can be an indicator of an underlying malignancy. 
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Table 1 :  Absolute Contraindications to the 
Laparoscopic Approach 

Obvious, l a rge adrenocort ica l carc inomas 
Pheochromocytomas >8 em or c lear ly ma l ignant pheoch romocytomas 

associated with d i rect invasion, nodal metastases, or d istant metastases 
Extensive upper abdomina l  surgery i n  wh ich the surgeon shou ld cons ider a 

poster ior endoscopic approach (see Part 5, Chapter 49) 

• Absolute contraindications to the lateral laparoscopic ap
proach are described in Table 1 .  

IMAGING AND OTHER DIAGNOSTIC STUDIES 
Diagnostic Studies 

• Evaluation of an adrenal incidentaloma should include a 
24-hour urine collection for fractionated catecholamines 
and total metanephrines or plasma metanephrines and 
normetanephrines. 

• In patients who are hypertensive, regardless of their serum 
potassium level, plasma aldosterone concentration (PAC) di
vided by plasma renin activity (PRA) should be calculated 
to screen for primary aldosteronism. In the case of a high 
PAC:PRA ratio, confirmation of primary aldosteronism is 
obtained by salt loading and demonstration of a failure to 
suppress urinary aldosterone in a 24-hour sample. Autono
mous cortisol secretion should be ruled out with an overnight 
1 mg or 8 mg dexamethasone suppression test. The demon
stration of autonomous cortisol secretion is confirmed by a 
two-day low-dose dexamethasone suppression test. 

• Other studies available include a 24-hour urinary free cortisol 
level or demonstration of loss of diurnal variation between 
a.m. and p.m. plasma cortisol levels. 

• Midnight salivary cortisol levels are also being used with in
creasing frequency for case detection of cortisol hypersecretion. 

• Studies for estrogen and androgen excess are obtained when 
clinically indicated but are not routinely done. 

Imaging 

• Imaging of pheochromocytomas (FIG 3 } ,  aldosteronomas, 
cortisol-secreting tumors, and adrenocortical carcinomas 

FIG 3 • CT scan of pheochromocytoma .  

F IG 4 • CT scan of  ben ign  cort ica l  adenoma .  

is best performed with CT or magnetic resonance imaging 
(MRI ) .  Tumors that are round, homogeneous, and low in 
Hounsfield units on CT scan with rapid washout of intra
venous contrast are thought to represent lipid-rich cortical 
adenomas ( FIG 4 } .  

• Malignancies tend t o  b e  large and heterogeneous, with areas of 
hemorrhage or necrosis associated with high Hounsfield units 
on CT and delayed washout of intravenous contrast (FIG S} .  
These lesions appear bright o n  T2 weighted MRI images. 

• Approximately 25% of lesions 6 em and greater are likely 
to be malignant, whereas 6% of lesions between 4 and 6 em 
turn out to be primary malignancies. It is for this reason that 
the 4-cm cutoff is used. This avoids taking out an excessive 
amount of nonfunctional cortical adenomas while missing 
very few adrenocortical carcinomas.  

• CT imaging is also valuable in picking up small aldoste
ronomas, but because of the high incidence of nonfunctional 
incidentalomas in patients older than 50 years of age, adre
nal venous sampling has become the localizing procedure 
of choice for determining lateralization of an aldosterone
producing adenoma or hyperplasia . 

• Metaiodobenzylguanidine (MIBG) scanning is useful for de
tecting occult pheochromocytomas, paragangliomas, meta
static disease, and multiple tumors in familial cases. 

FIG 5 • CT sca n of l eft ad re nocort ica l  carci noma .  
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NONOPERATIVE MANAGEMENT 
• Pheochromocytomas can be managed, albeit less effectively, 

with medical blockade (a-blockers ) .  Aldosteronomas can be 
treated with mineralocorticoid receptor blockers, but this is 
not an ideal choice for younger patients . 

SURGICAL MANAGEMENT 
Preoperative Considerations 

• Laparoscopic adrenalectomy via a lateral approach is indi-
cated in the following circumstances: 

All benign, functional adrenal masses less than 6 em in max
imal diameter (aldosteronomas, cortisol-secreting tumors) 
and pheochromocytomas less than 8 em in diameter 
All nonfunctional adrenocortical tumors greater than 4 em 
but less than 6 em in diameter 
All nonfunctional tumors less than 4 em in diameter dem
onstrating interval growth by cross-sectional imaging 
( CT or MRI) 
All tumors regardless of size with a worrisome radio
graphic phenotype (high Hounsfield units on noncontrast 
CT, poor washout of intravenous contrast on CT, bright 
image on T2 weighted MRI) 

Preoperative Preparation 

• For pheochromocytomas, pharmacologic blockade (a-blockade 
for 7 to 10 days, then 13-blockade for 24 to 48 hours preop
eratively for atrial tachyarrhythmias and calcium channel 
blockers) is instituted. Effective circulating volume is restored 
using salt loading and increased fluid intake over a period of 10  
to  14 days. a-Methyl-para-tyrosine, Demser® (Valeant Pharma
ceuticals International, Inc, Montreal, Quebec, Canada),  can be 
added in refractory cases. 

• When treating aldosteronomas, optimal blood pressure 
control must be achieved and hypokalemia should be 
corrected. Mineralocorticoid receptor blockade is often 
instituted .  

• The patient with Cushing's syndrome undergoes peri
operative steroid preparation as well as prophylaxis for 
deep venous thrombosis, stress ulcer, and opportunistic 
infection. 

LEFT ADRENALECTOMY 

• The sp len i c  f lexure is mob i l ized us ing  the L cautery with 
cauda l  d isp lacement of the l a rge  bowel (FIG 6). 

• The latera l sp len i c  attachments a re d iv ided with med ia l  

rotat ion of the sp leen  a n d  body and  ta i l  of the pancreas, 

expos ing G erota 's fascia and  the adrena l  g l a n d .  
• The surgeon opens the avascu l a r  p l ane  between the 

poster ior  aspect of the pancreas and  the adrena l  g l and,  

much l i ke open ing  a book. The a d rena l  ve i n  often can be 
found  d i rect ly across the "va l l ey"  from the sp len i c  ve i n .  

• The adrena l  ve in ,  i nfer ior  p h ren i c  ve in ,  and  common 

channe l  a re exposed .  

Table 2: Equipment Typically Recommended to 
Perform a Lateral Laparoscopic Adrenalectomy 

Four 1 0-mm trocars 
An OptiView port 
1 0-mm scopes, both stra ight  and 30 degrees (occas iona l l y  45-degree scopes 
a re necessary) 

I nsufflator, l i ght  sou rce, and camera 
Two mon itors: I ns ide View (LS I  So l ut ions, Victor, NY)  
5·mm Ha rmon ic  sca lpe l  
L cautery t ip 
1 0-mm c l ip  app l ier  
Suction/i rr igation apparatus 

Surgical Equipment 

• The equipment typically used to perform a lateral laparo
scopic adrenalectomy in my practice is shown in Table 2. 

Preoperative Steps 

• In addition to one or two large-bore peripheral intravenous 
lines, a radial artery line should also be placed preopera
tively. A central line should be used in the elderly, the in
firmed, and select pheochromocytoma patients . 

• General endotracheal anesthesia is used. Antibiotics and 
deep venous prophylaxis are administered. 

• Nitroprusside, labetalol, nicardipine, and intravenous pressors 
should be readily available for pheochromocytoma patients. 

• An orogastric tube is placed. 

Positioning and Port Placement 

• The patient is placed in (near-complete) lateral decubitus po
sition with the side of the tumor facing. 

• Three to four ports are placed on the left; the fourth port is 
used for a fan retractor in obese patients and the most me
dial port is used for a liver retractor for right-sided tumors. 
The ports should be spread out between the midaxillary line 
and the midabdomen, approximately two to three finger
breadths below the costal margin. 

• The OptiView® (Ethicon Endo-Surgery, Cincinnati, OH) 
system and a straight scope are used for introduction of the 
first trocar, typically along the anterior axillary line. 

• Patient pressure is maintained between 14 and 18 mmHg. 

FIG 6 • Mob i l izat ion of sp len i c  fl exu re. 
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• No attem pts shou ld  be made to d i ssect out the ren a l  a r
tery and  ve i n .  

• The surgeon doub ly c l i ps the ve ins  and  d iv ides them 
(FIG 7). 

• The ca uda l  t i p  of the adrena l  g l a n d  is e levated away 
from the a rea of the ren a l  h i l um ;  very often, rena l  a rtery 
pu l sat ion is vis i b le .  

• T h e  s u rgeon  d i ssects u p  a l o n g  t h e  m e d i a l  aspect of 
the g l a n d  u s i n g  the H a r m o n i c  sca l p e l .  I f  the i nfe r io r  

p h r e n i c  ve i n  does  n ot fa l l  away  f rom t h e  d i ssect ion ,  

i t  may req u i re f u rt h e r  d i v i s i on  betwee n  c l i ps at t h i s  

leve l .  
• Arter ia l  tr i buta r ies from the aorta ca n be d iv ided us ing  

the Harmon ic  sca l pe l  as ca n the i nfer ior  p h ren i c  a rtery 

tr ibutar ies, as d issect ion is carr ied around the super ior  
aspect of the g land (FIG 8). 

• The p l ane  between the adrena l  g l a n d  and  the k id ney 
is  d i ssected using the Harmon ic  sca l pe l .  This can be per

formed j ust outs ide  the edge of the adrena l  g l a n d  or, 
when th in ,  j ust ins ide  Gerota's fasc i a .  

• The g l a n d  is then e levated a nter ior ly and  a sma l l  a rter ia l  

b ranch  f rom the ren a l  a rtery, often p resent, is  d iv ided 
with the Harmon ic  sca l pe l .  

• Any rema i n i n g  a reo l a r  attachments a re d iv ided and  the • 
g l a n d  is removed us ing  a commerc ia l ly ava i l ab le  retr ieva l 
device (FIG 9). • 

• The adrena l  bed is i r r igated a n d  asp i rated comp letely, 
and  hemostas is  is ensured .  A sheet of a topica l  hemo- • 
stat ic  agent can be left with i n  the adrena l  bed for added 

hemostas is .  • 

FIG 7 • D iv is ion of left ad rena l  ve i n .  

F IG  8 • D iv is ion o f  a rter ia l  t r ibutar ies .  

If b lade less ports a re used and  d i lat ion was not necessa ry 

for speci men retrieva l ,  no deep fasc ia l  sutu res a re p l aced . 
D i l ated port sites u ndergo fasc i a l  c losure with i nter
ru pted sutu re, us ing  a fascia l  c losu re device. 

Skin i nc is ions a re c losed i n  a su bcuticu l a r  fash ion  with an 
a bsorbab le  suture and a re covered with Ster i -Stri ps. 

Ster i l e  d ress ings  a re app l i ed .  

F IG 9 • Retrieva l of  resected adrena l  g l and .  



C h a p t e r  50 LAPAROSCOPIC ADRENALECTOMY-LATERAL APPROACH 

RIGHT ADRENALECTOMY 

• Attachments to the r ight  lobe of the l iver a re d iv ided 
us ing  the Harmonic sca lpe l  so as to a l low the l iver to be 
ful ly retraced med ia l ly. This br ings  the a d rena l  g l a n d  and  

i nfer ior  vena cava i nto view (FIG 10). 
• The peritoneum overlying the latera l border of the inferior 

vena cava is incised using the L cautery on a low sett ing .  
• If poss ib le, the r ight  rena l  ve i n  is exposed to d efi ne  the 

lower l i m it of the d issect ion .  
• A b l u nt-ended instrument is used to gently retract the 

adrena l  g land away from the infer ior  vena cava (FIG 1 1 ). 
• Us ing  the L cautery or Ha rmon ic  sca lpe l ,  the  a reo l a r  t is

sue poster ior  and latera l  to the i nfer ior  vena cava is d i 

v ided . T h i s  m a y  conta i n  a rter ia l  tr i butar ies d i rectly from 
the aorta .  

• The d issect ion is ca refu l ly carr ied out a long the late ra l  
border o f  t h e  i nfer ior  vena cava u p  t o  t h e  level o f  the 
adrena l  ve i n  (FIG 1 2). 

FIG 1 0  • Liver retractor p l acement and  d iv is ion of tr ian g u l a r  

• 

• 

• 

• 

• 

If the a d rena l  ve i n  is eas i ly  exposed at th i s  stage, it can 

be doub ly c l i p ped and  d iv ided; otherwise, it can be done 
l ater when v isua l i zat ion is opt i m a l  (FIGS 1 3, 14). 
In a larger  pheoch romocytoma, the adrena l  ve i n  rea l ly 

shou ld  be d iv ided after the g l a n d  has been mob i l ized to 
avo id  venous congest ion and  b leed i n g .  
T h e  super ior  pole,  i n c l ud i ng  its i nfer ior  p h ren i c  a rtery 

branches, is mob i l ized us ing  the Harmon ic  sca lpe l  to free 
the g l a n d  from the d i a p h ragm poster ior ly. Care m ust be 

taken to control add it iona l  ve ins  at the j u nct ion of the 

med ia l  and super ior  port ions of the g l a n d .  
Us ing  the d ista l r i g h t  ren a l  ve i n  as a l andmark, the ca uda l  
aspect of  the g l a n d  is  exposed, d i ssected, and  e levated, 

often revea l i n g  a ren a l  a rtery branch to the adrena l ,  
wh ich  is  d iv ided us ing  the Harmon ic  sca l pe l .  

F i na l  step i n  the d issect ion is  free ing  the latera l aspect 
of the g l a n d  from the k id ney us ing  cautery or  Ha rmon i c  
sca l pe l .  

l i gament .  FIG 1 2  • The r ight adrena l  ve i n  is  enc i rc led .  

FIG 11 • A r ig ht-s ided pheoch romocytoma i s  sepa rated from 
the i nfer ior  vena  cava . FIG 1 3  • The r ight a d rena l  ve i n  is doub ly c l i pped and  d iv ided . 
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1 780 P a r t 5 OPERATIVE TECHNIQUES IN BREAST, ENDOCRINE, AND ONCOLOGIC SURGERY 

FIG 1 4  • D iv is ion of r ight adrena l  ve i n .  

PEARLS AND PITFALLS 

Adrena l  ve i n  • T h e  adrena l  ve i n  does not have t o  be l igated as a fi rst step i n  adrena l ectomy; do i t  w h e n  it i s  safe 
and easy, even in patients with pheoch romocytom a .  

Accessory ren a l  a rter ies • When d i ssect ing  on the poster ior  aspect of the adrenal g land,  watch out for accessory rena l  a rteries.  
If a l a rge  vessel i s  p resent, fo l low its cou rse before consider ing  l i gat io n .  

Low pressu re b l eed i n g  • If b leed ing  occu rs, remember t h a t  most o f  the t ime, it is  l o w  pressu re b leed i n g .  Pack the a rea 
with a sheet l i ke hemostatic agent .  Work a bove and below the a rea, i n  which case, oftenti mes, the 
b l eed ing  s i te wi l l  become c lear  and  manageab le .  

Rena l  h i l u m  • Once t h e  adrena l  ve i n  h a s  been d iv ided on the left s ide, never d i ssect ca uda l ly o r  poster ior  t o  the 
p lane of the adrena l  ve i n  stu mp .  Th i s  wi l l  avo id  i n ju ry to the ren a l  h i l u m .  

POSTOPERATIVE CARE 
Pheochromocytoma 

• Pheochromocytoma ( FIG 1 5 ) patients will often be mildly 
hypotensive, with systolic blood pressures in the 90s for 8 to 
12 hours postoperatively. Greater or more prolonged falls 
in blood pressure accompanied by oliguria or tachycardia 
should prompt investigation for bleeding. 

• All blood pressure medications should be stopped after the 
morning preoperative doses have been administered; the 

FIG 1 5  • Pheochromocytoma .  

exception being 13-blockers used long-term for ischemic heart 
disease. Rarely, pressors may be required, although volume 
replacement may be all that is necessary for a short period 
of time. 

• Plasma metanephrines and normetanephrines are drawn 
prior to dismissal. 

Primary Aldosteronism 

• Patients with primary aldosteronism ( FIG 1 6) may require 
decreasing antihypertensive agents for weeks and will need 
careful monitoring. 

FIG 16 • Aldosteronoma .  
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F IG 1 7  • Cort ica l -secret i ng  tumor. 

• Potassium supplements should be withheld and only given 
on an as-needed basis because severe hyperkalemia may oth
erwise ensue with ongoing supplementation. 

• PAC is collected prior to dismissal, and serum potassium 
levels are checked weekly for the first month. 

Cushing's Syndrome 

• Patients with Cushing's syndrome (FIG 1 7 ) are released on a 
tapering steroid dose to be monitored and adjusted by their 
endocrinologist. 

• Resumption of oral intake is rapid. 
• Dismissal usually occurs within 24 to 48 hours after surgery. 
• Hemoglobin, electrolytes, and creatinine are checked the 

day after surgery, along with a serum amylase in left adrenal 
gland patients to rule out pancreatic injury. 

• Patients undergoing bilateral adrenalectomy for adreno
corticotropic hormone (ACTH)-dependent Cushing's syn
drome require lifelong replacement of glucocorticoids and 

mineralocorticoids, with increased doses during times of 
stress ( illness, trauma, surgery ) .  

OUTCOMES 
• Outcomes for laparoscopic adrenalectomy are no different 

than open procedures with regard to cure rates. Morbidity is 
certainly less (pain, return to work, paresthesias, hypesthe
sias, and bulging flank muscles ) .  

COMPLICATIONS 
• Bleeding 
• Spleen, pancreatic, renal, colon, and gastric injury (rare) 
• Diaphragmatic injury (pneumothorax) 
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Douglas L. Fraker 

DEFINITION 
• lnsulinomas are neoplasms arising from the beta cells of the 

pancreas. The vast majority are benign, sporadic, and uni
focal. 1 ·2 These neoplasms release insulin in a dysregulated 
manner and therefore cause decreased blood sugar, resulting 
in neuroglycopenic symptoms. Surgical excision uniformly 
provides long-term cure for the majority of benign insulino
mas and corrects all of the associated symptoms.  

ANATOMY 
• The beta cells of the pancreas are distributed amongst the 

pancreatic islets uniformly throughout the pancreas. For this 
reason, insulinomas can occur in all areas of the pancreas. 
Virtually all large series of insulinomas demonstrate that 
there is a uniform distribution related to the volume of pan
creatic tissue.3-5 Half of insulinomas occur in the pancreatic 
head, neck, and uncinate process and the other half are dis
tributed across the body and tail of the pancreas. Most series 
report insulinomas only occurring within the parenchyma of 
the pancreas. They can be exophytic and extend off the sur
face and these exophytic lesions may not be appreciated by 
standard cross-sectional imaging. There are reports of less 
than 2% of insulinomas being located outside of the pan
creas parenchyma.1  Virtually all of these lesions are found in 
the wall of the duodenum and presumably, they occur within 
embryologic pancreatic rest tissue that is physically separate 
from the pancreatic parenchyma, such that the insulinoma 
occurs within the duodenal wall with a similar appearance 
to duodenal gastrinomas. 

• In most surgical series, insulinomas are small, measuring 
under 2 em in cross-sectional diameter. Because sympto
matology is caused by release of hormone and not by direct 
effects of tumor mass, lesions as small as 5 to 6 mm may 
present with significant clinical symptoms. In most series, 
90% to 97% of insulinomas are benign. The average size 
of malignant insulinomas is over 6 em and the majority 
of those present with concurrent regional lymph node or 
hepatic metastases . 1 ·2 

NATURAL HISTORY 
• lnsulinomas cause virtually all of their symptoms due to ex

cess circulation of insulin and the subsequent hypoglycemic 
effects. The first clinical case of insulinoma was described 
in 1 927 when a patient who had severe hypoglycemic epi
sodes had an abdominal operation with a large tumor of the 
pancreas and lymph node and liver metastases.2 Extracts of 
this tumor actually were injected into animals and caused 
hypoglycemia. Allen Whipple described the triad carrying his 
name that is known to define the symptoms of insulinoma in 
1 9 3 8 .  Whipple's triad consists of hypoglycemia, documenta
tion of hypoglycemia during periods of fasting, and relief of 
symptoms with administration of glucose. On analysis, this 
constellation of signs and symptoms is not truly a distinct 
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triad but rather makes a single point of symptoms related to 
low blood sugar.6  

• The majority of symptoms experienced by patients relate to 
lack of blood glucose to the central nervous system. These 
are called neuroglycopenic symptoms and can range from 
mild confusion to coma. Patients may experience visual dis
turbances and there are numerous reports in the literature 
of insulinoma being misdiagnosed as an epileptic seizure . 
A second set of symptoms relate to the sympathetic nervous 
system release of adrenaline due to the effects of the hypo
glycemia.  This catecholamine release leads to palpitations, 
diaphoresis, and tremors . In most series, the onset of symp
toms initially noted by the patient may be years before the 
specific time of diagnosis of the insulinoma. The average in
terval from onset of symptoms to diagnosis is between 2 to 
3 years but sometimes may exist for over 10 years. Patients 
adapt and know that when they experience their symptoms, 
intake of food, particularly carbohydrates, provide rapid 
relief; however, this practice of glucose intake may not be 
elicited when taking a clinical history. Although the majority 
of patients exhibit weight gain in the anabolic state of hyper
insulinemia, some patients maintain a normal weight. 

• The vast majority of patients with insulinoma have sporadic 
tumors with no family history. A small proportion is asso
ciated with multiple endocrine neoplasia type 1 (MEN- 1 ) .5 
The most common functional neuroendocrine tumor in 
MEN-1 is gastrinoma; outnumbering insulinoma by three
or fourfold. lnsulinoma is the second most common pancre
atic tumor in this syndrome. Because patients with MEN-1 
may have multifocal nonfunctional neuroendocrine tumors 
throughout the pancreas, it may be difficult to distinguish 
the lesion making insulin versus other tumors . Typically, 
the dominant neuroendocrine tumor is the insulinoma 
but occasionally, patients will have multiple large lesions. 
Intraoperative measurement of insulin from direct tumor 
aspiration has been reported as an adjunct to insulinoma 
identification in this unusual situation. 

LABORATORY DIAGNOSIS 
• The key to diagnosis of insulinoma is not with imaging but 

rather with biochemical testing. The cornerstone of diagnos
ing hypoglycemia is detecting glucose levels typically below 
40 mg/dL. Additional blood tests that should be obtained 
are insulin levels, proinsulin levels, and C-peptide levels. 7 
Virtually all patients will have a plasma insulin concentra
tion greater than 5 f.LU/mL at the time of low blood glucose. 
The vast majority of patients have insulin levels greater than 
10 J.LU/mL. The insulin to glucose ratio can define hypogly
cemia due to insulinoma as opposed to other causes with 
high specificity and sensitivity. 8 The measurements of pro
insulin levels and C peptide are helpful in eliminating the 
diagnosis of surreptitious insulin abuse. The maj ority of 
patients have a proinsulin to insulin ratio greater than 25% 
and a C-peptide concentration greater than 1 .  7 ng/mL. 
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• The gold standard for confirming the diagnosis of an insu
linoma is a monitored 48-hour or 72-hour fast.9•10 Patients 
are typically in the inpatient setting given intravenous normal 
saline without glucose or allowed to drink noncaloric com
pounds while monitored for clinical symptoms and sequential 
blood analysis .  The vast majority of patients who truly have 
an insulinoma causing hypoglycemia become symptomatic 
within the first 24 hours of the fast and virtually 100% of 
patients will become symptomatic by 72 hours. As time pro
gresses, patients' symptoms include decreased mental acuity, 
confusion, or other neuroglycopenic symptoms, which are 
documented by the nursing staff and physicians during the 
monitored fast. When symptoms reach a significant level, 
blood is drawn for glucose, insulin, and proinsulin before ad
ministering glucose to relieve the neurologic symptoms. 

DIFFERENTIAL DIAGNOSIS 
• The differential diagnosis of hypoglycemia includes surrepti

tious use of either insulin or oral hypoglycemic agents and 
noninsulinoma pancreatogenous hypoglycemia syndrome 
(NIPHS) .7• 1 1  In general, blood tests for proinsulin, C pep
tide, as well as specific tests for sulfonylureas can eliminate 
the use of surreptitious agents. NIPHS is distinguished from 
insulinoma by the timing of hypoglycemia. These patients 
often do not become symptomatic during a 72-hour moni
tored fast but will become profoundly hypoglycemic after 
ingesting glucose orally. 7  Pathology often shows significant 
beta cell hypertrophy but does not show a mass on imaging. 

IMAGING 
• The vast majority of insulinomas are small and are located 

within the substance of the pancreatic parenchyma. The three 
choices of imaging that have been highly specific for identify
ing the insulinoma are contrast-enhanced computed tomog
raphy (CT) scan, magnetic resonance imaging (MRI) scan, 
or endoscopic ultrasound. 12•13 Insulinomas are hypervascular 
with very well-defined margins and have a classic appearance 
on enhanced CT and MRI scans ( FIGS 1 and 2) .  They are 

FIG 1 • Axia l  cut of M R I  scan demonstrat i n g  an in su l i noma i n  
t h e  body ta i l  j u nction o f  t h e  pancreas (marked b y  arrows). The 
i n su l i noma is  sma l l , ova l shaped, and  hypervascu l a r  compa red to 
the su rrou n d i n g  pancreas. 
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FIG 2 • Axi a l  cut of a CT scan demonstrat i n g  a 2-cm i n su l i noma 
i n  the ta i l  of  the pancreas (ma rked by  arrow). This  sca n, a n  M R I  
scan, and  a n  endoscop ic  u ltrasound  a l l  reported t h i s  les ion t o  b e  
a n  accessory sp leen as it w a s  exophytic off the pancreas ta i l  and  
had ident ica l  imag ing  cha racteristics as  the sp l een  on  a l l  th ree 
imag ing  mod a l it ies .  

oval-shaped, well-marginated, and show a characteristic vas
cular blushY The limitations of imaging relate to the size 
of the lesions. Again, insulinomas may cause symptoms that 
mandate surgical resection for correction with sizes smaller 
than 5 to 6 mm. Small insulinomas are ones that would be 
potentially missed on cross-sectional imaging studies. Also, 
exophytic lesions which may not be surrounded by pancreatic 
parenchyma may be a challenge to identify on CT or MRI, 
particularly if they are small. lnsulinomas located near the tip 
of the pancreatic tail are the most common location for false
negative imaging; insulinomas may be incorrectly identified 
as lymph nodes, accessory spleens, and splenic vessels. 

• Since the early 1 990s, a variety of institutions with large ex
perience in insulinoma have used endoscopic ultrasound as 
the primary imaging technique.U·13 Endoscopic ultrasound 
allows for direct imaging in three dimensions with very close 
field ultrasonography of the head, neck, and uncinate pro
cess. The pancreatic body is less well imaged as it can only 
be seen from the placement of the ultrasound probe within 
the stomach and depending on the patient's body habitus, 
the tail may be a blind zone for endoscopic ultrasound. The 
ultrasound appearance of insulinoma is an oval hypoechoic 
mass with well-defined margins (FIG 3 ) .  Endoscopic ultra
sound also allows a relatively straightforward fine needle 

FIG 3 • Endoscop ic  u ltrasou n d  image of the same patient 
i n  FIG 2. The insu l i noma i s  ova l shaped and hypoechoic .  The 
gastroenterolog ist has  i ncorrect ly labeled the insu l i noma as 
accessory sp leen.  
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gastroduodenal artery or the inferior pancreaticoduodenal 
artery off the superior mesenteric artery. Blood is drawn from 
the right hepatic vein at 0 second, 30 seconds, and 60 seconds 
after calcium infusion and an increased gradient of greater 
than twofold in the hepatic vein insulin levels is significant. 1 8  
This procedure does not image insulinoma but rather identi
fies the region of production of insulin. It is a highly specific 
test and may be helpful in focusing efforts in the operating 
room to one area or the other. It may justify performance of 
a blind distal pancreatectomy for patients without imaged 
lesions that have gradient in the body and tail, but a blind 
pancreaticoduodenectomy is virtually never indicated. 

aspiration biopsy, which would produce neuroendocrine 
cells on cytology to confirm the diagnosis. Positive imaging 
may occur with identification of peripancreatic lymph nodes 
that are often embedded on the surface of the pancreas or 
accessory spleen, which can be found on the surface or actu
ally within the parenchyma of the pancreas primarily in the 
tail region. Standard fluorodeoxyglucose-positron emission 
tomography (FDG-PET) scans have been shown to be of 
limited value in insulinomas as these may not be particularly 
hypermetabolic lesions . 14 A recent report showed a specific 
targeting agent of indium-labeled glucagonlike peptide-1 
receptor that was sensitive for insulinomas and also could 
allow the use of a handheld intraoperative probe to detect 
these lesionsY This technique is being developed in Switzer
land and has not been widely adapted elsewhere . 

NONOPERATIVE MANAGEMENT 
• Despite the high sensitivity of cross-sectional imaging 

and endoscopic ultrasound, a portion of patients with 
well-documented biochemical insulinoma may have no 
lesions imaged.16 • 17 Historically, an interventional radiology 
invasive procedure called portal venous sampling was used in 
which a transhepatic portal vein cannulation was performed 
and blood was drawn from various regions and tributaries 
from the portal vein and assayed for insulin.18 • 19  Portal ve
nous sampling has now been replaced by intraarterial calcium 
stimulation with hepatic vein sampling. In this technique, two 
catheters are placed: one in the right hepatic vein and a sec
ond standard arterial angiogram catheter advanced into arte
rial branches feeding the pancreas. Calcium is injected into 
branches of the splenic artery supplying the body or tail or 
branches of the superior pancreaticoduodenal artery off the 

• The choices for nonoperative management include diet 
modification or hypoglycemic agents . One approach for 
management of hypoglycemic symptoms is small frequent 
meals, particularly of slowly absorbed carbohydrates to pro
vide more of a steady level particularly while patients are 
sleeping.2•5 Diazoxide is a benzothiazide analog with antihy
pertensive effects but also with potent hyperglycemic effects. 
It inhibits insulin release from the beta cells and enhances 
glycogenolysis to also contribute to elevation of blood sugar. 
Side effects include sodium retention causing edema and 
some patients have nausea. A second agent that has been 
used for control of hypoglycemic symptoms in insulinoma is 
somatostatin analogs. However, due to relatively low expres
sion of somatostatin receptors on most well-differentiated 
insulinomas, these have not been markedly effective. 

PREOPERATIVE PLAN N I N G  • 

• The cornerstone to perform ing an insu l i noma resection is 

being absolutely certa i n  the patient has the d isease proven 

by defin itive biochemical workup.  In patients who have im

aged lesions, particu la rly if they a re biopsied as neuroendo
cr ine tumors or have classic appearance on CT or M RI, this 

provides very good evidence that the patient has the d is
ease. In patients who have no defi n itive imag ing of the site 

of the lesion, the surgeon has to review in deta i l  the preop
erative blood chemistries. This ana lysis inc ludes reviewing 

the data re lated to a 72-hou r  fast, looking at concu rrent 
g l ucose, insu l i n, and proinsu l i n  levels as described ear l ier. 

SURG I CAL APPROACH AND PATIENT 

POSITI O N I N G  

• Over the past few decades, the major ity of patients i n  

most surg ica l  ser ies have been treated with a n  open 

su rg ica l techn ique .  There have been many recent reports 
of l aparoscop ic  exc is ion of insu l i nomas, part icu l a r ly i n  

t h e  body and  ta i l ,  with h i g h  success rate. W e  w i l l  descr ibe 

pr imar i ly identif icat ion and resect ion of i n s u l i nomas 
us ing  a n  open techn i q u e  and  a l so prov ide i nformat ion 

on l aparoscop ic  approaches.  

• 

It is very i m portant for pat ients to e ither be the fi rst case 
of the day o r  to be adm itted to the hosp ita l and have 

dextrose so lut ion runn i ng  so that they do not suffer from 

severe hypog lycem ia  wh i l e  they a re n i l  per os (N PO) pr ior  
to genera l  a n esthes ia .  I n  genera l ,  for abdomina l  p roce

d u res, a n esth es io log i sts do not a d m i n ister g l ucose-con
ta i n i n g  f lu ids as they a re i nfused at a re lat ive ly rap id rate 
and patients a re catabo l i c .  When operati ng  on  patients 
with i n s u l i noma,  it is  very i m portant to com m u n i cate to 

the anesthes ia team that dextrose needs to be a d m i n i s

tered often and  freq uent a n a lysis of g l ucose l evels need 
to be performed.  

The approach for the open resect ion of a n  i n su l i noma is  
performed with the patient ly i ng sup ine  with e ither  an 

u p per  m i d l i n e  inc is ion or  a b i l atera l su bcosta l i nc i s ion .  

The vast major ity of the su bsta nce of the pa ncreas can be 
assessed with an upper m i d l i n e  i n c i s ion with the excep

tion of the far d i sta l  ta i l ,  wh ich  may be somewhat d if
f icu lt  part i cu la r ly in obese patients. For patients with a 

we l l - loca l ized i n su l i noma i n  the head and  neck, u nci nate 

p rocess, o r  p roxim a l  body, a m i d l i n e  i n ci s ion is preferred 
if the patient's body ha bitus is  a ppropr iate.  Any patient 
can be a pproached with a b i l atera l su bcosta l i nc i s ion .  



EXPOSURE OF THE PANCREAS 

• The i n it i a l  steps of an i n su l i noma resect ion is to br iefly 
assess the  l iver, a l though i n su l i noma i s  a ben ign  d isease 

in the vast majority of patients, and if l iver metastases 
existed, they shou ld  have been identif ied on preopera

tive i m a g i n g .  The next step is  exposure of the pancreas 

parenchyma .  Exposu re of the head and neck of the pan
creas  as we l l  as  unc i nate p rocess can be ach ieved with  

a Kocher  maneuver (FIG 4). The duodenum a n d  head 
of the pancreas a re brought u p  from the retroperito
neal location to a l l ow b i m a n u a l  pa l pat ion for mass le

s ions as wel l  as visua l  i nspect ion of both the a nter ior  a n d  
poster ior  su rfaces o f  the pancreatic h e a d .  The g reater 
omentum is taken off the transverse colon a long  its en

t i re l ength using energy devices with the omentum re
f lected super ior ly, p u l l i n g  the stomach off the pancreas. 
There a re avascu l a r  attachments of the poster ior  stom
ach to the a nter ior pancreas that can be d iv ided sharp ly. 
There is  a lways a br idge of vascu l a r  t issue from the r ight  

gastroep ip lo i c  to the midd le  co l i c  vesse ls, wh ich crosses 

a nter ior  to the neck a n d  p rox ima l  pancreat i c  body that 
needs to be contro l led with e ither energy devices o r  su

tu re l igat ion .  By d i ssect ion a long  the i nfer ior  border of  
the pancreatic body a n d  ta i l ,  the  poster ior  su rface can be 
exposed and the majority of the substance of the pan

creatic body a n d  ta i l  can be pa l pated between two d ig its 
(FIG 5). By do ing  these maneuvers, 9 5 %  of the pa ncreatic 

parenchyma is access ib le  for pa l pat ion and v i rtua l ly a l l  of 
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FIG 5 • The lesser sac is exposed by ref lect i ng  the stomach 
a n d  omentum super ior ly  and  the tra nsverse co lon i nfer ior ly. 
By d iv id ing  the retroper itoneum at the i nfer ior  edge of the 
pancreatic body and  ta i l ,  the poster ior  su rface of the pancreas 
is  visu a l i zed as we l l .  A l a rge  poster ior  body i n su l i noma is  seen 
po i nted at by the forceps. 

of the body and prox ima l  ta i l  a re access ib l e  for v isua l  
i nspect ion as we l l .  T h e  o n ly i naccess ib le  a rea is  t h e  very 

t ip  of the ta i l  of the pancreas, wh ich  may be located 
comp letely beh ind  the sp leen and req u i re d iv id i n g  the 

lateral marg ins  of the sp len i c  l i gaments to reflect the 
sp leen med i a l ly and expose that a rea of the very tip of 

the a nter ior  su rface and  most of the poster ior  su rface the pancreatic ta i l .  

Duodenum Superior 
mesenteric 

vessels 

FIG 4 • The l atera l retroper itonea l  attachments of the 
duodenum a re d iv ided a long the ent i re l ength of the 
duodenum from the pylorus to the super ior  mesenteric vesse l .  
B y  do ing  t h e  Kocher  maneuver, t h e  ent i re head and  unc i nate 
process can be pa l pated between two f ingers.  By c lear ing the 
su rface, a l l  of the a nter ior head and unc i nate p rocess a n d  
most o f  the poster ior  su rface can be visua l ly i n spected .  

• l n s u l i n omas a re identif ied by a com b i n at ion of v i sua l  
i n spect ion,  pa l pation,  and  i ntraoperative u ltraso u n d .  l n 
s u l i nomas a re u n iformly red-brown i n  co lo r  aga i nst the 

ye l l ow-gray backg rou n d  of the pancreas and  les ions near  
the su rface or  exophytic  les ions  can be eas i ly  identif ied 

by visu a l  i n spect ion (FIG 6). Neuroendocr i ne  tumors have 

FIG 6 • The a nter ior su rface of the body and  ta i l  of the 
pancreas is  ske letonized and  exposed by retract ing  the 
stomach super ior ly  (poster ior  stomach on  the left s ide of the 
p ictu re) and  the tra nsverse co lon infer ior ly  (retracted by the 
hand  on  the r ight  s ide of the p ictu re) .  The forceps is  po int ing 
at a red-brown i n su l i noma near  the su rface of the body of 
the pancreas. 
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a c lass ic u ltrasound  appearance and  i ntraoperative u ltra

sound is  a key to management (FIG 7). Even i n  patients 
with les ions of the head a n d  unc i nate process of the 

pancreas that a re wel l  seen by preoperative endoscop ic  

u ltrasound,  it i s  mandatory to have i ntraoperative u ltra
sound  ava i l ab le .  The reason for havi ng  i ntraoperative 

u ltrasound  ava i l ab le  is  because if the sma l l  lesion i s  deep 

with i n  the pa renchyma of the pancreas, it i s  essenti a l  to 
know exactly where the i n su l i noma is  l ocated so an  a p

propr iate e n uc leat ion can be performed.  It is i m poss ib le  
to use  preoperative imag ing  a lone  to know where to cut 

i nto the pancreas in the same way b reast su rgeons need 
i ntraoperative loca l iz i ng  techn i q ues to remove nonpa l 
pab le  breast tumors .  

EXCISION OF THE I NSULI NOMA 

• After exposu re a n d  identificat ion of the insu l i noma,  the 

choices for exc is ion of the les ion a re enuc leat ion versus 

a seg menta l  pancreatic resect ion .  In most surg ica l ser ies, 
the majority of insu l i nomas a re removed by e n uc leat ion,  

with one-t h i rd or  more removed by d i sta l pancreatec
tomy with or  without sp len i c  p reservat ion and a very 

sma l l  fract ion removed with pancreaticod uodenectomy 
or  a Wh ipp le  p roced u re .  The a b i l ity to enuc leate a n  in 
su l i noma rel ates to how c lose the i n su l i noma i s  located 

to the pancreat ic  d u ct .  For pat ients who have the i r  le

sion identif ied by preoperative imag ing ,  the p roxim ity 
of the i n su l i noma to the m a i n  pancreatic d u ct is  known 

prior to surgery. The pancreatic d u ct genera l ly runs a long 
the length of the m i d l i n e  of the pancreas s l i g ht ly su pe

rior and s l i g htly toward the dorsa l  o r  deep side of the 
pancreas. The d u ct can v i rtua l ly a lways be identif ied on 
i ntraoperative u ltrasound  as a tubu lar  structure with no 

vascu l a r  f low with i n  on co lor  Dopp ler. Even i n  the case 
of i n su l i nomas that a re wel l  loca l i zed on  the pancreat ic  

su rface, rout ine  use of i ntraoperative u ltrasound  is  he lp

fu l ,  part ly to look for add it iona l  les ions and  mostly to 
identify the p roxi m ity of the i n su l i noma to the duct.  

• For les ions that a re on the su rface or v is i b l e  from the 
su rface, enucleat ion is  relat ively stra ig htforwa rd (FIG 8). 
The redd ish brown color of the i n su l i noma  is  eas i ly d if

ferentiated from the g l a n d u l a r  t issue of the pancreas .  
The plane on the ca psu le  of the insu l i noma is  q u ite d i s
t i nct and  eas i ly sepa rated from the parenchyma with 

gentle tract ion .  The attachment of the i n su l i noma to 
the pancreat ic  t issue can be contro l led with t ies, c l i ps, 

or use of energy device such as a H a rmon ic  sca l pe l .  The 

l a rge  b leed ing  vesse ls  cou l d  be treated with a suture 
l i gatu re .  Even les ions as l a rge  as 4 to 5 em when they a re 

exophytic off the su rface can be enuc leated as long as 
they a re not near the m a i n  pa ncreatic d uct such that a l l  

F I G  7 • T h e  head,  neck, body, ta i l ,  and  unc i nate p rocess of 
the pancreas a re exposed and  the i ntraoperative u ltrasou n d  
probe is p laced d i rect ly on the pancreatic su rface.  U ltrasou n d  
not on ly  identif ies the i n s u l i n o m a  b u t  c a n  a lso demonstrate 
p recise re lat ionsh i ps to the pancreatic d u ct and m a i n  vesse ls .  

FIG 8 • Enucleation of the insu l i noma seen i n  FIG 6. U ltrasound 
confirms the lesion does  not abut the pancreatic duct and the 
insu l i noma is enuc leated on the capsu le of  the tumor. 

exocr ine  pancreas d uct branches a re contro l led to pre
vent postoperative f istu l a  . 

• E nuc leat ion of a n  insu l i noma that is deep in the paren
chyma and  not seen by inspect ion req u i res conti n uous 
use of i ntraoperative u ltraso u n d .  Genera l ly, i n su l i nomas 

a re softer i n  terms of the i r  su bsta nce compared to the t is
sue dens ity of the norma l  pancreas and  therefore, u n less 

les ions a re q u ite l a rge, they ca nnot be felt by m a n u a l  pa l 

pat ion with a f inger  beh ind  and  a f inger  i n  f ront  of the 
pancreas. U ltrasound  is used to mark  the p recise locat ion 

of the les ion a n d  the d ista nce from the pancreatic su rface 
to the c losest marg in  of the insu l i noma can be accu rate ly 

measu red to know exact ly how deep to go for an enu
c leat ion (FIG 9). I n  genera l ,  a cruc iate i nc i s ion  centered 



FIG 9 • The top panel shows an image from an i ntraoperative 
u ltrasound  demonstrati ng the hypoechoic i n su l i noma 
i n d icated by  the black arrows. The  d rawi ng  on  the lower 
panel shows the 8-mm insu l i noma and  the p recise d ista nce 
between the tumor and the u nderlyi ng porta l ve i n .  

r ight over the mass is  m a d e  u s i n g  a n  energy device such 

as a Harmonic sca l p e l .  Any s iza b le  vesse ls a re contro l led 

with smal l  hemoc l i ps o r  t ies as needed.  U ltrasound  i s  
cont in uous ly used to mon itor the p rog ress of the en uc le

at ion to make certa i n  the defect i n  the pancreas is  a i med 

towa rd the tumor u nt i l  the capsu l e  of the insu l i noma i s  
seen .  Once a sma l l  su rface a rea of the tumor  is  defi n itely 

v isua l i zed, u ltrasound  becomes u n n ecessa ry as the tumor  
enuc leat ion is  com p l eted, stay ing r i ght on  the capsu le  
of the les ion  j ust as for  l e s ions  located on the su rface 
(FIG 10). Aga i n, specif ic knowledge of the m a i n  pancre
at ic d uct anatomy is cruci a l  as a n  i n ju ry to the m a i n  d uct 

by e ither  mak ing  a defect in it or tra nsect ing  it may lead 

A 

B 

FIG 1 0  • A. E n uc leat ion of an i n su l i noma from the deep 
t i ssue of the head of the pancreas. Once the capsu le  of the 
insu l i noma is seen,  i ntraoperative u ltrasound  is  no longer 
needed to gu ide the d i ssect ion .  B. I ntact pancreatic head 
insu l i noma after en ucleat io n .  Smal l  amou nts of pancreatic 
parenchyma a re attached to the les ion .  
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A 

B 

FIG 1 1  • The patient had a sma l l  m i d body i n su l i noma seen by 
CT scan .  I ntraoperative u ltrasound  (A) shows the i n su l i noma 
c lear ly but it i n dents the m a i n  pancreatic d u ct .  Co lo r  Dopp ler  
u ltrasound  identif ies the d uct as there is  no  b lood f low and  the 
i n su l i noma is  hypervascu l a r. Due  to the prox im ity of the ma in  
pancreatic duct to  the insu l i noma,  a d i sta l  pancreatectomy 
was performed.  B shows the insu l i noma border ing  a m i ld ly 
d i l ated pancreatic duct .  If the insu l i noma was e n uc leated, 
there wou l d  be a h i g h  l i ke l i hood of a s ign if icant pancreatic 
leak.  

• 

to a s ign if icant pancreatic or cutaneous fistu l a  that may 

req u i re reoperat ion .  

For l a rger  les ions o r  les ions that a b ut o r  d i stort the 
main pancreatic d u ct located i n  the body a n d  ta i l  of  

the pancreas, there i s  no q u est ion  that the appropr iate 
operat ion i s  a d ista l  pancreatectomy (FIG 1 1 ) .  Aga i n, 

i ntraoperative u ltraso u n d  is used to m a p  the tra nsec
tion of the pancreas to the r i ght of the les ion to get a 
marg i n .  Th i s  resect ion can be e ither  sp leen p rese rvi ng  

o r  a d i sta l  pancreatectomy p l u s  sp lenectomy, depend
i n g  on  the p reference of the operati ng surgeon .  There 
a re some m i n o r  advantages of p reserv ing  the sp leen 
i n  a d u lt pat ients but  the i nc idence of postsp lenectomy 
sepsis i s  exceed i n g ly rare. Aga i n, the location of the 

les ion is  m a p ped out o r  if it is  not v is i b l e  on the su r
face, m a p ped us ing  u ltraso u n d .  D i sta l pancreatectomy 

i s  genera l ly done by d i ssect i ng  the short gastr i c  vesse l s  

a long  the g reater cu rvatu re of the stomach us ing  a n  

ene rgy device.  A t  th i s  po i nt, w h e n  do ing  a d i sta l pan
createctomy p l u s  sp lenectomy, a l a rge  s i l k  t ie  is  p laced 

around the sp len ic  a rtery at the site of pancreatic tran
sect ion to contro l  b lood i nf low to the sp leen .  The latera l  

m a rg i ns of the sp leen a re d iv ided a n d  the sp leen and 
ta i l  of the pancreas a re reflected med i a l ly. The sp leen 

and  ta i l  a n d  body of the pancreas a re reflected u p  and 

to the r ight  off the left adrena l  g land to the point  of  
the ta rgeted pancreat ic transect ion l i ne .  The a rtery is  

then doub le  l i gated and d iv ided,  and the sp len i c  ve i n  is  

e ither  sta p led sepa rate ly with vasc u l a r  sta p l es or  sta p led 
with the sta p l i n g  d evice used to tra nsect the pa ncreas.  
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A gas-powered sta p le r  i n  wh ich  p ress u re can s lowly be 
app l ied over 30 to 60 seconds  to c lose the jaws of the 

sta p l i n g  device m i n i m izes fractu r i ng  the pancreatic pa
renchyma before f ir ing the sta p le r  load. A lways i nspect 

typica l l y  have norma l-s ized pancreat ic  d u ct and  b i l e  

d u ct, as even l a rge  insu l i nomas do n o t  cause d u cta l 
obstruct ion,  as we l l  as a soft norma l  pancreas i ncreas i n g  

the i n c idence o f  pancreatic leak .  

the  m a rg i n  a n d  ensure com p l ete exc is ion of the i n su l i - • The most c h a l l e n g i n g  s i tuat ion for a s u rgeon is to be 
i n  the  operat i n g  room and to be u n a b l e  to i dent ify the 

• 

noma e ither  by cutt i ng  i nto the pancreas on the back 

ta b l e  o r  by having the patho log i st do a g ross eva l uat ion 

of the speci men .  

O n ly fo r  very l a rge  les ions i n  the head  of  the pa ncreas 
that abut the m a i n  pancreatic d uct wou l d  a pancreat i 

cod uodenectomy be performed for a ben ign  i n su l i noma 
(FIGS 11  and  1 2). A Whipp le  procedure fo r i n su l i noma 

is  a genera l ly relat ively stra ightforward procedure i n  

terms o f  t h e  resect ion port ion as major vascu l a r  struc

tu res a re v i rtua l ly never i nvaded and can be done with 

pylorus-preserv ing tech n ique .  It may be somewhat more 

cha l l e n g i n g  to do the reconstruct ion as these patients 

FIG 12 • A corona l  M R I  sca n shows a 2-cm insu l i noma i n  
c lose p roxim ity t o  t h e  m a i n  pancreat ic  d uct i n  t h e  head 
of the pancreas (white arrow). After confi rmation of the 
duct by i ntraoperative u ltrasound, a pylorus-preserv ing 
pancreaticod uodenectomy was performed . 

LAPAROSCOPIC RESECTION OF 

I NSULINOMAS 

• 

• 

Although  the majority of i n s u l i nomas a re excised us ing  
sta ndard open tech n i q ues descr ibed ear l i er, severa l  
su rgeons have reported successfu l  exc is ion of i n su l i 

nomas  us ing  l aparoscop ic  tech n i q ues over the past two 
decades 1 9-2 1 The precise location of the insu l i noma and  

the success of  preoperative loca l izat ion stud ies are the  

keys to patient selection fo r  l aparoscop ic  exc i s ion .  
l n su l i nomas  located i n  the  body a n d  prox i m a l  ta i l  a re 
the ones that a re best a p p roached by l apa roscopy. Pa

t ients a re pos it ioned s u p i n e  and a 30-deg ree scope is  

used i n  a centra l per i u m b i l i ca l port .  The gastroco l i c  
l i g a ment i s  d iv ided a n d  the omentum a n d  stomach 
a re retracted super ior ly  to expose the pancreas at the 

base of the lesser  sac .  Lapa roscop i c  u ltraso u n d  is  used 
i n  a n  ident i ca l  manner  to i ntraoperative u ltrasou n d  in  

open p roced u res both to ident ify the  i n su l i noma and 

i n s u l i n o m a . 1 7  U n d e rsta n d i n g  the  correct i nterpreta

tion of the b iochemica l  d i a g nos is  of i n su l i noma s h o u l d  
avo i d  the  p i tfa l l  of operat i ng  o n  a pat ient who does 

n ot have the  d i sease, which i s  a proced u re obvious ly 
dest i ned  for fa i l u re .  H i sto r i ca l ly, performance  of a step
wise b l i n d  d i sta l pancreatectomy with i nte rva l checks 

of b lood g l ucose was advocated by some. In the era of 
h i g h -reso l ut ion  u ltrasound ,  t h i s  b l i n d  resect ion  of t is
sue  s h o u l d  never be done .  The key to success i n  th i s  

s i tuat ion  i s  the  use of i ntraoperat ive u ltrasou n d  a n d  
eva l uat i ng  a reas where sma l l  i n su l i nomas  m a y  be d if
f i cu l t  to ident ify. S pecif ica l ly, the  ve ry t i p  of the  pan 

creat ic  ta i l  l ate ra l  to the  sp leen ,  the  u n c i n ate p rocess 
adjacent to the super io r  m esenter ic  ve in ,  a n d  the neck 

of the pancreas under the vascu l a r  br idge betwee n  
the  r ight  gastroe p i p l o i c  m i d d l e  co l i c  vesse l s  s h o u l d  be 

c lose ly  exa m i ne d .  
• In the u n usua l  or rare case of a m a l i gnant i n s u l i noma,  

tumor  debu lk i ng  may be very benefi c i a l  i n  terms of con
tro l l i n g  hypog lycem ic  sym ptoms.  I n  genera l ,  th i s  wou l d  

req u i re e ither  a pancreaticod uodenectomy or  d i sta l  p a n 
createctomy t o  remove the pr imary les ion and  lym ph 

node metastases. If there is  l i m ited n u m ber  of  l iver me-

• 

tastasis, s imu ltaneous l iver resect ion or a b lat ion may be 
performed.  Chemoem bo l i zat ion a l so has benefit i n  con

tro l l i n g  the hormone output from these hypervascu l a r  
les ions and  benefits the patients i n  terms of  hypog lyce
mic contro l .  

the  m a i n  pancreatic d uct. E ither  e n u cleat ion o r  d ista l 
pancreatectomy is chosen based on tumor  locat ion 
a g a i n  with the same dec is ion -mak ing  p rocess as i n  open 

p roced u res .  

Severa l stud ies, i n c l ud i ng  a meta-ana lysis, have con
fi rmed that l aparoscop ic  remova l of i n su l i nomas is  
safe and has advantages over open exc i s ion .  I n  i n st i

tutiona l  compa rative stu d ies, there was no  d ifference 

i n  operative t ime, overa l l  cu re rate (wh ich is  u n iformly 
1 00%), and  the i nc idence of pa ncreatic f istu l a .  Length of 
hosp ita l  stay and  b lood loss genera l ly favors l aparoscop ic  

exc i s ion .  For su rgeons who have experience i n  manag ing  
i n s u l i nomas a n d  who have  advanced l aparoscop ic  sk i l ls, 

selected patients shou ld  have the i r  i n su l i nomas resected 
lapa roscop ica l ly. However, as opposed to adrena lectomy 

in which v ideo-assisted tech n i q ues a re absol utely the 
sta ndard of ca re, i n su l i noma p rocedures a re m uch less 
common and  the majority of proced u res a re sti l l  done 

with a n  open techn ique .  
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PEARLS AND PITFALLS 

I n d icat ions • Confirm defi n itive b iochem ica l d i ag nosis by review of pr imary laboratory reports i n c l ud i ng  g l ucose 
leve l s  with s i m u ltaneous i n su l i n ,  pro insu l i n , and (-pept ide leve l s .  

• I ns ist on a 72-hour  mon itored fast with appropr iate docu mentation of symptoms a n d  b iochemica l  
d isease i n  patients with  equ ivoca l d i ag nosis  and  negative imag ing .  

Imag ing  • Obta i n  cross-sect iona l  imag ing  w i th  e i the r  contrast-en h a nced CT  sca n or  M R I  sca n to look  for 
hypervascu l a r  les io n .  

• F o r  image-negative patients, have endoscop ic  u ltrasound  performed b y  ski l l ed i nvasive 
gastroenterolog ist. 

• If defi n itive d i ag nosis and negative imag ing  by CT and endoscop ic  u ltrasound  (EUS), cons ider 
ca l c iu m-st imu lated ang iogram with hepatic ve i n  sa m p l i n g .  

Exposu re o f  pa ncreas • Expose head and u nci nate process by do ing  a comp lete Kocher  maneuver a l l  the way to the fou rth 
port ion of the d uoden u m .  

• Expose body and  ta i l  b y  d iv id i n g  gastroco l i c  l i ga ment and  ref lect ing  omentum a n d  stomach 
super ior ly and  co lon i nfer ior ly. 

• Expose t ip  of pancreatic ta i l  by d iv id i ng  latera l  attachments of the sp leen .  

Resect ion • Be certa i n  to have i ntraoperative u ltrasound  ava i l ab le  to eva luate the insu l inoma a n d  the 
prox im ity of the main pancreat ic  d uct. 

• Decide between enuc leat ion versus seg menta l  pancreatectomy based on tumor  size and  
re lat ionsh ip  to the pancreatic d u ct .  

En uc leat ion tech n i q ues • For su rface les ions, stay r ight  on the capsu le  of the insu l i noma us ing energy device o r  c l i ps to 
d iv ide and sea l t issue .  

• For deep les ions, conti n uous ly mon itor p rog ress w ith  i ntraoperative u ltrasound  as pancreatic 
parenchyma is  d iv ided .  

POSTOPERATIVE MANAGEMENT AFTER 
INSULINOMA RESECTION 
• After excision of the entire insulinoma, patients recover 

almost instantaneously in terms of their glucose metabo
lism. Typically, blood sugars may rise to between 150 and 
200 mgldL or higher in the recovery room and for the first 
24 to 48 hours, patients should be placed on appropriate 
sliding scale of insulin. It is certainly possible and has been 
reported that resection of an insulinoma may unmask a pa
tient who has developed diabetes but the maj ority of these 
patients correct and normalize their glucose metabolism 
within 2 to 3 days.22•23 

• The major postoperative complication from either a distal 
pancreatectomy or enucleation, either laparoscopic or open, 
is a pancreatic fistula.24 The standard practice is to leave a 
closed suction drain adjacent to the enucleation site or the 
staple line and to leave that in until the patient is eating at 
least a low-fat diet. The color and character of the drain 
fluid can be monitored. If it is a serosanguineous color, it is 
likely to have a low pancreatic amylase content. Pancreatic 
fistulas normally present with a dishwater-gray discoloration 
and can be confirmed by measuring drain content amylase 
levels. Standard maneuvers to decrease pancreas secretion 
including nonfat diets or even using total parenteral nutri
tion should decrease pancreatic fistula outputs. 

OUTCOMES AND ALTERNATIVES 
TREATMENT TO SURGERY FOR 
TREATMENT OF INSULINOMA 
• In virtually all of the surgical series resecting insulinoma, 

there is uniformly a 100% long-term cure rate after exci-

sion of these small benign lesions.3•4•25 The only exception 
would be inability to identify an occult insulinoma resulting 
in immediate operative failure. Because the vast majority of 
patients are cured by surgery, there has been no impetus to 
use nonsurgical treatments. Two percutaneous or endoscopic 
techniques have been reported. 

• Ethanol injection to ablate insulinomas26 and radiofre
quency ablation27 of lesions may provide nonsurgical res
olution of hypoglycemic symptoms.  Only for very selected 
patients who are poor surgical candidates should these abla
tive techniques be offered. 
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DEFINITION 
• Glucagonomas are pancreatic neuroendocrine tumors 

(PNETs) that arise from the glucagon-secreting alpha islet 
cells of the pancreas. They are very rare with an estimated 
incidence of 1/20,000,000 individuals . 1  Most are sporadic 
but 1 0 %  are associated with multiple endocrine neoplasia 
type 1 (MEN-1 )  syndrome.2 Most glucagonomas are large 
( > 5  em) at diagnosis, with 70 % to 90% of patients present
ing with metastatic disease.3 Operative treatment of a glu
cagonoma involves resection of the primary tumor as well 
as metastatic disease for cure when possible or to palliate 
hormonal or local symptoms.  

PATIENT HISTORY AND PHYSICAL 
FINDINGS 
• Glucagonoma is classically associated with the 4 "Ds " :  

dermatitis, diabetes, depression, and deep vein thrombosis. 
• The skin lesions associated with a glucagonoma are termed 

necrolytic migratory erythema and are pathognomonic for 
glucagonoma. It is a pruritic rash that occurs in the lower 
abdomen, lower extremities, perineum, perioral area, and 
feet ( FIGS 1 and 2 ) .  It is seen in approximately 70% of pa
tients and may be the initial presentation of the tumor.4 

• Glucose intolerance is often mild and insulin administration 
usually is not required. 

• Weight loss is often out of proportion to the amount of 
tumor burden and is due to the catabolic effect of excess 
glucagon. 

• Stomatitis,  glossitis, and diarrhea are other frequent findings . 
• Psychiatric manifestations may include depression, anxiety, 

and psychoses. 
• Glucagonoma creates a hypercoagulable state, and 30% of 

patients will experience a thromboembolic event.5 
• A thorough personal and family history should be taken, 

with particular interest in other endocrinopathies because 

FIG 1 • Necrolytic m i g ratory erythema of the lower extrem ity. 

glucagonomas may be associated with MEN- 1 .  Glucagono
mas may also secrete secondary hormones, which may lead 
to Zollinger-Ellison syndrome in up to 1 0 %  of patients. Less 
commonly, they may secrete vasoactive intestinal polypep
tide (VIP) ,  pancreatic polypeptide, somatostatin, or adreno
corticotropic hormone (ACTH) .6 

DIAGNOSIS 
• Diagnosis is confirmed by high levels of fasting serum 

glucagon ( > 1 ,000 pg/mL; normal, < 1 50 pg/mL).  Other 
conditions that cause hyperglucagonemia include hepatic 
insufficiency, stress, sepsis, and starvation, but levels rarely 
reach beyond 500 pg/mL. 

IMAGING 
• Glucagonomas are typically greater than 5 em at time of di

agnosis and are easier to localize preoperatively than most 
PNETs. Most glucagonomas are located in the body or tail 
of the pancreas. Rarely, they may be located outside the pan
creas in the duodenal wall, accessory pancreatic tissue, or 
the kidney. 

• Triple-phase computed tomography (CT) scan is the first
line localization study. Somatostatin receptor scintigraphy 
(SRS) can also be used and can identify extraabdominal 
spread to lymph nodes and liver. 

• Endoscopic ultrasound (EUS) ,  visceral angiography, and 
portal venous sampling may be required for glucagonomas 
that are difficult to identify, but this is very unusual. 

FIG 2 • Necro lytic m i g ratory erythema of the lower extrem ity. 
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SURGICAL MANAGEMENT 
• The goal of operative management of glucagonoma is an RO 

resection including the primary tumor and all metastases. Pa
tients who cannot undergo RO resection benefit from tumor 
debulking because it can palliate symptoms due to excess 
glucagon by decreasing the levels of circulating hormone. 

• If the tumor is limited to the pancreas, surgical resection can 
completely reverse all clinical manifestations of a glucagonoma. 
This demands a formal pancreatic resection due to the large size 
of the tumors, usually a distal pancreatectomy with or without 
splenectomy. Pancreaticoduodenectomy is required for tumors 
in the head of the gland. Resection should include peri pancre
atic lymph node dissection. Although smaller tumors may be 
technically amenable to enucleation, the high malignant poten
tial of these tumors suggests caution with this approach (FIG 3 ) .  

• All  nodal and hepatic metastases that can be safely removed 
should be excised. Hepatic metastases may be managed by 
either wedge resection or formal hepatic resection. 

• Tumor debulking leads to a dramatic improvement in symp
toms and the hormonal manifestations of glucagonoma may 
be diminished for years. Repeat debulking of recurrent dis
ease may also prolong survival.  

• In patients with MEN-1 ,  consideration must be given to the 
presence of other functional and nonfunctional PNETs. If hy
perparathyroidism is present as a component of the MEN-1 
syndrome, it should be treated before addressing the pancreatic 
tumor to avoid problems with postoperative hypercalcemia. 

Preoperative Planning 

• Preoperative management is focused on treating the meta
bolic effects of excess glucagon and preventing or treating 
venous thromboembolism. 

POS ITIONING 

F IG  3 • S m a l l  g l ucagonomas (<2 e m )  with no  m a l i g nant  features 
can be e n uc leated from the pancreas us ing  cautery o r  a n  energy 
device to control b leed i n g .  I ntraoperative u ltrasound  should be 
used to avo id  i n ju ry to the pa ncreatic d uct. 

• Somatostatin analogue therapy with octreotide is titrated 
to symptomatic improvement. Total parenteral nutrition 
(TPN) may be needed if marked cachexia is present and may 
also help ameliorate necrolytic migratory erythema. 

• Hyperglycemia and diabetes, when present, should be 
controlled. 

• Patients should receive anticoagulation with Coumadin or 
low-molecular-weight heparin at the time of diagnosis. Pre
operative placement of an inferior vena cava (IV C) filter may 
be necessary in patients with a history of thrombosis. 

pancreas, a l aparoscop ic  approach may be poss ib le .  The 

open approach w i l l  be fi rst described here .  
• As most patients present with metastat ic d i sease and  • 

may req u i re both pancreatic and  hepatic resect ion ,  an  

open  approach is  p referred.  Fo r  tumors confined to the 

The patient is  p laced sup ine  with  arms e ither  extended 

l atera l ly o r  tucked accord ing  to s u rgeon preference . 

I NCISION 

• M i d l i n e  l a pa rotomy, extended left subcosta l ,  chevron, or  
a com b i n at ion of these a re a l l  accepta b le  approaches to 
the abdomen and  shou ld  be chosen based on surgeon 

DISTAL PANCREATECTOMY WITHOUT 

SPLEN ECTOMY 

• After the abdomen has been explored, the lesser sac is  

entered by separat i ng  the g reater omentum from the 

prefe rence a n d  exper ience, the body hab itus of the pa
t ient, and  the possi b le  need for h epatic or  other  organ 

resect ion .  

• Mob i l ize the poster ior  wa l l  of the stomach off the an 

ter io r  su rface of  the pancreas and  retract the stomach 
cepha l ad .  The stomach may be he ld  i n  p lace with retrac

tors or  stay sutu res. The a nter ior body and ta i l  of the 

pancreas shou ld  now be fu l ly exposed (FIG 4). 
tra nsverse co lon .  The short gastr ic  vesse ls  m ust be p re- • I nc ise the per itoneum a long  the i nfer ior  border of 

the pancreas a long  the length of the body and  ta i l .  served t o  prov ide b lood f low t o  t h e  sp leen .  
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FIG 4 • The a nter ior  su rface of the body and  ta i l  of the 
pancreas i s  exposed by enter ing  the lesser  sac thru the 
gastroco l i c  omentum and  retract ing  the stomach cepha lad .  

F IG 6 • The sp len i c  a rtery and  ve i n  are l i gated w i th  a vascu l a r  
sta p le r  as shown. L igatu res o r  suture l i gatu res may  a l so be  
u sed  accord i n g  to su rgeon p reference.  

• 

• 

• 

• 

• 

Gently e levate the pancreas off the retroper itoneum 
us ing  b l u nt d i ssect ion a long  the avascu l a r  p l ane .  
The sp len i c  a rtery and  ve in ,  wh ich  run  a long the supe

rior border of the pa ncreas (the  ve i n  runs poster ior  to 
the a rtery), w i l l  be e l evated a long with the rest of the • 
pancreas. 

Determ ine  the point of transect ion for the pancreas. This 
shou ld  be j ust to the left of the super ior  mesenter ic ve i n  

i n  t h e  pa ncreatic neck.  
B l u nt ly deve lop  a p lane between the splenic vesse ls a n d  • 
the pancreas at the point of transect ion .  P lace vessel 

loops around the sp len i c  vesse ls  to fac i l itate retract ion 
and  prov ide vascu l a r  control (FIG 5). 
L igate the sp len i c  a rtery and  ve i n  i n d iv idua l ly-l igatu res, 
suture l i gatu res, or  a vascu l a r  sta p le r  (as shown) can be 

used accord ing  to surgeon preference (FIG 6). 
D iv ide the pancreas us ing a sta p le r  with a vascu l a r  • 
l oad .  M u lt ip l e  f i r ings  may be req u i red (FIG 7) . If there 

FIG 5 • A p lane  is deve loped between the super ior  border 
of the pancreas and  the sp len i c  f lexure at the po int  of 

is  b leed i n g  from the stap le  l i ne, p l ace 2-0 sutu res i n  a 
fig u re-of-e ight  pattern at the super ior  and  i nfer ior  
borders of the pancreas to secu re the gastropancreatic 

a rter ies .  
L igate, c l i p, or  use a n  energy device to control the nu 

merous sma l l ,  short vesse ls con n ect ing  the sp len i c  vesse l s  
to the pancreas a long  the ent i re body and  ta i l .  Control 

any b l eed i n g  that occu rs on the sp len i c  a rtery or  ve i n  

with f i n e  Pro lene  sutu res. 
As the s p l e n i c  vesse l s  a p p roach the h i l u m ,  they w i l l  

b ranch  i nto m u lt i p l e  t r i butar ies .  Care m ust be taken 

to avo id i n j u ry to these branches a long the  ta i l  of  
t h e  pa ncreas .  The h i l u m  of the  sp leen  may be  d i rect ly  

a butt i n g  o r  with i n  1 em of the  ta i l  of the  pancreas .  
O n ce fu l ly d i ssected off the  vesse l s, t h e  spec i m e n  may 

be rem oved . 

Check the surg ica l  bed for hemostas is .  Omentum may be 
p l aced over the pancreatic stu m p .  Placement of a c losed 
suction d ra in  is  our p reference. 

transact ion .  Vesse l  loops a re p l aced around the sp len i c  vesse ls  FIG 7 • The pancreas is d iv ided us ing  a sta p le r  with a vascu l a r  
fo r  retract ion and  vascu l a r  contro l .  load .  

1 793 
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DISTAL PANCREATECTOMY WITH 

SPLEN ECTOMY 

• The exposure and  mob i l izat ion of the pancreas p roceed 

• 

borders of t h e  panc reas to secure the  g astro panc reat ic  

a rter ies .  
The pancreas and  sp leen a re then removed as specimen 

(FIG 8). 

as descr ibed ear l i e r. • Check the su rg ica l bed for hemostas is .  Omentum may be 
p l aced over the pancreat ic  stu m p .  Placement of a c losed 

suct ion d ra i n  is  o u r  preference. 
• 
• 

• 

D iv ide the short gastr ic  vesse ls  . 
Mob i l ize the sp len i c  f lexure of the co lon and  retract it 
i nfer ior ly. 

D iv ide the sp lenophren ic  and  sp lenoco l i c  l i gaments, a n d  
ref lect the sp leen and  pancreatic body and  ta i l  u p  from 
the retroperitoneum .  

• Once the point of tra nsect ion of the pancreas has been 
determ ined, ca refu l ly iso l ate the sp len i c  a rtery and  ve i n  

and  l i gate t h e m  i n d iv idua l ly. 
• Mob i l ize the sp len i c  vesse ls  a long  with the super ior  bor

der  of the pancreas.  
• D iv ide  the  panc reas  u s i n g  a sta p l e r  with a vascu 

l a r  l o a d .  M u lt i p l e  fi r i n g s  may be req u i re d .  I f  the re i s  

b leed i n g  f rom t h e  sta p l e  l i ne ,  p l ace 2-0 sutu res i n  a 
fi g u re-of-e ight  patte rn at the  super io r  a n d  i nfer ior  

LAPAROSCOPIC DISTAL 

PANCREATECTOMY 

Positioning and Port Placement 

• 

• 
• 

Lapa roscop ic  d ista l pancreatectomy is a su ita b le  ap

proach for pat ients with loca l i zed d isease conf ined to 
the pancreas. 

The patient is p laced sup ine  . 
A 5- to 1 2-mm port is p laced i nfra u m b i l i ca l l y  . 

A 

S mm 
0 

0 
S mm 

.. 
0 

5-1 2 mm 

S mm 
0 

o 5-1 2 mm 

B 

FIG 8 • The body and  ta i l  of the pancreas have been removed 
en  b loc .  The i nstrument poi nts to the tumor. 

• A d iagnost ic  lapa roscopy is performed and  so is a l aparo
scop ic  u ltrasound  of the l iver. 

• Any susp ic ious les ions a re b iops ied and  sent for frozen 

sect ion ana lysis . If metastat ic d isease o r  i nvas ion i nto 
surround ing  organs  i s  identif ied, convers ion to an open 

operat ion shou ld  be cons idered . 
• 
• 

Addit iona l  trocars a re as shown in the f ig u re (FIG 9) . 
The a nter ior wa l l  of the stomach is e l evated a n d  the 
lesser sac  is entered through the gastroco l i c  l i ga ment 

us ing  an energy device. 

FIG 9 • A.B. The posit ion  of the trocars for lapa roscop ic  d i sta l  pancreatectomy is shown. A 5- to 1 2-mm trocar is  p l aced at 
the u m b i l icus .  A 5-mm trocar is  p laced subxi pho id  fo r retract ion .  An opt iona l  assistant work ing port (5 m m ) i s  p l aced i n  the 
right u p per  quadra nt .  Two working  troca rs, a 5- to 1 2-mm and a nother 5-mm, a re p laced in the left abdomen as shown. Troca r  
p lacement m a y  be i n d iv idua l ized f o r  t h e  patient.  



FIG 1 0  • After enter ing the lesser sac through the gastroco l i c  
l i gament, the  stomach is  retracted super ior ly and  t h e  
transverse c o l o n  is  mob i l ized i nfe r ior ly t o  expose the anter ior  
su rface of the pancreas. 
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FIG 1 2  • When the speci men has been comp letely d i ssected 
free, it is  e l evated a n d  p laced in a p lastic retr ieva l bag .  

pancreas (FIG 1 1 ). The pancreas and  sp leen a re then mo
b i l ized i n  a retrograde fash ion  f rom l eft to r ig ht. 

• The sp len i c  f lexure of the co lon  is mob i l ized i nfer ior ly • The specimen  is p laced i n  a p lastic retr ieva l bag a n d  the 
u m b i l i ca l  port i nc is ion i s  extended to a l low its  remova l 
(FIG 1 2). 

and  the tra nsverse mesoco lon  is d i ssected away from the 
i nfer ior  border of the pancreas, a l l ow ing  v i sua l izat ion 
of the a nter ior su rface of the pancreas and  the sp len i c  • This  i nc i s ion is c losed a n d  the abdom i n a l  cavity is re insuf

flated and i r r igated and hemostasis confi rmed.  a rtery (FIG 10). 
• Lapa roscop ic  u ltrasound  is used to de l i neate the extent • A c losed suct ion d ra i n  is p l aced through the most late ra l  

port i n  t h e  left u p per  quadrant down t o  t h e  pancreatic 

sump  and fixed to the skin with sutu res. 

• 

• 

• 

of the tumor  and  the p roxi m a l  posit ion  for transect i ng  

the pancreas. I n  the med ia l  to latera l tech n i q ue, the  
sp len i c  vesse ls  a re isolated and  c i rcu mferent i a l ly d is
sected at the proposed transact ion s ite. 

The sp len i c  a rtery and sp len ic  ve i n  a re i n d iv idu a l ly d iv ided 
us ing a n  endoscop ic  sta p le r  with a 2- to 2 . 5-mm cartridge 

as determi ned by the vessel  s i ze .  The sp len ic  ve i n  may 

need to be tra nsected with  the pancreatic pa renchyma .  
The  per itoneum on  the i nfer ior  edge of the pancreas i s  

i n c ised and  dorsa l  d i ssect ion of  the pancreas i s  done to 

create a w indow for p lacement of the sta p le r. 
The pancreas is then d iv ided with a l i near  sta p le r  cut

ter with a vascu l a r  cartr idge sized to the th ickness of the 

FIG 11 • The pancreas is  then d iv ided with a l i near  stap le r  
cutter w i th  a vascu l a r  cartr idge sized to the th ickness of 
the pancreas. I f  the sp len i c  ve i n  cou l d  not be sepa rated from 
the pancreas and i n d iv id ua l l y  l i gated, it can be inc l uded 
with the pancreas transect ion .  

• The trocars a re removed under  d i rect v is ion a n d  a l l  port 

sites a re c losed with a bsorba b le  sutu res. 

Management of Hepatic Metastases 

• Both cu rative i ntent resect ion and  pa l l iat ive i ntent re-
sect ion a re recommended for m a l i g nant  g l ucagonoma 

(FIG 1 3). Other treatment options inc lude hepatic a rtery 

occl us ion or embo l izat ion, rad iofreq uency ab l at ion,  a n d  

cryoa blation .  
• Reg iona l  lym phadenectomy shou ld  be done beca use 

lym ph  node metastases a re com m o n .  

F IG 1 3  • G l ucagonoma metastases t o  the l iver. 
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PEARLS AND PITFALLS 
• M E N - 1  pat ients with g l ucagonomas shou ld  have hyperpa rathyro id i sm add ressed before surg ica l  treatment for g l ucagonoma .  

Fa i l u re to do  so may lead to u ncontro l led hyperca l cem ia  postoperative ly. 

• Although  some tumors may be amenab le  to en uc leat ion,  forma l  pancreatic resect ion is  preferred d u e  to the h i g h  m a l i g nant  
potent ia l  of g l ucagonomas.  

• G l ucagonomas a re associated with hypercoag u l a b i l ity a n d  30% of patients wi l l  have a deep ve i n  throm bosis (DVT) . Anticoagu l a 
t ion  i s  recommended a n d  ser ious cons iderat ion shou ld  be g iven to IVC  fi lter p l acement p reoperative ly. 

• Even if a n  RO resect ion  is not possi b le ,  pat ients may benefit t remendous ly  from extens ive d e b u l k i n g  for p a l l i at ion of 
symptoms. 

• When perform i n g  a sp leen-preserv ing d i sta l pancreatectomy, care m ust be taken to avo id  tra u m a  to branches off the sp len i c  
vesse ls as you  approach the ta i l  of the pancreas. Remember, if extens ive b leed i n g  is  encou ntered, the procedure can be changed 
to a d ista l pancreatectomy with  sp lenectomy. 

• Large tumors i n  the body of the pancreas may i nvolve the sp len i c  ve i n .  I n  th i s  s ituat ion,  it may be he lpfu l  to d iv ide the pancreatic 
neck ear ly to better v isua l ize the sp lenoporta l  confl uence.  I f  necessa ry, the sp len i c  ve i n  may be l i gated f lush with the super ior  
mesenter ic ve i n  (SMV). 

• The left ad rena l  may be located more super ior ly than expected and may be i n ju red by excess ive med ia l  retract ion of the pan
creas and sp leen .  

• La paroscop ic  pancreatectomy without lapa roscopic  u ltrasound  i s  not recommended .  Fa i l u re to use a lapa roscopic u ltrasound  may 
resu l t  i n  a specimen that lacks part or  a l l  of the tumor. 

• Pancreatic stu m p  leak/fistu l a  is one of the most com mon postoperative com p l icat ions a n d  may occur  i n  u p  to 30% of patients. 
Cons ider  octreot ide for patients who do not respond to c losed suct ion dra inage or  have h ig h-output f istu l a .  However, rout ine  
use of per ioperative octreot ide w i l l  not  reduce the rate of f ist u l a .  

POSTOPERATIVE CARE 
• Admission to the intensive care unit (ICU) is not manda

tory and should be decided on a patient-by-patient basis. 
Management of pain, nasogastric intubation, and diet is 
similar to most major abdominal resections . 

• Closed suction drain output should be tested for amylase 
and lipase before removal. 

• Streptozocin is somewhat effective chemotherapy for both ma
lignant tumors that are incompletely removed and their bio
chemical effects. Tumor regression is seen in 50% of patients 
and reduction in serum glucagon levels in over 60% of patients. 
Dacarbazine (DTIC) has also been used with some efficacy. 

• Continued symptoms of excess glucagon after the operation 
should be treated with a somatostatin analog. However, rou
tine perioperative use of octreotide therapy is not necessary 
and will not reduce the rate of pancreatic fistula. 

OUTCOMES 
• There is a paucity of outcomes data for glucagonoma. 

According to one study of MEN-1 patients, 1 0-year sur
vival is approximately 5 0 % . 7  In another, 5-year survival is 
approximately 5 0 %  following operative resection and adju
vant chemotherapy. 8 

COMPLICATIONS 
• Patients may experience any postoperative complication as

sociated with laparotomy such as superficial or deep wound 
infection, urinary tract infection, pneumonia, and cardiac 
dysrhythmia or ischemia. 

• The risk of venous thromboembolism is elevated in pa
tients with glucagonoma and the physician should remain 
vigilant about detection and treatment of thromboembolic 
events. 

• Pancreatic leakage and fistula occur in up to 30% of patients 
undergoing distal pancreatectomy. This is managed by con
tinued closed suction drainage in the stable patient. In a 
patient showing signs of infection, a CT scan should be ob
tained to look for abscess or inadequately controlled fistula. 
This can usually be treated with an additional percutane
ous drain placed with image guidance. Consider octreotide 
therapy for persistent high-output fistulas .  Operative drain
age, endoscopic sphincterotomy, or stent placement may 
be necessary in patients not responding to percutaneous 
drainage. 
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Chapter 1 

I 

Arch and Great Vessel 
Reconstruction with 
Debranching Techniques 

- ----------------------------------- �----------------------------------------------------- � 

W Anthony Lee Alexander Kulik 

DEFINITION 

• An aortic arch aneurysm is defined as dilation of the aortic 
arch to greater than 5 em in diameter. Rarely occurring in 
isolation, aneurysms of the aortic arch are often extensions 
of aneurysms present in the ascending or descending aorta . 
Causes of aortic arch aneurysms included atherosclerotic 
degeneration, cystic medial degeneration, aortic dissection, 
congenital aortopathy ( i .e . ,  bicuspid aortic valve) ,  penetrat
ing aortic ulcer, previous traumatic transection (chronic 
pseudoaneurysm) ,  and previously repaired aortic coarcta
tion (postsurgical pseudoaneurysm) .  Aortic arch aneurysms 
have traditionally been repaired with graft replacement of 
the aorta, with or without an elephant trunk, using car
diopulmonary bypass and deep hypothermic circulatory 
arrest. With the advent of thoracic endovascular aortic re
pair (TEVAR), debranching of the brachiocephalic vessels 
is a recently developed technique that takes advantage of 
the reduced surgical trauma associated with stent grafting. 1 
Debranching functionally extends the proximal landing 
zone by repositioning the inflow of the brachiocephalic ar
teries toward the proximal ascending aorta . This facilitates 
endovascular stent graft repair of the aortic aneurysm by 
allowing stent coverage across the ostia of the arch vessels, 
producing a stable and fixed proximal landing zone in the 
ascending aorta. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• Aortic arch aneurysms are usually diagnosed as incidental 
findings noted on imaging studies, such as a chest x-ray or 
computed tomography (CT) scan, to evaluate other concur
rent medical conditions. 

• Most patients have no symptoms from their aneurysms. 
Symptoms, if they exist, may include chest or back pain from 
aneurysmal growth or those associated with compression of 
adjacent structures ( i .e . ,  trachea, esophagus ) .  Hoarseness 
may develop from stretching of the left recurrent laryngeal 
nerve (Ortner's syndrome) .  Acute chest or back pain, with 
or without signs of shock, should raise the suspicion of im
pending aortic rupture and/or acute aortic dissection. Ad
ditional details regarding a patient's past medical history 
should be gathered, including a history of previous coronary 
intervention, previous cardiac surgery, known valvular heart 
disease, previous aneurysm surgery, or a family history of 
aortopathy. 

• The physical examination is often unremarkable . However, 
attention should be directed to the presence of aortic valve 
insufficiency (diastolic murmur, widened pulse pressure) ,  
previous surgical incisions, and the presence of concomitant 
peripheral vascular disease. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Although a routine chest x-ray may be the first imaging test to 
note an aortic arch abnormality, further imaging is necessary, 
including a CT scan of the aorta (FIG 1 ) and an echocardiogram. 

• An arterial phase CT angiogram should evaluate the entire 
length of the aorta, from the level of the skull base proxi
mally to the femoral heads distally, to ensure visualization of 
the vertebral and iliofemoral arteries, respectively. The CT 
images are then processed using 3D imaging software for 
case planning and device selection. A magnetic resonance 
imaging (MRI) or a noncontrast CT scan will not suffice. 

• A transthoracic (2D) echocardiogram should be performed 
to assess left and right ventricular function and to exclude 
the presence of significant valvular heart disease. 

• Strong consideration should be given to evaluating the 
anatomy of the coronary arteries in the preoperative period. 
A CT coronary angiogram may be an option for younger 
patients or those with complex proximal aortic dissection. 
However, if there is a strong suspicion of coronary disease, 
then a preoperative conventional coronary angiogram 
should be performed, including those patients older than 
40 years of age and those with a history of smoking. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Indications for repair of an aortic arch aneurysm include 
large aneurysmal size ( > 5.5 em), rapid growth ( > 0.5 em per 
year) ,  the presence of chest pain or back pain unexplained 
by other causes, and compression of adjacent organs (esoph
agus, trachea, or left main bronchus) .2  

• More aggressive size criteria may be applied for patients 
with Marfan's syndrome (repair at 4.5 to 5 em) .  However, 
stent graft outcomes appear less favorable in patients with 

FIG 1 • Preoperative computed tomography (CT) ang iogram of 
an aort ic  a rch aneurysm .  

-
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connective tissue disease, and therefore, alternative surgical 
techniques ( such as conventional aortic replacement sur
gery) should be considered.2 

• The presence of significant concurrent cardiac disease may 
alter the surgical approach. Should significant coronary ar
tery or valvular heart disease be identified in the preoperative 
period, consideration may be given to performing concomi
tant coronary artery bypass grafting ( CABG) or valve re
placement at the time of the aortic de branching procedure. 

• During the second stage of the arch repair, stem graft deploy
ment in the distal ascending aorta may require the placement 
of a guidewire across the aortic valve into the left ventricular 
cavity. The presence of a mechanical aortic prosthetic valve, 
through which a guidewire and the delivery system cannot safely 
be placed, may require a single-stage approach with deployment 
of the stent graft at the time of debranching (see endovascular 
second stage) .  A bioprosthetic valve in the aortic position may 
allow for careful transvalvular introduction of devices, with 
preference to bovine pericardia! valves over porcine valves. 

• Selection of the ideal treatment strategy for repair of an aor
tic arch aneurysm remains controversial and is dictated by 
surgical experience and local area expertise. Aortic arch deb
ranching and stent graft completion is an appealing repair 
option that avoids a thoracotomy incision and may avert 
the use of cardiopulmonary bypass and circulatory arrest. 
These types of hybrid procedures may be performed either as 
single- or two-stage repairs . However, conventional open re
placement of the entire aortic arch/·4 or replacement of the 
ascending aorta and proximal arch with the creation of an 
elephant trunk followed by stent graft completion/·5 should 
be considered as clinically indicated. 

• Debranching of the aortic arch off the ascending aorta may 
not be applicable for a patient with an aortic arch aneurysm 
who has previously undergone cardiac surgery and who is 
too high-risk for consideration of redo sternotomy. In this 
case, an alternative option would include extra-anatomic 
debranching of the aortic arch (carotid-carotid, carotid
subclavian) followed by stent graft repair of the arch, with 
or without innominate artery chimney (snorkel) stenting.6 

• The preoperative CT scan requires careful review before 
undertaking an aortic arch debranching operation. Arch 
branch anatomy and appropriate landing zones need to be 
identified proximal and distal to the arch aneurysm, with 
criteria similar to those that apply for stent graft repair of a 
descending thoracic aortic aneurysm. Anatomic variations 
of the aortic arch anatomy may require modification of the 
debranching procedure . These include a bovine aortic arch 
(common trunk of the innominate and left common carotid) ,  

AORTIC ARCH DEBRANCH I N G  

• Although  some advocate the use of a r ight thoracotomy 

inc i s ion o r  upper  hemisternotomy, we prefer to expose 

the ascend ing  aorta through a convent iona l  sternotomy 

inc i s ion .  This provides opti m a l  v isu a l izat ion and contro l .  

T h e  per icard i u m  is i nc ised and  retracted . 
• The asce n d i n g  aorta is ca refu l l y  m o b i l i zed to fac i l itate • 

l ater  p l a cement  of a proxi m a l ly pos it ioned s ide-b i t ing  

arch origin of  left vertebral artery, and an aberrant right sub
cia vi an artery. 

• The ascending aorta is typically 6 to 7 em in length from the 
sinotubular junction to the innominate artery. Placement of 
the proximal inflow anastomosis as low as possible on the 
ascending aorta (just distal to the sinotubular j unction) will 
result in an optimal 3- to 4-cm proximal landing zone for 
the stent graft repair. The largest currently available thoracic 
stent grafts are 42 to 46 mm in diameter. To provide a safe 
and durable proximal landing zone and avoid a proximal 
type I endoleak, we recommend replacement of an ascend
ing aorta that is extremely short or if its diameter is 36 mm 
or larger. Open replacement of the ascending aorta would 
be performed at the time of the arch de branching procedure, 
with implantation of an aortic graft 34 mm or smaller. 

• The size of the iliofemoral arteries is worth noting on the pre
operative CT study. The external iliac arteries need to be larger 
than 7 mm in diameter to provide adequate vascular access 
to deliver the stent graft devices during the second stage. An 
iliac artery conduit may be needed if the iliofemoral arteries 
are extremely small or in the presence of severe calcification 
and occlusive disease. Alternatively, a single-stage antegrade 
introduction of the stent graft from the ascending aorta may 
be performed (see endovascular second stage) to avoid access 
problems from a retrograde iliofemoral approach. 

• The diameters of the brachiocephalic arteries are measured 
on the preoperative CT scan to determine the interposition 
graft sizes for the debranching procedure. Most frequently, 
the size of the graft chosen for the innominate artery branch 
is 10 to 14 mm, with 6- to 8-mm grafts usually used for the 
left carotid and left subclavian arteries .  

• Cerebral oximetry monitoring may be helpful for the aortic 
debranching procedure to monitor brain perfusion before 
and after clamping of the brachiocephalic arteries .  For the 
second-stage endovascular procedure, cerebrospinal fluid 
( CSF) drains are placed preoperatively to reduce the risk of 
spinal cord ischemia if a significant length of the descending 
thoracic aorta is to be covered. 

Positioning 

• For the arch debranching procedure, patients are positioned 
supine just as they are during standard cardiac surgical op
erations. Prepping is performed from the neck to the knees, 
with draping higher than usual to strategically provide ac
cess to the lower neck. The head may be turned slightly to 
the right to facilitate extension of the sternotomy incision 
proximally along the left sternocleidomastoid muscle. 

c l a m p .  The space between  the l eft s ide  of the aorta 

and the p u l mo n a ry a rtery i s  d i ssected, with sma l l  ves
sels cauter ized o r  c l i pped and d iv ided .  The ascend 

i n g  aorta i s  m o b i l ized p roxi m a l ly down to the l eve l  
of the aort i c  root (s i notu b u l a r  j u n ct ion )  to e n a b l e  

i dent if icat ion  (a n d  avo i d  i n j u ry) to the  r ight  coro n a ry 
a rte ry. 

The brach iocepha l i c  a rteries a re c i rcu mferent ia l ly ex

posed .  The i n n o m i nate ve i n  is mob i l ized and  retracted 



1806 P a r t 6 OPERATIVE TECHNIQUES IN VASCULAR SURGERY 

with an u m b i l ica l tape to fac i l itate exposure of the 
a rch vessels (FIG 2) .  U n common ly, the i n nomi nate 

ve i n  req u i res l i gation and d ivis ion to aid i n  a rch expo
sure .  The left subc lav ian a rtery i s  often more posterior 

than expected, and exposu re of th is  a rtery may be d if
f icu lt .  In these c i rcumstances, the sternotomy inc is ion 

may be extended su perior ly and leftwa rd a long the 

sternoc le idomastoid  m usc le .  Alternatively, i n nomi nate 
and left carotid  debranch ing  may be com b i ned with a 

left carot id-subc lav ian bypass/transposition procedure, 
th rough a sta ndard suprac lavicu l a r  approach, obviat ing  
the need to expose the left subc lav ian  a rtery th rough the 

sternotomy. 
• Although a p reformed bifu rcated or m u lt i l i m b  g raft may 

be used, these occupy a l a rge footpr int and reduce the 

length ava i lab le  for the ascend ing  aort ic l and i ng  zone.  
I nstead, we p refer to construct a Y-g raft by sewing  a bev

eled sma l l e r  Dacron g raft end-to-s ide to l a rger Dacron 

g raft (FIG 3) .  The g raft sizes a re se lected based on the 
measu red d iameters from the p reoperative CT sca n .  Typ i 

ca l ly, a 1 0- or 1 2-mm g raft is  used for  the i n nom inate a r
tery, and  a 6- or 8-mm g raft is used for the left carotid  

a rte ry. 
• H e p a r i n  is a d m i n i stered to a c h i eve a n  act ivated c lot

t i n g  t i m e  (ACT) of 200 secon ds .  The b lood press u re 
is lowe red to 90 m m H g  systo l i c, a n d  a n  aort i c  s ide

b i t i ng  c lamp i s  p l aced on the r i g ht a ntero latera l s i de  

(convexity) of  the asce n d i n g  aorta, as  low as poss i b l e, 
with care not to com p rom i se the r i ght  coro n a ry a rte ry. 

8mm 

FIG 3 • A Y-g raft i s  constructed by sewing a beve led sma l l e r  
Dacron graft (6 to  8 mm) end-to-s ide  to  l a rger  Dacron g raft 
( 1 0 to 1 2  mm) .  

A retract ion suture i n  the  r i ght  atr i a l  appendage  may 

be needed to fac i l itate p roxi m a l  aort i c  expos u re .  Con

s i de rat ion may be g iven to perform i n g  th i s  a n d  sub
seq u e nt steps i n  the operat ion with card iop u l monary 

bypass to p rov ide  opti m a l  h e modyna m i c  control d u r

i n g  c l a m p  a p p l icat ion a n d  remova l a n d  to i m p rove 

b ra i n  p rotect ion with system i c  coo l i n g  in the ra n g e  of 

32°C to 34°C. 
• The p roxi m a l  end  of the l a rger  (1 0 or 1 2  mm)  g raft is cut 

to the a ppropr iate l ength so the Y-g raft easi ly reaches 

the a rch  vesse l s .  The g raft is  beve led and sewn end-to
s ide  to the asce n d i n g  aorta with a r u n n i n g  3-0 or 4-0 

polypropy lene  sutu re (FIG 4) .  B ioG i u e  may be app l ied 
to fu rther  support the anastomos is .  The aort ic  c lamp i s  

gent ly re leased . A l a rge c l ip  may be p l aced across the 

hee l  of the anastomosis .  Th i s  wi l l  he lp v isu a l ize the or i 
g in  of the debranch i n g  g raft from the asce n d i n g  aorta 

a n d  prec ise ly defi ne the p roxi m a l  l a n d i n g  zone without 
the need for contrast d u r i n g  the second-stage  endovas

c u l a r  p roced u re .  
• The i n nom i nate a rte ry is tra nsected, and  the p rox ima l  

end is  oversewn with  two l ayers of  4-0 polypropy lene .  

The d i sta l l a rge end of the Y-g raft is then tun neled un

derneath the i n nominate ve i n  and  sewn end-to-end to 
the i n nom inate a rtery with run n i n g  5-0 polypropy lene 

FIG 2 • After sternotomy, the per icard i u m  is i n cised 
• 

and  retracted .  The ascend ing  aorta is mob i l ized, and  the 
brach iocepha l i c  a rteries a re c i rcumferent ia l ly exposed.  The 
i n nomi nate ve i n  is  mobi l ized and  retracted with a n  u m b i l i ca l 

(FIG 5) .  

Next, the l eft com mon ca rot id  a rtery i s  transected, a n d  

the p rox i m a l  end  o f  the ca rot id  a rtery is  oversewn with 

4-0 polypropy lene .  The d i sta l s m a l l e r  end  of the Y-g raft 

is tunne led  underneath the i n nom i nate ve i n  a n d  sewn tape to fac i l itate exposure of the a rch vesse l s .  
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FIG 4 • An aortic s ide-bit i ng  c l amp is p l aced on the r ight 
a nterolatera l  s ide (convexity) of the ascend i n g  aorta, as low 
as poss ib le .  The p roxi ma l  end of the l a rger  ( 1  0 or 1 2  mm) g raft 
is beve led and  sewn end-to-s ide  to the ascend ing  aorta with a 
r unn i ng  3-0 or 4-0 polypropy lene suture.  

Innominate vein 

Innominate artery 

FIG 5 • The i n nom i nate a rtery is tra nsected, and  the p roxim a l  
end i s  oversewn 4-0 polypropy lene .  T h e  d ista l l a rge end o f  the 
Y-g raft is  then tun ne led underneath the i n nomi nate ve i n  and 
sewn end-to-end to the i n nomi nate a rtery with r u n n i n g  5-0 
polypropy lene .  

FIG 6 • The l eft com mon carot id  a rtery i s  tra nsected, 
and the p rox i m a l  end of the ca rot i d  a rtery i s  oversewn 
with 4-0 polypropy lene .  The d i sta l  sma l l e r  end of the 
Y-g raft i s  t u n ne led  u n d e rn eath the i n nom i nate ve i n  a n d  
sewn end-to-end t o  the ca rot id  a rtery w i t h  r u n n i n g  5-0 
polypropy lene .  

• 

• 

end-to-end  to the carot id  a rtery with r u n n i n g  5-0 poly

p ropy lene  (FIG 6) .  

At th i s  poi nt, a decis ion needs to  be made rega rd i n g  

t h e  debranch ing  strategy for t h e  left subc lav ian a rtery. 

I n d ications for left subc lav ian revascu la r ization a re 

controvers ia l .  Rout ine  versus selective strateg ies may 
be adopted .' If  the left subclavian a rtery needs to be 

revascu la r ized but cannot safe ly be exposed, a ca rotid
subc lav ian bypass can be performed as p reviously men

tioned . If  the subc lav ian a rtery can be exposed, the d i sta l 

anastomosis  is created fi rst us ing  a 6- or 8-m m  Dacron 

g raft anastomosed either end-to-end  to the transected 
a rtery or end-to-s ide (functiona l  end-to-end)  fol lowed by 

l i gation of the proxi ma l  a rtery in cont i nu ity. A s ide-bit i ng  
c l amp is then  p laced a long the carotid g raft, and  the sub

c lav ian g raft is sutu red end-to-s ide to the carot id  g raft 
with 5-0 polypropy lene suture (FIG 7) .  

Prota m ine  is a d m i n istered to  reverse the hepar i n ,  and  

hemostasis is  ensured .  The g rafts shou ld  l i e  tension free 

with i n  the mediasti n u m .  The perica rd i u m  may be par
t ia l ly c losed over the g rafts, with care to avoid compres

sion of the g raft branches. Chest tu bes a re posit ioned, 
and the sternum is c losed rout ine ly. After the stern um is  

c losed, the b lood p ressure shou ld  be assessed i n  each arm 

and  cerebra l oxi metry mon itored to confi rm adequate 
perfusion through the g raft branches a n d  the a bsence of 

g raft com press ion.  

1807 
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FIG 7 • If the subc lav ian a rtery can be exposed, the d i sta l 
anastomosis  is created fi rst us ing  a 6- or 8-mm Dacron g raft 
anastomosed end-to-end to the transected a rte ry. The 
subc lav ian g raft is  then sutu red end-to-s ide  to the carotid  
g raft w ith  5 -0  polypropy lene suture. 

ENDOVASCULAR SECOND STAG E 

• The endovascu l a r  second stage of the a rch repa i r  is con- • 
ducted i n  a fa i r ly  s i m i l a r  manner  to that of stent g raft 
repa i r  of a descend i ng  thoracic aort ic  aneu rysm, as de

scr ibed i n  Part 6, Chapter 13 (Thorac ic Endog rafti ng) .  
• The t im ing  of the endovascu l a r  repa i r  as a s i ng le  versus 

staged approach rema in s  controvers ia l .  We p refer to 

de lay the second stage depend ing  on the c l i n ica l  see- • 

nario. It can range from a few days (sa me hosp ita l i za
t ion) to severa l  weeks (separate adm ission) to a l low the 

patient to recover from the fi rst p roced u re .  Th i s  red uces • 

the overa l l  physiolog ic stress on the patient. 
• Although  we favor de l ivery of the stent g raft in a retro

grade manner  from the i l iofemoral a rteries, in cases of 
a mechan ica l  aortic va lve or severe i l iofemora l occ lusive 

d isease, s ing le-stage antegrade deployment shou ld  be 

cons idered . The tech n ica l  variations for these less com mon 

situations a re beyond the scope of the present cha pter. 

The site of in sertion of the endovascu l a r  g raft de l ivery 

system is decided based on the s ize and  q u a l ity of the ac

cess vessels .  In genera l ,  the g rafts a re de l ivered th rough 

the com mon femora l a rtery, whereas a n  i l i ac  cond u it 
may be req u i red for very sma l l  or d iseased i l iofemora l 

a rteries.  

The de l ivery g u idewire is  p laced i n  the left ventri c le  d u r

i ng  the endovascu l a r  p roced u re to provide suffi c ient 

prox ima l  ra i l  support for the endovascu l a r  g raft. 
The prox ima l  stent g raft is  dep loyed in the ascend ing  
aorta j u st d ista l to  the or ig i n  of  the debranch i ng  g raft. 

D u r i ng  dep loyment, it is  usefu l to lower the b lood pres
su re us ing one of a va r iety of pha rmacolog ic, ventri cu l a r  

paci ng  or atria l  i n flow occ lus ion tech n iq ues" 

PEARLS AND PITFALLS 

I nd ications 

Proxi m a l  type I endoleak 

Mecha n ica l  aort ic 
p rosthesis 

I nj u ry to r ight coronary 
a rtery 

• The preoperative CT a n g iog ram shou l d  be reviewed in deta i l  to ensure the patient is  a su itab le  
ca nd idate for aort ic a rch repa i r  w ith  debranch ing  and  stent g raft ing ,  i nc lud ing  appropr iate l and i ng  
zones p roxi m a l ly and  d i sta l l y  and  adequate vascu l a r  access. 

• To optim ize the length of the prox ima l  l and ing  zone and prevent a type I endoleak, the debranch ing  
g raft shou ld  be p laced as low as poss ib le  on the ascend ing aorta . Preem ptive replacement of  the 
ascend ing aorta shou ld be performed if it is extremely short or i t s  d iameter is  > 34 mm.  

• After aort ic debranch i ng,  the endovascu l a r  g raft de l ivery system may have to cross the aortic valve. 
Althoug h  transva lvu l a r  p lacement of a l a rge sheath is  relatively safe for native and b ioprosthetic 
va lves, it is  contra i nd i cated for a mechan ica l  aortic valve. Antegrade stent g raft dep loyment at the 
time of debranch i ng  shou ld  be cons idered i n  the p resence of a mechan i ca l  p rosthesis .  

• Care shou ld  be taken when app ly ing the s ide-b iti ng c lamp low on the ascend ing  aorta to avoid 
occ l us ion or i nj u ry to the r ight coronary a rtery. 
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Ascend ing  aort ic 
d i ssection 

• The systo l i c  b lood p ressure shou ld  be lowered to <90 m m H g  when app ly ing  the s ide-bit i ng c l amp 
on the ascend ing  aorta to  prevent i n ju ry a n d  d issection of  a n  a l ready frag i l e  a n d  d i seased aorta . 

Left subc lav ian a rtery • If the left subc lav ian a rtery is not eas i ly  access ib le  v ia the sternotomy i nc is ion ( l a rge rotated 
aort ic a rch aneu rysm), then debranch i ng  of th i s  a rtery can be performed via ca rotid-subc lav ian 
bypass. 

Com press ion and k ink ing  
of  debranch ing  g rafts 

• I dea l ly, the m a i n  debranch i ng  g raft shou ld  l i e  a long the r ight s ide of the ascend i n g  aorta to avoid 
com press ion by the sternum after chest c losure .  The g raft branches shou ld  l ie  tens ion free, with care 
taken to avoid k ink ing at the t ime of perica rd ia  I a n d  chest wa l l  c losure .  

POSTOPERATIVE CARE 

• Following the de branching procedure, patients are monitored 
in a cardiovascular surgical intensive care unit for 48 hours, 
with a focus on neurologic status, applying standard post
operative cardiac surgery protocols. 

• Chest tubes are typically removed 2 days after the debranch
ing operation. 

• If a patient is recovering well after debranching without com
plication and has stable renal function, then the stent graft 
completion can be performed 3 to 5 days postoperatively. In 
the event of a major complication requiring extended recovery, 
the patient may be discharged to a rehabilitation center. The 
stent graft procedure can be delayed for a few weeks. However, 
up to 25% of patients may not return for their second stage. 

• Following the second-stage stent graft procedure, the blood 
pressure is augmented with fluid and vasopressor support to 
achieve a target systolic blood pressure of 140 to 160  mmHg 
for 48 hours to optimize spinal cord perfusion. 

• CSF drains are left open for 24 hours following stent graft
ing. Drainage is limited to less than 15 mL per hour or less 
than 350 mL per day to avoid the potential risk of subdural 
hemorrhage. In the absence of spinal cord injury, CSF drains 
are then clamped for 12 hours and subsequently removed. 

• Follow-up CT angiograms of the aorta are performed at 
1 and 6 months after the stent graft procedure, and then 
yearly thereafter. 

OUTCOMES 

• In the authors' experience of 37 aortic arch debranching 
procedures/ rates of spinal cord injury, stroke, and 30-day 
mortality were 0 % ,  1 0 . 8 % ,  and 16 .2  %, respectively. The 
incidence of proximal type I endoleak was 3. 7% at 1 and 
12  months. Survival at 1 and 12  months was 86 .5::+::5 . 6% 
and 71 . 6::+::8 . 5 % ,  respectively. Freedom from undergoing 
any secondary surgical procedure after stent graft comple
tion at 1 and 12 months was 71 .0::+::7. 8 %  and 52 .8::+::1 0 % ,  
respectively. 

• A recent systematic review of aortic arch debranching sum
marized the clinical outcomes of 27 published studies in
cluding a total of 642 patients . 9  Reporting results similar 
to those of the authors' experience1 ;  the review noted rates 
of spinal cord injury, stroke, and 30-day mortality of 4 . 3 % ,  
7.3 % ,  and 1 1 .9 % ,  respectively. I n  this review, a trend ex
isted between higher surgical volume and lower neurologic 
complications, with stroke rates of 9 .6% and 6 .5% in low
volume and high-volume case series, respectively. 9 

• In anomer review article that included 1 8  studies and data from 
195 patients, the technical success rate following aortic arch 

debranching and stent graft repair was reported at 86%.  The 
most common reason for technical failure was endoleak (9%) . 10 

COMPLICATIONS 

• Reopening for bleeding 
• Stroke or transient ischemic attack (TIA) 
• Spinal cord ischemic injury 
• Ascending aortic dissection 
• Endoleak 
• Iliofemoral artery injury 
• Mortality 
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Chapter 2 Extrathoracic Revascularization 
{Carotid-Carotid, Carotid
Subclavian Bypass and 
Transposition) 

I 
------------------------------------ -i ----------------------------------------------------- .... 

Edward Y. Woo Scott M. Damrauer 

DEFINITION 

• Extrathoracic revascularization, including carotid-subclavian 
and carotid---<:arotid bypass, involves the bypass of the proxi
mal great vessels outside of the chest. Initially described for 
treatment of cerebrovascular and upper extremity occlusive 
disease, these procedures are commonly now employed to cre
ate a proximal seal zone for endovascular treatment of tho
racic aortic disease by "debranching" the aortic arch. 

• Carotid-subclavian bypass is accomplished by inserting a 
graft conduit between the mid-common carotid artery to the 
ipsilateral subclavian artery. 

• Subclavian artery transposition is a potential alternative to 
carotid-subclavian bypass requiring division of the subclavian 
artery proximal to the vertebral artery and transposing it to the 
ipsilateral common carotid artery. It is an efficient way to revascu
larize the subclavian artery without the use of prosthetic conduit.1 

• Carotid---<:arotid bypass provides flow from one common 
carotid artery to the contralateral common carotid artery. 

• When carotid---<:arotid bypass is performed in a right-to-left 
manner and in conjunction with carotid-subclavian bypass, the 
blood flow to the left brain can be preserved while allowing for 
extension of the proximal thoracic endovascular aortic repair 
(TEVAR) seal zone to cover the left common carotid artery. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• The history should focus on neurologic symptoms that may 
indicate the presence of symptomatic cerebrovascular dis
ease. Previous head and neck or carotid surgery should be 
noted, as well as a history of head, neck, or upper chest re
gion external beam radiation therapy, as these may signifi
cantly increase the complexity of the procedure. 

• The directed physical exam should be focused on detection 
of underlying vascular disease that may complicate planned 
intervention. Bilateral upper extremity blood pressures 
should be obtained; a difference of greater than 10 mmHg 
indicates the potential presence of preexisting occlusive dis
ease. Likewise, the presence of carotid bruits, delayed ca
rotid upstrokes, or abnormal upper extremity pulses suggests 
arterial occlusive disease that should be delineated prior to 
extra thoracic reconstruction or bypass of the great vessels. 

• Special attention should be directed toward the cranial nerves 
and voice, especially in patients with prior cervical surgical 
procedures. Indirect laryngoscopy should be performed preop
eratively in patients with hoarseness or in whom a preexisting 
vocal cord or cranial nerve deficit has been noted. 

• Neck mobility and the presence of cervical spinal disease 
should be assessed, as neck extension and rotation is essen
tial for adequate operative exposure. Patients with relative 
neck immobility may be poorly suited for these procedures.  
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IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Carotid duplex scanning should be used to identify patients with 
carotid artery stenosis prior to planned bypass procedures. Fail
ure to identify and address stenoses at the carotid bifurcation 
may lead to postoperative steal phenomenon and neurologic se
quelae. Manipulation of the diseased carotid artery may also in
crease the risk of peri procedural stroke. In these circumstances, 
concomitant or staged carotid intervention may be warranted. 

• Computed tomographic (CT) angiography ofthe aortic arch and 
proximal carotid arteries provides the anatomic detail necessary 
to safely perform carotid-subclavian bypass, subclavian artery 
transposition, or carotid---<:arotid bypass. This study is comple
mentary to duplex scanning, as it provides anatomic rather than 
hemodynamic assessment and images vessels equally well inside 
and outside the chest. CT scanning also visualizes the course of 
the subclavian artery in relationship to the clavicle, as its course 
may also be distorted by a large arch aneurysm. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Neuromonitoring is a useful adjunct to ensure adequacy of 
cerebral perfusion from the contralateral cerebral circulation 
when the ipsilateral common carotid artery is clamped. Nu
merous modalities exist for neuromonitoring, including elec
troencephalography (EEG), transcranial Doppler, near-infrared 
spectroscopy, and stump pressure measurement. An indwelling 
carotid shunt may be placed to improve ipsilateral blood flow 
when monitoring indicates cerebral perfusion is inadequate. 
This problem occurs infrequently, as only the common carotid 
is occluded, but preparations should be made for shunting pro
cedures when indicated. Alternatively, as with carotid endarter
ectomy (CEA), in the absence of neuromonitoring, shunts may 
be placed prophylactically to preserve carotid flow in all cases. 

• Invasive continuous arterial pressure monitoring is routinely 
employed, with line placement dictated by the laterality of the 
procedure. Keeping in mind the potential need to occlude the 
subclavian artery for the reconstruction, the arterial line should 
be placed in the contralateral limb or in a femoral artery. 

Positioning 

• The patient is positioned supine with the head rotated away 
from the operative side. A pneumatic pillow is placed under 
the shoulders to allow for neck extension. Careful attention 
must be paid to achieve maximum neck extension while still 
supporting the occiput. The bed is placed in a semi-Fowler's 
position to reduce venous pressure and minimize bleeding. 

• For carotid---<:arotid bypass, the head is positioned midline to 
facilitate bilateral dissection. 

-



C h a p t e r  2 EXTRATHORACIC REVASCULARIZATION 

CAROTI D-SUBCLAVIAN BYPASS 

Exposure of the Subclavian Artery 

• The i nc is ion is extended from the latera l aspect of the 
c lavicu l a r  head of the sternoc le idomastoid (SCM) m uscle 

l atera l ly across the suprac lavicu l a r  fossa .  Th i s  is further 

developed through the su bcuta neous t issue and  p la
tysma with e lectroca utery. If  the externa l  j u g u l a r  ve i n  i s  

encou ntered, it shou ld  be l i gated and  d iv ided.  
• Suffic ient c lavicu l a r  head of the SCM is d iv ided to 

a l low for adequate med i a l  exposure .  U p  to one-ha l f  of 

the sterna l  head of the SCM can a l so be d iv ided if a lso 

needed, but th i s  is rarely necessa ry. The sca lene fat pad i s  

then v isua l i zed and  d iv ided . It is  prefera b le  to d iv ide th i s  

near  i t s  i nferior border  so that  most of  the fat  pad can 
be preserved and  reclosed to cover the reconstruct ion.  

Ca re m ust be taken to identify and  preserve the phren ic  

nerve as it cou rses over the a nterior sca lene m uscle deep 
to the fat pad .  The thorac ic  duct is  eas i ly  identif ied . If  it i s  

i n ju red or i n  the way, it shou ld  be l i gated to prevent s ig

n if icant morb id ity from a postoperative lym phat ic leak .  
• Once the fat pad has been mob i l ized, the anterior sca lene 

muscle is d ivided to reveal  the underlying subc lavian artery 

(FIG 1 ) .  It is best to d ivide the m uscle s lowly and in layers to 

prevent i nju ry to the underlying vessel .  The subclavian ar
tery is d issected c i rcumferentia l ly and control led with vessel 

loops. Care m ust be taken when man ipu lating this vessel, as 

the subclavian artery is s ign ificantly more frag i le  and prone 
to inj u ry than lower extrem ity a rteries of comparab le  d iam

eter (e .g . ,  femora l or pop l itea l) .  Depend ing on the method 

of reconstruction and location of the p lanned anastomosis, 
the thyrocervical trunk, i nferior mammary, and vertebral 

a rteries may need to be control led separately (FIG 2) .  

Sternal head 
sternocleidomastoid 

Phrenic nerve 

FIG 2 • The subc lav ian a rtery a n d  its branches a re 
c i rcumferent ia l l y  d i ssected and  contro l led with vessel loops. 

Exposure of Carotid Artery 

• I n  the med i a l  aspect of the wou nd,  the l atera l border 

of the i nterna l  j u g u l a r  ve i n  is identif ied and  sharp ly  de
fined. The ve in is  retracted posteriorly and the ca rot id  

sheath is  entered from the latera l posterior marg i n .  Ca re 

must be taken to identify the vagus  nerve ear ly, as its 

usua l  posterior position p l aces it i m med iately in the f ie ld  
of d i ssection as the sheath is opened from th i s  approach .  

Anterior scalene 

Cut edge clavicular head 
sternocleidomastoid 

FIG 1 • The sk in i ncis ion is p laced 
in the supraclavicu lar  fossa over the 
c lavicu lar  head of the SCM m uscle. 
The subclavian a rtery l i es d i rectly 
beneath the a nterior sca lene m uscle. 
Care m ust be taken to identify and 
preserve the phrenic nerve when 
d ivid ing  the anterior sca lene m uscle. 
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FIG 3 • The carotid a rtery is d issected c i rcumferent ia l ly after 
enter ing  the ca rot id sheath from its poster ior  latera l marg i n .  
T h e  i nterna l  j u g u l a r  ve in c a n  b e  seen retracted o u t  o f  t h e  way. 
The vagus  nerve is r unn i ng  para l l e l  to the a rtery between it 
and  the nerve. 

• The common ca rot id a rtery is d issected c i rcu mferent ia l ly 

(FIG 3) .  O n ly 5 em of a rtery needs to be iso lated i n  order 
to obta i n  control  and  perform the anastomosis .  The d is
sect ion shou ld  stay proxi m a l  to the ca rot id b u l b, which 

m i n i m izes r i sk of cerebra l  embo l ization and  i n ju ry to 

more proxi m a l  nerves. 

Bypass 

• Either Dacron or polytetraf l uoroethylene (PTFE) can be 

used as cond u its for extrathoracic bypass with no d iffer

ence in outcomes.2 Autogenous vei n  g rafts shou ld  be 

Subclavian 
artery 

avoided, however, as the i r  long-term patency is i nferior to 

prosthetic in th is  locat ion .3  We favor Dacron g iven the size 

ranges ava i l ab le  and the relative resista nce of the g raft to 

k ink ing  over the short d istance of the reconstruct ion .  
• Pr ior  to a rter ia l  c l amp i ng,  system i c  a nticoagu l at ion is  

ach ieved with i ntravenous hepar in a d m i n istrat ion .  The 

activated c lott ing  t ime (ACT) should be mon itored and 

add itiona l  hepar in a d m i n istered throughout the p roce
d u re to m a i nta i n  adequate anticoagu lat ion .  

• The subc lav ian anastomosis is performed fi rst. Arter ia l  

control (vesse l  loops  o r  c l am ps) i s  obta ined a n d  the vessel 
is  opened with a long itud i n a l  a rter iotomy. The a nasto

mosis shou ld  be fash ioned in the posit ion most favora b le  
to the p l an ned g raft. The g raft is  beve led a n d  t r immed 

so that  the g raft l ies at a n  approximately GO-deg ree 

ang le  to the a rtery. A runn i ng  Pro lene suture is  used to 
perform the a nastomosis with comp let ion of the back 
wa l l  fi rst. Once the a nastomosis is  comp lete, the g raft is  

c l am ped and  f low restored to the arm by unc l amp ing  the 
subclavian a rtery. It is  usefu l to f lush through the g raft 

to remove any debris  pr ior  to open i ng  to the a rm .  The 

g raft should a l so be f lushed with hepar in ized sa l i n e  and  
c lam ped near  the a nastomosis to  avo id  any throm bosis 

of the stagnant b lood co l u m n  with i n  the g raft. If  repa i rs 

a re needed, control is restored and  p ledgeted sutu res a re 
used to avo id  i nj u ry to the frag i l e  a rtery. 

• The g raft is ta i l o red to the appropr iate length to prevent 
red undancy and k ink ing ,  and beve led so that the heel of 

the a nastomosis w i l l  l i e  prox i m a l ly on  the carotid a rtery. 

As the common ca rot id a rtery is c l amped, speci a l  atten
t ion must be d i rected to neuromon itor ing ;  s ign if icantly 

d i m i n ished cerebra l  perfus ion,  a lthough very u ncom

mon,  mandates shunt p l acement at th i s  stage of the p ro
ced u re .  A long itu d i n a l  a rteriotomy is performed and the 

prox ima l  a nastomosis  comp leted with r u n n i n g  Pro lene 

sutu re, aga in  sta rt i ng  with the back wa l l  (FIGS 4 and S). 

FIG 4 • After complet ing the d i sta l 
anastomosis, the g raft and  the subc lav ian 
a rtery a re a l l  contro l led and  the prox ima l  
a nastomosis  is performed i n  a runn i ng  
fash ion .  The  g raft can be tun ne led superfi c i a l  
o r  deep to  the i nterna l  j ugu la r  ve i n  depen d i n g  
on  patient a n atomy and  su rgeon preference. 
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FIG 5 • The  comp leted bypass g raft can cou rse anter ior or  
poster ior  to the i nterna l  j u g u l a r  ve i n .  The phren ic  nerve is 
seen i n  the lower f ie ld .  

• The f i na l  seq uence of c l amp remova l is i m portant to p re
vent embo l i sm to the b ra i n .  Proxim a l  subc lav ian a rtery 

control i s  aga i n  obta i ned, and the c l amp is removed from 

the g raft. The prox ima l  ca rot id c l amp is then removed to 

a l l ow "f lush i n g "  down the a rm rather  than to the b ra i n .  

SUBCLAVIAN ARTERY TRANSPOSITION 

Exposure 

• The subc lav ian a rtery is exposed, as descr ibed i n  the p re

vious sect ion,  for ca rotid-subc lav ian bypass. The d issec

tion must be carr ied p rox ima l  to the vertebra l  a rtery and  
enough a rtery m ust be exposed p roxi m a l ly to  a l low suf

f ic ient length for the a nastomosis as we l l  as control the 

p roxim a l  stu m p .  Th is  can often be d iffi cu lt  as a n  aort ic  
aneurysm can occupy a s ign if icant port ion of the med ias

t i num l i m it ing  vessel  man ipu latio n .  
• The carotid a rtery is exposed i n  the same manner  as 

descr ibed i n  the previous sect ion .  

Division of the Subclavian Artery 

• System i c  hepar in  is a d m i n i stered, and  maxi m u m  a rte

r ia l  l ength is obta ined by advanc ing  a Coo ley c l amp as 

deeply as possi b le  i nto the mediasti n u m  a long  the sub
clavian a rtery. A d ista l atra u matic c l amp is  then app l ied, 

typ i ca l ly i n  the m idsubc lav ian a rtery, with the more prox

i m a l  branches i n d ivid u a l ly contro l led with vessel loops.  

There m ust be adeq uate d i stance between the p roxi m a l  

c l amp and  t h e  vertebra l  a rtery t o  a l low f o r  p roxi ma l  con-

After a few ca rd iac cyc les, the d i sta l ca rot id c l amp  is a l so 

removed.  The prox ima l  subc lav ian a rtery is  then released 

as we l l .  
• When performed i n  a nt ic i pat ion of thoracic aort ic  stent 

g raft ing ,  the subc lav ian a rtery m ust be l i gated p roxi m a l  

t o  t h e  o r i g i n  o f  t h e  vertebra l a rtery. T h i s  c a n  i nvolve 

d i ssect ion deep i nto the med iasti n u m  and ca rr ies an i n 

herent r i sk  of catastroph ic  b l eed i n g .  Alternative ly, the  

p roxim a l  subc lav ian a rtery can be contro l led by  p l ace

ment of an i ntraa rter ia l  occ lus ion device (e .g . ,  Amp

latzer), e ither du r i ng  the ca rotid-subc lav ian bypass or at 

the t ime of su bsequent stent g raft p lacement v ia a l eft 

b rach i a l  approach 4 

Closure 

• If a pneumatic p i l l ow was used to p rovide exposu re, it is  

defl ated pr ior  to wound  c losure i n  order to red uce neck 

extens ion and assist i n  a l low ing  the wou n d  to be c losed 

without tension .  
• A c losed suct ion dra in  is left i n  the deep wound and  

brought out th rough  a sepa rate stab inc i s ion .  
• I n  order to provide coverage for the g raft, the sca lene fat 

pad is  retu rned to its a natom ic  locat ion and  sutu red i n  

p lace .  T h e  S C M  is rea pprox imated with r u n n i n g  a bsorb

able sutu res. 
• The p latysma and  subcutaneous tissues a re c losed i n  

separate l ayers i n  a r u n n i n g  fash ion and  t h e  s k i n  is  reap-

p roxi mated with a r unn i ng  derma l  suture. 

is  l ost for any reason, the open a rtery does not retract 

i nto the med iasti n u m  (FIG 6) .  
• The proxima l  subclavian a rtery is oversewn by extend ing 

the stay sutu res across the stump.  Hemostasis is confirmed 

by s lowly releas ing clamp contro l whi le ma inta i n i ng  trac

tion on the stay sutu res. On ly  once hemostasis is r igorously 

ensured a re the sutu res d ivided and the proxima l  subcla
v ian artery a l lowed to retract i nto the mediasti num .  

Carotid-Subclavian Anastomosis 

• The subc lav ian a rte ry, hav ing been freed c i rcu mferen

t ia l ly, i s  then mob i l ized toward the carotid a rtery. It may 

be tun ne led a nter ior  o r  poster ior  to the i ntern a l  j u g u l a r  
ve i n  depend ing  on  t h e  length o f  t h e  a rtery a n d  patient

specif ic a natomy. The ca rot id a rtery is  then c l amped 

p roxim a l ly and d i sta l ly and the a nastomosis performed 
in the standard runn i ng  fash ion .  Pr ior  control of the sub

c lav ian a rtery is  ma i nta ined (FIG 7) .  As the anastomosis 

i s  com p leted, the unc l amp ing  seq uence shou ld  be re
peated as descr ibed i n  the preced i ng  sect ion to p revent 

i nadvertent a i r  or  part icu l ate embo l i zat ion to the bra i n .  

Closure 

tro l ,  transposit ion, and  a nastomosis .  Pr ior  to transect ion,  • As descri bed in the sect ion on ca rot id-subclavian bypass, 

p ledgeted 5-0 Pro lene stay sutu res a re p laced on each the wound  is c losed i n  m u lt ip le  layers over a c losed suction 

s ide of the p roxi ma l  a rtery to ensure that if c l amp control d ra i n  p laced through a separate stab inc i s ion .  
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CAROTI D-CAROTI D  BYPASS 

Exposure of the Bilateral Carotid Arteries 

• B i l atera l i nc is ions a re made over the a nter ior border of 

the SCM at the base of the neck.  The su bcuta neous tis
sues and p l atysma a re d iv ided and the a nter ior border of 

the SCM is identified .  

FIG 6 • The subc lav ian a rtery and  i t s  branches 
a re contro l l ed i nd ivid ua l ly with vesse l loops and  
c l amps .  A Cooley c l amp is used prox ima l ly on 
the subc lav ian a rtery. Stay sutu res of 5-0 Pro lene 
a re p laced i n  both ends of the subc lav ian a rtery 
prox ima l  to the transect ion l i ne .  

F IG 7 • The  subc lav ian a rtery i s  mob i l i zed so that  i t  
may reach to  the carotid a rtery and  the end-to-s ide 
a nastomosis is  performed i n  the sta ndard runn i ng  
fash ion,  sta rt ing  a long  the  back  wa l l .  The  thyrocervica l  
tru n k  may be d iv ided if  necessary to fac i l itate 
mob i l izat ion .  

• The SCM is m o b i l ized latera l ly by car ry i n g  the d i s

sect ion  down towa rd the i ntern a l  j u g u l a r  ve i n ;  th i s  
exposes the  ca rot id  sheath .  Any b r idg ing  ve i n s  en 

cou ntered can  be d iv ided; however, the ent i re d i ssec

t ion  s h o u l d  be be low the  l eve l  of the fac i a l  ve in ,  as  
th i s  m a rks the carot id  b i fu rcat i o n .  For  th i s  procedu re, 

there i s  no need to risk i nj u ry to adjacent structu res by 
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expos i n g  the carot id b i fu rcat i o n .  To  o bta i n  suffi c ient  

p roxi m a l  exposu re, the omohyo id  m usc le  may need to  

be d iv ided b i l atera l ly. • 

The ca rot id sheath is entered sharp ly on its a nter ior  

su rface. The vagus  nerve m ust be identif ied with i n  the 
ca rot id sheath and  p rotected as the common carot id  

a rtery is  exposed and  contro l l ed .  

must be pa id  to  neuromonitoring a s  the  carotid a rtery i s  

c lamped. 

Once the fi rst a nastomosis  is comp lete, the g raft i s  
c l am ped and  ca rot id a rtery f low restored on  that s ide .  

Graft Tunneling and Anastomosis 

Pr ior  to removi ng the d ista l ca rot id  a rtery c l amp, the 
d i sta l a rtery can be back-bled and  the proxi m a l  a rtery 

f lushed out the open g raft. As with the subc lav ian a rtery, 

the g raft shou ld  be f lushed with hepar in ized sa l i n e  a n d  

c l am ped c lose t o  t h e  a nastomosis t o  avo id  a long stag

nant col u m n  of b lood with i n  the prosthetic g raft. 
• 

• 

• 

Once the b i l atera l common ca rot id a rteries a re suffi
ciently exposed and contro l led, the appropr iate g raft 

tunne l  ca n be created .  Tu nne l i ng  is  ach ieved via b l u nt f in 

ger  d i ssect ion f rom both s ides of the neck .  The g raft may 
be tun ne led e i ther  between the trachea and  esophagus  

or  beh ind  the esophag us, depend ing  on patient hab itus 
and  su rgeon preference (FIG 8). Care must obvious ly 

be taken to avo id  in ju r ies to these cr it ica l structures. 

• The contra latera l a nastomosis is then performed in the 

same fash ion (FIG 9) .  The g raft shou ld be f lushed with 

hepar in ized sa l i n e  and  the g raft, p roxim a l  ca rot id a rtery, 
and  d ista l carotid a rtery shou ld  be v igorous ly f lushed 

pr ior  to complet ion .  

Closure 

P lacement of an orogastric or nasogastric tube pr ior  to • H e m ostas i s  is obta i ned .  The neck wou n d s  a re c losed 
in l aye rs, fi rst ta k i n g  ca re to rea p p roxi mate the SCM 

in its a nato m i c  pos it ion  with i nterru pted absorba b l e  
sutu res . 

creation  of the d i ssect ion p lane  can be he lpfu l  for ident i 

fyi ng  the esophagus .  

Once the tunne l  has been deve loped, the g raft is  passed 

and patient systemica l ly a nticoagu lated with i ntrave- • A c losed suct ion dra in  is l eft i n  each wou n d .  

n o u s  hepar in  a d m i n istrat ion .  
The anastomoses are performed in  the standard runn ing 

fashion; either one may be performed fi rst. Careful attention 

Common 

Internal 
jugular 
vein 

• The p latysma and  su bcutaneous tissues a re c losed with 
runn i ng  a bsorbab le  sutu res and the skin rea pproxi mated 

with a runn i ng  deep derma l  suture.  

FIG 8 • After iso lat i ng  both com mon ca rot id  a rteries, a 
retropharyngea l  tunne l  is fash ioned us ing b l u nt f inger  
d i ssect ion .  The p lacement of a nasogastr ic or  orogastric tube 
a l l ows for easy identif icat ion and  protect ion of the esophagus .  
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Internal 

vein 

Common 
carotid 
artery 

FIG 9 • The d istal anastomosis is performed in the 
standard runn ing fash ion starting with the back wa l l .  Prior 
to completing the anastomosis, the carotid a rteries and graft 
should be back-bled and f lushed with heparin ized sa l i ne. 

PEARLS AND PITFALLS 

Posit ion i ng  

Thoracic duct 

S u bc lav ian a rtery control 

Subc lav ian a rtery 
a nastomosis 

Posit ion i ng  vis-a-vis the 
i ntern a l  j u g u l a r  ve i n  

Proxim a l  subc lav ian con
trol du r i ng  transposit ion 

Common ca rot id  a rtery 
exposure 

C losure 

• When i nf lat ing the pneumatic p i l l ow, care must be taken to ensure that the occ iput is adeq uately 
supported.  Fa i l u re to adequately support the head may resu lt  i n  cerv ica l  spine and neuro log ic  
in ju r ies .  

• G reat care m ust be taken to avo id  i n ju r ing  the thoracic d uct when expos ing  the subclavian a rtery. 
A l l  lymphat ic t issue encou ntered shou ld  be l i gated before be ing d iv ided as the ensu i ng  lymphat ic  
leak ca n be q u ite troub lesome for the pat ient and  the surgeon.  

• The su bc lav ian  a rtery can  be contro l l ed  e i ther  with vesse l loops  o r  with atra u m at ic  vascu l a r  
c l a m ps, depend i n g  on  w h i c h  h e l ps t o  better d e l iver t h e  a rte ry i nto the  wou n d  without u n d u e  
tens i o n .  

• T h e  subc lav ian a rtery is  exceed ing ly  fr i ab le  and  shou ld  be hand led ca refu l ly. G iven t h e  exposure, it 
may be easier to parach ute the a nastomosis rather  than f ix the suture l i n e  at the heel of the 
a nastomosis .  

• Depend ing  on the hab itus of the i n d iv id u a l  patient, the g raft may l ie better tun ne led e ither a bove 
or  below the i nterna l  j u g u l a r  ve i n .  It i s  prudent to explore both options pr ior  to creat ing  a n d  com
p let ing  the ca rot id  anastomosis .  

• The use of stay sutu res on the proxi m a l  subc lav ian a rtery i n  subclavian a rtery transposit ion is  cru
c ia l .  Once the stay sutu re on the prox ima l  end of the a rtery is  re leased, the a rtery retracts deep 
i nto the med iasti n u m  and is  not retrievab le .  U n contro l led b l eed i ng  may be d i sastrous and  lead to 
fata l comp l i cat ions .  As such, the proxi m a l  oversewed subclavian a rtery m ust be hemostatic pr ior 
to re lease of the stay sutu res. Stay suture safety i s  ensu red by p lacement of p ledgeted sutu res at 
either end of the subc lav ian c losure .  

• It is  not necessa ry and  not advisa b le  to expose or  m a n i p u late the ca rot id bu lb  o r  b i furcation i n  per
form i n g  a ny of these reconstruct ions u n l ess a concomitant CEA is necessa ry or the b ifurcat ion  is s itu
ated low i n  the neck. These p roced u res a re performed on  the common ca rot id a rtery, and expos ing  
the b i furcation  on ly  inc reases the r i sk  of cra n i a l  nerve i n ju ry a n d  stroke. 

• The pneumatic p i l low should be deflated pr ior to c losure to assist i n  br i ng ing  the tissue together 
without tens ion .  
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POSTOPERATIVE CARE 
• Careful attention should be paid to both systolic and mean 

arterial blood pressure in the postoperative period. Invasive 
arterial monitoring is usually maintained for the first 
24 hours. When carotid-subclavian bypass or subclavian 
artery transposition is performed, blood pressure should be 
monitored in the contralateral arm. 

• Neurologic status and distal pulses should be followed 
closely in the postoperative period. Any pulse changes need 
to be rigorously investigated as they may indicate the pres
ence of either graft occlusion or distal embolization. 

• When carotid-subclavian bypass, where the proximal sub
clavian artery is not ligated, is performed as a debranching 
procedure prior to thoracic aortic stent grafting, the timing 
of the endovascular procedure is important. In these patients 
who tend not to have concomitant occlusive disease, there is 
competitive flow via the native circulation, putting the newly 
placed graft at risk of thrombosis. In the absence of compli
cations or other mitigating circumstances, the endovascular 
aortic procedure should be performed within 3 to 5 days of 
the debranching bypass. 

• Patients should be placed on aspirin therapy and followed at 
regular intervals with duplex ultrasonography. 

OUTCOMES 

• Recent review of the American College of Surgeons National 
Surgical Quality Improvement Program (ACS-NSQIP) data
base from 2005 to 2010  demonstrates that extrathoracic 
revascularization carries a 3 . 5 %  risk of stroke and 3 . 3 %  
risk o f  death i n  the immediate perioperative period.5 Over 
this time period, 9 1 8  procedures were performed, with 1 0 %  
o f  them a s  part o f  a staged approach t o  thoracic aortic stent 
grafting. 

• Carotid-subclavian bypass has excellent durability. In a 
series of 284 consecutive patients, Takach and colleagues2 
reported 5-, 1 0-, and 15-year primary patency rates of 
94%, 8 8 % ,  and 8 6 % ,  respectively. These results have sub
sequently been replicated by other large, multiple-decade 
series.6 Subclavian artery transposition has similarly out
standing long-term patency, with rates as high as 99% re
ported at 5 years.6•7 

• Symptom-free survival following revascularization is like
wise excellent, with long-term results approaching 8 8 %  to 
99% at 5 years.6•7 

COMPLICATIONS 

• The thoracic duct lies at the medial aspect of the field of 
dissection when dissecting in the supraclavicular fossa. This 
can be easily injured and remain undetected during the 
course of the operation. Continued or milky drainage is a 
clear sign of duct injury. The oral administration of cream 
can be used to promote chyle flow, and if a leak is pres
ent, will promptly increase drain output. When this occurs, 
the closed suction drain should be left in place, the patient 
kept fasting, and parenteral nutrition instituted. With con
servative management, some of these injuries may close 
without further intervention. The complete management of 

this complication is beyond the scope of this text; however, 
it should be mentioned that reexploration of the wound in 
the early period is relatively straightforward and may repre
sent the best way to resolve the problem. Late reexploration 
can be fraught with difficulty finding the leak as the tissue 
becomes fixed. A muscle flap may then be needed to close 
the space. The main concern with a persistent leak is the 
potential for graft infection. Unfortunately, early wound re
exploration significantly increases the risk of prosthetic graft 
infection as well. 

• The vagus, phrenic, and recurrent laryngeal nerves, as well 
as the brachial plexus, can all be injured as a result of carotid 
and subclavian artery exposure. Most injuries are due to 
traction rather than transection, and conservative therapy 
will generally resolve symptoms over the course of months 
to a year. In the case of a staged bilateral subclavian revascu
larization, it is important to ensure that any vagus or phrenic 
nerve injury has resolved prior to contralateral intervention, 
as bilateral injuries can lead to tracheal obstruction and 
acute respiratory failure. 

• Although uncommon, significant bleeding from the wound 
should mandate reexploration. More commonly, minor 
wound hematomas may develop that can be observed. 
Judgment regarding the need for reexploration of a neck 
hematoma is similar to that required during any other neck 
procedure . 

• Infection of the wound can be devastating if prosthetic is 
involved. Local cellulitis should be treated aggressively with 
early institution of antibiotics in order to prevent deeper 
infection. Upon removal of the drain, it is important that 
the drain site does not continue to leak, as continued leak
age may act as an entry point for bacterial contamination. 
Simple suture closure should resolve this. Prosthetic graft 
infection necessitates graft removal, which is extremely dif
ficult and beyond the scope of this chapter. 

• Although uncommon, stroke is a complication of any carotid 
procedure . Taking the precautions outlined previously in 
this chapter should minimize these risks. 
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DEFINITION 

• Stroke is the leading cause of disability in the United States 
and Western Europe and the third leading cause of death 
behind coronary artery disease and cancer. 

• Pivotal studies have shown the efficacy of carotid endarter
ectomy (CEA) in stroke prevention in both symptomatic and 
asymptomatic patients with internal carotid artery (ICA) 
stenosis versus medical therapy alone. 1•2 

• CEA is defined as the surgical excision of atherosclerotic 
lesions of the intima and tunica media of the carotid artery. 

• Occasionally, ICA ligation and/or interposition bypass may 
be indicated for stroke prevention. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• Patients may be entirely asymptomatic and still benefit from 
carotid intervention to prevent long-term stroke. In the 
United States, most CEA procedures are performed on 
asymptomatic patients. Symptoms of cerebroembolic dis
ease originating from the carotid bifurcation, when present, 
may include dysarthria, dysphasia, aphasia, hemiparesis, 
or hemisensory deficit or amaurosis fugax. Symptoms that 
resolve within 24 hours are defined as transient ischemic 
attacks (TIAs) regardless of severity; symptoms that persist 
past the first day constitute a stroke. 

• For patients at risk for cerebroembolic disease, a thorough 
vascular history is obtained including modifiable risk factors 
such as smoking, hyperlipidemia, hypertension, and diabe
tes management. Prior to surgery, single-agent antiplatelet 
therapy is initiated and continued indefinitely following 
intervention. Blood pressure control at or below 140 mmHg 
systolic and 90 mmHg diastolic is the single most impor
tant medical intervention to reduce stroke risk. 3 Sufficient 
13-blockade to stabilize resting heart rate at 60 bpm is also 
instituted prior to surgery to limit perioperative myocardial 
oxygen demand unless contraindicated.4 

• Cervical auscultation is performed in both the supraclavicu
lar and mandibular regions . Bruits appreciated at the man
dibular angle usually indicate ICA or bifurcation disease. 
More proximal bruits may indicate common carotid artery 
(CCA) disease or radiating heart sounds. 

• A full neurologic assessment including mental status, speech, 
facial symmetry, and extremity strength must be obtained 
and documented prior to surgery. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• All patients exhibiting symptoms of carotid territory isch
emia need appropriate vascular imaging studies .  Screening 
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is not recommended to detect asymptomatic disease in the 
general population; patients with appropriate risk factors, 
or those with a bruit on physical exam should be evaluated 
when clinical circumstances warrant. 

• Carotid duplex ultrasound provides a reliable and accu
rate noninvasive tool to identify predicted stenosis and is 
the initial diagnostic study of choice. Peak systolic veloc
ity (PSV) higher than 125 em per second predicts angio
graphic stenosis more than 5 0 %  and higher than 230 em 
per second predicts more than 70% stenosis. However, a 
combination of PSV, end diastolic velocity, and the PSV 
ratio of ICA to CCA is more accurate in estimating sig
nificant carotid stenosis. In general, end diastolic veloc
ity higher than100  em per second correlates to more than 
8 0 %  carotid stenosis. 

• When duplex imaging is not definitive, as is the case in the 
setting of extensive carotid bifurcation calcification, addi
tional cross-sectional imaging (computed tomography angi
ography [CTA] or magnetic resonance angiography [MRA] ) 
may be necessary to quantify the degree of stenosis. When 
accurate velocity information is obtainable, duplex imaging 
provides the most accurate and physiologically relevant esti
mates of percent diameter reduction. 

SURGICAL MANAGEMENT 

Indications 

Endarterectomy 

• The Society for Vascular Surgery recommends that neu
rologically symptomatic patients with greater than 50% 
stenosis or  asymptomatic patients with greater than 60% 
stenosis should be offered CEA to reduce risk of recurrent 
or initial stroke, respectively. Endarterectomy is appropriate 
for patients with at least a 3- to 5-year life expectancy with 
perioperative stroke/death rates less than 3 % .  In all other 
circumstances, optimal medical therapy is preferred.5 

• Surgical endarterectomy is the procedure of choice for 
good-risk surgical patients with normal cervical anatomy. 
For selected high-risk patients, such as those with tracheal 
stoma, previously radiated neck, prior cranial nerve injury, 
or lesions proximal to the clavicle or distal to C2 vertebral 
body, transcatheter angioplasty and stenting is generally the 
preferred approach. 5  Indications and technical guidelines for 
carotid angioplasty and stenting procedures are discussed in 
Part 6,  Chapter 4 .  

Carotid Artery Interposition Bypass 

• Reconstruction for extensive bifurcation disease, injury to 
the bifurcation during endarterectomy, or aggressive reste
nosis following previous intervention (endarterectomy or 
stem placement} is best accomplished by carotid resection 

-
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and interposition grafting. Other indications include the 
following: 

Significant diffuse CCA and ICA disease 
Radiation-induced stenosis or other forms of arteritis 
involving long arterial segments 
Aneurysms (degenerative or traumatic) and invasive carotid 
body tumors. 

Ligation 

• Ligation and resection of the proximal ICA may be indicated 
in the setting of carotid stump syndrome, when persistent 
distal embolization from the "cul-de-sac" of the occluded 
ICA may reflux into collateral pathways, such as through 
the ophthalmic artery into the distal ICA. 

Preoperative Planning 

• Similar outcomes are achieved with general anesthesia or 
regional anesthesia. 

• Use of shunt during CEA is dependent on operator prefer
ence . Most surgeons either shunt selectively or use a shunt 
for all cases. Some surgeons never shunt.6 Surgeons should 
develop the methods they feel most comfortable with to opti
mize outcome. Objective measures that may influence shunt 
usage include stump pressure measurement, electroencepha
lographic monitoring, and transcranial Doppler assessment. 
Data supporting use of these adjuvants is inconsistent, and 
none is considered standard of care nationally. 

• Optimal neck extension is obtained by placing a towel or 
gel roll behind the scapula. The head is rotated contralat
eral to the operative side. In older patients, often with lim
ited neck movement or prior cervical fusions, padding and 
shay positioning must be sufficient to support the neck to 
prevent hyperextension injury. The chin, angle of the man
dible, lower earlobe, and sternal angle are prepped and pre
liminarily draped within the operative field. The bed itself 

CAROTI D ENDARTERECTOMY

PATCH ANG I OPLASTY 

Incision 

• The sk in  i nc i s ion is optim a l ly p laced a long  the a nter ior  
border  of the sternoc le idomasto id  m uscle .  Th is  shou ld  be 

cu rved posterol atera l ly near the a n g l e  of the mand ib l e  

to  avoid d i ssect ion i nto the pa rot id  g l and .  
• Alternatively, a more transverse inc i s ion can be made at 

the level of the ca rotid b ifu rcation .  Although provi d i n g  

a n  i m p roved cosmetic resu lt, exposure o f  t h e  d i sta l  I CA 

may be compromised with th i s  approach (FIG 2) .  

Carotid Exposure and Control 

• As the i nc is ion is extended through the p l atysma musc le, 

the a nter ior border of the sternoc le idomasto id  m uscle 

is  v i sua l ized and  retracted posterol atera l ly. The g reater 

a u r i cu l a r  nerve shou ld  be identif ied and p rotected at the 
super ior  extent of the inc i s ion .  

• 

• 

• 

FIG 1 • Recommended patient posit ion for a CEA proced u re.  

can be flexed with the head in relative extension to aid in 
positioning ( FIG 1 ) .  

• Arterial blood pressure monitoring i s  necessary for optimal 
anesthetic management. Bladder catheterization is performed 
if the procedure is expected to extend beyond 2 hours. If end
arterectomy is performed with regional anesthesia, an audi
ble squeeze device is placed in the patient's contralateral hand 
for indirect neurologic monitoring. Preoperative antibiotics 
are administered routinely. 

• Aspirin therapy is initiated well in advance of surgery and 
continued throughout the perioperative period. Evidence 
suggests that statin therapy, initiated preoperatively, reduces 
postoperative neurologic events and mortality.7 

Fo l lowing fasc ia l  i nc is ion,  the fac ia l  ve i n  i s  identif ied a n d  

secu rely l i gated . T h i s  ve i n  usua l ly transverses t h e  CCA 

near  the bifu rcat ion .  Fa i l u re to adeq uately secu re th is  
ve i n  may lead to b leed i n g  and  a i rway com p romise d u r
i ng  postoperative cough  spe l l s  or Va lsa lva maneuvers. 

With i n  the ca rot id sheath, the vagus  nerve usua l ly ex

tends poster ior  to, and para l l e l  with, the a rtery and ve i n .  

H owever, t h i s  posit ion rel ative t o  t h e  other  contents of 

the ca rot id sheath may va ry, a n d  the vagus  shou ld  a lways 

be identif ied and p rotected in the cou rse of the d i ssec

t ion .  The a nsa cervica l is  nerve is  common ly  m uch sma l l e r  

than the vagus  and  runs  a nter ior  to  the carotid b ifurca
tion. When comp letely iso l ated, the p roxim a l  a nsa a r ises 

from the ips i l atera l hypog lossa l (XI I )  cra n i a l  nerve. The 

a nsa cerv ica l is  can be d iv ided to i m p rove exposure if nec

essa ry or  mob i l ized suffi c ient ly to be gent ly retracted out 

of the operative f ie ld .  

The CCA is c i rcumferent ia l ly  d issected from surround

ing  structu res i n  suffic ient length to provide adequate 
exposure for proxima l  c lamping and contro l .  The CCA is 
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External carotid artery 

Line of incision 

Cornman carotid artery 

Sternal head of 
sternocleidomastoid 
muscle 

FIG 2 • The inc i s ion a long  the a nter ior  border of sternoc le idomasto id  (SCM) m uscle is  the 
most common ly  used inc is ion for a CEA procedure.  A tra nsverse inc is ion a long a sk in  crease 
in the vic i n ity of the ca rot id b i furcation is  an a lternative inc i s ion for a better cosmetic resu lt .  
CCA, common ca rot id  a rtery; ICA, i nterna l  ca rot id a rtery; ECA, externa l  ca rot id a rtery. 

optima l ly contro l led by p lacement of an appropriately • C lamp ing  of I CA is performed fi rst, fo l l owed by control of 

the exte rna l  and  common ca rot id a rteries.  Th is  seq uence 
is  fo l l owed to m i n i m ize embo l izat ion r isk associated with 

c la m p i n g .  When necessa ry, measurement of ICA stu m p  
pressu re is obta ined a t  t h i s  j u nctu re b y  can n u lat ion of 

the ca rot id b ifurcat ion a n d  selective remova l of the i n 

terna l  carotid c l amp .  

• 

sized, atraumatic vascu lar  c lamp such as a G regory pro

funda c lamp.  The ratchet should be engaged on ly to the 

m in ima l  amount necessa ry to control bleed ing  to prevent 

int imal  in jury and d issection at the site of c lamp p lacement. 

Fo l lowing common  carotid control, the d issect ion  i s  ex
tended cra n i a l ly and poster ior ly  a long  the posterol at

era l  border of the I CA. Deve lopment of the d i ssect ion 

p lane postero latera l l y  a long  the proxi m a i i CA m i n i m izes 
r i sk of hypoglossa l nerve i n ju ry. This d issect ion is  a l so 

performed with m i n i m a l  d isp lacement a n d  i nstrumenta

tion of the ICA to red uce i ntraoperative embo l izat ion 

r i sk (FIG 3) .  
• To comp lete the necessa ry exposu re, the externa l  ca rot id  

a rtery (ECA) is  d issected and  mob i l ized to at least the level 

of the super ior  thyro ida l  a rtery. The super ior  l a ryngea l  

nerve may a l so be encou ntered poster ior  to the ca rot id  
b ifurcation i n  th i s  a rea .  

• Fo l lowing d i ssect ion,  and  pr ior  to c l amp p l acement, suf

f ic ient u nfract ionated hepar in  is  a d m i n istered i ntrave

nous ly to obta i n  an activated c lott ing  t ime (ACT) of more 
than 200 seconds .  With norma l  c i rcu l at ion t imes, th i s  is  

usu a l ly accomp l ished with i n  2 or  3 m i n utes of i nject ion .  

FIG 3 • Exposure of  ca rot id b ifurcat ion .  Vag us nerve and  
hypog l ossa l nerve a re most com m o n ly encou ntered nerves 
d u r i ng  ca rot id d i ssect ion .  
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Conventional Endarterectomy 

• 

• 

The a rteriotomy is i n itiated in a soft, u n i nvolved prox ima l  

seg ment of the CCA and  extended cepha lad  w ith  Potts 
scissors. It sho u l d  be posit ioned on the a nter ior- latera l 

su rface of the ICA to avo id  the f low d iv ider. (FIG 4A) . 

When an indwe l l i n g  shunt is i n d icated or req u i red, the 
d i sta l tapered end is  ca refu l ly i n serted i nto the ICA u nder  

d i rect v is ion .  We prefer the Pru itt- l nahara shu nt, which 
has p i lot ba l loons at both ends to m a i nta i n  shunt posi

t ion and hemostas is .  Once the d i sta l  end is  i n serted, the 

d ista l ba l loon is inf lated with l ess than 1 m l  of a ir  unt i l  
the " pop-off" ba l l oon i nfl ates on  the p i lot tube.  Fam i l 

i a r ity with t h i s  shunt pr ior  t o  i nsert ion is essent ia l ;  i f  the 
i nf lat ion overr ide cuff covers the " pop-off" ba l loon on  

the  p i lot tu be, over i nf lat ion may i nj u re or  rupture the  

d i sta l ICA. Fo l lowing d ista l I CA ca n n u lat ion and  ba l loon 

res idua l  med i a l  e lements. These a re best removed with 

fine forceps under  magn if icat ion .  Comp lete remova l is 
fac i l itated by conti n uous i rr igat ion to ident ify mob i l e  

med i a l  e lements. I nteg rity of  the d i sta l and  p roxi ma l  

endpo i nts is  a lso verif ied us ing  th i s  tech n ique .  

Patch Placement 

• An appropriately sized bovine pericard ia I or F inesse Dacron 

kn itted po lyester patch is selected and trimmed as neces-

i nf lat ion,  the shunt is  back-bled to conf irm l u m i n a l  p l ace- • 

sa ry for closu re-assisted ang ioplasty. Both bovine pericar

d ia !  and po lyester patches have ch ira l ity considerations; 

one su rface is preferred for l um ina l  apposit ion.  P lease con
sult the accompanying i nstructions for use pr ior to im plan

tat ion.  Closu re is secured with running 6-0 polypropylene 

suture in itiated at the cepha lad extent of the a rteriotomy 

and continued proxima l ly a long the long axis of the patch .  

After 90% or  more of the c i rcu mference of the patch is 

secu red, f l ush i ng  is  accomp l ished by seq uentia l c l amp 
remova l and  l um ina l  i rr igat ion with hepar in ized sa l i ne .  

C losure is  then comp leted pr ior  to restorat ion of f low. 
The decl amp ing  seq uence is  of cr it ica l i m portance. The 

CCA is re l eased fi rst, fo l l owed by the ECA c l amp .  After 

severa l  card iac  cyc les have ensued, the d ista l ICA is 

released (FIG 4C) . 

ment and  decant a i r. With the shunt actively back-b leed-

ing, the p roxi m a l  end  is  i nserted i nto the CCA fo l l owed 
by p rox ima l  c l amp remova l i nto the unobstructed l u men .  

The  p roxim a l  p i l ot tube  is  inf lated w i th  the provided sy- • 

r inge unt i l  the cuff is pa l pab le  in the CCA, after which 

a p reposit ioned Rume l  tourn iq uet is  gent ly c inched 

around the a rtery. When performed q u ick ly, with concur-
rent d i g ita l control of the CCA fo l l owing c l amp  remova l • 

and  pr ior  to shunt i nsert ion,  m i n i m a l  b leed ing  ensues .  

When sa l i n e  is  app l ied to the shunt tubing,  pu lsati le  f low 
is appreciab le  with handhe ld  Dopp ler  i nsonation .  

We perform i ntraoperative comp let ion d u p lex imag ing  

of the endarterectomy site as wel l  as the proxi m a l  a n d  
d i sta l ca rot id a rteries, with pu rpose-des igned, m i n iatur

ized 7 M H z  probes. Comp letion d u p lex sca n n i n g  is qu i ck, 

eff ic ient, h i gh l y  reproduc ib le, and  effect ive at identify

i ng  s ign if icant res idua l  l u m i n a l  defects . Deta i l ed descr ip

t ion of the cha racter istics of s ign if icant l u m i n a l  defects 
identif ied by comp let ion u ltrasonography a re beyond  

the scope of th i s  cha pter. I ntraoperative i nsonation i s  

not poss ib le  through  extruded po lytetrafl uoroethy lene 

(ePTFE) patches and  shou ld  not  be attem pted . 

• At the site of maxi m a l  atherosc lerot ic d isease in the CCA, 

the Penfie ld  kn i fe is emp loyed to identify and  deve lop 
the appropr iate endarterectomy p lane  with i n  the med i a l  

l ayer. W h e n  t h e  correct p l a n e  is  identif ied, t h e  p l a q u e  i s  
eas i ly  and  ra p id ly e levated from the under ly ing adven

tit ia .  I n  a reas conta i n i n g  i ntrap laque  hemorrhage, i n 

f l am mation may i ncrease adherence of the p laque  to  the  

adventit ia, and  ca re shou ld  be taken not  to  extend  the  

d i ssect ion p lane  i nto the adventit ia itse lf .  
At the d ista l  extent p laque, sufficient exposure should be 
present to create a defined endpoint, a l lowing p lacement 

of tacking sutures if necessary, ensur ing that no further po

tentia l ly mobi le p laque rema ins. It is essentia l  to "feather" 

Closure 
• 

the p laque at the d ista l endpoint to m in im ize risk for d ista l 

d issection or thrombus accumu lation .  If the p laque extends 

past the point where feather ing is feasib le, a d ista l endpoint 

should be determined and created sharply with scissors or a 

no. 1 5  blade (FIG 48) .  Tacking sutures, p laced c ircumferen

t ia l ly, can control d ista l p laque at the transection site. Care 
should be taken, however, to p lace the m in ima l  number of 
sutures necessa ry to prevent d issection, or consider extend-

ing the a rteriotomy and endarterectomy to identify a more 

suitab le term ination site. Successful  suture p lacement re
qu i res c ircumferentia l  d issection and optima l  visua l izat ion.  

• Once the d i sta l endpoint  is determ i ned, resid u a l  p l aque  
is  removed f rom the ECA by  evers ion i nto the CCA a n d  

c i rcumferent ia l  d i ssect ion and  tract ion .  Suffic ient back

b leed i n g  is  performed to remove any l u m i n a l  debr i s  

with i n  the ECA. 
• D i rect v isua l i zat ion of the endarterectomy bed fo l l ow

i ng  p laque  remova l com mon ly identif ies l oosely attached 

• Fo l lowing adequate duplex imag ing and endpoint de-

termination, anticoagu lat ion is reversed with protamine  

su lfate. Some practit ioners a re re luctant to  reverse antico

agu lation due to uncerta i nty regard ing thrombogenic ity 
at the endarterectomy site. In our  exper ience, techn ical  

issues at the endarterectomy s ite a re most pred ictive of 

postoperative neurologic events, and these a re efficiently 

identified and corrected, when present, with complet ion 

u ltrasonography. Fol lowing reversa l, the entire wound is 

inspected for venous or  a rter ia l  b leed ing .  The enti rety of 
the patch a ngiop lasty suture l i ne  is reinspected for period
icity of suture p lacement and potentia l  leaks. Rei nforci ng 

sutu res a re app l ied l i bera l ly as needed to ensure hemo

stasis, but with experience and even suture spacing, the 

need for addit ional sutures should be rare. B leed ing lymph 

nodes shou ld be sutu red and removed from the operative 

f ie ld .  Confirmation of hemostasis, the p latysma is reap

proximated with runn ing  absorbab le  suture fo l lowed by 

sk in c losure.  We usua l ly a lso perform a Va lsa lva maneuver 
to identify occult venous inju ries that may not be apparent 

with positive pressure venti lation prior to closu re. 

182 1 
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Line of incision 

A 

FIG 4 • Arter iotomy is extended from the a nter ior  
su rface of CCA to the a nter ior su rface of I CA d i sta l  to 
the les ion (A) . I n t ima l  f l ap  is  tacked down to ensure 
smooth d i sta l  endpo int (B) . Arter iotomy is c losed with 
a patch (C) . 

B 

c 

I ntimal tacking 
suture 
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CAROTI D  ENDARTERECTOMY-EVERSION 

Incision 

• See sect ion under  Ca rot id Enda rterectomy-Patch 
Ang iop lasty. 

Dissection and Control of the Carotid Artery 

• 

p laque  is subseq uent ly removed by the Penf ie ld kn ife 
as i nd i cated .  The p roxi m a l  CCA a rteriotomy may be ex

tended as needed to ensure comp lete remova l .  
Common and  externa l  carotid p laque  is  su bsequently re
moved by the Penfie ld  kn ife as i nd icated .  The prox ima l  

CCA a rteriotomy may be extended as poss ib le  to ensure 

comp lete remova l (FIG SB) .  

• See sect ion u nder  Ca rot id Enda rterectomy-Patch Anastomosis 
Ang iop lasty. 

Eversion endarterectomy 
• The I CA is reverted and  anastomosed end-to-end to the 

proxi m a l  CCA (FIG SC) . 

• 

• 

An ob l i que  or c i rcumferentia l  i nc i s ion is made at the j u nc

tion of the b u l bous port ion of the I CA and CCA (FIG SA) .  

The  ICA adventit ia is  g rasped w i th  f ine forceps a n d  

everted away, as gent le tract ion is  p l aced on  t h e  p l a q u e  

with i n  t h e  a rtery. T h i s  maneuver i s  extended d i sta l l y  unt i l  
the feathered endpo int identif ies itself .  Tack ing sutu res 

a re not poss ib le  us ing this approach, which can be a de-

• If red undant res idua l  ICA is p resent fo l l owi ng  p laque  

remova l ,  the ICA spatu lat ion is  extended, as is  the CCA 
a rter iotomy, and  the two ends a re further adva nced over 

each other  pr ior  to c losure .  Alternatively, a port ion of 
the red undant ICA may a lso be excised . 

Closure 

terrent to adopt ion by su rgeons tra ined with conven- • See sect ion u nder  Ca rot id Enda rterectomy-Patch 

t iona l  endarterectomy. Common and externa l  carot id  Ang iop lasty. 

External carotid artery 

Internal carotid artery 
Artery everted 

---- Common carotid artery 

A B c 
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FIG 5 • Carotid evers ion endarterectomy. The I CA is d iv ided from the CCA i n  an ob l i que  l i n e  (A) . The d iv ided I CA is everted on itse lf 
unt i l  the plaque endpoint  is  encou ntered and  the p l aque  is removed from the ICA (B). Fol l owing endarterectomy, the I CA is reverted 
and  reattached to the CCA (C) . 
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CAROTI D  ARTERY INTERPOSITION BYPASS 

Incision 

• See sect ion u nder  Ca rot id Endarterectomy-Patch 
Ang iop lasty. 

Dissection and Control of the Carotid Artery 

• See sect ion u nder  Ca rot id Endarterectomy-Patch 
Ang iop lasty. 

• Although reversed a utogenous ve i n  is the preferred con

d u it, when ava i l a b le, ePTFE p rovides a su ita b le  a lterna

tive when necessa ry.8 

Anastomosis 

• The d i seased segment of the ca rot id a rtery is resected .  

Common ly, t h e  ECA i s  oversewn as wel l .  
• End-to-end anastomoses a re performed i n  sta ndard fash

ion. Pr ior to comp letion, f lush i ng  maneuvers a re done to 
evacuate part icu l a r  matter or  resid u a l  a i r  (FIG 6) .  

Closure 

• See sect ion u nder  Ca rot id Endarterectomy-Patch 
Ang iop lasty. 

FIG 6 • Ca rot id i nterposit ion g raft. Fo l lowing resect ion of 
the d iseased segment, a prosthetic g raft or  a segment of 
reversed g reater saphenous ve i n  is  used to br idge the CCA 
a n d  I CA in an end-to-end  fash ion .  

CAROTID ARTERY LIGATION 

(CAROTI D  STUMP SYN DROME) 

Incision 

External carotid 
artery (l igated) 

carot id 
artery 

PTFE or vein interposition graft 

Common carotid artery ----

Endarterectomy 

• The tech n ique  is s i m i l a r  to that for sta ndard ICA endar

terectomy, the d i fference be ing the a rter iotomy be ing 
carr ied out on  the d i sta l  CCA i nto the ECA (FIG 7A). 

• See sect ion u nder  Ca rot id Endarterectomy-Patch • 

Ang iop lasty. 

The throm bosed ICA is resected, idea l l y  in l i n e  with the 

common and  externa l  carot id  a rter iotomies .  C losu re is  
accomp l ished v ia patch ang iop lasty (FIG 7B,C) .  

Dissection and Control of  the Carotid Artery 

• See sect ion u nder  Ca rot id Enda rterectomy-Patch 
Ang iop lasty. 

Closure 

• See sect ion u nder  Ca rot id Endarterectomy-Patch 
Ang iop lasty. 
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A 

Occluded internal 
carotid artery 

Endarterectomized 
external carotid 
artery 

B 

Resected internal 

Oversewn stump 

c 

Ligated internal 
carotid artery 

�--- Patch 
closure 

FIG 7 • Carotid l igat ion .  The occ luded ICA is amputated and  removed {A), and  the ICA stum p  is oversewn {B) . The p laque  i n  the 
CCA and  ECA is removed, and  the a rteriotomy is c losed with a patch {C) . 

PEARLS AND PITFALLS 

I nc i s ion 

Ident ify ing  the vagus  
nerve and  hypog lossa l 
nerve 

C l amp ing  

S h u nt ing  

Conventiona l  
endarterectomy 

Evers ion endarterectomy 

I nterposit ion bypass 

Ensur ing  tech n ica l  
perfect ion 

C losure 

• On tab le  d u p lex sca n n i n g  opti m i zes i nc is ion p l acement, part i cu la r ly for transverse exposu re .  

• Vagus  nerve is  located posterolatera l to the carot id  a rtery, with i n  the ca rot id sheath a n d  between 
ca rot id  a rtery and  i nterna l  j u g u l a r  ve i n .  Hypog lossa l nerve typica l l y  crosses ICA a ntero i nfer ior ly to 
posterosuper ior ly. Fo l lowing the a nsa cerv ica l i s  wi l l  lead to hypog lossa l nerve. 

• A " rob in  b lue"  hue is often seen i n  the d ista i iCA, which s ign ifies a soft a rea for safe c lamp p lacement. 

• Be  p repared in a l l  cases for potent ia l  shunt p lacement.  This shou ld  be f lushed and prepared on the 
back tab le  pr ior to perform ing  the a rteriotomy. 

• Lavage the a rter ia l  l umen  with hepar in ized sa l i n e  to identify and  remove l u m i n a l  debr i s .  

• Use caut ion i n  patients with h igh b ifu rcat ion  (difficu lty visua l i z i ng  and  secu r ing  d i sta l  endpo int), 
those who req u i re a shu nt, o r  those with a sma i i i CA. These p roced u res a re best su ited for patients 
with redundant ICAs. 

• Use the a nastomot ic  suture l i n e  to tack down d i sta l resid u a l  p l aque  as necessa ry to p revent 
a ntegrade d i ssect ion .  

• A comp let ion imag ing  study, e i ther  a n  on-tab le  ang iogram or  a carot id  d u p lex study, ca n he lp  to  
ensure techn i ca l  perfect ion pr ior  to sk in  c losure .  

• I f  a c losed suct ion dra in is  p laced, it should be removed on postoperative day 1 .  

POSTOPERATIVE CARE 

• Patients should be placed on continuous monitoring to assess 
for blood pressure lability. Patients generally are discharged 
on postoperative day 1 or 2 .  

should be obtained to  identify and manage restenosis, 
which most commonly occurs in the first 2 years following 
endarterectomy. 

OUTCOMES 
• A postoperative duplex should be obtained within 

30 days of intervention to assess the reconstruction, pro
vide a new baseline for long-term surveillance, and monitor 
wound healing and plaque incorporation. Serial ultrasounds 

• The North American Symptomatic Carotid Endarterectomy 
Trial (NASCET) demonstrated the 30-day CEA stroke and 
death rate of 5 .5% for symptomatic patients . 1 
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• The Asymptomatic Carotid Atherosclerosis Study (ACAS) 
demonstrated a combined 30-day CEA stroke and death rate 
of 2 .3 % .2 

• More recently, the Carotid Revascularization Endarter
ectomy versus Stenting Trial ( CREST) demonstrated the 
30-day stroke, death, or rate of myocardial infarction (MI) 
to be 5.4% in symptomatic patients and 3 .6% in asymp
tomatic patients, and the 30-day death and stroke rates were 
found to be 3 .2% in symptomatic patients and 1 .4% in 
asymptomatic patients undergoing CEA. In the periproce
dural period, there is a lower rate of stroke with CEA versus 
stenting (2 .3 % vs. 4 . 1  %) but a higher rate of MI (2 . 3 %  vs. 
1 . 1  % ) .  Mortality rates are similar.9 

COMPLICATIONS 

• Cervical hematoma 
• Hemodynamic instability 
• Cerebral hyperperfusion syndrome manifested by severe 

headache 
• Cranial nerve palsy 
• Stroke/MI 
• Thrombosis (early) 
• Recurrent stenosis ( late) 
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DEFINITION 

• Carotid artery stenosis was first successfully treated via per
cutaneous balloon angioplasty in 1977 by Mathias and col
leagues.1 ·2 This technique has evolved over time to include 
use of self-expanding nitinol stents and distal embolic protec
tion devices (EPD ) .  Carotid angioplasty and stenting (CAS) 
is indicated as an alternative to open carotid endarterectomy 
(CEA) in certain clinical scenarios where the patient's anat
omy and/or physiology pose a greater risk for complications 
with CEA. However, these specific clinical conditions are not 
absolute and must be weighed against risks for endovascular 
intervention. 

• Distal EPD 
According to the 20 1 1  ASA/ACCF/AHA/AANN/AANS/ 
A CRJ ASNR/CNS/SAIP/SCAIISIR/SNIS/SVM/SVS guide
line on the management of patients with extracranial 
carotid and vertebral artery disease, "EPD deployment 
during CAS can be beneficial to reduce the risk of stroke 
when the risk of vascular injury is low. "3 
A distal filter is placed in the internal carotid artery (ICA) 
distal to the lesion but below the skull base, with the pur
pose of capturing debris to prevent distal embolization 
during CAS ( FIG 1 ) .  The target lesion must be crossed by 
the filter before deployment but this system allows for ce
rebral protection with maintenance of blood flow to the 
brain during subsequent steps of the procedure. The filter 
is mounted on the same wire used to perform CAS and 
after successful CAS, the filter is retrieved along with any 
captured debris. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• A thorough history should be obtained prior to interven
tion and should include a detailed description of, if present, 
symptoms (quality, duration, etc . )  that may be indicative of 
transient ischemic attacks (TIA) or prior stroke, past medical/ 
surgical history (e.g. ,  prior cerebrovascular disease/interven
tions) ,  current medications (e.g. ,  antiplatelet or anticoagula
tion medications) ,  and social history (e.g. ,  tobacco use ) .  

• A comprehensive physical exam is mandatory and should in
clude a complete vascular and neurologic/stroke evaluation. 

A B 

Vascular exam should note the presence of palpable femoral 
and distal lower extremity pulses and carotid bruits . 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Initial carotid duplex ultrasound is obtained to evaluate 
the degree of stenosis and plaque morphology. Studies have 
highlighted a higher potential for embolism during CAS 
with hypoechoic lipid-containing plaque.4 

• Angiographic imaging of the aortic arch and carotid and 
cerebral arterial vasculature must be obtained to aid in 
proper patient selection and procedural planning. This is ac
complished through computed tomographic arteriography 
( CTA) ( FIG 2 ) ,  magnetic resonance arteriography (MRA), or 
catheter-based contrast arteriography. 

Arch anatomy 
Aortic arch morphology is variable and can change 
with advancing age. The arch anatomy can be divided 
into three types, dictated by the position of the innomi
nate artery origin relative to two horizontal lines drawn 
across the apices of the outer and inner aortic arch cur
vatures ( FIG 3 ) .  

Type I-the innominate origin arises a t  or  above the 
horizontal plane of the outer arch curvature (FIG 3A) 

Type li-the innominate origin arises in between the 
two horizontal planes of the outer and inner arch cur
vatures ( FIG 38) 

Type III-the innominate origin lies below the horizon
tal plane of the inner arch curvature ( FIG 3C) 

The difficulty in gaining access to the carotid arteries in
creases from types I to III. There is an increase in angle 
acuity of the great vessel origins off the arch with in
creasing arch types that make wire/catheter guidance/ 
exchange more difficult. 
Bovine arch-congenital arch variations where the left 
common carotid artery ( CCA) shares a common origin 
with the innominate artery (more frequent) or the left 
CCA branches off the innominate artery. In a pure bo
vine arch (extremely rare ) ,  the right subclavian, com
mon carotid-both right and left-and left subclavian 
all derive from one common arterial trunk off the aortic 
arch. 

c 
FIG 1 • Dista l  EPD .  A. F i lterWire EZ, Boston Sc ient if ic .  B. Ang ioguard, Cord i s  
Endovascu l a r. C. RX Accunet, Abbot Vascu l a r. 
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A B c 
FIG 2 • CTA imag ing  of aort ic  a rch and  g reat vessels demonstrat ing  a left ICA stenosis .  A. Sag itta l image .  3-D 
image reconstruct ions from the CTA i mages of the aort ic  a rch (B) and  cerv ica l  left ca rot id a rte ry, demonstrat ing 
the left ICA stenosis  (C) . 

Shaggy aorta-when extensive aortic wall irregularities 
exist, there is a high risk for significant atheroembolism 
and thus, this may be a contraindication to CAS. 
Eggshell aorta-with severe aortic wall calcification, 
there is increased risk of intimal disruption and diffi
culty of wire/catheter manipulation/advancement. 

Cerebral flow to both hemispheres is assessed to deter
mine cerebral reserve . 
Carotid vessel size, tortuosity, and calcification--carotid 
artery diameter should be assessed to aid in determining 

A 

c 

B 

device sizes. In addition, severe carotid circumferential 
calcification and vessel tortuosity may negatively impact 
procedural success (e .g. ,  difficulty with inserting stent, 
placement of EPD in distal ICA) and may represent a con
traindication to CAS. 

• Preoperative brain imaging with computed tomography 
(CT) or magnetic resonance imaging (MRI) is needed for 
symptomatic patients to document prior infarcts and to rule 
out preexisting hemorrhagic stroke prior to the initiation of 
the procedure. 

FIG 3 • A. Type I a rch .  B. Type II a rch .  C. Type I l l a rch .  (White arrows 

in B and  C i nd icate wi re/catheter t ip  trajectory req u i red for selective 
catheter izat ion of the i n nominate/carotid a rteries with i n  specif ic 
a rch type. 
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SURGICAL MANAGEMENT 

• The indications for any surgical intervention for carotid dis
ease depend on the patient's clinical status ( i .e . ,  symptom
atic or asymptomatic) and the characteristics of the carotid 
lesion. 

• It has been widely accepted that appropriate candidates for 
CEA are symptomatic patients with carotid stenosis of 70% 
to 99% on noninvasive imaging and an anticipated periop
erative risk of stroke or mortality of less than 6 % .  Benefit 
of intervention for symptomatic patients with lesser degrees 
of stenosis ( 50% to 69 % )  has also been shown but not for 
symptomatic patients with less than 50% carotid stenosis. 
CAS is an alternative to CEA for symptomatic patients meet
ing similar criteria along with anatomic and/or physiologic 
factors unfavorable for CEA (Table 1 ) .3•5 

• The recommendations/indications for CAS in asymptomatic 
patients are still issues for debate and no consensus exists . 
CAS may be considered for patients with asymptomatic ICA 
stenosis between 70% and 99%,  but there are insufficient 
data to recommend CAS for primary therapy in asymptom
atic patients . Therefore, these patients need to be addressed 
on a case-by-case basis with consideration of patient comor
bidities and risks of CAS. 

• The contraindications for CAS are predominantly related to 
aortic arch and carotid artery anatomic factors (Table 2 ) .  

Table 1 :  Anatom ic a n d  Physiologic Factors 
Favoring Carotid Angioplasty and Stenting 

Anatomic Factor 

Reoperative neck (e .g . ,  pr ior C EA, pr ior rad ica l  
neck d issect ion) 

H i story of cerv ica l  rad iat ion 
High carotid les ion (above C2) 
H i story of contra lateral CEA with associated 
cran i a l  nerve in ju ry 

Tracheostomy 
Contralateral carotid occ lus ion 

Physiologic Factor 

Unstab le  ang i na  

Recent M l  (<30 days) 
C H F  with E F  less than 30% 
Severe COPD  (FEV 1 <30%) 

CEA, carotid endarterectomy; CHF, congestive heart failure; EF, ejection frac
tion; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory 
volume in 1 second 

PERCUTANEOUS RETROGRADE FEMORAL 

ARTERY ACCESS 

• Obta i n  retrograde access v ia the common femora l  a rtery 

(CFA) us ing a percuta neous m icropu ncture (2 1 -gauge 

need le) system under  u ltrasound  gu ida nce. The CFA 

shou ld  be accessed i m mediately proxi m a l  to the femora l  

ARCH AORTOG RAPHY 

• A gu idewire is advanced i nto the aortic arch fol lowed by 

a pigta i l  catheter. The pigta i l  catheter is positioned in the 

m id-ascending aorta and arch aortography is performed in  a 

45- to 60-degree left anterior obl ique projection in order to 

adequately visual ize the or ig in of the g reat vessels (FIG 4) .  

• 

Preoperative Planning 

• Patients are initiated on antiplatelet therapy with aspirin 
325 mg per day and clopidogrel 75 mg per day for 5 days 
prior to intervention. Alternatively, a clopidogrel loading 
dose of 300 mg can be administered 4 to 6 hours prior to the 
intervention. 

• Antihypertensive medications can be held off the day of in
tervention to prevent contribution to the possible periproce
dural hypotension. 

Positioning 

• The patient is placed in the supine position with adequate 
monitoring throughout the peri- and postprocedural period. 
Minimal monitoring includes continuous electrocardiogram 
(EKG), intraarterial blood pressure, and pulse oximetry. 
The patient's neurologic status must be frequently evaluated 
during the procedure via answering of simple questions and 
squeezing a plastic sound toy (e .g. ,  rubber duck squeaky toy) 
in the contralateral hand. 

• Intraarterial blood pressure monitoring is established usu
ally via a radial arterial line. 

• In order to maintain patient cooperation/comfort and frequent 
neurologic monitoring, minimal or no sedation is administered 
and only local anesthesia is infiltrated for the access site. 

Table 2: Anatomic and Physiologic Factors 
Unfavorable for Carotid Angioplasty and 
Stenting 

Anatomic Factor 

Severely angu l ated aort ic arch (type I l l )  
Shaggy/eggshe l l  aorta 

Severe aorto i l i ac  occl us ive d i sease 
Severe ICA calcification/tortuosity 
Severe carotid stenos is/str ing s ign  
Unstab le carotid p laque 
Fresh carotid thrombus 
Decreased cerebra l reserve 

ICA, internal carotid artery 

Physiologic Factor 

Ages 80 years and o lder 
Contra i nd i cation to ant i  platelet 
therapy 

Severe rena l  dysfunction 

bifurcation i n  an a rea with m i n i m a l  d isease. The r ight 

CFA is the most conven ient s ite for r ight-handed opera

tors. The left CFA and b rach i a l  and  rad i a l  a rteries a re a l 

ternative access sites. U lt imately, the safest and  s imp lest 
access site to the target les ion shou ld  be emp loyed . 

The micropuncture sheath is then excha nged for a 5-Fr 

i ntroducer sheath over the 0 .035- in  access wire .  
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SELECTIVE COMMON CAROTID 

CATHETERIZATION 

• Before fu rther  m a n i p u lat ion of wi res/catheters i n  the 

a rch a n d  g reat vesse l  o r i g i ns, the pat ient i s  a d m i n 
istered system i c  h e p a r i n  a t  70 t o  1 00 U/kg i ntrave

nous ly  ( IV) with a goa l  activated c lott i ng  t ime  of 250 to 
300 seconds .  

• W h i l e  m a i nta i n i n g  the l eft a nter ior  o b l i q u e  (LAO) 

p roject ion  that a l l ows for opti m a l  v i sua l izat ion of the 
g reat vesse ls  o r i g i ns,  a road m a p  image i s  used to as

s i st in se l ective catheter izat ion of the CCA. The p igta i l  

catheter i s  exchanged for t h e  operator's catheter of 

cho ice .  
• M u lt ip le  cu rved catheters a re ava i lab le  (FIG 5), each with 

un ique  featu res that may be benefi c i a l  i n  d i fferent anat

omies. However, freq uent ly, sel ective com mon ca rot id  

catheter izat ion can be accomp l ished with a com binat ion 

of an  a ng l ed or  s imple cu rved catheter and a f loppy an
g led G l idewi rerM 

Angled 
Will JIU 

Glldl 

FIG 4 • Arch aortog raphy with pigta i l  catheter i n  
m idascend ing  aorta .  

FIG 6 • Type I a rch with bovi ne confi g u ration .  

• H owever, a retroflexed or com p l ex cu rved catheter (e .g . ,  
S I M  or  Vitek) may be necessa ry w ith  a d iffi cu l t  a rch 

a natomy such as type I l l  a rch o r  bovi ne confi g u rat ion 

(FIG 6) .  
• After the G l idewi rerM has accessed the common carotid 

(but tak ing  extreme care not to advance past the bi
fu rcat ion) ,  the selective catheter is  adva nced over the 

G l idewi rerM i nto the common ca rot id .  Common ca rotid

selective ang iograms a re then performed typica l l y  i n  the 
a nteroposter ior, l atera l ,  and  ob l i que  p roject ions (more 

views a re performed as needed) (FIG 7) .  Contra l atera l 

ca rot id a rter iogram can be performed as wel l  if neces
sa ry, but th i s  usua l ly is  not performed d u ri ng  CAS of a 

u n i l atera l les ion .  
• Cerebra l  vessel a n g iography is then performed, typica l ly 

FIG S • Va r ious catheters can be used for sel ect ive in a nteroposter ior  and  l atera l v iews (FIG 8). Addit iona l  

catheter izat ion of the common ca rotid .  views c a n  be d o n e  if  necessa ry. 
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A B c 
FIG 7 • A. Se lective left common ca rot id ang iog raphy, cran iocauda l  a nteroposter ior  project ion .  B. Se lective left 
common ca rot id ang iography, ob l i que  p roject ion .  C. Se lective left common ca rot id ang iog raphy, l atera l p roject ion .  

A B 

FIG 8 • A. Cerebra l vessel ang iography v ia l eft CCA, cra n i ocauda l  a nteroposter ior  (AP) project ion .  
B. Cerebra l vessel  ang iog raphy v ia  l eft CCA. latera l project ion .  

PLACEMENT OF G U I D I N G  SHEATH 

• After common ca rotid ang iography is comp lete, it is rec

ommended that the a ppropr iate necessary equ i pment 
to comp lete the p roced u re is se lected pr ior  to further 

selective ca n n u l at ion of the ca rot id vesse ls  (e .g . ,  access 
sheaths, wi res, catheters, f i lter and fi lter retr ieva l system, 

pre- and postd i l atat ion ba l loons, stent) . • 
• In order to advance a sheath i nto the prox ima l  common 

carotid, adequate exchange support is needed with a stiff 

gu idewire. To achieve this, the selective catheter is carefu l ly 

advanced over the f loppy G l idewirerM into a branch of the 

external  carotid artery (ECA) . The f loppy G l idewirerM is then 

exchanged for a stiff gu idewire (e .g . ,  long AmplatzrM Su
perstiff wire with f loppy tip) .  Caution needs to be exercised 

to ensure the stiff wire tip does not inadvertently advance 

and potentia l ly perforate the ECA branch.  The catheter 
is then removed leaving the stiff wire in p lace in the ECA 

(FIG 9) .  If there is s ign ificant atherosclerotic stenosis i nvolv

ing the carotid bifurcation, or if the ECA is severely stenotic/ 

occluded that prevents safe ECA access, an AmplatzrM wire 

with a 1 -cm f loppy t ip may be left in the d ista l CCA. 

Once the supportive w i re i s  in p l ace, the gro in  i ntroducer 
sheath i s  exchanged for a 6-Fr  90-cm sheath.  The sheath is 

tracked over the stiff w i re and p laced i nto the d i sta l CCA 
prox ima l  to the bifu rcat ion .  It is i m perative that sheath 

adva ncement is  performed on l ive f luoroscopy, especia l ly 

when negotiat ing  the turn  at the common ca rot id o r ig i n, 
to ensure the sheath is advanc ing  appropr iately. 

183 1 
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CROSSING THE LESION WITH DISTAL 

EMBOLIC PROTECTION DEVICES 

• With the sheath i n  p lace a n d  us ing a road map  image, 
the I CA lesion is  crossed with the 0 .0 1 4- i n  w i re compo

nent of the d ista l EPD. The d ista l EPD should be dep loyed 
in a stra ight port ion of the d i sta i i CA p roxi ma l  to the pe

trous port ion at sku l l  base (FIG 1 0) .  It is i m porta nt not to 

a l low i nadvertent m i g rat ion of the EPD further d i sta l ly 
for r isk of i n ju ry to the i ntracra n i a i iCA. 

FIG 9 • Stiff w i re with i n  ECA to a l l ow g u i d i n g  
sheath advancement i nto common ca rot id .  

FIG 1 0  • D ista l EPD dep loyed i n  the d ista l I CA 
p roxi ma l  to the petrous port ion at sku l l  base. 

PREDI LATATION WITH ANGIOPLASTY 

BALLOON 

• After the d ista l EPD is i n  posit ion, the ca rot id les ion is  

pred i l ated with a 3- o r  4-m m  coronary ang iop lasty bal
loon u p  to nom ina l  pressu re (FIG 1 1 ) .  A h igher  i nf lat ion 

pressu re may be req u i red for heavi ly ca lc if ied les ions .  

Us ing a ba l loon l ength of 4 em should help to m i n i m ize 

the r isk of the ba l loon s l i pp i ng  ("watermelon seed i n g " )  
du r i ng  i nf lat ion .  I n  add it ion,  it is  i m portant t o  be extra 

vig i l a nt in mon itor ing the patient's heart rate for possi b le  

bradycard ia (or even asystole) d u ri ng  les ion  predi l atat ion 
and  atrop ine  m ust be rea d i ly ava i lab le  for a d m i n istrat ion  

before pred i latat ion .  

FIG 11  • Left ICA les ion  p red i l atat ion with  3-mm coronary 
ba l l oon .  



C h a p t e r  4 CAROTID SURGERY: Bifurcation Stenting with Distal Protection 

STENTI NG AND POSTDI LATATION 

• Fo l l ow ing  p red i l atat ion ,  a c h a n n e l  is created that w i l l  

accom modate t h e  advancement o f  t h e  ste nt system .  

A se l f-expa n d i n g  stent com pati b l e  with t h e  d i sta l E P D  

syste m i s  adva n ced over the  w i re a n d  d e p l oyed u nder  a 

road m a p .  The d i sta l a n d  p rox i m a l  stent l a n d i n g  zones 

m ust be at a reas of normal  vesse l  wa l l  and th i s  w i l l  f re
q uent ly  necessitate stent i n g  ac ross the ECA o r i g i n  with 

the  prox i m a l  l a n d i n g  zone i n  the d i sta l CCA (FIG 1 3) .  

After stent d e p l oyment, it  i s  postd i l ated (usu a l ly u s i n g  

a 5 to 6 m m  x 2 em b a l l oon) ,  treat i n g  o n ly the  stented 

port ions  of the I CA to m i n i m i ze i nj u ry to the n ative 

vesse l wa l l  (FIG 1 2) and over postd i l atat ion  i s  str ict ly 
avo ided  to reduce r i sks of e m b o l izat i o n .  D u r i n g  post

d i latat ion ,  the pat ient's hea rt rate m ust be c lose ly  
m o n itored for any  c h a n g es and atro p i n e  shou l d  sti l l  be 

rea d i ly ava i l a b l e .  

EMBOLIC PROTECTION DEVICE 

RETRI EVAL AND COMPLETION 

ANG IOGRAM 

• Com p l et ion  a n g i o g ra phy is performed to assess stent 

p l acement and poststent carot id a ntegrade f low be

fore the d i sta l EPD i s  removed (FIG 1 3) .  With norma l  

f l ow through  the stent a n d  no  fi l l i n g  defects p resent, 

the f i l ter  i s  retr ieved . S l ow f low a n d/or fi l l i n g  defects 

at the fi lter can be seco n d a ry to s i gn if icant debr i s  a n d  
th i s  m u st be asp i rated p r i o r  t o  retri eva l .  T h e  E P D  re

tr ieva l system i s  adva nced ca refu l l y  past the stent with

out e n g a g i n g/catc h i n g  o n  the stent .  With extensive 

deb ris  p resent i n  the f i l ter, it  i s  i m porta nt not to f u l ly 

reca ptu re the fi lter i n  the retri eva l catheter as th i s  ca n 
extrude debr i s  from the f i l ter  a n d  cause d i sta l  e m b o l i 

zatio n .  D i sta i ! CA vasospasm can be p resent as  we l l  a n d  

it i s  usua l l y  seco n d a ry t o  m i g rat ion of EPD  d u r i n g  t h e  

p roced u re .  Typ ica l ly, th i s  i s  ma naged conservatively b u t  
with s i g n if icant J CA spasm, n itrog lyce r i n  ( 5 0  to 2 0 0  f.Lg) 
ca n be a d m i n istered i n  sma l l  doses d i rect ly  i ntra a rter i 

a l ly i n  the ! CA.  

ACCESS HEMOSTASI S  

• The femora l  access a rter ia l  pu ncture can be c losed us ing  
sta ndard techn i q ues e i ther  with  a c losure device o r  by 

d i rect m a n u a l  compress ion .  We prefer to use a c losure 
device and  do not rout ine ly  reverse hepar in  a nticoagu

l a t ion  w i th  protam i ne .  For b rach i a l  a rtery access, d i rect 

m a n u a l  com p ress ion is  the preferred method for ach iev

i ng  hemostas is .  

FIG 12 • Stent postd i l atat ion with a 5 m m  x 2 em ba l loon .  

FIG 1 3  • Comp let ion ang iog raphy is  performed to  assess 
stent p lacement and  poststent ca rot id a ntegrade f low. Note 
that th i s  stent i s  p l aced across the ECA or ig i n .  

1833 
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PEARLS AND PITFALLS 

Se lective common ca rot id  
cather izat ion 

P lacement of g u i d i n g  sheath 

Cross ing  the les ion with EPD 

D i sta l  ICA spasm 

Occ lus ion  of f low proxi ma l  
to  EPD after stent p lacement 

D i sta l  embo l i zat ion with 
neuro log ic  sym ptoms and/ 
or i ntracra n i a l  a rter ia l  
occl us ion 

POSTOPERATIVE CARE 

• Tortuous aort ic  a rch/g reat vessel anatomy may req u i re add it iona l  man ipu lat ion with va r ious 
retroflexed catheters i n  order to select the common ca rot id .  However, with i ncreasi ng m a n i pu
l at ion ,  there is  a g reater r i sk  of embo l i zat ion/aort ic  i nj u ry. Therefore, aort ic  a rch/g reat vessel 
anatomy should be a n a lyzed preoperatively and, when i nd icated, su itab le  a lternative p lans  
shou ld  be p repa red if the i n it i a l  method p roves u nsuccessfu l .  

• A n  extremely d iseased aort ic a rch m a y  be a relative contra i nd ication t o  CAS. 

• When the ECA is occ l uded, a supportive g u idewire ca nnot be p l aced to a l l ow track ing  of the 
sheath and an a lternative method is  needed.  Alternatively, an Amp latz g u idewire with a 1 -cm 
f loppy t ip  in the d i sta l CCA may p rovide suffi c ient support for sheath p lacement.  Sh utt le  systems 
that perm it telescop ing  the sheath i nto the CCA over a g u idewire and catheter assemb ly  a re 
another a lternative. 

• D iffi cu lty cross ing  the lesion can be add ressed by chang ing  the shape of the cross ing  wi re tip or 
using a d i rect iona l  catheter. Addit iona l ly, chang ing  the patient's head/neck posit ion may make a 
vessel less angu l ated . 

• Certa i n  EPD such as the Nav-6 (Abbott Vascu l a r, Abbott Pa rk, I L) a n d  Sp ider  (Covid ien ,  P lymouth, 
MN) a re i ntroduced over a w i re that is  i ntrod uced independently before the fi lter. I ntrod uct ion 
of the i ndependent wi re may fac i l itate subseq uent i ntrod uct ion of the fi lter across a t ightly ste
not ic les ion or  a les ion with an acute entry ang le .  

• A " buddy w i re"  (add it iona l  0 .0 1 4- i n  w i re) can a lso be used to  p rovide extra support a n d  faci l i 
tate cross ing  a d iffi cu l t  les ion .  

• I f  the cross ing  profi le  of the EPD is  too l a rge to cross the stenot ic  les ion,  the stenotic les ion can 
a lso be pred i l ated with a 2 .5-mm ba l loon i n  order to create a channe l  l a rge enough for EPD.  
However, d i lat ing the les ion without a n  EPD i n  p lace increases the r isk of d i sta l  embo l izat ion .  

• Usua l ly caused by d i sta l  EPD and  reso lves after EPD and  wi re a re removed.  
• Sma l l  doses of n itroglycer in  a d m i n istered d i rectly to ca rot id may a i d  i n  reso l ut ion .  

• D ista i iCA fi lter may be fu l l  of debr is  ca us ing  s low f low or  ICA occl us ion .  The debr is  shou ld  be 
asp i rated f rom the fi lter us ing  a n  asp i rat ion catheter a n d  repeat ang iogram i s  performed after 
to confirm return of f low pr ior  to EPD retrieva l .  

• I f  it is  determi ned that occ lus ion i s  due  t o  acute stent throm bosis t h e n  i m med iate convers ion 
to open exploration, stent remova l ,  and  forma l  CEA may be necessa ry. Preparat ions for ca rot id  
stenti ng  shou ld  a lways i nc l ude  th i s  poss ib i l ity. 

• Neurorescue tech n iq ues a re used to treat d ista l embo l i zat ion or throm bosis, i n c l ud i ng  the 
fo l lowi ng :  

• Catheter-d i rected throm bolysis w i th  t issue p lasmi nogen activator (tPA) 
• Mechan ica l  throm bolysis with asp i rat ion 
• G lycoprote i n  (G P) l l a/l l l b  i n h i bitor a d m i n i strat ion  
• D i rect remova l with  snare ( intraa rter ia l )  
• D i rect ba l loon ang iop lasty to restore a l u men 
Note :  I ntracra n i a l  neu rorescue techn i q ues shou ld  be performed by phys ic ians  with appropr iate 
exper ience and  tra i n i n g .  

• Neurologic status i s  immediately evaluated after completion 
of the procedure and continuous invasive blood pressure 
monitoring and pulse oximetry are maintained. Typically, 
CAS patients are observed in a monitored step-down unit 
overnight. 

• The patient needs to remain on bed rest in the supine posi
tion for 4 to 6 hours after access site hemostasis is achieved. 
The head of the bed can be inclined to a maximum 30 de
grees to promote patient comfort and respiratory function. 
Afterward, the patient can ambulate as tolerated. 

• Immediate head and neck imaging along with neurology 
consultation are mandatory if the patient experiences a post
operative neurologic event. • Goal systolic blood pressures should be based on preop

erative measurements . Vasopressor and/or inotropic sup
port may be required to compensate for hypotension and/ 
or bradycardia likely due to carotid sinus distension re
lated to the procedure until the carotid sinus adapts to the 
presence of the stent. Other causes of hypotension need to 
be excluded prior to attributing the cause to angioplasty/ 
stenting alone. Conversely, antihypertensives should be 
used as needed to prevent hypertension and potential ce
rebral hyperperfusion. 

• Antiplatelet therapy with clopidogrel should be continued 
for at least 1 month post-CAS, whereas aspirin is continued 
indefinitely. 

OUTCOMES 

• Studies prior to year 2000 failed to define the role of CAS 
in treating carotid artery disease due to numerous factors . 
More recent randomized controlled trials (RCTs ) were 
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performed in order to elucidate CAS' role in carotid disease, 
namely as a noninferior alternative to CEA. 

• The Stenting and Angioplasty with Protection in Patients 
at High Risk for Endarterectomy (SAPPHIRE) trial6 ran
domized symptomatic patients with 50% or greater carotid 
stenosis or asymptomatic patients with 8 0 %  or greater ste
nosis with comorbidities that increased their risk of surgery 
to receive either CEA or CAS. For the CAS patients, they 
all had self-expandable nitinol stents (S .M.A.R.T. or PRE
CISE; Cordis, Miami Lakes, FL) placed with EPD (Angio
guard or Angioguard XP; Cordis, Miami Lakes, FL). The 
primary endpoint was composite incidence of death, stroke, 
or myocardial infarction (MI) within 30 days postprocedure 
or death or ipsilateral stroke between 31 days and 1 year. 
Only 334 patients were randomized-167 to CEA and 167  
to  CAS (trial stopped early due to  poor enrollment) .  No  sig
nificant difference in the primary composite endpoint rate 
was detected in the periprocedural period (30  days) for CAS 
compared to CEA. However, 1 -year primary composite end
point rate was lower in CAS compared to CEA ( 12 .2% vs. 
20 .1  %; P = .004) with a more pronounced difference in 
asymptomatic (9 .9% in CAS vs. 2 1 . 5 %  in CEA; P = .02) 
than in symptomatic patients ( 1 6 . 8 %  in CAS versus 16 .5% 
in  CEA; P = . 95 ) .  This difference vanished in  long-term 
follow-up and at 3 years, the major secondary endpoint (pri
mary endpoint plus death or ipsilateral stroke 1 to 3 years) 
cumulative incidences were 24.6% for CAS vs. 26 .9% for 
CEA; P = . 7t . l  Thus, the SAPPHIRE authors concluded that 
CAS with EPD was not inferior to CEA in patients with se
vere carotid artery stenosis and increased surgical risk. 

• However, these results were not mirrored in two large 
European multicenter RCTs-Stent-Supported Percutaneous 
Angioplasty of the Carotid Artery versus Endarterectomy 
(SPACE)8 and Endarterectomy Versus Angioplasty in Pa
tients with Symptomatic Severe Carotid Stenosis (EVA-3S)9  
trials. Both of these studies failed to show noninferiority of  
CAS compared to CEA in their respective study populations. 
In SPACE, the primary endpoint (rate of death or ipsilateral 
ischemic stroke 30  days postprocedure) was 6 .84% in CAS 
and 6 .34% in CEA (absolute difference 0 .51  %, 90% CI 
- 1 . 8 9 %  to 2 .91  %; noninferiority P = .09 ) .  In EVA-3S, the 
results demonstrated greater rates of stroke and death in the 
CAS group as compared to the CEA group: 30-day incidence 
of stroke or death was 9 .6% in CAS (95% CI, 6.4 to 14 .0 )  
and 3 .9% in CEA (95% CI ,  2 .0 to 7.2 ) ;  the relative risk of  
any stroke or  death after CAS as compared with CEA was 
2.5 (95% CI, 1 .2 to 5 . 1 ) .  At 6 months, the incidence of any 
stroke or death was 1 1 . 7% after CAS and 6. 1 %  after CEA 
(P = .02) .  However, long-term data at 4 years from EVA-3S 
did not demonstrate significant differences in the risk of any 
stroke or death in between both CAS and CEA; the hazard 
ratio (HR) was 1 . 3 9  (0 .96 to 2.00; P = . 08 ) . 10 The authors 
interpreted these results to "suggest that carotid stenting is 
as effective as carotid endarterectomy for middle-term pre
vention of ipsilateral stroke, but the safety of carotid stenting 
needs to be improved before it can be used as an alternative 
to carotid endarterectomy in patients with symptomatic ca
rotid stenosis . "  

• A more recent international multicenter RCT, the Interna
tional Carotid Stenting Study (ICSS ) ,  demonstrated that 

CEA was safer than CAS as treatment for patients with 
symptomatic carotid stenosis of 50% or greater (enrolled 
1 ,713  patients; CAS, n = 855;  CEA, n = 858 ) .U The pri
mary composite endpoint, 120-day incidence of stroke, 
death, or MI was higher in CAS compared to CEA ( 8 . 5 %  
v s .  5 .2%;  HR, 1 .69; 95% CI, 0 . 1 6  t o  2.45; P = .006) .  The 
adverse events occurring with the 3 0-day postprocedure pe
riod accounted for the majority observed at 120 days where 
the cumulative incidence of stroke, death, and MI was 7.4% 
in CAS compared to 4 .0% in CEA (P = .003 ) .  The authors 
concluded that CEA should remain the treatment of choice 
for symptomatic carotid stenosis patients that are suitable 
for surgery while awaiting the long-term follow-up data of 
ICSS. 

• The Carotid Revascularization Endarterectomy versus Stent
ing Trial (CREST) is a U.S. trial that is the most recent and 
largest RCT to compare the efficacy between CAS and CEA 
in standard-risk patients. 12 Two thousand and five hundred 
two patients with asymptomatic carotid stenosis of 70 % 
or greater (based on ultrasound criteria )  or symptomatic 
carotid stenosis of 50% or greater (based on angiographic 
North American Symptomatic Carotid Endarterectomy 
Trial criteria)  were randomized to either CAS (n = 1 ,262; 
RX Acculink stent; Carotid Stent System, Abbott Vascular, 
Abbott Park, IL) and a distal EPD (RX Accunet Embolic 
Protection System, Abbott Vascular, Abbott Park, IL) or 
CEA (n = 1 ,240 ) .  The primary composite endpoint was 
stroke, death, or MI during the periprocedural period or any 
ipsilateral stroke within 4 years. During the periprocedural 
period, the primary endpoint incidence was similar with 
CAS and CEA (5 .2% and 4 .5%,  respectively; HR for stent
ing 1 . 1 8 ; 95% CI, 0 .82 to 1 .68 ;  P = . 3 8 ) .  However, the rates 
of individual endpoints differed between CAS and CEA: 
greater risk of stroke in CAS (4. 1 %  vs. 2 . 3 % ,  respectively; 
P = . 0 1 ) ,  greater risk of MI in CEA ( 1 . 1 %  vs. 2 .3 % ,  re
spectively; P = .03 ) ,  no difference in death (0 .7% vs. 0 . 3 % ,  
respectively; P = . 1 8 ) .  The periprocedural risk o f  stroke or 
death was higher after CAS for symptomatic patients (6 .0% 
vs .  3 .2  % ;  P = . 02 ) .  There was no  significant difference in 
the estimated 4-year rate of the primary endpoint between 
CAS and CEA (7 .2% vs. 6 . 8 % ,  respectively; HR, 1 . 1 1 ;  
P = . 5 1 ;  9 5 %  CI, 0 . 8 1  to 1 . 5 1 ) .  CREST also demonstrated 
an interaction between age and treatment efficacy (P = .02) 
where CAS tended to show greater efficacy at younger than 
70 years of age and CEA at older than 70 years of age. 

• Overall, CAS as a noninferior or equivalent alternative treat
ment compared to CEA has not been definitively established 
and further studies are needed. 

COMPLICATIONS 

• Postoperative complications 
Stroke-the incidence of stroke is higher with CAS than 
CEA.1 1  Risk factors include advanced age, symptomatic 
carotid stenosis, and complex anatomy. Postoperative 
stroke needs to be addressed immediately with full neuro
logic evaluation and potential intervention. 
Hypotension-frequently observed post-CAS; however, it 
usually will resolve spontaneously. Patients may require 
transient blood pressure support with vasopressors/volume. 
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Cerebral hyperperfusion syndrome-may occur within 
the first week post-CAS and is usually associated with 
poorly managed underlying hypertension. It presents as a 
unilateral headache and can progress to seizures, intracra
nial hemorrhage, and/or coma. Head CT is obtained and 
focal cerebral edema may be observed. The treatment is 
aggressive blood pressure management. 
MI---cardiac complications, namely MI, may occur during 
the periprocedural period for CAS. This is likely due to 
the typically high-risk patient population selected for CAS 
given that most are poor candidates for CEA. 
Access site complications-the most common access site 
complications that are inherent to endovascular proce
dures are hematoma, pseudoaneurysm, retroperitoneal 
hematoma, and arteriovenous fistula. To minimize the 
risk for these complications, we recommend direct visu
alization of the access vessel under ultrasound and using 
a micropuncture access system. In addition, proper use 
of vessel arteriotomy closure devices and/or manual ves
sel compression is mandatory to reduce the risk for these 
complications. 
Stent restenosis-restenosis will occur in any current stent 
placed in the body and can be managed with reinterven
tion as needed. 
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Cheong J. Lee 

DEFINITION 

• The carotid artery typically bifurcates at the level of the 
C3-C4 cervical spine. High carotid bifurcations and lesions 
that extend to the C l -C2 level pose technical challenges that 
may increase perioperative risk of stroke and cranial nerve 
injury. Ideally, the need for high access in carotid surgery 
should be anticipated preoperatively, with familiarity of the 
anatomy and exposure necessary for distal carotid control. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• As with any medical therapy, the clinician must first clearly 
define the goals of treatment and thoroughly review the op
erative risk with the patient. 

• Optimal medical therapy must be instituted prior to inter
vention (e.g. ,  antiplatelet agent, statin, beta-blocker) .  

• Patients with hostile neck anatomy, such as those with his
tory of high-dose neck radiation or severe systemic comor
bidities contraindicating general or cervical block anesthesia, 
should be offered carotid angioplasty and stenting (CAS) as 
an alternative procedure. 

• Patients with prior contralateral carotid revascularization 
procedures should have laryngeal, hypoglossal, and glosso
pharyngeal nerve function documented prior to ipsilateral 
dissection and exposure. When evidence of prior injury to 
CN IX, X, or XII is evident, CAS should be considered as 
an alternative. If CAS is not feasible under these circum
stances, the potential need for tracheostomy to manage 
postoperative airway obstruction should be reviewed with 
the patient. 

FIG 1 • Reformatted CTA of a ca rot id body tumor  extend ing  to 
the d ista l I CA at the C1 cerv ica l  sp ine  leve l .  

• Although duplex scanning provides accurate and reproduc
ible assessment of the presence and severity of carotid ste
nosis, precise anatomic detail required for surgical planning 
is optimally obtained from computed tomographic angiog
raphy ( CTA) or magnetic resonance arteriography (MRA).  
Localization of the carotid bifurcation in regard to cervical 
landmarks, as well as the distal extent of internal carotid ar
tery ( ICA) disease, is best assessed by CTA or MRA ( FIG 1 ) .  

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Current indications for carotid endarterectomy were re
viewed in Part 6,  Chapter 3 . 1-3 

• In recent years, CTA and MRA have assumed preeminent 
roles in carotid intervention planning. Improved resolu
tion has enabled highly accurate characterization of plaque 
morphology, which may provide useful guidance regarding 
plaque vulnerability during operative manipulation. 

• MRA and CTA also provide essential information regarding 
potential collateral arterial flow through the circle of Willis 
and the need for adjuvant maneuvers such as shunt place
ment during carotid revascularization (FIG 2 ) .  

SURGICAL MANAGEMENT 

Preoperative Planning for Distal Cervical Carotid 
Exposure 

• Knowledge of patient-specific cervical anatomy is essential 
to successful management of distal carotid disease. When 
recognized as necessary, specifying nasotracheal, rather 
than orotracheal, intubation for general endotracheal 

FIG 2 • Rendered CTA demonstrat ing i ncom petency of the c i rc le  
of Wi l l i s .  
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FIG 3 • Nasotrachea l i ntu bation fac i l itates exposu res of the 
d i sta i i CA by open ing  the angle between the masto id  process and 
the mand ib l e  (black lines). 

anesthesia is a simple and highly effective maneuver to im
prove exposure. Nasotracheal intubation allows the mouth 
to stay closed during surgery, providing more room between 
the ramus of the mandible and mastoid process for distal 
dissection. 

• Temporomandibular subluxation may further advantage 
carotid exposure cephalad to the C2 cervical spine. Sub
luxation of the ipsilateral mandibular condyle, performed 

ANTERIOR APPROACH TO THE DISTAL 

I NTERNAL CAROTID ARTERY 

Incision 

• 

• 

A vert ica l ,  rather  than tra nsverse, cerv ica l  inc i s ion is rec

ommended for opti ma l  d ista i iCA access (FIG S) .  

Standard exposure of the ca rot id a rtery i n  the sheath 

via intraoral wiring, facilitates exposure from infratemporal 
ICA to the skull base. Subluxation is distinguished from dis
location, which is more injurious and can potentiate long
term temporomandibular j oint pain syndromes. 

Positioning 

• The patient is positioned supine, with the head extended 
and rotated away from the operative site. Shoulder rolls 
and shays are placed to stabilize the neck and optimize 
extension. The nasotracheal tube is secured over the head 
( FIG 3 ) .  

• Arms are tucked t o  the patient's side t o  allow the opera
tor and the assistant to maneuver and stand comfortably. 
This position also facilitates C-arm positioning when 
needed. 

• The patient is placed in the "beach chair" position to limit 
venous hypertension ( FIG 4) .  

F I G  4 • Patient i n  t h e  " beach cha i r "  posit ion .  

Exposure of the Internal Carotid Artery Distal to the 
Bifurcation 

• Key structures that l ie  superior to the carotid bifurcation a re 

the posterior bel ly of the digastric muscle, the hypoglossa l 

nerve, crossing veins from the sternocleidomastoid muscle to 

the interna l  jugu lar  vein, and muscu lar  arterioles of the pos-

was previous ly descr ibed in Part 6, Cha pter 3 .  • 

terior branches of the external carotid a rtery (ECA) (FIG 6) . 

The hypog lossa l nerve is identified safely us ing a posterolat
eral to anteromed ia l  d issection of the ICA. Moving cepha-

FIG 5 • Anatomic  l andmarks for ca rot id  exposu res i nc lude  
the masto id  p rocess, the ang le  of the mand ib le, and  the  
sterna l  notch . Sk in  i nc i s ion  for  ca rot id exposures a re p laced 
a nter ior to the sternoc le idomasto id  m uscle (SM) (solid line). 

I f  d ista l exposu re is  a nt ic i pated, the inc i s ion can be ca rr ied i n  
front o f  t h e  e a r  (dotted line). 

lad, the hypog lossa l nerve is d issected free from the media l  
surface of the d igastric muscle .  Cross ing artery and veins of 

the SCM often tether this nerve closer to the bifurcation. 

Meticulous identification and control led d ivis ion of these 

tetheri ng vessels wi l l  enable mobi l ization of the nerve. 

Tracing the course of the descending branch of the ansa 

cervica l i s  back to the hypog lossa l itse lf provides positive con

fi rmation of the location and course of the nerve (FIG 7) .  
• The poster ior  d igastr ic  m uscle be l ly  may be retracted or  

d iv ided as req u i red for exposu re, fo l l owing  re lease of 

the adherent hypog lossa l nerve. 
• Additiona l  cepha lad exposure at this j uncture requ i res d ivi

s ion of the occ ip ita l branch of the ECA. This further releases 

the hypoglossa l nerve. This maneuver a lso requ i res d ivis ion 

of the styloid muscu lature (sty loglossus, sty lopharyngeus). 
• Conti nued cepha lad d i ssect ion exposes the g l ossopha

ryngea l  nerve, seen as a s ing le  or  doub le tru n k  cross ing  

the ICA anter ior ly and  cours ing  poste r ior  to the ex
terna l  carot id .  Ca re must be taken in separat ing  the 

hypog lossa l and g l ossopharyngea l  nerves, as sma l l  motor 
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XI I  

Arterial 
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sternocleidomastoid 

FIG 6 • Once the ca rot id sheath is  entered, exposure of the 
d ista i iCA from an a nter ior approach beg in s  with identif ication 
and d i ssect ion of the hypog lossa l nerve (XI I ) ,  the poster ior  
be l ly  of the d igastr ic m uscle (PB D), and  the cross ing  ve ins  and 
a rteries to the sternoc le idomasto id  m usc le .  

FIG 7 • Fo l lowing d iv is ion of the d igastr ic m uscle and  the 
cross ing  m uscu l a r  ve in and  a rteries to the sternoc le idomasto id,  
the descend ing  a nsa cervica l i s  nerve (DAC) can be l i gated 
to further mob i l ize the hypog lossa l nerve (XI I) .  To further 
fac i l itate hypog lossa l mob i l izat ion, the occ i p ita l  a rtery com i n g  
off t h e  E C A  h a s  been l i gated and  d iv ided .  

FIG 8 • Mob i l izat ion of the hypog lossa l nerve (XI I) a l l ows 
exposure of the d i sta l I CA. 

fi bers exit ing  the vagus nerve a lso course in th i s  p la ne .  

Damage to these nerves or  the g l ossopharyngea l  ca n 

cause swa l lowi ng dysfu nct ion .  C lass ica l ly, i n ju ry to the 

g l ossopharyngea l nerve i n  th i s  reg ion may impa i r  the 

a b i l ity of the soh pa late to rise suffi c ient ly with swa l l ow
i ng  to p revent nasopharyngea l  l i q u i d  ref lux .  

• When these steps a re safe ly comp leted, the ICA may be 

adeq uately exposed for reconstruct ion u p  to the l evel of 

C2 (FIG 8). Fu rther exposure to the level of C1 fo l l owi ng  

th i s  cou rse req u i res sty lo idectomy and/or preoperative 
m a n d i b u l a r  sub l uxat ion .  

• D ista l d i ssect ion may a l so be fac i l itated by mob i l izat ion 

of the pa rot id g l and  and  fac ia l  nerve. Th is  is most safe ly 
accomp l ished with assista nce from oto la ryngo log i sts or  

cra n iomaxi l l ofac ia l  surgeon.  To provide th i s  method of 
exposu re, the sk in  inc i s ion i s  carr ied cepha lad  a nter ior to 

the ear  (FIG 9) .  This enab les mob i l izat ion of the pa rot id  

g land super ior ly  and  med i a l ly. 
• The parotid fasc ia  is entered and  the b ra nches of the fa

cial nerve a re d i ssected, identif ied, and protected before 

d ivi d i ng  the poster ior  bel ly of the d igastr ic  m usc le .  
• 

• 

Care is aga i n  taken to identify the g l ossopharyngea l  

nerve and  the motor f i bers of the vagus  nerve (FIG 1 0) .  

D ista l contro l o f  t h e  I CA a t  h i gh  C 1 -C2 level m a y  req u i re 

specia l ized i n strumentation .  Sma l l  detachab le  occl u d i n g  

c l amps (such as t h e  He ifetz o r  Yasa rg i l  c l i ps) m a y  p rovide 

i m p roved exposure compared to trad i t iona l  "hand led"  
vascu l a r  c l amps i n  th i s  reg ion .  When used ,  however, 
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FIG 9 • If fu rther exposure of the I CA is req u i red and  
m a n d i b u l a r  sub l uxat ion is  not  feas ib le, i n c i s i on  can be carr ied 
i n  front of the ear  for mob i l izat ion of the parotid g l a n d .  

• 

care m ust be taken to avo id  c l amp d is lodgement i n  th i s  
crowded and  moving f ie ld ,  which when it does happen 
usua l l y  does so at the maxi m a l ly i n conven ient t ime .  

As  an  a lternative to d ista l c lamp control, short occl ud ing 

i ntra l um ina l  catheters can be used, such as a #2 Fogarty 
embolectomy catheter with stopcock. Extreme care must 

be taken in position ing  and deploying embolectomy bal

loons i n  this a rea, however, as i nf lat ion with i n  the petrous 
portion or overinf lat ion i n  any reg ion may prec ip itate d is

section, a rter ia l  rupture, or thrombosis. On ly the lowest 

amount of i nflation requ i red to prevent back-b leed ing 
shou ld  be used. The carotid a rtery is th i n-wa l led at  th i s  

level and easi ly traumatized by ba l loon i nflation .  Late 

RETROJUGULAR APPROACH TO THE 

DISTAL I NTERNAL CAROTID ARTERY 

Retrojugular Dissection 

• 

• 

A th i rd approach to the d i sta l  I CA is p rovided by retro
j u g u l a r  access. The i ntern a l  j u g u l a r  (IJ) ve i n  a n g les an 

ter ior ly as it ascends f rom the base  of the neck to  the  

base of the sku l l  and  over l ies the d i sta i iCA as the a rtery 
approaches the transverse p rocess of Cl . 

Us ing  the poster ior  approach, d i ssect ing  beh i nd  the I J  

ve in ,  obviates the need for hypog lossa l exposu re and  re
locat ion,  as that nerve passes a nte r ior ly over the ICA. 

Identification of the Spinal Accessory Nerve 

• The retroj u g u l a r  d i ssect ion  uses the  same i n c 1 s 1 ons  
as other  a p p roaches to the d i sta l i ntern a l  carot id ,  

with the i n c i s ion  made vert ica l ly, a nter ior  to the SCM 
m usc le .  

F IG 1 0  • Once the  pa rotid fasc ia is entered, the  branches of 
the fac ia l  nerve (VI I )  a re identif ied fo l l owed by the div is ion of 
the poster ior be l ly of the d igastr ic m uscle (PBD) .  D issect ion is 
then carried anterior to the ICA from the hypog lossa l nerve (XI I )  
d ista l ly to  identify the g lossopharyngeal  nerve (IX) .  Motor f i bers 
from the vagus nerve (X) a re ca refu l ly  identified and preserved.  

• 

comp l ications a lso inc lude pseudoaneurysm or a rteriove

nous fistu la  format ion .  The inf lated catheter shou ld be se

cured to prevent its m ig ration .  Stay sutu res may be p laced 

in the d i stal carotid to ma inta i n  access should control be 

lost due to ref lux of the ba l loon from the d i sta l a rtery or 
ba l loon puncture d u ring  suture c losure of the anastomosis .  

Using this approach, it is  essenti a l  to ident ify the sp ina l  

accessory nerve where it exits 2 to  3 em be low the edge 

of the masto id  process, a nter ior to the SCM. The SCM is 

fu l ly mob i l ized to fac i l itate th i s  exposure .  
• Once the sp ina l  accessory nerve is identif ied and  isolated, 

the I J  ve i n  i s  d issected a long its poster ior  border. The 

vagus  nerve is  identif ied and refl ected a nterior ly. With 

the ve i n  and vagus nerve mob i l ized a nter ior ly, the hypo

g lossa l nerve rema ins  a nter ior to the d i sta i iCA (FIG 1 1 ) .  

Identification of  the Superior Laryngeal Nerve 

• 

• 

I n  the retroj u g u l a r  space, the ICA ca n be d i ssected a long  
i t s  poste r ior  latera l wa l l  super ior ly whereupon the su 

per io r  l a ryngea l nerve w i l l  be encou ntered exit ing  the 

vagus  nerve and loop ing around the d i sta l ICA. Often, 

the superior cervica l  gang l i on  can be identif ied j u st l at

era l  to th i s  loop ing po int (FIG 1 2) .  

For  added  exposu re, the nerve is  ca refu l l y  l i fted from the  
ICA adventit ia .  
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FIG 1 1  • Retroj u g u l a r  exposu re of the ICA: D i ssect ion is  
carr ied beh i n d  the I J  ve i n  and  the vagus  nerve (X) mob i l ized 
a nter ior to the I CA. Care i s  taken i n  identify ing the sp ina l  
accessory nerve (XI )  at the super io r  aspect of the d i ssect ion .  
Th is  approach avo ids  mob i l izat ion of the hypog lossa l nerve 
(XI I )  as the p lane  of d i ssect ion rema in s  poster ior  to the nerve. 

FIG 12 • At the d ista l aspect of this retroj u g u l a r  space, the 
ICA wi l l  be looped by the super  l a ryngea l  nerve (SLN) as it 
comes off the vag us nerve (X) . Often, the super ior  cerv ica l  
g a n g l ion  (SCG) serves as a l and mark for where the SLN 
emanates. 

PEARLS AND PITFALLS 

Ind ications 

Imaging 

Technique 

• Make note of s ign if icant rad iat ion o r  surgery to the neck, which may i nform the cho ice of p roced u re 
(su rgery vs. stent) . 

• Make certa i n  the patient's cra n i a l  nerve status is documented, especia l ly i n  the sett ing  of pr ior  neck 
operat ions .  

• Alth o u g h  d u p l ex i m a g i n g  a l o n e  i s  suffi c ient  to p lan m ost rout i ne  ca rot id  su rgery, cross-sect i o n a l  
i m a g i n g  (CTA/M RA) p rovides essent ia l  g u i da nce for com p l ex exposu res a n d  reconstruct ive 
tech n i q ues .  

• The status of the c i rc le  of W i l l i s shou ld  be defi ned i n  the cou rse of preoperative p l a n n i n g .  

• F o r  les ions extend ing  t o  t h e  C 1 -C2 cerv ica l sp i ne, cons ider  a t  a m i n i m u m  nasotrachea l  i ntubat ion .  
• I n  extreme s ituations, m a n d i b u l a r  sub l uxation may p rovide cr it ica l  add it iona l  deg rees of freedo m .  
• M a n d i b u l a r  d i s locat ion is not recommended and  s h o u l d  not be performed t o  assist carotid surgery. 
• Knowledge of cranial nerve anatomy is the most important determinant of success. 
• Any neura l  t issue cross ing  a nter ior to the ca rot id b ifurcation and  the ICA shou ld  not be d iv ided .  
• Mob i l izat ion of d iseased a rter ia l  seg ments, inc lud ing the carotid b ifu rcat ion,  shou ld  be avoided or  

m i n i m ized pr ior  to hepar in izat ion .  
• Anter ior  d ista i iCA exposure is  dependent on  the extent to which the hypog lossa l  nerve ca n be safe ly 

mob i l ized.  
• Poster ior, retroj u g u l a r  exposure req u i res ear ly identif icat ion of the sp ina l  accessory nerve and  a nter ior  

reflect ion of the vagus  nerves to visua l ize the super ior  l a ryngea l nerve enc i rc l i ng  the d ista l i nterna l  
ca rot id .  

• Ba l loon occ lus ion may fac i l itate far  d i sta l  ca rot id control ,  but overadva ncement a n d  over i nf lat ion a re 
rea l r isks that m ust be cons idered.  P lacement of stay sutu res w i l l  fac i l itate future control maneuvers 
shou ld  the catheter become d i s lodged .  
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POSTOPERATIVE CARE 

• Following carotid revascularization, the immediate post
operative care is focused on close neurologic surveillance . 
Patients are recovered typically in an intensive care unit or 
monitored setting to facilitate ready identification of evolv
ing neurologic deficits. 

• Careful blood pressure monitoring and management is also 
essential. Following carotid revascularization, patients need 
to avoid the extremes of blood pressure, which may elicit 
hemodynamic stroke and intracerebral hemorrhage. 

• Immediate postoperative ( <24 hours ) neurologic deficits 
should be assumed to be thromboembolic in nature, most 
commonly associated with a technical ( surgical) error. Fur
ther imaging studies are unlikely to alter decision making 
and should not delay immediate reoperation. Neurologic 
deficits arising later in the postoperative period (> 24 hours) 
may be due to intracranial hemorrhage; in these cases, com
puted tomography ( CT) or magnetic resonance (MR) imag
ing may assist the decision-making process and should be 
considered when etiologic circumstances are less certain. 

• Bleeding complications following carotid surgery are rare 
but potentially serious or fatal. These may occur during the 
first several hours after surgery or even later, particularly in 
patients resuming anticoagulation therapy for existing con
ditions early in the postoperative period. Recognition and 
expeditious control of the airway is of utmost importance 
as a wound hematoma develops, as cord and airway edema 
rapidly worsen in response to reduced venous and lymphatic 
drainage. Reopening a carotid incision prior to anesthetic 
induction may facilitate emergency endotracheal intuba
tion; however, this dramatic maneuver is best performed in a 
controlled environment with resuscitation equipment avail
able should complications ensue. Ideally, preparations are 
made for wound decompression as endotracheal intubation 
is being attempted, with the wound being opened as a last 
step maneuver prior to emergency cricothyroidotomy. Cord 
edema in these circumstances may be profound, however, 
and visualization may not improve sufficiently after hema
toma evacuation to enable orotracheal or nasotracheal intu
bation. Therefore, cricothyroidotomy may become necessary 
in extreme circumstances, and all carotid surgeons should be 
facile in this maneuver as a matter of course. 

OUTCOMES 

• Although carotid endarterectomy is a well-established tech
nique continually refined over several decades, good out
comes are not limited to regional centers of excellence. Data 
provided to the American Board of Surgery regarding surgi
cal case experience in the 12 months preceding application 
for recertification in vascular surgery, carotid endarterec
tomy is recorded as one of the most common procedures per
formed by contemporary vascular surgeons. A recent query 

of the Nationwide Inpatient Sample (NIS ) identified 259,080  
carotid revascularization procedures performed during 2003 
and 2004. Although the study examined and compared out
comes of both carotid endarterectomy and carotid artery 
stenting, endarterectomy outcomes alone demonstrated an 
impressive overall stroke rate of 0 . 8 8 %  and operative mor
tality rate of 0 .39 % .4 Similarly, data prospectively obtained 
from National Surgical Quality Improvement Program 
(NSQIP) participation reviewed 1 3 ,622 carotid endarterec
tomies performed between 2000 and 2003 at 123 Veterans 
Affairs and 14 private sector academic medical centers dem
onstrated a combined stroke and death rate of 3 .4%.5  

• Data describing outcome of distal ( base of skull) carotid re
vascularizations is based on more limited, institution-specific 
case series. In these circumstances, outcomes are more diffi
cult to benchmark. One recent series reported that one of five 
patients requiring a distal ICA bypass for aneurysm repair 
suffered a stroke; 60% suffered varying degrees of cranial 
nerve deficit. 6 The largest experience reported to date is that 
of Sessa et a!./ who reported a 3% and 6% rate of periop
erative stroke and restenosis at 1 year, respectively. When 
distal carotid/skull base exposure appears to be necessary 
to safely manage an occlusive lesion, consideration should 
again be given to CAS as a lower risk alternative technique 
to open endarterectomy or interposition grafting. 

COMPLICATIONS 

• Stroke 
• Cranial nerve injury 
• Horner's syndrome 
• Seroma 
• Infection 
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DEFINITION 

• Treatment for occlusive lesions involving the origin of the 
vertebral artery (V1 segment) is undertaken to relieve pos
terior brain circulation ischemia, otherwise known as ver
tebrobasilar insufficiency. Revascularization options include 
open surgical and endovascular techniques. The most com
mon operation is a proximal vertebral to common carotid 
transposition. Endoluminal treatment includes balloon 
angioplasty and (typically) stenting. 

DIFFERENTIAL DIAGNOSIS 

• Other medical conditions mimicking posterior circulation 
ischemia include postural hypotension, cardiac arrhythmias, 
anemia, brain tumors, and benign vertiginous states. A thor
ough investigation consists of ruling out ( 1 )  inner ear pa
thology, (2) cardiac arrhythmias, ( 3 )  internal carotid artery 
stenosis/occlusion, and (4) complications of excessive blood 
pressure control (Table 1 ) .  

• Evaluation o f  patients with posterior circulation isch
emia requires defining the precise circumstances that 
elicit symptoms.  Vertigo, instability, and occasional loss 
of consciousness often accompany positional changes and 
standing in older individuals due to reduced sympathetic 
venous tone. This is particularly common in patients 
with diabetes .  The presence of orthostatic hypotension 
should be evaluated as a common alternative cause for 
vertebrobasilar symptoms. Any decreases in basilar ar
tery perfusion pressure may precipitate hemodynamic 
symptomatology, with or without concomitant vertebral 
occlusive disease . 

• The next most common cause of brainstem ischemia is re
duced cardiac output. When suspected, evaluation includes 
24-hour Holter monitoring and echocardiography. In pa
tients with vertebrobasilar insufficiency, palpitations may be 
noted with the onset of symptoms. Transesophageal echo
cardiography may be necessary to rule out structure heart 
ISSUeS. 

• Inner ear pathology, including rare cerebellopontine angle 
tumors, produces symptoms suggestive of vertebrobasilar 

Table 1 :  Nonvascular and Cardiac Conditions 
that Mimic Vertebrobasilar Ischemia 

Card i ac  a rrhythm ia  
Pacemaker ma lfunction 
Card ioembol i  
Antihypertens ive med icat ions 
Labyri nth i n e  dysfunction 
Cerebe l lopont ine ang l e  tumors 
Cerebe l l a r  degenerat ion 
Myxedema 
E lectrolyte imba lance 
Hypog lycem ia  

insufficiency. Benign vertiginous states should also be 
considered.  Physical examination can alert the physician to 
the possibility of subclavian steal in patients with differences 
in brachial blood pressure greater than 25 mmHg or with 
diminished left upper extremity pulses. Reversed flow in the 
ipsilateral vertebral artery demonstrated on duplex scanning 
is pathognomonic for subclavian steal physiology and sub
clavian steal syndrome in patients with appropriate symp
toms at rest or following exercise in the ipsilateral upper 
extremity. 

• Patients may relate symptoms of vertebrobasilar insuffi
ciency to positional changes, including turning or extending 
their head. These dynamic symptoms usually appear when 
turning the head to one side. In this circumstance, symptoms 
may be elicited by extrinsic compression of the dominant or 
sole vertebral artery (in the case of unilateral occlusion) by 
adjacent arthritic bone spurs . 1 

PATIENT HISTORY AND 
PHYSICAL FINDINGS 

• In general, ischemic mechanisms in vertebrobasilar insuf
ficiency can be categorized as hemodynamic or embolic. 
Symptoms of vertebrobasilar insufficiency include dizziness, 
vertigo, drop attacks, diplopia, perioral numbness, alternat
ing paresthesia, tinnitus, dysphasia, dysarthria, and ataxia. 
When two or more of these symptoms are present, verte
brobasilar ischemia is more likely to be the inciting cause. 
Unlike other regions of the brain, strokes in the posterior 
circulation territory occur due to large artery occlusive 
diseases. 

• Patients with "hemodynamic" ischemia experience transient 
vertebrobasilar symptoms due to inadequate vertebral artery 
inflow or collateral circulation. Symptoms are typically short 
lived, repetitive, somewhat predictable, and rarely result in 
stroke. Postural hypotension may precipitate serious trau
matic injury, however, when patients lose their balance with 
standing. 

• Embolic events may also precipitate vertebrobasilar ischemia 
as well as cerebellar and brainstem infarction. Microemboli 
from the heart, aortic arch, or any arteries leading directly 
to the basilar artery may arise from atherosclerotic lesions, 
intimal defects, repetitive trauma, fibromuscular dysplasia 
lesions, aneurysms, or dissections . Although much less com
mon than hemodynamic vertebrobasilar insufficiency, when 
present, microemboli are much more likely to cause fatal 
events or debilitating infarcts. 2-4 

• Timing of the onset of symptoms following positional 
changes may help differentiate vertebrobasilar insufficiency 
from labyrinthine disorders.  In the latter circumstance, 
rapid head movement invokes immediate symptoms. In 
the case of vertebrobasilar insufficiency, however, a short 
delay usually precedes the onset of symptoms, including 
nystagmus. 

1843 

I 



1844 P a r t 6 OPERATIVE TECHNIQUES IN  VASCULAR SURGERY 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

Duplex ultrasound, an otherwise excellent tool for the assess
ment of extracranial cerebrovascular disease, has limitations in 
the diagnosis of vertebral artery pathology. Direct visualization 
of the second portion is obscured by the transverse processes 
of C2-C6.  As previously mentioned, however, duplex imaging 
reliably identifies subclavian steal physiology, as well as detect 
proximal velocity increases consistent with orificial vertebral 
or proximal subclavian stenosis.5 
• Magnetic resonance imaging (MRI) provides safe, nonin

vasive, and detailed evaluation of the aortic arch and great 
vessels, the extracranial and intracranial arterial vascula
ture, as well as the presence of mass lesions, fluid collections, 
or parenchymal defects in the posterior fossa. Contrast
enhanced magnetic resonance angiography (MRA),  with 
three-dimensional reconstruction and maximum image inten
sity techniques, provides excellent image quality in high reso
lution (FIG 1 ) .  As in other applications, however, in low-flow 
circumstances, excessive signal dropout may result in overes
timation of lesion severity based on signal intensity alone. 

• In contrast to computed tomographic (CT) imaging, trans
axial MRI readily diagnoses both acute and chronic brain 
infarctions in the posterior fossa. Brainstem infarctions are 
typically small and as such may be overlooked with noncon
trast CT imaging. Brain MRI is performed in symptomatic 
patients prior to vertebral artery intervention to identify in
farctions when they are present and provide baseline images 
for future comparison. 

• Evaluation of vertebral anatomy via catheter-based, contrast 
arteriography requires acquisition of images in multiple pro
jections to fully evaluate the entire extent of both vertebral 
arteries .  Evaluation begins with the aortic arch to deter
mine the origin of the bilateral vertebral arteries. Anoma
lous origin of the left vertebral artery, arising directly from 
the aorta proximal to the left subclavian, is present in 6 %  
o f  patients. Much less frequently, the right vertebral artery 
originates from the innominate or right common carotid 
artery. This anomaly often accompanies an aberrant right 
subclavian artery, which itself may precipitate symptoms of 
dysphagia lusoria. 

• Usually, right and left posterior oblique projections are suf
ficient to comprehensively evaluate the Vl (first) vertebral 
artery segment from the origin to the transverse process of 
C6. In most patients, the left artery is usually dominant, but 

FIG 1 • Vertebra l  M RA (with the ca rot id  image su btracted) .  

a number of normal variants may be encountered, including 
congenital atresia of either vertebral artery. 

• The vertebral artery origin may not be visualized adequately 
with either duplex ultrasonography or MRA. Oblique pro
jections are required during arteriography due to superim
position of the subclavian artery over the vertebral origin. 
Additional projections, including craniocaudal tube an
gulation, may also be required to optimize visualization. 
The presence of a poststenotic dilatation in the first centi
meter of the vertebral artery is a clue that should prompt 
further projections to isolate the origin from the overlying 
subclavian artery. 

• Dynamic arteriography, incorporating provocative position
ing, may be required to assess the possibility of extrinsic 
vertebral artery compression. Finally, delayed imaging may 
demonstrate reconstitution of patent distal extracranial ver
tebral arteries through cervical collaterals when the origin 
initially appears occluded. 

SURGICAL MANAGEMENT 

• Some degree of vertebral artery orificial stenosis is present 
in 20% to 40% of patients with other manifestations of 
cerebrovascular disease.2 A number of operative approaches 
will satisfactorily address Vl segment disease and orificial 
stenosis. 6•7 Vertebral transposition, or repositioning of the 
origin of the vertebral artery onto the adjacent common 
carotid artery is the most common. Endoluminal dilata
tion, with or without stenting, is also appropriate in selected 
circumstances. 

Vertebral to Common Carotid Transposition 

• General endotracheal anesthesia is preferred.  Positioning su
pine, with the back of the table slightly elevated toward a 
chair position with the head rotated away from the planned 
incision site facilitates additional deep mediastinal exposure 
when required. 

• Proximal vertebral artery exposure is similar to that re
quired for subclavian-to-carotid transposition. One finger
breadth above the clavicle, a transverse incision is created 
directly over the two heads of the sternocleidomastoid mus
cle (SCM) . Between the SCM heads, the omohyoid muscle 
is identified and divided. Lateral retraction of the internal 
jugular vein and vagus nerve exposes the carotid sheath 
medially. Maximal proximal carotid artery exposure, facili
tated by positioning of the primary operator at head of the 
patient, is necessary to ensure an optimal result ( FIG 2 ) .  

• The sympathetic ganglia are identified running behind and 
parallel to the carotid artery. On the left side, the thoracic 
duct is divided between ligatures to minimize lymphatic 
leaks. The proximal end should be doubly ligated, avoid
ing transfixion sutures. Accessory lymph ducts-often seen 
on the right side-should also be ligated and divided when 
identified.  The entire dissection is confined medial to the 
prescalene fat pad covering the scalenus anticus muscle and 
phrenic nerve . These latter structures are left unexposed lat
eral to the field. The inferior thyroid artery, running trans
versely across the field, is also ligated and divided. 

• The vertebral vein is next identified emerging from the 
angle formed by the longus colli and scalenus anticus and 
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FIG 2 • A. Access to the p roxi ma l  vertebra l a rtery between the sternoc le idomasto id m uscle 
be l l ies .  B. Transposition  of the proxi m a l  vertebra l  a rtery to the poster ior  wa l l  of the common 
carot id  a rtery. 

overlying the vertebral artery and, at the bottom of the field, 
the subclavian artery. Unlike its sister artery, the vertebral 
vein has branches. It is ligated in continuity and divided. 
Below the vertebral vein lies the vertebral artery. It is im
portant to identify and avoid injury to the adjacent sym
pathetic chain. The vertebral artery is dissected superiorly 
to the tendon of the longus colli and inferiorly to its origin 
in the subclavian artery. The vertebral artery is freed from 
the sympathetic trunk resting on its anterior surface without 
damaging the trunk or the ganglionic rami. Preserving the 
sympathetic trunks and the stellate or intermediate ganglia 
resting on the artery usually requires freeing the vertebral 
artery from these structures, and after dividing its origin, the 
latter is transposed anterior to the sympathetics. 

• Once the artery is fully exposed, an appropriate site for re
implantation in the common carotid artery is selected. The 
patient is systemically anticoagulated with intravenous hep
arin. The distal portion of the Vl segment of the vertebral 
artery is clamped below the edge of the longus colli with a 
microclip placed vertically to indicate the orientation of the 
artery and to avoid axial twisting during its transposition. 
The proximal vertebral artery is closed by transfixion with 
5-0 polypropylene suture immediately above the stenosis at 
its origin. The artery is divided at this level, and its proximal 
stump is further secured with a hemoclip . The artery is then 
brought to the common carotid artery and its free end is 
spatulated for anastomosis. 

• The carotid artery is then cross-clamped. An elliptical 5- to 
7-mm arteriotomy is created in the posterolateral wall of the 
common carotid artery with an aortic punch. The anastomosis 

is performed in open fashion with continuous 6-0 or 7-0 poly
propylene suture while avoiding any tension on the vertebral 
artery, which tears easily. Before completion of the anastomo
sis, any slack in the suture is tightened appropriately with a 
nerve hook, standard flushing maneuvers are performed, and 
the suture is tied to reestablish flow (FIG 3 ) .  

Common 
carotid 
artery 

FIG 3 • Proxi ma l  vertebra l-to-common ca rot id tra nsposition .  
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Vertebral Artery Angioplasty and Stent Placement 

• In the past decade, endovascular treatment of vertebral artery 
disease has gained increasing acceptance. For endovascular 
intervention, patients are pretreated with dual antiplatelet 
therapy (aspirin and clopidogrel) .  The procedure is usually per
formed with local anesthesia and conscious sedation, enabling 
continuous neurologic monitoring of the patient. The patients 
are positioned supine and prepped to allow percutaneous 
entry into the chosen access vessel. Most cases are performed 
from a femoral approach (93 %) ,  although transbrachial ( 3 % )  

PEARLS AND PITFALLS 

and transradial ( 5 % )  access has also been used as noted in 
one recent review. 8 The stenotic lesions are crossed and then 
dilated with 0 .014- or 0 .018-in guidewires and small coronary
diameter balloons. If a stem is chosen, these are usually 
bare metal type, but drug elution has also been used. The 
same 0.014- or 0 .018-in guidewires are used as platforms 
over which the stems are delivered and then deployed. Post
deployment angioplasty may be necessary in selected cases. 
Procedures can be performed with or without the assistance 
of embolic protection, although most vertebral arteries are too 
small to accommodate most distal protection devices. 

P lacement of i nc i s ion • It i s  i m porta nt to p l ace the i nc is ion med i a l ly enough to d i ssect between the heads of the 
sternoc le idomasto id .  An approach l atera l to th is  structure wi l l  make the transposit ion cha l l eng i ng,  if 
not i m poss ib le, to comp lete. 

Or ientat ion • Enough of the V1  seg ment of the vertebra l  a rtery, u p  to near  where it d isappears i nto the tra nsverse 
process of C6, needs to be mob i l ized.  Al so, p l an  a head and see where on the ca rot id is  best to 
re i m p lant the vertebra l  before creati ng  the ca rot id a rter iotomy. 

C losure • A d ra i n  is usua l ly he lpfu l ,  especi a l ly on the left s ide where the thorac ic d uct crosses the exposu re, j ust 
in case a t ie comes off of a l a rge  lymphatic .  The d ra i n  a l l ows for ear ly d iag nosis of th i s  com p l icat ion .  

POSTOPERATIVE CARE 

• Following surgical transposition, absent significant lym
phatic drainage from the wound, the patient may be safely 
discharged on the first or second postoperative day. Simi
larly, after endoluminal therapy, patients are kept overnight 
to ensure neurologic stability. 

OUTCOMES 

• After proximal vertebral-to-common carotid transposition, 
patency rates at 5 and 10 years equal or exceed 95% and 
9 1 % ,  respectively. When selected appropriately, more than 
80% of patients will experience symptomatic relief follow
ing proximal surgical reconstruction.9 

• Appropriate reconstruction and subsequent reperfusion of the 
brainstem in patients experiencing hemodynamic vertebrobas
ilar symptoms may also improve hypertension management. 

• Overall, retrospective reviews suggest that endoluminal ver
tebral artery intervention is reasonably safe, although a se
lection bias exists . A 2005 Cochrane review identified 3 1 3  
interventions for vertebral artery stenosis, with just over half 
using stem placement as part of the treatment. The technical 
success rate was 95%,  and the 3 0-day stroke and death rate 
was 6 .4 % .10 

• Despite high technical success rates, vertebral artery an
gioplasty alone, especially when used for the treatment of 
disease at the origin of the vessel, appears to have an unac
ceptably high rate of restenosis. Adjuvant stent placement 
adds to the clinical durability but adds potential morbidity 
such as malposition or potential fracture. In their series of 105 
patients who underwent endovascular stenting for symptom
atic vertebral artery disease, Jenkins et alY achieved 100% 
radiographic improvement (residual stenosis �30% ) .  The 
authors reported immediate (30-day) periprocedural risk of 
death of 1 %  and periprocedural complication rate of 4. 8 % .  

Complications included transient ischemic attack, flow-limit
ing dissection, hematoma, and catheter-access-site problems. 
At 1 year of follow-up, six patients had died and five had ex
perienced a vertebrobasilar stroke, and at approximately 2.5 
years of follow-up, 70% of patients remained symptom free, 
but 1 3 %  of patients had restenosis requiring retreatment. 1 1  

• A recent systematic review of the available literature noted 
a weighted mean technical success rate of 97% . The authors 
estimated mean periprocedural stroke and death rate from 
combined angioplasty and stenting to be around 1 . 1  % .  
Transient ischemic events occurred i n  1 .5 %  o f  patients . 
Recurrent symptoms occurred in 8 %  of patients within a 
reported range of follow-up of 6 to 54 months and greater 
than 50% restenosis developed in 23 % of the subset of 
patients who underwent follow-up imaging. 8  

COMPLICATIONS 

• Proximal vertebral to common carotid transposition has 
been reported to have a combined stroke and death rate 
of 0 . 9 % . 9  Among patients undergoing this operation, in 
one report, there were no deaths or strokes in those who 
underwent only a vertebral reconstruction. Berguer and 
coauthors reported four instances of immediate postop
erative thrombosis ( 1 .4 % ) .  Three of the four patients had 
vein grafts interposed between the vertebral artery and the 
common carotid because of a short V1 segment. The grafts 
kinked and thrombosed. Other complications that are par
ticular to proximal reconstruction include vagus and recur
rent laryngeal nerve palsy ( 2 % ) ,  Horner's syndrome ( 8 .4 %  
t o  2 8 % ) ,  lymphocele ( 4 % ) ,  and chylothorax (0 .5 % ) .  

• Peri procedural risks for angioplasty and stenting include ac
cess complications, distal embolization and stroke, arterial 
rupture, stent malposition, and vessel thrombosis or dissec
tion. Later, restenosis and stent fracture are not uncommon 
( FIG 4) .  
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FIG 4 • Vertebra l  a rtery stent with fractu re a n d  i n -stent 
restenosis (From :  Cronenwett J L, Joh nston KW, eds.  Rutherford's 

Vascular Surgery. 7th ed .  Ph i l ade lph ia ,  PA: Saunders; 201 0, with 
permiss ion . )  
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DEFINITION 

• Thoracic outlet syndrome (TOS) is a group of conditions 
caused by compression of one of the neurovascular structures 
that serve the upper extremity.1-3 Neurogenic thoracic outlet 
syndrome (NTOS) is the most frequent of these, occurring in 
85% to 90% of thoracic outlet patients. It is caused by com
pression and irritation of the brachial plexus nerves within the 
supraclavicular scalene triangle and/or underneath the pecto
ralis minor muscle tendon in the subcoracoid space (FIG 1 ) .  

NTOS tends to  occur in  patients between the ages of  1 5  and 
40 years, typically manifesting as neck and upper extremity 
pain, paresthesias, and functional limitations in the ipsilateral 
arm. Although relatively uncommon, clinical recognition and 
appropriate treatment are crucial to optimizing outcome in 
young active individuals with NTOS-related disability.4 

• The causes of NTOS include anatomic variations (anoma
lous scalene musculature, aberrant fibrofascial bands, and/ 
or cervical ribs)  and previous neck or upper extremity injury, 

which promotes scalene/pectoralis muscle spasm, fibrosis, 
and other pathologic changes.4 These muscular alterations, 
in turn, lead to compression and irritation of the adjacent 
brachial plexus nerves. The presence of a cervical rib is often 
cited as a risk factor for NTOS; however, few NTOS patients 
(approximately 1 0 % )  have a definable cervical rib, and de
velopment of NTOS symptoms are rare in cervical rib pa
tients in the absence of predisposing injury.5 

• NTOS often occurs in individuals involved in occupational or 
recreational activities requiring repetitive overhead activities 
with the arms and/or heavy lifting, occasionally aggravated 
by injury (e.g., motor vehicle collisions or falls upon the out
stretched arm) .  Other predisposing conditions include low
grade repetitive strain injury (e.g., prolonged keyboard use) ,  
poor posture, and dysfunctional shoulder girdle mechanics. 

• Surgical treatment for NTOS may be effectively accomplished 
by several different approaches, including transaxillary 1st rib 
resection and anterior (supraclavicular) decompression. The su
praclavicular approach has long been a mainstay in the surgical 
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FIG 1 • Anatomy of the thoracic 
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c lavicu l a r  sca lene tri ang le  and the 
i nfraclavicu l a r  subcoraco id  space.  
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Table 1 :  Differential Diagnosis of Neurogenic 
Thoracic Outlet Syndrome 

Acrom ioclavicu l a r  a rthropathy 
Arter ia l  atheroembol i sm 
B rach i a l  p lexus (stretch) in ju ry 
Carpa l  tunne l  synd rome (med ian nerve) 
Cervical dyston ia  
Cervical sp ine degenerative a rthr it is 

Comp lex reg iona l  pa in syndrome 
Cervical sp ine degenerative disc d i sease 
Cervical spine (muscu lar) stra i n  
Cubita l cana l  syndrome (u l na r  nerve) 

F i bromya lg i a  and fibromyosit is 
Nerve sheath neop lasm 
Pancoast tumor ( l ung  apex) 
Parsonage-Turner syndrome 
Psychogenic syndrome 
Rad ia l  nerve compress ion 
(extensor forearm) 

Raynaud syndrome 
Rotator cuff tend in i t i s  
Sc leroderma 
Vascu l it is 

treatment of NTOS, providing excellent exposure for safe and 
definitive decompression of the relevant neurovascular struc
tures as well as the flexibility to manage the entire spectrum of 
circumstances that may be encountered intraoperatively.6-10 

DIFFERENTIAL DIAGNOSIS 

• NTOS-related symptoms may mimic or overlap those ob
served in other upper extremity neurologic and muscu
loskeletal disorders, expanding the differential diagnosis 
(Table l ) Y·12 Successful intervention requires differentiation 
of NTOS from other cervical-brachial syndromes as well as 
optimal patient and procedural selectionY 

• NTOS should be readily differentiated from venous TOS, 
which produces marked arm swelling, cyanotic discoloration, 
and distention of subcutaneous veins around the shoulder and 
chest walL Venous TOS often presents clinically as axillary
subclavian vein "effort-related thrombosis" (Paget-Schroetter 
syndrome) .  NTOS should also be distinguished from arterial 
TOS, which causes either fixed subclavian artery obstruction 
or poststenotic aneurysm formation. The former may precipi
tate arm or hand pain with exercise ( " arm claudication" ) ,  the 
latter aneurysm thrombosis and distal embolization, hand 
ischemia, rest pain, and/or digital ulceration and necrosis. 

• Some NTOS patients exhibit severe upper extremity pain 
and hypersensitivity, with digital swelling and discoloration, 
suggesting the presence of sympathetic nerve overactivity. In 
such cases, the coexistence of reflex sympathetic dystrophy 
(complex regional pain syndrome [CRPS] ) should be deter
mined by assessing the symptomatic response to a temporary 
cervical sympathetic (stellate ganglion) anesthetic block. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Symptoms attributable to brachial plexus nerve compres
sion include pain, numbness, and tingling (paresthesia) 
in the neck, shoulder, arm, and hand. The distribution of 
symptoms in the hand often extends beyond that expected 
for either the median or ulnar nerves, involving all fingers. 
Patients with NTOS attributable to compression at the pec
toralis minor tendon often describe upper anterior chest and 
axillary pain. The intensity of symptoms of NTOS can vary 
with the extent of upper extremity activity and are usually 
reliably exacerbated with arm elevation and abduction. 

• Many NTOS patients experience relatively mild symptoms, 
with gradual progression in severity punctuated by peri
odic exacerbations. Others experience steady, progressive 

worsening of symptoms and related disability. Hand muscle 
weakness and atrophy (Gilliatt-Sumner hand) are rare, typi
cally following long-standing brachial plexus compression 
due to an associated cervical rib or similar bony anomaly. 

• Physical examination typically identifies reproducible ten
derness to palpation over the supraclavicular scalene trian
gle and/or the infraclavicular subcoracoid space (FIG 2 ) .  

• Most NTOS patients experience recurrent upper extremity 
symptoms in response to provocative positional maneuvers, 
such as the upper limb tension test (ULTT) or the 3-minute 
elevated arm stress test (EAST) (FIG 2 ) .  Positional dampen
ing of the radial artery pulse at the wrist during arm ab
duction and external rotation (Adson's test) is nonspecific 
and inaccurate and is generally not useful in establishing or 
excluding a diagnosis of NTOS. 

• Directed physical examination is performed to determine the 
presence of cervical spine degenerative disease or peripheral 
nerve compression (carpal tunnel and cubital canal syn
dromes) as potential alternative sources of NT OS-like symp
toms as well as evidence of arterial or venous compromise 
to the affected extremity. Signs of increased upper extremity 
sympathetic tone are also sought, including digital swelling, 
discoloration, and skin hypersensitivity (allodynia) .  

• Documentation of  patient-reported symptoms and quantifi
cation of disability prior to treatment are accomplished by 
completion of standardized outcomes measurement tools 
such as the Disabilities of the Arm, Shoulder, and Hand 
(DASH) questionnaire and quality-of-life instruments . 14  
Repeated use of these instruments at various intervals before 
and after treatment has provided increasing insight into the 
relative value of alternative management strategiesY 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Although imaging and other diagnostic studies may provide 
helpful ancillary information, there is no definitive test to 
confirm or exclude the diagnosis of NTOS. Diagnosis re
mains quintessentially clinical and dependent on experi
enced pattern recognition. 

• Plain anteroposterior chest radiographs will identify a cervical 
rib when present. No other currently available imaging study 
adds significant value to the clinical diagnosis of NTOS (FIG 3 ) .  

• Conventional electrophysiologic tests (electromyography and 
nerve conduction studies) are often performed to exclude pe
ripheral nerve compression disorders or cervical radiculopa
thy. These tests are usually negative or nonspecific in NTOS 
and cannot be used to establish or exclude the diagnosis. 

• Vascular laboratory studies (Duplex ultrasound) may detect 
alterations in upper extremity blood flow attributable to 
subclavian artery compression during arm elevation. How
ever, positional subclavian artery compression may represent 
an incidental and unrelated vascular finding and does not 
establish a diagnosis of neurogenic or arterial TOS. As they 
do not assess the presence or severity of brachial plexopathy, 
vascular laboratory studies add little specificity beyond the 
clinical diagnostic criteria .  

• Performance of image-guided anterior scalene and/or pec
toralis minor muscle anesthetic blocks may assist the 
clinical diagnosis of NTOS.16  A positive block, character
ized as temporary relief or improvement in the presenting 
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FIG 2 • Physica l exa m i nat ion revea ls  loca l ized tenderness to pa l pat ion over the suprac lavicu l a r  sca lene tr iang le  (A) and/or the 
i nfraclavicu l a r  su bcoraco id  space (B) . The U LTT (C) and  the 3-m i n ute EAST (D) use provocative posit iona l  maneuvers that ra p id ly e l ic it 
reprod uct ion of upper extrem ity sym ptoms i n  patients with NTOS. E. An office chart d ia g ra m  is used to eas i ly  summa rize phys ica l  
exa m inat ion f i nd i ngs for patients be ing eva l uated for NTOS. 

symptoms, strongly supports the clinical diagnosis of NTOS. 
A positive block may predict symptomatic relief from surgi
cal decompression and is therefore highly useful in select
ing candidates for 1 st rib resection. Unfortunately, however, 
failure of temporary symptom resolution following muscle 

blockade does exclude the diagnosis of NTOS and should 
not preclude consideration of surgical management in other
wise compelling clinical candidates. 

• Initial treatment for NTOS is based on physical therapy 
to relieve scalene/pectoralis minor muscle spasm, improve 
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FIG 3 • A left-s ided cervica l  r i b  identif ied by p l a i n  chest 
rad iogra phy (arrow). 

posture, enhance functional limb mobility, strengthen asso
ciated shoulder girdle musculature, and diminish repetitive 
strain exposure in the workplace. Incorrect approaches to 
physical therapy can result in worsening of symptoms and 
failure of conservative management. In many NTOS patients, 
significant symptomatic improvement may be experienced 
in response to physical therapy, particularly in the first 4 to 
6 weeks. Because NTOS is commonly chronic, however, and 
subject to acute symptomatic "flare ups"  (often related to 
overuse activities or new injury), such patients should con
tinue prescribed physical therapy exercises during long-term 
follow-up. Patients that fail a conscientious and effective 
physical therapy, as well as alternative conservative mea
sures, are referred for consideration of surgical intervention. 

SURGICAL MANAGEMENT 

• Supraclavicular decompression (scalenectomy, 1 st rib resec
tion, and brachial plexus neurolysis) is recommended on 
the basis of ( 1 )  sound clinical diagnosis of NTOS, (2) sub
stantial resulting disability (interference with daily activities 
and/or work) ,  and ( 3 )  an inadequate response to standard 
physical therapy. Supraclavicular decompression may also 
provide relief from persistent or recurrent NTOS symptoms 

following prior surgery, particularly when continued conser
vative measures prove ineffective. 

• For patients with symptoms referable to the subcoracoid 
space, release of the pectoralis minor tendon should be 
included in the supraclavicular thoracic outlet decompres
sion procedure. Pectoralis minor tenotomy may also be per
formed as a stand-alone procedure when nerve compression 
symptoms are limited to this areaY·18  

• Decompression should be performed as a staged, sequen
tial procedure in patients with bilateral NTOS symptoms. 
The initial supraclavicular decompression, with or without 
pectoralis minor tenotomy, is performed on most symptom
atic or dominant extremity. If symptoms remain present or 
progress, contralateral supraclavicular decompression may 
be performed within 6 to 12 weeks of the initial procedure. 
Normal phrenic nerve function should be verified on the side 
of the previous procedure, by chest fluoroscopic examina
tion, before contralateral intervention. 

Preoperative Planning 

• The supraclavicular surgical site is marked in the preoperative 
holding area, including the subcoracoid space when concomi
tant pectoralis minor tenotomy is planned. Prophylactic antibi
otics are administered within an hour of the planned procedure. 

Positioning 

• After the induction of general endotracheal anesthesia, the pa
tient is positioned supine with the head of the operating table 
elevated 30 degrees. The neck is extended and turned to the 
opposite side; a small inflatable pillow is placed behind the 
shoulders; and the neck, chest, and affected upper extremity 
are prepped into the field. The arm is wrapped in stockinette 
to permit free range of movement during the operation and 
then held comfortably across the abdomen (FIG 4} .  Lower 
extremity sequential compression devices are used for throm
boprophylaxis. Neuromuscular blocking agents are not used 
following the initial induction of anesthesia. 

Pectoralis Minor ---. 
Incision 

FIG 4 • Patient position and p lanned i nc is ions for left-s ided su praclavicu la r  thoracic outlet decompress ion with pectora l i s  m i nor  tenotomy. 
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SUPRACLAVICULAR DECOMPRESSION 

Incision and Mobilization of the Scalene Fat Pad 

• A tra nsverse neck i n c i s ion is made para l le l  to and  ju st 

a bove the c lav ic le, beg i n n i n g  at the l atera l edge of the 

sternoc le idomasto id  m uscle and extend ing  to the a nte
r ior  edge of the tra pez ius  m usc le .  The inc i s ion is  carr ied 

through the subcuta neous layer, the p latysma m uscle is  

d iv ided, and  subp latysma l  f l aps a re deve loped to expose 

the sca lene fat pad. The sternoc le idomasto id  m uscle is  
retracted med i a l ly but is  not d iv ided (FIG S) .  

• One of the keys to s imp l ify ing the suprac lav icu l a r  expo

su re is  proper mob i l izat ion and latera l reflect ion of the 

sca lene fat pad .  This beg in s  with detachment of the fat 

pad a long the latera l edge of the i nterna l  j u g u l a r  vei n  

a n d  t h e  super ior  edge o f  t h e  c lav ic le, with l igat ion of 
sma l l  blood vessels and lymphatic t issues. The thoracic 
duct, usua l l y  observed near  the j u nct ion of the i nterna l  

FIG S • A. The sk in  inc i s ion is  made just a bove and  para l l e l  to the c lav ic le, extend ing  from the 
latera l border of the sternocle idomasto id  m uscle to the a nter ior border of the tra pezius m usc le .  
B. Subp latysma l  f l aps a re created to expose the under ly ing sca lene fat pad .  The sca lene fat pad 
is  mob i l ized, beg i n n i n g  with its  med i a l  attachments to the i nterna l  j u g u l a r  ve i n  (IJV) (C), and  the 
omohyo id m uscle is  d iv ided (D) . 
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Table 2:  Critical Views Obta ined during Supraclavicular Thoracic  Outlet Decompression 

1 .  V iew of the operative fie l d  after latera l  reflect ion of the sca lene fat pad, with v isua l ization of the interna l  jugu lar ve in ,  anter ior sca lene muscle, phren ic 
nerve, brach i a l  p l exus, subc lav ian artery, midd le sca lene muscle, and  long thoracic nerve 

2. View of the lower part of the anter ior sca lene muscle where it attaches to the 1 st rib, with space suffic ient to a l low a fi nger to pass beh ind the anter ior 
sca lene muscle and i n  front of the brach ia l  p lexus and subc lavian a rtery, pr ior to d iv is ion of the anter ior sca lene  muscle i nsertion from the top of the 1 st r ib 

3 .  View of the upper part of the anter ior sca lene musc le at the level of the C6 transverse process, i n  re lat ion to the C S  and C6 nerve roots, pr ior to d iv is ion of 
the a nter ior sca lene  muscle or ig in 

4.  View of the i nsertion of the midd le sca lene musc le on the 1 st r ib, with each of the f ive nerve roots of the brach i a l  p lexus and the subclavian a rtery re
tracted media l ly and  the long thorac ic nerve retracted latera l ly, pr ior to d iv is ion of the midd le sca lene muscle i n sert ion from the top of the latera l  1 st r ib 

5 .  View of the poster ior neck of the 1 st r ib, with the T 1  ne rve root pass ing from underneath the r ib to jo in  the C8 nerve root to form the i nfer ior trun k  of the 
brach ia l  p lexus, pr ior to d iv is ion of the poster ior 1 st r ib 

6 .  View of the anter ior port ion of the 1 st r ib, with p lacement of the r ib shears media l  to the sca lene tubercle, pr ior to d iv is ion of the anter ior 1 st r ib 

j u g u l a r  and subc lav ian vei ns on the left side (a promi nent 

accessory thoracic duct may a l so exist on  the r ight s ide), 

may be l i gated and d iv ided .  The omohyo id  m usc le  is  rou
t inely d iv ided (FIG S) .  

• The sca lene fat pad is prog ressively e levated i n  a med i a l  

to  latera l d i rect ion,  by  gent le f ingert ip  d i ssect ion over 
the su rface of the a nte r ior  sca lene m usc le .  The phren ic  

nerve i s  observed pass ing  i n  a latera l to med i a l  d i rect ion 
as it descends a long the m uscle su rface. Gent le m a n i pu

lat ion of the ph ren i c  nerve prod uces a "da rt le"  (d ia 

ph rag matic sta rt le) response. 
• Upon further l atera l rotation of the sca lene fat pad, the 

brach i a l  p lexus nerve roots (poster ior  and  latera l to the 

a nter ior sca lene musc le) and  the m i d d le sca lene m uscle 

(beh ind  the b rach i a l  p lexus) are brought i nto view. The 

latera l aspect of the 1 st r i b  is  pa l pated and v isua l i zed, 
and the long thoracic nerve is  identif ied as it emerges 

from the body of the m i d d l e  sca lene m uscle to cou rse 
past the l atera l part of the 1 st r ib .  The sca lene fat pad is 

then he ld  in posit ion with severa l  s i l k  retract ion sutu res 

and  the exposure is  m a i nta ined with a Hen ley self-reta in 

i ng  retractor (us i ng  the th i rd arm to  ho ld  the edge  of the  
sternoc le idomasto id  m uscle) .  The resu lt ing exposure rep

resents the fi rst and most i m portant of s ix "crit ical v iews" 

to be obta ined du r i ng  suprac lav icu l a r  decompress ion 
(Tab le  2) (FIG 6) .  

Anterior Scalenectomy 

• Attention is turned to the i n sert ion of the a nter ior  sca

lene m uscle on  the 1 st r i b .  At the lower latera l edge of 

the a nter ior sca lene m uscle, the subc lav ian a rtery and  

brach i a l  p lexus a re ca refu l ly mob i l ized unt i l  a f ingert ip  

ca n be eas i l y  passed beh i nd  the m uscle just a bove the 1 st 

r ib, thereby d i sp lac ing  the neurovascu l a r  structures pos
tero latera l ly. B l u nt f ingert ip  d i ssect ion is conti n ued be

h i n d  the m uscle to its med i a l  edge, tak ing  ca re to avo id  
the phren ic  nerve. Once the i nsert ion of the a nter ior 

sca lene m uscle onto the 1 st r i b  has been isolated u nder  

d i rect v is ion to p rotect the phren ic  nerve, the subc lav ian 

a rtery, and  the b rach i a l  p lexus, it is sharp ly d iv ided from 
the top of the bone with scissors (FIG 7) .  

• The end of the d iv ided a nte r ior  sca lene m uscle is e l evated 
and  its attachments to the underly ing extra p leura l  fascia 

a re sharp ly d iv ided (electrocautery is  not used to avo id  
i nadvertent nerve i n ju ry) . M usc le  f i bers extend ing  from 

the poster ior  aspect of the m uscle often pass around the 

subclavian a rtery to form a tether ing  "s l i n g "  and  shou ld  

a lso be resected to fu l ly release the a rtery. Any sca lene 

m i n i m u s  m uscle f i bers found  to be present (pass ing  be
tween the roots of the b rach i a l  p lexus) a re d iv ided as 

the a nter ior  sca lene m uscle is  mob i l ized.  As the a nter ior 

sca lene m uscle is  l i fted further, it is  passed underneath 

and med i a l  to the phren ic  nerve and its poster ior  attach
ments a re d iv ided with d i rect v isua l i zat ion and p rotec

t ion of the u pper brach i a l  p lexus nerve roots. D i ssect ion 

of the m uscle is  carr ied su per ior ly to its  or ig i n  on the C6 
transverse p rocess, which is  eas i ly  pa l pated i n  the u p per  

aspect of the operative f ie ld  (the a pex of the "sca lene tr i 

ang le") .  The anter ior  sca lene m uscle i s  then d iv ided with 

scissors from its or ig i n  on  the transverse process u nder  

d i rect v is ion and  the ent i re m uscle is  removed, with a 

FIG 6 • Fo l lowing  latera l ref lect ion of the sca lene fat pad, 
d i rect v isua l i zat ion is obta ined of the i nterna l  j u g u l a r  ve i n  
(IJV), a nter ior sca lene m uscle (ASM), phren ic  nerve (PhN), 

brach i a l  p lexus (BP), subc lav ian a rtery (SCA), midd le  sca lene 
m uscle (MSM), and  long thorac ic  nerve (LTN). 

1853 
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A B 

D 

FIG 7 • A. The a nter ior sca lene m uscle (ASM) i n sert ion is iso lated by d i sp lac ing the under ly ing subc lav ian a rtery (SCA) and  
b rach i a l  p lexus (BP), us ing  b l u nt f ingert ip  d i ssect ion beh ind  the musc le, and  the m uscle is  sha rp ly  d iv ided f rom the top  of the 1 st 
r i b .  B. The end of the d iv ided a nter ior sca lene m uscle is l i fted and  sharp ly d i ssected free of structu res lyi ng  beh i nd  the m uscle, 
i n c l ud ing  the subc lav ian a rtery. C. As it is  mob i l ized, the a nte r ior  sca lene m uscle is  passed underneath and to the med ia l  s ide 
of the phren ic  nerve (Ph N) .  D. The d i ssect ion is  carr ied u p  to the l evel of the C6 transverse process where the a nte r ior  sca lene 
m uscle can be safely d iv ided from its  or ig i n  and  removed . 

• 

typ ica l  speci men weigh i ng  5 to 1 0  g .  Any m i nor  b leed i n g  

from t h e  e d g e  o f  t h e  d iv ided m uscle o r i g i n  is  contro l l ed 

with sma l l  polypropy lene sutu res rather than e lectrocau

tery, g iven the p rox im ity of the nerve roots (FIG 7) .  

Anoma lous  f ibrofasc ia l  bands  may be observed after an 

ter ior sca lene m uscle resect ion,  typ ica l ly pass ing  i n  front 

of the lower b rach i a l  p lexus nerve roots. These structu res 
a re a lso resected as they a re encou ntered to ensure thor
ough  decompress ion a n d  fu l l  nerve root mob i l ity. 

Mobilization of the Brachial Plexus and Middle 
Scalenectomy 

• The b rach i a l  p lexus nerve roots a re next sepa rated from 

the front edge of the m idd le  sca lene m uscle .  B l u nt f in 

gert ip  d i ssect ion a long  the l atera l aspect of the nerves is  

used to extend  the exposure deeper to the i nne r  cu rve of 

the 1 st rib a n d  the extrap leu ra l  space, and a sma l l  ma l 

leab le  retractor is  p laced between the brach i a l  p lexus 
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FIG 8 • The brach i a l  p lexus is sepa rated f rom the a ntero
med ia l  border of the m idd le  sca lene m uscle down to the level 
of the 1 st rib and extra p leura l  fascia and gently retracted 
med i a l ly to visu a l ize a l l  five nerve roots (C5 to T 1 ) .  

• 

• 

nerves and  the m idd le  sca lene m uscle .  With gent le me
d i a l  retract ion of the brach i a l  p lexus, each nerve root 

from C5 to T1 is  seq uenti a l l y  identif ied (FIG 8). 
The tra nsverse cervica l a rtery and ve i n  shou ld  be l i gated 
and d iv ided where they pass through  the brach i a l  p lexus 

and  m idd le  sca lene m uscle to avo id  b leed i n g  shou ld  

these vessels be avu lsed d u ri ng  retract ion .  

A second  ma l leab le  retractor i s  p l aced l atera l to the 
midd le  sca lene m uscle and  1 st r ib, to d isp lace the long 

thoracic nerve poster ior ly. The ob l ique attachment of the 
m idd le  sca lene m uscle a long  the top of the posterolat

era l  1 st rib i s  exposed .  This m uscle i n sert ion is  ca refu l ly 
d iv ided from the su rface of the bone with the e lectro
ca utery, us ing a per iostea l  e l evator as the d i ssect ion 

proceeds poster ior ly, extend ing  to a po int on the 1 st r ib  

that  is  para l l e l  w ith  the u nder ly i ng  T1  nerve root. The 
bu lk  of the midd le  sca lene m uscle a nter ior to the long 

thoracic nerve is  then sharp ly excised, w ith  a typ ica l  
spec imen weight of 3 to 8 g (FIG 9) .  Minor b leed i n g  

from t h e  c u t  e d g e  o f  t h e  m i d d l e  sca lene m uscle shou ld  

be contro l led w i th  sutu res rather  than the e lectrocautery 
to avo id  therm a l  i nj u ry to the C8 nerve root or long tho

racic nerve. 

First Rib Resection 

• Once the sca lenectomy has been comp leted, the i nter
costa l m usc le  attach ing  to the latera l edge of the 1 st 

r ib  is sepa rated from the bone with the e lectroca utery. 

The 1 st r ib  is fu l l y  exposed poster ior ly, where the T1 

nerve root emerges from u nderneath the bone to jo i n  
the  C8 nerve root i n  form ing  the lower tru n k  of  the  

brach i a l  p lexus.  A r ig ht-a ng le  c l amp is passed u nder
neath the poster ior  neck of the 1 st r i b  and  gently spread 

to detach add it iona l  i ntercosta l t issues. A mod if ied Sti l l e
G ie rtz rib cutter is  i nserted around the neck of the 1 st r ib .  

After verify ing  p rotect ion of the C8 and  T1  nerve roots, 
the bone is  sharp ly d iv ided.  A Kerr ison bone rongeur  is 

used to smooth the poster ior  end of the bone, to a level 

med i a l  to the u n der ly ing T1  nerve root, and the end of 
the bone i s  sea led with bone wax (FIG 9) .  

• The free end of the d iv ided poster ior  1 st r ib  is e levated, 

and b l u nt fi ngert ip  d i ssect ion is used to separate the 
rem a i n i n g  extra p leura l  fasc ia  and  i ntercosta l m usc le 

attach ing  to the u n dersu rface of the r ib, prog ress ing  

a nter ior ly to  the  level of the sca lene tu bercle (the p revi
ous site of attachment of the anterior sca lene m usc le) .  

No  effort is  made to avo id  ope n i n g  the p leu ra du r i ng  

1 st r ib  resect ion,  as the opened p leu ra l  space w i l l  a l l ow 
better dra inage of postoperative f l u ids  away from the 

brach i a l  p lexus (which m ight otherwise promote per i 
neura l  adhes ions) .  

• 

• 

The soft t issues underneath the c lav ic le, i n c l u d i n g  the 

subc lav ian  ve i n ,  are e levated with a sma l l  R i chardson 
retractor. The poste r ior  1 st r i b  i s  d i sp l aced i nfer ior ly  

with f i ngert i p  p ressure to open the a nter ior  costoc la
v icu l a r  space, and the subc lav ian  a rtery a n d  brach i a l  

p l exus a re d i sp l aced latera l ly with a sma l l  m a l l eab le  

retractor. The Sti l l e-G iertz r i b  cutter i s  p l aced a round  

the a nter ior  1 st r ib ,  i m m e d i ately med i a l  to the sca lene  

tu berc le (FIG 1 0) .  The 1 st r i b  i s  then d iv ided u n d e r  d i 
rect v i s ion ,  a n d  the i ntact spec imen  is  extracted from 

the operative f ie ld (FIG 1 1 ) .  The rem a i n i n g  a nter ior  end 

of the 1 st r ib i s  remodeled to a smooth su rface with a 
bone rongeur, to a l evel  we l l  unde rneath the c lav ic le .  
Ox id ized ce l l u lose fa br i c  (Eth icon,  I nc . ,  Somerv i l l e, NJ)  i s  

p laced with i n  the bed of the resected 1 st r i b  as a top i ca l  

hemostat ic  agent .  

Cervica l  r ibs a r ise with i n  the p lane  of the m idd le  sca

lene musc le, poster ior  to the brach i a l  p lexus and sub
c lav ian a rtery and  anter ior to the long thoracic nerve. 

Incomplete cervica l r i bs typica l ly have a l i gamentous 
extens ion to the 1 st r i b, whereas com plete cervica l r ibs 
attach to the latera l 1 st r ib  i n  the form of a true jo i nt. 

The poster ior  port ion of a cervica l r ib is  thereby read
i l y  encou ntered dur ing d i ssect ion of the midd le  sca lene 

m uscle and  i s  d iv ided i n  a manner  s i m i l a r  to the poste

rior 1 st r ib .  The a nter ior attachment of the cerv ica l  r ib  
is  then d iv ided and  the bone is  removed pr ior  to 1 st r ib  

resect ion .  When there i s  a t rue jo int  between a comp lete 
cerv ica l  r i b  and  the 1 st r i b, the a nter ior  port ion of the 

cerv ica l  r i b  is  l eft attached whi le the 1 st r ib  resect ion i s  

comp leted, and  the two a re removed together  as a s ing le  

speci men (FIG 1 1 ) .  

Brachial Plexus Neurolysis 

• The l a st step of s u p rac l av icu l a r  deco m p ress i on  is to 

fu l ly m o b i l i ze each of the i n d iv i d u a l  n e rve roots con

t r i but i ng  to the  brach i a l  p l exus .  Each  n e rve root from 

C5  to T 1  i s  met i c u l ous ly  d i ssected free of any  a d h e r

ent per i n e u r a l  f ib rous  sca r t i ssue that m i ght  i m p a i r  
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Anterior scalene muscle (7 grams) 

A 
Middle scalene muscle (7 grams) 

B 

c D 

FIG 9 • A. After detach ing  the m idd le  sca lene m uscle (MSM) from the top of the postero latera l 1 st r ib  us ing  the e l ectrocautery, 
the m uscle t issue ly i ng anter ior to the long thoracic nerve (LTN) is exc ised.  B. Typ ica l  operative spec imens  of the a nter ior  
and  midd le  sca lene m uscles. C. The poster ior  1 st r i b  is  exposed with  visu a l i zat ion of the C8 and  T1  nerve roots, and  the r ib  
is  d iv ided w ith  a mod if ied G ie rtz-St i l l e  r i b  cutter. D. The poster ior  edge  of the 1 st r ib  is  fu rther remodeled w ith  a Kerr ison 
rongeur  to obta i n  a smooth edge i m med iately med i a l  to the T1  nerve root. 

m o b i l ity (exte r n a l  n e u ro lys is) . I n spect ion  of the most 

p roxi m a l  aspect of the C8 a n d  Tl n e rve roots w i l l  
often revea l a sma l l  f i b rofasc i a l  b a n d  over l y i ng  th ese 

n e rves, wh i ch  s h o u l d  be spec if ica l ly sought out a n d  re

sected . This aspect of the operat ion i s  n ot cons idered 

com p l ete u n t i l  each ne rve root has  been com p l ete ly  
c l ea red th roughout  its cou rse i n  the  operative f ie ld  

(FIG 1 2) .  

Drain Placement and Closure 

• U pon the com p l et ion of su prac lavicu l a r  decompress ion,  
the a pex of the p leura l  mem brane is  opened to promote 

postoperative dra inage of f l u i d  i nto the chest cavity, 
away from the brach i a l  p lexus.  1 9-Fr  c losed suct ion d ra in  

i s  p l aced th rough  a separate sta b wound i nto the opera
t ive f ie ld ,  p laced poster ior  to the brach i a l  p lexus with its 
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A B 

FIG 1 0  • A. With the poste r io r  e n d  of the  1 st r i b  pushed downward to open  the a nter ior  costoc lav i cu l a r  space, the 
a nter ior  port ion  of the 1 st r i b  i s  exposed u n d e rneath the  c lav ic le  a n d  the subc lav ian ve i n .  B.  The subc l av i an  a rtery (SCA) 
a n d  brach i a l  p l exus  (B P) a re p rotected, a n d  the a nter io r  1 st r i b  i s  d iv ided with a r i b  cutte r i m med i ate ly  med i a l  to the  
sca lene  tuberc le .  

FIG 11  • Operative specimens fol lowing 1 st r ib resection (A) and 
fol lowing combined resection of a cervica l r ib and 1 st r ib (B) . 

t ip  extend ing  i nto the poster ior  p leura l  space. Two m u l 

t i h o l e  perfus ion catheters a re p laced with i n  t h e  wound,  

posit ioned adjacent to the brach i a l  p lexus a n d  with i n  the 

bed of the resected 1 st r ib, and  connected to a n  osmotic 

pump for conti n uous postoperative i nfus ion of loca l an
esthetic (0 . 5 %  bu pivaca ine  for 3 days) . A b ioresorba b le  

poly lact ide fi l m  (Eth icon, I nc . ,  Somerv i l l e, NJ) is  p l aced 

around the b rach i a l  plexus to suppress deve lopment of 

postoperative per i neura l  f ib rosis and he ld  in p l ace with 

severa l  5-0 polydioxanone sutu res. The sca lene fat pad is  
restored to its a natomic  posit ion over ly i ng the brach i a l  

p lexus and  he ld  i n  p lace with severa l  tack ing sutu res to 
the back of the sternoc le idomasto id  m uscle and  to the 

per ic lavicu l a r  su bcuta neous fasc i a .  The p latysma m uscle 

layer is  reapproximated with i nterru pted sutu res and the 
sk in  is  c losed with a n  a bsorba b le  su bcuticu l a r  st itch .  
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PECTORALIS M I NOR TENOTOMY 

Incision and Exposure 

• A short vert ica l  inc i s ion is made i n  the de ltopectora l  

g roove, beg i n n i n g  at the leve l  of the coracoid p rocess. 
The de lto id and pectora l i s  major m uscles a re gently 

separated and the plane of deeper d issect ion is  ca rr ied 

med i a l  to the cepha l i c  ve i n .  The latera l edge of the pec
tora l i s  major m uscle is  gent ly l ifted with a sma l l  Deaver 
retractor, and the p lane  u nderneath the m uscle is sepa

rated from the u nder lyi ng  fascia by b l u nt f ingert ip  d is

sect ion .  The fasc ia  over the pectora l i s  m i nor  m uscle is 

exposed, where the m uscle can be eas i ly  identif ied by 

pa l pat ion (FIG 1 3) .  

F IG  1 2  • A-C. F i brous sca r t issue i s  removed 
from each of the brach i a l  p lexus (BP) nerve 
roots by externa l  neu rolysis .  SCA, subc lav ian 
a rtery. 

Division of the Pectoralis Minor Muscle Tendon 

• The pectora l i s  m i n o r  m usc le  tendon is i d e nt if ied where 

it extends  from the  a nter io r  chest wa l l  to the coraco id 
p rocess. The fasc i a a l o n g  i ts  m e d i a l  border  i s  opened 

and the m usc le i s  e n c i rc led  us ing b l u nt f i n g e rt i p  d i s

sect i o n .  The fasc i a  a l o n g  the latera l  border  of the pec

tora l i s m i n o r  m usc le  i s  opened to e n s u re its separat ion 

from the short head of the  b i ceps m usc le, wh i ch  a l so 
i n se rts on the coraco i d  p rocess.  Ta k i n g  ca re to p rotect 

the u nder ly i ng  n e u rovasc u l a r  b u n d le ,  the pectora l i s  

m i n o r  ten d o n  i s  then  e l evated w i t h  u m b i l i ca l ta pe o r  

r ubber  t u b i n g  a n d  i t s  i n se rt ion  on  the coraco i d  p ro

cess i s  exposed with a sma l l  R i cha rdson retractor. A 

fi nge r  is p l aced beh i n d  the  m usc le  to p revent the rma l  



• 

C h a p t e r  7 N EUROG E N I C  THORACIC OUTLET SYNDROME EXPOSURE A N D  DECOMPRESSION 

Coracoid process 

A 

Pectoralis 
major 

muscle 

B Cephalic vein 

Pectoral is 
minor 
muscle 

FIG 13 • A. Pectora l i s  m i nor  tenotomy is  performed through  a short vertica l i n c is ion in the de ltopectora l  
g roove just be low the coraco id  p rocess. B. The p lane of d i ssect ion is  carr ied med ia l  to the cepha l i c  ve in ,  and  the 
pectora l i s  major m uscle is  l i fted to expose the fasc ia  over the pectora l i s  minor m usc le .  

i nj u ry to the n e u rovasc u l a r  structu res and the i n se r

t ion  of the  pectora l i s  m i n o r  tendon is d iv ided  with the  

e l ectroca utery. After  the pectora l i s  m inor  m usc le  has  

been d iv ided ,  the l ower edge wi l l  retract i nfe r io r l y  to 

release any com p ress ion  of the  neu rovasc u l a r  b u n d l e  

(F IG 1 4) .  

T h e  i nfer ior  edge o f  t h e  d iv ided pectora l i s  m i nor  m usc le 

is  oversewn with a runn i ng  sutu re to ensure hemostas is  

and  to fac i l itate contract ion of the m uscle underneath 

Pectoralis 
minor muscle 

(encircled) 

the pectora l i s  major m usc le .  The rema i n i n g  c lav ipectora l  
fasc ia  is  a lso i ncised to the leve l  of the c lav ic le ,  a long  

w i th  any other  anoma lous  fascia l  bands  that  m ight be  

present over the brach i a l  p lexus, such  as Langer's ax i l 

l a ry a rch, but no further d i ssect ion of the brach i a l  p lexus 

nerves or  the axi l l a ry vesse ls  i s  performed.  The edge of 

the pectora l i s  major m uscle is  i nfi ltrated with a long
acti ng  loca l anesthetic and  the wou n d  is i r r igated, then 

c losed i n  layers without a d ra i n .  

Pectoral is 
minor muscle 

(divided) A:'T--- Coracoid 
process 

Neurovascular 
bundle --------:: 

A 

Pectoralis 
major 
muscle 

B 

FIG 14 • A. The pectora l i s  m i nor  m uscle is enc i rc led near  its i nsert ion on the coracoid p rocess and  then 
d iv ided with the e lectrocautery. B. The retracted edge of the d iv ided pectora l i s  m i nor  m uscle is  oversewn 
with a cont in uous suture.  
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PEARLS AND PITFALLS 

I nd i cat ions 

Mob i l izat ion of the 
sca lene fat pad 

Anter ior  sca lenectomy 

Mob i l izat ion of the 
b rach i a l  p lexus 

M i d d l e  sca lenectomy 

1 st rib resect ion 

B rach i a l  p lexus neurolysis 

D ra i n  p lacement and  
c losure 

Pectora l is m i nor  
tenotomy 

• Operative treatment of NTOS shou ld  be based on a sou n d  c l i n ica l  d i ag nosis, a su bstant i a l  l evel of d i s
a b i l ity, a n d  fa i l u re of sym ptoms to i m p rove with an adequate tri a l  of conservative management. 

• Imag i ng  stud ies, e lectrophys io log ic  tests, and vascu l a r  l aboratory exa m i nat ions add l itt le  i n  the eva l 
uat ion of NTOS but may be usefu l i n  exc l ud i ng  other  cond it ions .  

• A posit ive a nter ior  sca lene m uscle b lock supports the d i ag nosis of NTOS and  i nd icates a strong l i ke l i 
hood  of responsiveness to  su rg i ca l  treatment. 

• Assess the potent ia l  contr i but ion of brach i a l  p lexus compress ion at the level of the su bcoraco id  space 
a n d  inc lude  pectora l i s  m i nor  tenotomy if p resent. 

• Avo id  d iv is ion of the sternoc le idomasto id  m usc le .  
• Proper  mob i l izat ion and  l atera l reflect ion of the sca lene fat  pad is a key step i n  s imp l ify ing  su pra

c lav icu l a r  exposure for thorac ic out let decompress ion .  Th is  perm its the cr it ica l v iew to be obta i ned 
i n  which a l l  of the re levant structu res can be v i sua l ized i n  the same operative f ie ld  ( interna l  j u g u l a r  
ve in ,  phren ic  nerve, a nter ior sca lene m uscle, b rach i a l  p lexus, m idd le  sca lene m uscle, 1 st r i b, and  l o n g  
thoracic nerve) . 

• L igate and  d iv ide the thorac ic duct, if necessa ry, to p revent postoperative lym ph leak .  
• Visu a l ize a n d  p rotect the phren ic  nerve. 

• D iv ide a l l  fi bers pass ing  from the poster ior  aspect of the a nter ior sca lene m uscle to the subc lav ian 
a rtery and  extra p leura l  fasc ia .  

• D iv ide any sca lene m i n i mus  m uscle encou ntered . 
• Pass the a nter ior sca lene m uscle u nderneath the phren ic  nerve to fac i l itate d i ssect ion of the m uscle 

u p  to its superior or ig i n  on the C6 transverse p rocess. 

• Visu a l ize a l l  five nerve roots of the brach i a l  p lexus.  
• L igate and  d iv ide the tra nsverse cerv ica l  vessels where they pass through  the b rach i a l  p lexus and 

m idd le  sca lene m uscle .  

• Visu a l ize and p rotect the long thoracic nerve. 
• Control m i nor  b leed i n g  from the cut edge of the m uscle with s i l k  sutu res rather  than e lectrocautery. 

• Visu a l ize the T1 a n d  C8 nerve roots at the level of the poster ior  1 st r ib ,  pr ior  to d iv is ion of the bone, 
to avo id  nerve i n ju ry. 

• Remove a sma l l  seg ment of the d iv ided poster ior  1 st r ib  to fac i l itate f ingert ip  d i ssect ion underneath 
the rem a i n i n g  l atera l and a nter ior port ions of the bone.  

• Do not try to avo id  open ing  the p leura .  
• D iv ide the a nter ior  1 st r i b  at a level med ia l  to the sca lene tu bercle, underneath the c lav ic le and  sub 

c l av i an  ve in ,  wh i l e  protect ing  the subc lav ian a rtery and  b rach ia l  p lexus.  
• Resect any cerv ica l  r i b  present a long with the 1 st r ib .  

• Thorough ly  remove f ib rous scar tissues from around each nerve root (CS to T1 ) of the brach i a l  p lexus 
to avo id  one of the ca uses of persistent sym ptoms. 

• Resect a ny sma l l  fi brofasc i a l  bands over ly i ng  the p roxi m a l  aspect of the C8 and T1  nerve roots. 

• Wra p the brach i a l  p lexus with a b ioresorba b le  f i l m  to m i n i m ize per i neura l  f ib rosis .  
• P lace a c losed suct ion drain beh i nd  the brach i a l  p lexus with its t ip  extend ing  i nto the p leura l  space. 
• Use conti nuous  postoperative i nfus ion of a loca l  anesthetic to d i m i n ish the need for op iate pa in  

med icat ions.  

• I nc l ude  pectora l i s  m i nor  tenotomy as part of the suprac lavicu l a r  decompress ion if  there a re concomi -
tant  sym ptoms of NTOS refera b le  to the su bcoraco id  space. 

• D iv ide the pectora l i s  m i nor  tendon c lose to its i nsert ion on the coracoid p rocess. 
• Oversew the d iv ided edge of the pectora l i s  m i n o r  m uscle for hemostas is .  
• It is  not necessa ry to p lace a sepa rate d ra i n  i n  the subcoraco id  space.  

POSTOPERATIVE CARE 

• An upright chest radiograph is performed in the recovery 
room and each morning for 3 days, and any small air or 
pleural fluid collections are observed with the expectation of 
spontaneous resolution. Postoperative analgesia is provided 
by continuous-infusion perineural local anesthesia (discon
tinued on postoperative day 3) and patient-controlled intra
venous opiates until adequate pain control is achieved by 
oral medications alone. Oral narcotics, a muscle relaxant, 
and a nonsteroidal antiinflammatory agent are routinely 

prescribed at hospital discharge and for at least several 
weeks following surgery. Postoperative hospital stay is typi
cally 3 to 4 days. The closed suction drain is removed in the 
outpatient office when its output is less than 50 mL per day, 
usually 5 to 7 days after surgery. 

• Physical therapy is resumed the day after surgery to maintain 
range of motion and limit muscle spasm. The patient is al
lowed to use the extremity as tolerated, with no use of a sling 
or other restraint. Physical therapy is continued after hospital 
discharge, with advice to avoid excessive reaching overhead 
or heavy lifting with the affected upper extremity and other 
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activities that might result in muscle strain, spasm, and sig
nificant pain in the sternocleidomastoid, trapezius, and other 
neck muscles. Further rehabilitation is overseen by a physi
cal therapist with expertise in the management of NTOS, 
usually in conjunction with a physical therapist located near 
the patient, emphasizing a gradual steady return to normal 
use of the upper extremity. 

• The majority of patients are permitted cautious light duty 
work activities by 4 to 6 weeks. Restrictions on upper ex
tremity activity are progressively lifted between 6 and 
12  weeks, when recovery from surgery is typically consid
ered complete. Patients are seen in follow-up every 3 months 
in the first year to assess long-term results . Physical therapy 
and other aspects of care are continued as long as necessary 
to achieve an optimal level of function. 

OUTCOMES 

• In properly selected patients with disabling NTOS, approxi
mately 80% to 85% can expect a substantial improvement 
in symptoms and increased functional use of the upper ex
tremity within several months of supraclavicular decompres
sion.1-3·1 9 This estimate is elevated to approximately 90% to 
95% in those who exhibited a positive anterior scalene/pecto
ralis minor muscle block prior to treatment. Factors that tend 
to diminish responsiveness to treatment include extremely 
long-standing (>5  years ) and debilitating symptoms, wide
spread pain syndromes, multiple previous operations (cervical 
spine, shoulder, or peripheral nerves), depression, older age 
(>50 years), and preexisting use of opiate pain medications. 

• Patients with long-standing NTOS can often display residual 
symptoms that may not be completely eliminated by tho
racic outlet decompression. Although these symptoms may 
be tolerable and are expected to gradually improve, the sur
geon must provide continuing support and reassurance dur
ing the prolonged period of recovery and rehabilitation. 

• Patients in the adolescent age-group ( < 2 1  years) tend to 
have even better outcomes than adults, based on assessment 
of patient-reported survey instruments and postoperative 
use of opiate pain medications. 14 Patients that have been 
selected for isolated pectoralis minor tenotomy can exhibit 
early outcomes similar to those of patients that have un
dergone combined supraclavicular decompression and pec
toralis minor tenotomy but require ongoing follow-up for 
recurrent symptoms to determine if supraclavicular decom
pression may be warranted at a later time. 17• 1 8  

• Recurrent symptoms of NTOS that might warrant reoperation 
occur in 1 %  to 2% of patients, usually within the first 2 years 
of treatment. Reoperations for NTOS are generally performed 
using the supraclavicular approach, because this provides the 
most complete exposure of the anatomy with the greatest mar
gin of safety.2° Following lateral reflection of the scalene fat 
pad, the brachial plexus nerve roots are carefully exposed and 
mobilized. Great care must be taken during this dissection to 
avoid nerve and blood vessel injury, given the dense fibrous 
scar tissue that is usually present witltin the operative field. Any 
structures that were retained at the initial operation are then 
resected, including the scalene muscles, anomalous fibrofascial 
bands, and/or the 1st rib. A complete brachial plexus neuroly
sis is performed and the nerves are protected with a bioabsorb
able film and soft tissue coverage with the scalene fat pad. 

COMPLICATIONS 

• Persistent pain, numbness, and/or paresthesias 
• Postoperative bleeding, localized hematoma, or hemothorax 
• Wound infection (cellulitis or abscess) 
• Pleural effusion ( serosanguineous) 
• Persistent lymph leak, chylothorax 
• Brachial plexus nerve dysfunction (temporary or sustained) 
• Phrenic nerve dysfunction (temporary or sustained)  
• Long thoracic nerve dysfunction (temporary or sustained)  
• Recurrent NTOS 
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Neurogenic Thoracic Outlet 
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DEFINITION 

• In 1 82 1 ,  Sir Astley Cooper recognized the constellation 
of neurovascular symptoms involving the thoracic outlet. 
Ochsner called this the scalenus anticus syndrome in 1936  
and described the presence of  muscle abnormalities second
ary to repetitive trauma. Peet assigned this condition its 
contemporaneous moniker thoracic outlet syndrome (TOS) 
in 1 966 . 1  

• TOS is a condition defined as compression of  one or  more of 
the neurovascular structures contained within the thoracic 
outlet. 

• The thoracic outlet is a narrowly defined anatomic region 
encompassing the space between the neck and the shoulder, 
cephalad to the thoracic cavity, and beneath the clavicle. 
From the surgeon's point of view the thoracic outlet can be 
visualized as an anatomic triangle: the two sides being the 
anterior and middle scalene muscles with the 1 st rib serving 
as the base of the triangle. The scalene muscles, which origi
nate from the lower cervical spine, may hypertrophy with 
repetitive neck motion or minor trauma. This hypertrophy 
is believed to contribute to compression of thoracic outlet 
structures. 

• TOS is subdivided into three discrete entities .  
Neurogenic 
Venous 
Arterial 

• Appropriate classification of the type of TOS is important 
in guiding perioperative management, as well as surgical 
approach. This chapter focuses on transaxillary decompres
sion and 1 st rib resection for neurogenic TOS. 

DIFFERENTIAL DIAGNOSIS 

• Carpal tunnel syndrome 
• Ulnar nerve compression 
• Rotator cuff tendinitis 
• Pectoralis minor syndrome 
• Cervical spine strain 
• Cervical disc disease 
• Cervical arthritis 
• Brachial plexus injury 
• Fibromyositis 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A careful history and physical examination enables proper 
classification of TOS. 

• The neurogenic form accounts for the majority of cases in 
modern series (>95% ).2 Symptoms of neurogenic TOS, 
which is more prevalent in women, include paresthesia; pain; 
and impaired strength in the affected shoulder, arm, or hand 
along with occipital headaches and neck discomfort. There 
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is commonly an antecedent history of hyperextension neck 
injury or repetitive neck trauma. Patients frequently manifest 
tenderness on palpation in the supraclavicular fossa over the 
anterior scalene muscle. A careful vascular physical examina
tion should confirm the presence of normal circulation. 

Three physical examination maneuvers support the diag
nosis of neurogenic TOS. 

Rotation of the neck and tilting of the head to the op
posite side elicit pain in the affected arm. 
The upper limb tension test in which the patient first 
abducts both arms to 90 degrees with the elbows in 
a locked position, then dorsiflexes the wrists, and fi
nally, tilts the head to the side. Each subsequent step 
imparts greater traction on the brachial plexus, with 
the first two positions causing discomfort on the ipsilat
eral side and the head-tilt position causing pain on the 
contralateral side. 
During the elevated arm stress test (EAST),  the patient 
raises both arms directly above the head and repeatedly 
opens and closes the fists. Characteristic upper extrem
ity symptoms arise within 60 seconds in patients with 
neurogenic TOS. 

• Approximately 4 %  of patients with TOS present with ve
nous involvement. Venous TOS patients typically present 
with acute onset of dull aching pain of the upper extrem
ity associated with arm edema and cyanosis. Paresthesias 
may be present but are due to hand swelling instead of tho
racic outlet nerve involvement. A history of strenuous and 
repetitive work or athletics involving the affected extrem
ity is common, and most patients are young. This specific 
condition is also known as Paget-Schroetter syndrome or 
effort vein thrombosis, as the entrapped subclavian vein 
has progressed to thrombosis. Some patients will present 
less acutely with nonthrombotic subclavian vein occlusion 
or stenosis manifested by intermittent swelling with activity. 
Regardless, the etiology of venous TOS is mechanical, and 
treatment is ultimately aimed at eliminating not only the ve
nous obstruction but also the muscular bands and ligaments 
that have entrapped and damaged the vein. 

• Arterial TOS typically presents in one of three ways: 
( 1 )  asymptomatic, (2) arm claudication, and (3 )  critical isch
emia of the hand. The majority of these patients have a cervical 
rib, which may or may not be fused to the 1st rib and is most 
commonly posterior to the subclavian artery. The etiology is 
chronic repetitive injury to the subclavian artery as it exits the 
thoracic outlet. This injury may cause subclavian artery steno
sis but more commonly leads to ectasia or a true aneurysm. 

In asymptomatic patients, a pulsatile mass or supracla
vicular bruit can be detected on physical examination. 
Arm claudication is caused by areas of stenosis which may 
be static due to long-standing repetitive injury or dynamic, 
occurring only with arm abduction or extension. 

-
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Critical ischemia is due to emboli of fibrinoplatelet aggre
gates that originate from an ulcerated mural thrombus in 
the aneurysmal segment. 

PREOPERATIVE EVALUATION AND OTHER 
DIAGNOSTIC STUDIES 

• In young patients ( <40 years of age) with a classic presenta
tion of neurogenic TOS, there is no need for extensive pre
operative testing. 

• Older patients and those with a history of neck trauma 
should undergo magnetic resonance imaging (MRI) to rule 
out cervical disc pathology. 

• Preoperative physical therapy should be attempted for at 
least 8 weeks in patients with a diagnosis of neurogenic TOS. 
The aims of therapy are to improve posture and achieve 
greater range of motion. Patients with persistent symptoms 
of neurogenic TOS despite 8 weeks of physical therapy merit 
surgical intervention. At least 60% of patients will improve 
with physical therapy and lifestyle alterations. 

• A radiographically guided anterior scalene block with local 
anesthetic ( lidocaine) injection may provide a few hours of 
symptomatic relief. Patients with suspected neurogenic TOS 
often present with a wide constellation of physical com
plaints, not all of which are directly attributable to the disor
der. A scalene block not only helps confirm the diagnosis but 
also simulates the expected postoperative result, especially 
in older patients . 3 This provides the patient and the surgeon 
reassurance that surgical intervention will be of benefit and 
demonstrates which symptoms can be reliably expected to 
improve. 

• As an alternative to surgical therapy, patients can then opt 
for a Botox (Allergan, Irvine, CA) injection. The Botox takes 
an average of 2 weeks to work and may be repeated. This 
may provide symptomatic relief for 2 to 3 months, allow
ing participation in physical therapy. However, not all TOS 
patients respond to Botox. This practice is especially helpful 
in patients who have had cervical spine fusions or shoulder 
operations as they can strengthen the muscles of their neck 
and back, which may alleviate the TOS symptoms. 

• Plain film chest x-ray is recommended for all patients under
going surgical intervention for TOS to rule out a cervical rib. 

• Nerve conduction studies are typically normal in neurogenic 
TOS but may be useful in ruling out nerve compression such 
as carpal tunnel or cubital compression syndrome. 

• Duplex ultrasonography is the initial diagnostic modality to 
confirm pathology in patients with arterial TOS. Although 
useful to confirm axillosubclavian vein thrombosis in pa
tients with suspected venous TOS, venography often sup
plants it for both diagnostic and therapeutic reasons. Lastly, 
venous TOS is frequently bilateral. 

SURGICAL MANAGEMENT 

Surgical Approach 

• Patients with a diagnosis of TOS who are appropriate surgi
cal candidates should undergo surgical decompression of the 
thoracic outlet. 

• The optimal approach should be individualized depending on 
the patient's symptoms, anatomy, and surgeon's experience. 

• The transaxillary approach is preferred by many surgeons 
because of its relative ease, low-risk profile, and documented 
improvement in patients' quality of life .4•5 This approach ef
fectively decompresses the thoracic outlet and is generally 
reserved for patients with neurogenic or venous TOS. 

• If vessel reconstruction is anticipated, a different approach 
should be considered as the transaxillary approach limits 
vessel exposure. 

Surgical Anatomy 

• The subclavian artery and the five nerve roots ( C5-T 1 )  to the 
brachial plexus are located within the thoracic outlet. The 
artery courses anterior to the brachial plexus nerve roots 
and exits the mediastinum in its course over the 1 st rib be
hind the posterior border of the anterior scalene muscle. The 
cervical spine nerve roots join to form the initial trunks of 
the brachial plexus within the thoracic outlet and are located 
posterior to the subclavian artery. Subsequent merging and 
branching of these trunks into divisions, cords, and terminal 
nerves occurs outside the thoracic outlet. 

• Other significant nerves within the thoracic outlet are the 
phrenic and long thoracic nerves. 

The phrenic nerve receives fibers from C3-C5 and courses 
in a descending oblique direction from the lateral to the 
medial edge of the middle portion of the anterior scalene 
muscle. The phrenic nerve approaches the mediastinum 
posterior to the subclavian vein. 
The long thoracic nerve, composed of nerve fibers from 
CS-C7, passes through the center of the middle scalene 
muscle and heads toward the chest wall to innervate the 
serratus anterior muscle. 

• The subclavian vein technically does not course through 
the thoracic outlet. It passes over the 1 st rib anterior to the 
anterior scalene muscle. However, the middle segment of 
the vein remains susceptible to compression between the 
anteromedial 1 st rib, clavicle, and the subclavius muscle 
(FIG 1 ) .  Hypertrophy of the subclavius muscle and ten
don may occur in athletes and is often implicated in ve
nous TOS. 

• Several anatomic anomalies are relevant to the surgeon, as 
they predispose patients to the development of TOS. 

The most common is a cervical rib, and a preoperative 
chest radiograph is adequate for its detection. When pres
ent, cervical ribs appear as extensions of the transverse 
process of C7. Cervical ribs may be complete or partial, 
with the anterior end attaching to the 1 st rib or floating 
freely. Additionally, the anterior end may be fibrous and 
not calcified and thus not completely visualized on chest 
radiograph. By rigidly confining the thoracic outlet, cervi
cal ribs render the neurovascular structures more prone to 
compression. Although present in the general population 
with an incidence of 0 .5% to 1 % , they are found in 5 %  
t o  1 0 %  o f  all TOS patients . 
A prominent C7 transverse process or bifid 1 st rib is also 
associated with TOS. 

Positioning 

• General endotracheal anesthesia is induced and sequential 
compression devices are applied. 
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Anterior scalene 
muscle 

Subclavian artery 

C8-T1 nerve root 
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Subclavian vein 

Subclavius muscle 

First rib 

FIG 1 • R ight-s ided thorac ic out let anatomy from 
the su rgeon 's perspective as viewed through  the 
operative f ie ld  i n  a transaxi l l a ry a pproach.  Inset, 

norma l  a natom ic  re lat ionsh ips  of i m portant thorac ic 
out let structu res. 

• The patient is then moved to the lateral decubitus position 
using a beanbag to facilitate positioning. 

Care should be taken to pad the dependent axilla and sup
port the head. The sterile field incorporates the arm, axilla, 
and shoulder. 

• An adjustable Machleder arm support is affixed to the 
operating table with the vertical support bar attached to the 
operating table at the level of the patient's chin. 

Generous padding around the patient's arm prior to place
ment in the arm holder protects the median and ulnar nerves 
from compression as they cross the elbow joint (FIG 2) .  

F IG 2 • A photog raph dep ict i ng  proper  patient position i ng  
fo r  r ight tra nsaxi l l a ry 1 st r i b  resect ion and  u se  of the 
Machleder a rm support with generous pad d i n g  to prevent 
com p ress ion nerve i n ju ry. A padded axi l l a ry ro l l  i s  p laced under  
the dependent ( left) axi l l a, a n d  the patient is  sta b i l ized i n  the  
left l atera l decub itus w ith  the a i d  of a bea nbag .  The dashed 

line i nd i cates the preferred locat ion of the skin inc i s ion .  
(Repr i nted f rom Arnaoutakis G, Fre isch lag  JA,  Reifsnyder  T. 
Tra nsaxi l l a ry r i b  resect ion for thorac ic out let synd rome.  I n :  
Ca mbr ia  R ,  Cha ikof E, eds.  Atlas of Vascular a n d  Endovascular 

Surgery: Anatomy and Technique. Ph i l ade lph ia,  PA: E l sevier; 
2 0 1 4 : 1 93-203, with permiss ion from E l sevier.) 

I NCISION 

• Prophylactic ant ib iotics are admin istered. A fi rst-generation • 

cephalosporin is preferred. In patients with penici l l i n  a l lergy, 

c l indamycin or vancomycin is used . 
• After secu r ing  the a rm i n  the retractor, the su rgeon 

identif ies the a nter ior  border of the l atiss i mus  dors i  

EXPOSURE 

• E lectrocautery is used to d ivide the subcutaneous tissue unt i l  

th in  a reo lar  tissue superf ic ia l  to the chest wa l l  is encoun
tered . A self-reta in i ng  Cerebe l l a r  or  Weitlaner retractor 

is then inserted i nto the wound .  Upon encounteri ng the 

m uscle and the poster ior  surface of the pectora l i s  major 
m usc le .  

A tra nsverse sk in  l i ne  i nc is ion shou ld be made i n  the 

i nfer ior  axi l l a ry ha i r l i ne  extend ing  between these two 

m uscle borders .  

chest wa l l-and if i n  the correct anatomic  p lane-gentle 
b l unt d issect ion with the surgeon's f ingers or a pair of 

Kittner or peanut d i ssectors easi ly separates the soft tissues 

from the chest wa l l .  This d i ssection is i n  a cepha lad d i rec
t ion and the 2nd rib w i l l  rap id ly come i nto view. 
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Anterior scalene 

Subclavian artery 

C8-T1 nerve root 

Middle scalene 

Intercostal muscle 
detachment 

• The i ntercostobrach i a l  nerve is located in the 2nd i nter

costa l space. Although freq uently d ifficu l t  to avo id ,  ca re 
shou ld  be taken not to i m pa rt excess tract ion as i n ju ry 

resu lts i n  n u m bness or dysesthesia of the med ia l  aspect 
of the proxi m a l  a rm .  

• R a i s i n g  the  M a c h l ed e r  a rm support at th i s  po int  a l -

Subclavian 
vein 

Fi rst rib 

FIG 3 • A per iostea l  e l evator is  used to 
d i ssect a long  the super ior  su rface of the 
1 st r i b  i n  order to d iv ide i ntercosta l  m uscle 
attachments. 

detach the sca lene med ius  fi bers from the r ib .  The long 

thoracic nerve cou rses a long  the latera l edge of the 

sca lene med ius  m uscle but i s  genera l ly not  visua l ized.  

Avo id i ng  sharp d i ssect ion and c losely adher ing to the 

su rface of the r ib  du r i ng  b l u nt d issect ion p revents i n ju ry 
to the long thoracic nerve. 

l ows for  o pt i m a l  access to the  1 st r ib and thorac i c  • The a nter ior  sca lene m uscle sho u l d  now be c lear ly  ident i 

f ied as it a r ises from the med i a l  super ior  aspect of the 

1 st r ib (FIG 4) .  A r ig ht-a ng led c l amp is passed beh ind the 

a nter ior  sca lene m usc l e  near its i n sert ion on the sca lene 

tu berc le .  Gently l ift i ng  the a nter ior sca lene with the 

out let .  The aid of f i beropt ic- l i g hted Deaver retrac

tors fac i l itates v i su a l i zat ion  d u r i n g  this port ion  of the 

d i ssect i o n .  A lternative ly, the  s u rgeon s h o u l d  wear a 

head l i g ht .  
• The 1 st r i b  is identif ied near  its i nsert ion at the sterno

c lavicu l a r  jo i nt and  genera l ly encou ntered h igher  than 
a nt ic i pated . A Kittner o r  peanut d i ssector is then used to 

gently sweep away the loose f ibrous tissue over ly i ng  the 
1 st r i b  partia l ly expos ing  the b rach i a l  p lexus, subc lav ian 

a rtery a n d  vein ,  and  sca lene m uscles. There i s  occas ion

a l ly a sma l l  branch of the subc lav ian a rtery that m ust be 
l i gated and d iv ided i n  order to fu l l y  expose the operative 

f ie ld .  
• The next step is to fu l ly expose the r ib .  Depen d i n g  on 

• 

the patient's a natomy, it genera l ly is easiest to fi rst c lear  

off the i ntercosta l m uscles l atera l ly. A Cobb per iostea l  
e l evator works best, but a ny type of long e l evator may 
be used (FIG 3) .  The d i ssect ion p roceeds i n  the a nter ior  

and  poste r ior  d i rect ions unt i l  a l l  the i ntercosta l m usc le 

attachments a re d iv ided from the r ib .  The e levator can 
then be used to e levate the 1 st r i b, thus  separat ing  the 

r ib  from the u nder lyi ng  par ieta l  p leura.  Th is  mob i l izat ion 

should cont inue  from beh ind  the brach i a l  p lexus i n  the 
poster ior  d i rect ion to beyond the subclavian ve i n  i n  the 

a nter ior  d i rect ion .  

Attent ion is then d i rected to the super ior  border  of the 

1 st r i b, where the per iostea l  e levator is  used to b l u ntly 

FIG 4 • An image of the g ross anatomy from a close-up 
perspective of the right-sided thoracic outlet. The important 
re lationsh ips between the 1 st r ib, anterior sca lene muscle, and 
subclavian vessels can be seen.  (Reprinted from Arnaoutakis G, 
Freisch lag JA, Reifsnyder T. Transaxi l l a ry r ib resection for thoracic 
outlet syndrome. In: Cambria R, Chaikof E, eds. Atlas of Vascular 

and Endovascular Surgery: Anatomy and Technique. Phi lade lph ia, 
PA: E lsevier; 20 14 : 1 93-203, with permission from E lsevier.) 
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r ig ht-ang led c l amp protects the subc lav ian a rtery as it 

cou rses poster ior  to the m uscle (FIG S) .  It is  i m portant 

to free severa l  cent imeters of the m uscle pr ior to d iv id- • 

i ng  it with Metzenbaum scissors (FIG 6) .  This  m a neuver 

fac i l itates resect ion of a port ion of the a nter ior  sca lene 
m uscle, which has been shown to reduce recu rrence rates 

First rib 

FIG S • A right-ang led c lamp is ins inuated 
behind the anterior sca lene muscle. Gentle 
elevation pu l l s  the muscle away from the 
underlying subclavian artery thereby protecting 
the artery prior to d ivid ing the muscle with 
scissors. The subclavius muscle is a crescent
shaped l igamentous attachment to the 1 st r ib 
adjacent to the subclavian vein .  The subclavius 
muscle is sharply d ivided with scissors with ca re 
not to injure the subclavian vein .  

when compared with  d iv is ion at i t s  i n sert ion po int on 
the r ib .  

Lastly, the su bclavius m uscle w i l l  a ppea r as a crescent

shaped l i gamentous attachment to the 1 st rib adjacent to 

the subc lav ian ve i n .  With care not to i nj u re the subc lav ian 

ve in ,  the subc lav ius m uscle is  sharp ly d iv ided with scissors. 

FIG 6 • The 1 st rib is  seen in the foreg rou n d  of the operative 
photo taken dur i ng  a left 1 st rib resect ion .  Metzenbaum 
scissors a re used  to  sharp ly  d iv ide the anter ior sca lene m uscle, 
with the r ight-ang led  c l amp  e levat ing  the m usc l e  to p rotect 
the subc lav ian a rtery as it cou rses beh i n d  the m uscle .  The 
d iv ided ends of the ten d inous  anterior sca lene fi bers can be 
seen .  (Repr i nted from Arnaoutakis G, Freisch lag  JA, Reifsnyder  
T. Transaxi l l a ry r i b  resect ion for thorac ic  out let synd rome.  I n :  
Ca mbr ia  R ,  Cha i kof E ,  eds.  Atlas of Vascular a n d  Endovascular 

Surgery: Anatomy and Technique. Ph i l ade lph ia ,  PA: E l sevier; 
20 1 4: 1 93-203, with permiss ion from E l sev ier.) 

RIB RESECTION • A bone rongeur  is used to remove res idua l  r ib  and  to 

smooth the cut ends u nt i l  there is no resid u a l  nerve im

p ingement. A Roos retractor or  s i m i l a r  i nstrument may  

be used to  p rotect the nerves du r i ng  u se  of the rongeur  

(FIG 8). 

• 

• 

With the r ib  comp letely mob i l ized, a bone cutter is used 
to d iv ide the 1 st r ib. Genera l ly, it is  d iv ided a nter ior ly 

and  then poster ior ly; however, the patient's body habitus 
may make the reverse order eas ier (FIG 7) .  

I n  i t s  a nter ior  extent, the r i b  i s  d iv ided adjacent to the  

subc l av i an  ve in ,  a n d  i n  the poster ior  d i rect ion ,  it is  d i 

v ided ju st a nter ior  t o  t h e  brach i a l  p l exus; t h i s  ensures 
that the nerve roots a re not i nadvertently i n j u red .  The 

rib i s  then removed . 

• It is i m portant to ensure that no resid u a l  f i bers from the 

a nter ior sca lene m uscle crosses beneath the subc lav ian 

a rtery and  inserts onto the th i ckened su rface at the a pex 

of the p leu ra, known as S i bson 's fasc ia .  Any such fi bers 

shou ld  be identif ied and d iv ided .  
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FIG 7 • A bone cutter is  used to d iv ide the 1 st 
r i b  i n  its a nter ior and  poster ior  d i rect ion .  Once 
removed, the rongeur  is  used to ach ieve smooth 
rib edges.  
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FIG 8 • From the top of the image in the clockwise d i rection, 
the instruments depicted a re (1) Roos retractor, (2) Alexander 
periosteotome, (3) Kerrison punch upbit ing i nstrument, 
(4) double-action bone cutter, (5) Cobb periosteal  e levator, 
and (6) Rongeur. (Repri nted from Arnaoutakis G, Freisch lag 
JA, Reifsnyder T.  Transaxi l l a ry r ib resection for thorac ic outlet 
synd rome. I n :  Cambria R, Cha ikof E, eds. Atlas of Vascular and 

Endovascular Surgery: Anatomy and Technique. Ph i lade lph ia, 
PA: E lsevier; 2014 : 1 93-203, with perm ission from E lsevier.) 

CLOSURE 

• The surg ica l f ie ld  is next in spected for b leed i ng .  Tem po

rar i ly  pack ing the wound re l i a b ly contro ls  m inor  b leed

ing. The wound is  then re inspected, and hemostas is is  

comp leted with j ud ic ious use of e lectrocautery. 
• The wound is then fi l led with sa l i ne .  Severa l  positive pres

sure venti lat ions a re adm in istered with sa l i ne left in the 

wound to assess for a n  air leak i nd i cative of a postopera

tive pneumothorax. If an  a i r  leak is  present, a sma l l  ca l i ber  

( 1 2 French [Fr]) chest tube is  warranted pr ior to c losure .  • 
• If the i rr igat ion d ra i ns i nto the p leura l  space but there 

is no a i r  leak, the p leura has been breached, but a chest 

PEARLS AND PITFALLS 

tube may not be necessa ry. I n  th is  s ituation, a 1 2- o r  

1 4-Fr  red  rubber  catheter is  p laced i nto the bed  of the  
1 st r ib  and  attached to  gent le  suct ion .  The  Mach leder  

arm ho lder  i s  lowered to fac i l itate a tension-free c losure .  
The su bcuta neous fascia is  then c losed around the tube.  

Whi le  suct ion is  app l ied to the red rubber catheter, the 
anesthesia tea m provides a susta i ned Va lsa lva and  the 

fasc i a l  sutu re i s  t ied as the suct ion tube is  rap id ly re

moved . Th is  maneuver genera l ly avo ids  a c l i n ica l ly s ig
n if icant postoperative pneumothorax. 

C losure is  performed with a bsorba b le  2-0 suture i n  the 

fasc ia  and  a 4-0 su bcuticu l a r  sk in  c losure .  
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Operative ma ntra • Look twice and cut once. Always doub le-check p lacement of the bone cutters before d iv id ing  the 1 st 
r ib .  

I ncorrect d iagnosis  

B rach i a l  p lexus i n ju ry 

M is identif ication of 
the 1 st r ib  

• A successfu l  operation h i nges on  a n  accu rate p reoperative d i ag nosis .  A thorough  h i story and  physica l 
and  the a nter ior sca lene b lock he lp  to identify patients l i ke ly to benefit from 1 st r i b  resect ion .  

• Proper position ing  and carefu l  retraction he lp  prevent excessive tract ion and i nj u ry to the brach ia l  p lexus. 

• Dur i ng  i n it i a l  exposu re, the 2nd rib is  often m istaken for the 1 st rib. The cepha lad  su rface of the 1 st r i b  
i s  f l a t  u n l i ke the 2nd,  wh i ch  i s  more  concave. 
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I ncomplete 1 st r ib  
resect ion 

• I ncomp lete 1 st r i b  resect ion has been associated with recu rrent TOS. After cutt ing  and  remov ing  the 
r i b, take your t ime to tr im back the ends with the rongeur. 

Hemostas is  • To keep a c lean operative f ie ld ,  pack a 4 x 4 gauze i nto the wound,  lower the arm retractor, and  wait a 
coup le  of m i n utes. Th i s  often a ids  i n  hemostas is .  

POSTOPERATIVE CARE 

• A chest x-ray is performed in the recovery room. 
Small, clinically asymptomatic pneumothoraces may be 
observed with a follow-up chest x-ray the next morning. 

• Patients are typically discharged from the hospital when ad-
equate oral analgesia has been achieved. 

Activity is restricted by the amount of postoperative pain. 
Occasionally, a sling is required for patient comfort, but it 
is preferable to have the arm as mobile as tolerated. 

• Physical therapy should be prescribed after 2 weeks in 
all patients undergoing transaxillary 1 st rib resection, 
regardless of the cause, to restore range of motion and 
strength. 

OUTCOMES 

• Improvement after surgery for neurogenic TOS is somewhat 
subjective and based on the patient's perception of disability 
before and after decompression. Improvement in symptoms 
exceeds 90%.6  

• Over time, the durability of these results may decrease, rein
forcing the need for close follow-up of these patients beyond 
2 years?•8 

• Factors that predict surgical failure include major depression, 
chronic symptoms, work-related injury, lack of response to 
anterior scalene muscle blocks, and a short segment of di
vided anterior scalene muscle.9  

COMPLICATIONS 

• Vascular injury 
A national query identified injury to the subclavian vessels 
as the most common complication following transaxillary 
rib resection for neurogenic TOS, occurring in 1 %  to 2 %  
o f  cases.4 
Patients experiencing a vascular injury have greater 
lengths of stay as well as increased hospital charges. 
It is difficult to obtain proximal control of these vessels 
from the transaxillary approach, and therefore, the sur
geon should exercise extreme caution when dissecting 
near these vessels. 

• Nerve injury 
Major nerve injury has been traditionally regarded as the 
most common complication following surgery for TOS. 
However, large contemporary series disprove this belief, 
with rates of brachial plexus injury for patients undergo
ing transaxillary 1 st rib resection approaching 0 % .4•8 
Temporary or permanent numbness of the upper medial 
arm due to excessive traction or division of the intercos
tobrachial nerve occurs in up to 1 0 % .  Frequently, these 
symptoms will improve over time. 

• Pneumothorax 
This complication occurs in 2% to 1 0 %  of patients . 8  Ac
cordingly, an upright chest x-ray is routinely performed in 
the recovery room. 
Radiographically detected pneumothoraces only require a 
chest tube if symptomatic or enlarging. 
Adhering closely to the inferior surface of the 1 st rib dur
ing blunt dissection will help protect against postoperative 
pneumothorax. 

• Recurrence 
Symptoms of TOS recur in 1 0 %  to 20% of patients. 10-12 
Two intraoperative factors are known to reduce recur
rence rates. 

Resecting a significant portion (2 to 3 em) of the ante
rior scalene muscle as opposed to simply dividing it at 
its insertion point 
Ensuring that the posterior edge of the 1 st rib is resected 
sufficiently so as to leave as short a rib stump as techni
cally feasible 

Patients with spontaneous recurrence compared to those 
that are reinjured have worse outcomes when reoperation 
is performed. 
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Chapter 9 Venous and Arterial Thoracic 
Outlet Syndrome 
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Jason T. Lee 

DEFINITION 

• Venous thoracic outlet syndrome (vTOS),  also known as effort 
thrombosis or Paget-von Schrotter syndrome, involves repeti
tive subclavian venous compression that leads to endothelial 
injury and intermittent stasis that ultimately contributes to 
acute thrombosis of the axillosubclavian venous system. The 
external compression of the vein occurs between the clavicle 
and subclavius muscle from above and by the 1 st rib and the 
anterior scalene muscle insertion from below ( FIG 1 ) .  

• Arterial thoracic outlet syndrome (aTOS) i s  the least com
mon presentation of thoracic outlet syndrome and most 
often involves subclavian artery compression leading to ex
trinsic compression, poststenotic dilatation, aneurysmal de
generation, and subsequent distal embolization. 1  Bony and 
muscular abnormalities are typically present in patients with 
aTOS and can include a cervical rib, anomalous 1 st rib, an
terior or middle scalene muscle bands, or hypertrophic cal
lus from a healed clavicular injury or fracture ( FIG 2 ) .  

DIFFERENTIAL DIAGNOSIS 

• Compared to neurogenic thoracic outlet syndrome (TOS) ,  
vTOS and aTOS are much more straightforward in their di
agnostic workup. vTOS patients with swelling must be distin
guished from secondary causes of axillosubclavian thrombosis, 
namely iatrogenic catheterization or instrumentation of the 
venous system leading to thrombosis, which is obvious upon 
eliciting a careful history. Also, a hypercoagulable state or 
malignancy can present as isolated upper extremity venous 
thrombosis and there is some debate about the need for addi
tional medical workup in patients suspected of having vTOS.2 

Anterior 
scalene 
muscle 

Fi rst 
rib 

Brachial p lexus 

Overlying 
clavicle 

Subclavian artery 

Subclavian vein 

Middle Anterior 
scalene scalene 
muscle muscle 

Subclavius tendon 
and muscle 

Costoclavicular l igament 

FIG 1 • Norma l  structu res in the thorac ic out let that can 
contr ibute to venous  compress ion .  

• Because aTOS usually involves distal embolization to the 
hand from thrombus in a subclavian aneurysm, a thorough 
workup for a cardiogenic source should be sought before 
assigning the etiology to aTOS. Transesophageal echocar
diography, with bubble enhancement to identify paradoxical 

FIG 2 • Abnorm a l  a nter ior  a n d  m i d d l e  
sca l ene  b a n d s  a n d  a b n o r m a l  cerv ica l 
r i bs l ead  to com p ress i on  a n d  su bseq u e nt 
poststen ot i c  d i l atat ion of the  su bc lav ian  
a rte ry, ca u s i n g  a rter i a l  TOS .  
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FIG 3 • 1 8-yea r-o ld  baseba l l  catcher present ing  with a rm 
swe l l i ng,  pa in ,  cyanos is, and  promi nent superfi c i a l  vascu l ature 
after a strenuous  workout after a game .  

emboli, may be necessary to exclude cardiogenic emboli. 
Computed tomography angiography (CT-A) of the arch and 
upper extremity vessels would also be reasonable to exclude 
other arterial causes including axillary branch artery aneu
rysms, congenital abnormalities, or traumatic injuries and 
dissections of the axillosubclavian arterial system, which 
can be seen in high-performance athletes and individuals 
performing repetitive upper extremity motions. 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• Most patients with vTOS are young, healthy, and often 
athletically inclined who present with the abrupt onset of 
unilateral arm swelling in their dominant arm after repeti
tive, strenuous use for sport, work, or recreation. Athletes 
affected can include baseball pitchers, rowers, swimmers, 
water polo players, weightlifters, volleyball players, surfers, 
football quarterbacks, or any others relying on repetitive 
upper extremity effort. The swelling is noted in the shoulder, 
arm, and hand and can be accompanied by aching, throb
bing, or tightness that worsens with more activity. Because 
most patients are otherwise young and healthy, an orthope
dic cause such as strain, muscle pull, or joint injury is often 
considered initially. Cyanosis of the affected extremity, vis
ible chest wall venous collaterals, or progressively worsening 
symptoms suggest a vascular etiology, prompting referral to 
an interventionalist. On exam, the arm is swollen, tender to 
palpation, warm, and often has visible superficial collaterals 
that track onto the anterior chest wall ( FIG 3 ) .  Range of mo
tion of the affected extremity can be impeded due to patient 
discomfort. 

• aTOS patients will present with mild hand ischemia due to 
distal embolization, which manifests as digital ischemia or 
splinter hemorrhage. The diagnosis is often delayed due to 
the fact that these patients have no typical atherosclerotic 
risk factors and are mostly young and athletic. A pulsatile 

mass or bruit may be present in the supraclavicular fossa or 
a bony prominence in that region may hint toward a cervical 
rib or muscular abnormality. Symptoms often are gradual 
and unnoticed by patients until occurring more frequently or 
when complete thrombosis occurs and the patient presents 
with critical upper extremity ischemia. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Patients suspected of having vTOS should undergo duplex 
ultrasound of the affected area. Axillosubclavian venous im
aging can be challenging due to the clavicle's location as well 
as many of these patients being quite muscular. Color flow 
duplex, phasicity of flow with respiration, and augmenta
tion with compressive maneuvers can all aid in confirming 
the diagnosis of deep venous thrombosis (DVT) .  An expe
rienced vascular sonographer and interpreter can make the 
diagnosis with high accuracy based on duplex alone. Cross
sectional imaging with magnetic resonance imaging (MRI) 
or computed tomography (CT) venography is rarely needed 
or indicated in the workup of vTOS. Catheter-based venog
raphy is the key confirmatory imaging study to document 
the extent of vTOS and leads to the initial recommended 
therapeutic strategy of thrombolysis and reduction of clot 
burden. 

• Patients presenting with digital ischemia suspicious for aTOS 
should undergo plain radiographic imaging to assess for a 
cervical rib ( FIG 4) .  Digital plethysmography of bilateral 
upper extremities can be performed to visualize blood flow 
to each finger and can rule out Raynaud's type etiologies in 
the differential diagnosis. Wrist-brachial indices should be 
documented prior to any further intervention to establish 
baseline flow characteristics .  CT-A of the neck and upper 
extremity in provocative positioning (arms at 1 8 0  degrees 
overhead) provides the most definitive visualization of the 
affected region, confirming the presence of the cervical rib, 
delineating the amount of thrombus in the subclavian aneu
rysm, and documenting the proximal and distal vasculature 
for operative planning (FIG 5) .  

F I G  4 • Chest x-ray demonstrat ing left cerv ica l r i b  (arrow). 
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FIG 5 • CT-A reconstruct ion of 1 9-yea r-o l d  co l l eg iate tenn i s  
p layer with cervica l  r ib  (arrows) that  l ed  to subc lav ian aneurysm 
formation .  Patient presented with f ingert ip  embo l i  after p lay ing 
long matches. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• vTOS patients diagnosed with acute axillosubclavian 
DVT should be anticoagulated with weight-based dosing 
of unfractionated heparin or low-molecular-weight hepa
rin. Depending on the resource availability, admission for 
thrombolysis or urgent referral to a center capable of cath
eter-directed interventions has been generally accepted as 
standard of care.3 There are patients that are simply put on 
anticoagulation that get referred much later (more than 2 
weeks) due to lack of recognition of the TOS etiology of the 
DVT and this leads to a diminished success rate of throm
bolysis.4 

• Successful thrombolysis involves a combination of chemical 
and mechanical thrombectomy and is often quite effective 
in decreasing clot burden and reducing long-term sequelae 
of upper extremity DVT (FIG 6A,B ) .  Technical details of 
thrombolysis are well described and can be performed with 
minimal morbidity.5 

• Definitive therapy for vTOS after thrombolysis involves 
thoracic outlet decompression, consisting of anterior and 
middle scalenectomy, resection of the subclavius tendon, 
1 st rib resection, and venolysis or venous reconstruction. 
Timing of definitive surgery after thrombolysis is somewhat 
controversial and is limited by anecdotal reports and vari
ous surgeon biases.6 Successful outcomes can be achieved 
with definitive thoracic outlet decompression performed 
during the same hospitalization as the thrombolysis7 and up 
to 3 months later with nonresolution of mild venous ob
structive symptoms/ leading some to adopt a more selective 
approach for offering rib resection. This lack of consensus 
provides some flexibility in offering definitive surgery as 
many of these young patients are often student-athletes and 
cannot miss certain periods of the school year. Management 
of anticoagulation during this time also impacts decisions 
about planning surgery, as intolerance to blood thinners or 
difficulty with maintaining adequate anticoagulation can af
fect the urgency of the required definitive decompression. 
If there is a delay in scheduling definitive rib resection, a 

A 

B 
FIG 6 • A. I n it i a l  venogram demonstrat ing  r ight axi l l osubc lav ian 
occl us ion with l a rge co l l atera l deve lopment. Wire was passed 
through this reg ion and pharmacomecha n ica l  throm bolysis 
i n itiated . B. Fo l l ow-u p  venogram 24 hours l ater with reso l ut ion 
of major ity of thrombus load .  Ve i n  sti l l  shows s igns  of d isease and 
sca rr i ng part icu la r ly i n  the reg ion of com p ress ion .  

duplex immediately prior to surgery after successful throm
bolysis is important to document the status of the vein dur
ing the immediate pre-operative period. 

• In contradistinction to the numerous pathways for vTOS 
surgery planning aTOS in the presence of an ipsilateral cervi
cal rib and subclavian aneurysm presents a strong indication 
for definitive surgical intervention. Preoperative planning 
consists mainly of ensuring adequate and healthy vascula
ture proximal and distal to the diseased segment and de
termining a bypass route that is reasonable. Extraanatomic 
bypass via a carotid-subclavian or carotid-axillary with in
terval ligation may be necessary, depending on the size and 
length of the subclavian aneurysm and thrombus. Direct 
repair of the subclavian aneurysm with interposition graft
ing can be accomplished only when there is a short segment 
of disease that limits itself to the visualized region in the 
supraclavicular fossa. The preoperative CT-A provides the 
best road map to help decide amongst these reconstructive 
strategies. Endovascular techniques of the subclavian artery 
such as stent grafting in the setting of a TOS are generally 
not recommended, given the age of the typical patient, the 
compression that can occur from scarring even after cervical 
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or 1 st rib decompression, and the likely desire to resume 
prior activities that often brought about these symptoms in 
the postoperative period. 

Positioning 

in a stocking on the side of the patient to allow full move
ment during the case. This affords the anterior visualization 
of the 1 st rib and particularly the subclavius tendon and 
costoclavicular ligament for safe and effective decompres
sion. The entire ipsilateral neck, shoulder, arm, and anterior 
chest wall are prepped into the field as well as a region on 
the lateral chest wall should there be a small pneumothorax 
postprocedure. 

• vTOS decompression will often involve an infraclavicular 
incision (some prefer only this incision; some prefer a para
clavicular approach; still others prefer transaxillary) ,  which 
is facilitated by positioning the patient with a small bump 
between the shoulder blades and in a "head up" position 
of 30 degrees. The affected arm is prepped out and placed 

• aTOS decompression with cervical rib is most often per
formed with a supraclavicular approach. When arterial re
construction is planned, preparations should be made for 
saphenous or femoral vein harvesting. 

VENOUS THORACIC OUTLET SYN DROME 

Infraclavicular Approach 

• A 5-cm tra nsverse inc i s ion is made one f ingerbreadth 

below the c lav ic le, sta rt ing  a long  the edge of the ster

n u m  trave l l i n g  latera l l y, and  is  carr ied through the subcu
ta neous t i ssue and  pectora l i s  fasc ia  to expose the u pper 

f i bers of the pectora l i s  m uscles (FIG 7) .  Gentle spread ing  
between m uscle f i bers i n  th i s  reg ion exposes the  a ntero

med ia l  quadrant of the axi l l a ry fat pad and a l l ows easy 

pa l pation of the 1 st r ib .  Appropr iate retractors can be 
p l aced to fu l ly expose the most a nte r ior  port ion of the 

1 st r i b  beneath a layer of axi l l a ry fat (FIG 8). 
• When the  r i b  is v i su a l i zed ,  cautery is used to sepa rate 

the  i nfe r io r- ly i n g  i nte rcosta l m uscu l a tu re from the  r i b, 

with cu rved d i ssect ion  head i n g  su pero l atera l l y  a l o n g  

the  C cu rve of the  r i b  (F IG 9) .  L u n g  p l e u ra a re often v i 

s u a l i zed i m med iate ly  beneath t h e  r i b  a n d  c a r e  s h o u l d  

be t a k e n  to n o t  i n j u re l u n g  p a renchym a .  Su per io r ly, 

the  su bc lav i us  tendon  a n d  costoc lav i cu l a r  l i g a m e nt 

a re taken down sha rp ly  with cautery to free u p  the  

a nter io r  port ion  of the  1 st r i b  f rom the  overha n g i n g  

F I G  7 • I nfrac lavi cu l a r  inc i s ion is  m a d e  o n e  f ingerb readth 
below c lav ic le .  

FIG 8 • I nc i s ion is  ca rr ied down through  pectora l i s  fasc ia ,  
then the m uscle f ibers a re sp l it u nt i l  axi l l a ry fat that covers 
the 1 st rib is  reached .  

FIG 9 • Fu rther d i ssect ion around the 1 st r i b  invo lves sharp 
d i ssect ion of i ntercosta l m uscu lature a long  i nfer ior  aspect of  
1 st r ib  (arrows) . 
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c l av i c l e .  Fo l lowing a long the  super ior  aspect of the  1 st 
r i b ,  the  a nter io r  sca l e n e  f i be rs a re a l so sha rp l y  taken 

down and f u rthe r  super ior  d i ssect ion  takes  p l ace 

a l o n g  the  l atera l edge  of the  1 st r ib  u n t i l  p a l pat ion  of 
the  su bc lavi a n  a rtery i s  n ote d .  This l eve l  i s  as  fa r  neces
sa ry to deco m p ress the  subc l av i an  ve i n .  Often ,  movi n g  

the a rm i n  a s u p e r i o r  pos i t ion  fac i l itates m o re super io r  
exposure of the  1 st r i b  n e a r  the  a rte ry. 

• When the r i b  is c lea r  on its super io r, latera l ,  a n d  i nfe

rior edge, a rib cutter can be inserted super ior ly, ta k i n g  

c a r e  to v isu a l ize the jaws, a n d  then  the s u p e r i o r  c u t  i s  

made  i n  the r i b .  The i nfer ior  cut i s  done  near  the ma
n u br i a l  j u nct ion ,  com m o n l y  w ith  a power  saw. As  the 

r i b  i s  p u l led away from the body, sharp cautery can  be 
used to fac i l itate hemostas i s  of i n d iv id u a l  m u sc le  f ibers 

( i nte rcosta l s, a nter ior  a n d  m i d d l e  sca lene) h o l d i n g  the 

1 st r i b  i n  p l ace .  

Venous Reconstruction 

• With the a nter ior  h a lf to two-t h i rds  of the r i b  rem oved 

from th i s  i nfrac lav ic u l a r  a pproach,  the ve i n  i s  often p a l 

pab l e  i n  a b e d  of t i ssue a n d  m usc le  fi bers i m me d i ate ly 
be low the c l av i c le .  Ven o lys is  cons i sts of free i n g  up 
these m usc le  f i bers to expose the  ve i n  (F IG 1 0) .  M o re 

prox i m a l  exposu re of the ve i n  can  be acco m p l i shed v ia  
a tra nsm a n u b r i a l  extens ion  of the  i nfrac lavi c u l a r  i n c i 

s ion  to the center of the ste r n u m  a n d  vertica l l y  u p  t o  

the ste r n a l  notch (F IG 1 1 ) .  Th i s  can  be necessa ry to o b 
ta i n  adequate vasc u l a r  contro l  for patch i n g  of ch ron i -

ca l l y  d i seased venous  seg ments.  When a str i ctu red 

FIG 11 • I f  more p roxi m a l  exposure is  needed to c l amp 
for  control ,  extens ion of the i nc i s ion  i nto the  manubr i um 
and  towa rd sterna l  notch a l l ows w ider  v isua l izat ion of the  
or ig i n  of subc lav ian ve i n  and  j u n ct ion w i th  jugu la r  i nto the  
i n n o m i nate. 

a n d  can be perfo rmed with adequate prox i m a l  a n d  

d i sta l contro l  of the  ve i n  u nd e r  d i rect v i sua l i zat ion  

(F IG 1 2) .  

Closure 

• Carefu l attent ion to the stu m p  of r ib  rem a i n i n g  for he

mostas is  is  pe rformed, as we l l  as the reg ion of ve i n  after 

veno lysis and/or reconstruct ion .  

segment of ve i n  i s  l oca l ized,  sa phenous  ve i n  o r  bovi n e  • If the p leu ra or l u n g  parenchyma has been i n ju red, a 

sma l l-ca l i ber  ( 1 2 Fr) pediatr ic  chest tube can be p lace i n  
t h e  a nter ior p leura l  space u n d e r  d i rect v i sua l izatio n .  

per i card i a !  o r  bovi ne  per i card i a !  patc h i n g  p rovides a n  

exce l l e nt strategy f o r  resto rat ion  o f  l u m i n a l  d i a meter 

FIG 1 0  • After 1 st r i b  is  resected, ca refu l d i ssect ion around 
ve i n  with  venolysis a n d  takedown of fi bers su rrou n d i n g  ve in  
a l l ows adequate v isua l i zat ion to check for stenotic reg ions .  

FIG 12 • Stenotic reg ion of the su bclavia n ve i n  repa i red with 
patch venop lasty us ing  g reater saphenous ve i n .  

1873 
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ARTERIAL THORACIC OUTLET SYN DROME 

Supraclavicular Approach 

• A 7-cm i nc i s ion is made one  f ingerbreadth a bove the 

c lav ic le, sta rti ng  l atera l to the pa lpab le  edge of the 

ste rna l  head of the sternoc le idomasto id  m usc le a n d  car

r ied through the p l atysma .  Th i s  exposes the c lav icu l a r  
h e a d  o f  t h e  sternoc le idomasto id ,  w h i c h  i s  tra nsected 

with a cuff to sew back together  later, wh ich  now ex

poses the a nter ior  sca lene  fat pad (FIG 1 3) .  The fat pad 
i s  d i ssected a long th ree borders, i nfer io r ly, l atera l ly, a n d  

med ia l ly, t o  a l low i t  swi n g  northward t o  expose t h e  an 

te r io r  sca lene  m usc le a n d  the phren i c  ne rve (FIG 14) .  

When operati ng  on  the left s i de ,  extra ca re  i s  taken  to 

v isu a l ize the thorac ic  d u ct when p resent, wh ich  i s  su
tu re l i gated to p revent postoperative chy le leaks if  it 

becomes i nj u red .  
• With the ph ren i c  nerve s l ung  a n d  protected, transect ion 

of the a nter ior  sca lene m uscle off the su per ior  edge of  

the 1 st r ib  i s  done us ing b ipo la r  scissors. Care is  taken to 

stay on the bone dur ing th is  port ion so as not to i n ju re 
the under ly ing subc lav ian a rtery. After the i nfer ior  edge 

of the a nter ior sca lene i s  removed, a port ion of m uscle 
can be transected to a l low room for further v isua l i zat ion 

and  su bseq uent d i ssect ion around the brach i a l  p lexus 

(FIG 1 5) .  The long thoracic nerve is identif ied latera l ly, 
a n d  the ent i re nerve structures a re s l ung  around a th ick  

c lear  s i l astic loop.  
• A cervica l r ib, when present, is often v i sua l ized at 

FIG 14 • With the sca lene fat pad retracted super ior ly, the 
a nter ior  sca lene m uscle a n d  phren ic  nerve a re c lear ly seen .  
The  nerve is  s l ung  w i th  a s i l ast ic  loop.  

surround ing  i t ,  and  can be fused to the 1 st r ib  (FIG 1 6) .  

Care  is  taken to  d i ssect nerves and  vesse ls  away f rom the  

abnorma l  r i b  or  its osseus port ions that  may not  have 

appeared on  rad iography. 
th i s  t ime, with abnorma l  vascu lature or m uscu lature • The 1 st r ib  is v isua l i zed by ma neuver ing  the subc lav ian 

a rtery and  the nerve bundle back and  forth whi le  d i ssect

i ng  m idd le  sca lene fi bers and  i ntercosta l m uscu lature off 

FIG 1 3  • S u p rac lav icu l a r  i n c i s ion one  f ingerbreadth a bove 
the c lav ic le  cont i n ues after tra nsect i ng  c lav icu l a r  head of the 
sternoc l e idomasto i d  a n d  exposu re of the a nter ior  sca lene  
fat  pad .  

the 1 st r i b  (FIG 1 5) .  This  can be done sharp ly  w ith  b i po

lar scissors or  by us ing  a per iostea l  e levator. One shou ld  

FIG 15 • The 1 st r i b  is  c lea red on both s ides  of the subc lav ian 
a rtery and  the b rach i a l  p lexus f ibers, which a re a l l  s lung to 
a l low easy mob i l izatio n .  
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FIG 1 6  • I n  th i s  case, a fused cerv ica l  r ib  to the 1 st r ib  is  
p rom inently tent ing u p  the subc lav ian a rtery and  brach i a l  
p lexus f ibers .  

FIG 17 • Remova l of the congen ita l ly fused cerv ica l  r ib  to 
the 1 st r i b  as a n  en b loc p iece, a l lowing the neu rovascu l a r  
bund le  to  return to  its no rma l  posit ion without be ing k inked 
or  d i sp l aced . 

• 

avo id  the use of cautery i n  th i s  a rea as it is l i ke ly to trans

mit  to the brach i a l  p lexus or phren ic  nerve. 
When the rib is  clear from the reg ion i nfer ior  to the sub

c lav ian a rtery and  super ior  to the upper  aspect of the 

brach i a l  p lexus, a power saw can be used to transect the 

r ib .  If there i s  a fused port ion of cerv ica l r ib, it should be 

attem pted to be removed as a s i ng le  p iece (FIG 1 7) to 
assure that a l l  bony abnorma l it ies have been freed u p  to 

a l l ow for adequate decom press ion .  

Arterial Reconstruction 

• Subc lav ian aneurysm resect ion,  when needed, cons ists of 

a ppropr iate bypass pr inc ip les a n d  replacement with a n  
a utogenous or  p rosthetic i nterposition g raft or  extraana

tom ic  bypass of  carotid to d ista l subc lav ian  or  carotid to 
axi l l a ry g raft. Typica l s izes and  types req u i red for pros

thetic g rafts i nc lude  6- or  8-mm r inged polytetraf l uoro

ethylene (PTFE) or  Dacron .  

PEARLS AND PITFALLS 

I nd i cat ions 

Preoperative 
workup 

Pat ient setup  

I nfrac lavicu l a r  
approach 

Suprac lavicu l a r  
a pproach 

• vTOS defi n itive thera py cons ists of prompt d i agnos is, venography and  subseq uent thrombo lysis, and  appro
pr iate se lect ion  of patients to u ndergo thorac ic out let decom press ion .  

• aTOS patients often p resent with  hand  ischemic  sym ptoms that  w i l l  have some de lay i n  management due  
to  a wide d i fferenti a l .  Abnorm a l  bony  or  m uscu l a r  anatomy a long  w i th  presence of subc lav ian aneurysma l  
d isease req u i res defi n itive repa i r  i n c l ud i ng  a rter ia l  reconstruct ion .  

• Venous d u p lex, venography, a n d  pharmacomechan i ca l  th rom bolysis provides the optim a l  reduct ion of c lot 
bu rden to restore funct iona l  venous patency i n  patients with vTOS .  Tim i n g  of r ib  resect ion and defi n itive 
thoracic out let decompress ion a re somewhat va r iab le  and the approach shou ld  be i nd iv idua l ized.  

• aTOS patients should u ndergo p la in rad iography to sea rch for a cervica l r ib  and  CT-A to determ ine  the por
t ions of d iseased subc lav ian a rtery that m i g ht need resect ion .  

• Prepp ing  the affected arm i n  the vTOS patients affords the a b i l ity to move the a rm a n d, f rom the i nfracla
vicu l a r  approach, gain access to the major ity of the r ib  that is respons ib le  for venous compress ion .  

• For cerv ica l  r i b  and  a rter ia l  reconstruct ions, the suprac lavicu l a r  approach g ives n umerous options for recon
struct ive purposes as we l l  as  the poss ib i l ity of  the ca rotid a rtery as a n  inf low source. 

• Visua l izat ion of the subc lav ius tendon and its f i bers as we l l  as the costoclavicu l a r  l i gament i s  paramount i n  
decom press ing t h e  reg ion that com p resses t h e  subc lav ian ve i n  i n  vTOS .  

• L ibera l  patch ing  of the subc lav ian ve in  and  extensive venolys is  provide the best long-term patency resu lts 
after vTOS decompress ion .  

• Carefu l ly mob i l i z ing  the a nter ior sca lene fat  pad a l l ows good v isua l i zat ion of the anter ior  sca lene m uscle 
and phren ic  nerve. 

• When perform ing  left-s ided suprac lavicu l a r  TOS decompress ion,  one must be ca refu l  to identify and l i gate 
the thorac ic duct. 

• S l i n g i n g  the subc lav ian a rtery and brach i a l  p lexus f i bers a l l ows gent le tract ion back and forth to exped i
t ious ly d i ssect free the ent i re 1 st r ib .  
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POSTOPERATIVE CARE 

• At the conclusion of the procedure, patients are extubated 
and an immediate chest x-ray is obtained to ensure there 
is no pneumothorax. A small pneumothorax can be treated 
with oxygen and incentive spirometry, but a 25 % lung vol
ume reduction requires a chest tube to suction for 24 hours. 

• Patients do not need a sling for their arms. They are given 
range-of-motion exercises immediately to encourage 
strengthening and are given a taper of muscle relaxant and 
opioid narcotics for pain control. Most patients are dis
charged the following day after surgery. 

• Anticoagulation for vTOS patients is usually resumed 3 
to 4 days postoperatively at home, typically consisting of 
Lovenox for a week, then they return for postoperative ve
nography to see if further balloon venoplasty is necessary.8 

• Anticoagulation for aTOS patients, especially if arterial re
construction was performed, consists of anti platelet therapy 
with aspirin. 

OUTCOMES 

• Patients treated for vTOS with lysis and subsequent thoracic 
outlet decompression have a very low recurrence rate of 
thromboembolic disease. Morbidity and mortality is mini
mal, as these are often young and healthy patients, but typi
cally revolve around wound issues and bleeding given the 
need for a short course of anticoagulation. Satisfactory qual
ity of life scores and return to full function are reported in 
the 80% to 90% range, and most patients can be counseled 
to expect a near full return to sport.9 

• aTOS and the cervical rib patients often have the most dra
matic recovery, as they are often the most symptomatic to 
begin with. Although the literature is much sparser with re
gard to this entity, results are uniformly positive with reso
lution of hand ischemic symptoms and lack of significant 
disease recurrence .  

COMPLICATIONS 

• Perioperative complications related to either form of tho
racic outlet decompression revolve around lung injury and 

wound issues. Pneumothoraxes are often self-limited and 
treated effectively with chest tubes. Wound complications 
can include chyle leaks, seromas, and skin breakdown. Most 
of these are managed expectantly. Brachial plexus injuries 
may also occur, most commonly as a function of not recog
nizing important anatomic structures or not providing suf
ficient exposure to eliminate collateral damage during rib 
transection and removal. 

• Timing of restarting anticoagulation in vTOS patients 
can lead to postoperative bleeding, which can manifest as 
delayed hemothorax. The cause of this bleeding is often re
lated to recent thrombolysis and raw surfaces of muscle and 
cut bone, and this has led to the general recommendation of 
holding off on restarting anticoagulation until 3 or 4 days 
postoperation. 
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DEFINITION 

• The content discussed in the following text assumes the reader 
has familiarity with standard upper extremity arterial anatomy 
and its most common variations. For additional information, 
the reader may refer to excellent existing references . 1•2 

• Various occlusive and/or aneurysmal disease processes in the 
upper extremity arterial system may necessitate revascular
ization or reconstruction (Table 1 ) .  

• Acute upper extremity ischemia i s  less common than i n  the 
lower extremity due to the rich preexisting collateral cir
culation in both the upper arm and forearm. The majority 
( � 50% ) of acute ischemic complications in the upper extrem
ity occur in elderly females as a result of embolic phenomenon 
rather than primary vessel thrombosis (which accounts for 
� 25 % of acute ischemic events ) .3 The differential diagnosis 
for embolic sources includes intracardiac sources, proximal 
arterial atherosclerotic plaque, proximal arterial aneurysm 
thrombus, endocarditis, or paradoxical embolus from venous 
circulation. 

• Chronic arterial occlusive disease is rarely symptomatic. 
Associated comorbid conditions include diabetes, chronic 
atherosclerotic occlusive disease, subclavian or arteriove
nous steal syndromes, or failure of prior arterial repair or 
grafting. 4•5 

• Venous occlusive disorders in the upper extremity are common 
and are usually associated with iatrogenic injury, indwelling 
catheters, or thoracic outlet pathology. For further informa
tion regarding venous thoracic outlet disorders. Distal to the 
thoracic outlet, venous occlusive disorders are for the most 
part managed expectantly with anticoagulation therapy. Open 
surgical and endovascular therapies are rarely used and, due to 
high recurrence and failure rates, are not enthusiastically rec
ommended. For further recommendations regarding upper ex
tremity venous disease management, please refer to additional 
references. 6•7 

Table 1 :  Upper Extremity Vascu lar Disease 

Pathology Etiology 

Arter ia l  stenos is or occl us ion • Atherosclerosis 
• Dissection/trauma  
• Extr ins ic compress ion 
• Vascu l it is 
• Hypercoagu lab l e  state 

Arter ia l  aneu rysma l  degeneration • Atherosclerotic degeneration 
• B l u nt or  penetrating  trauma  
• Connective t issue disorder 
• Iatrogen ic  in jury 

Venous stenos is or occl us ion • Deep venous thrombos is 
• Hypercoagu lab l e  state 
• Extr ins ic compress ion 

PATIENT HISTORY AND PHYSICAL 
FINDINGS 

• Initial evaluation should include an assessment of associated 
comorbidities, including cardiac pathologies (myocardial in
farction, arrhythmia, heart failure, or prior coronary artery 
revascularization) ,  hypertension, hyperlipidemia, diabetes, 
hypercoagulability, smoking, prior upper or lower extremity 
arterial intervention, or index extremity trauma. 

• Symptoms and signs of acute arterial ischemia include pain, 
paresthesia, pulselessness, paralysis, and/or poikilothermia. 
A thorough vascular, sensory, and motor examination will 
help assess the severity of arterial insufficiency. Although 
dated, the Rutherford classification system remains useful 
for prognostic determinations. 8 For classes 5 and 6 ischemia, 
urgent or emergent intervention may be necessary to pre
serve limb function and viability. Prompt removal of embolic 
debris in limbs with sufficient residual viability produces 
excellent long-term results. 3 

• Chronic limb ischemia may also present with symptoms of 
rest pain, pain with extremity use, paresthesia, pulselessness, 
poikilothermia, and/or ulcerations/wounds/gangrene of fin
gers or fingertips. Subjects should be asked to describe what, 
if any, activities exacerbate these potential symptoms (i .e . ,  lift
ing or carrying material with affected arm/hand, arm raising, 
or repetitive arm/hand movement) .  Patients with vocational 
or recreational activities that require regular or frequent use of 
their upper extremities should describe convincing symptoms 
they experience in relation to these activities. More commonly, 
chronic upper extremity arterial ischemia is asymptomatic, 
particularly in older and less physically active individuals. 
In general, revascularization is not necessarily indicated in 
these circumstances. Discrepancy in upper extremity pulses, or 
brachial blood pressure differential of more than 15 mmHg, 
is a hallmark of chronic upper extremity arterial insufficiency 
with or without accompanying symptoms. 

• Traumatic or iatrogenic injury accounts for 25 % of patients 
presenting with acute upper extremity arterial insufficiency. 
Consideration of the mechanism of injury (blunt, penetrat
ing, hyperextension, or avulsion) will help delineate the likely 
nature of the resulting arterial disruption (transection, dissec
tion, or thrombosis, with or without ongoing extravasation). 
Following completion of the trauma primary survey, determi
nation of extremity arterial continuity should be performed 
following reduction of obvious ipsilateral upper extremity frac
tures and dislocations. In complex injuries, including avulsions 
and crush injuries, baseline sensory and motor status should be 
documented early to formulate the most appropriate course of 
therapy. When severe arterial injury is associated with transec
tion or avulsion of the brachial plexus and compound long 
bone fractures, meaningful functional recovery, despite ulti
mately successful revascularization, may not be possible.9 
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• More commonly, upper extremity arterial injuries can be more 
subtle and are frequently missed on primary or secondary 
surveys. The extensive collateral network present around the 
elbow often masks the presence of brachial artery thrombosis 
following posterior elbow dislocation, or dissection and throm
bosis following brachial artery catheterization. When physical 
signs suggest asymmetric or reduced upper extremity arterial 
perfusion, objective imaging should be obtained promptly to 
direct therapy and maximize long-term function. Depending 
on hand perfusion and viability, occasionally, immediate re
vascularization can be at least temporarily deferred to allow 
for more urgent resuscitation and stabilization procedures to 
proceed. Similarly, non-flow-limiting dissections may be moni
tored without immediate intervention, particularly when the 
patient's overall condition merits observational management. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• Depending on clinical circumstances, revascularization may 
be undertaken on the basis of clinically apparent injuries and 
limb ischemia. More commonly, physiologic assessment is 
indicated and necessary to determine the most efficacious 
method of revascularization. Arteriography, typically per
formed during or immediately prior to revascularization, 
remains an essential tool to guide intervention and confirm 
procedural success. As a general observation, physiologic 
testing helps determine when intervention is necessary, 
whereas arteriography provides the necessary anatomic 
information to ensure procedural and functional success. 

• Computed tomography (CT) arteriography can poten
tially add useful information to surgical planning for upper 
extremity revascularization. However, unlike in the abdomen 
and lower extremities, significant insight into disease local
ization and severity in the upper extremities can be gleaned 
from physical examination and nonionizing imaging modali
ties such as ultrasound. The potential additional diagnostic 
benefit associated with CT angiography needs to be balanced 
with the not insignificant radiation dosage delivered with 
this imaging modality, particularly in regard to the longer 
life expectancy of younger patients . When vascular disease is 
known to be limited to the extra thoracic upper extremity arte
rial system, CT angiography provides little additional, useful 
information over diagnostic arteriography alone, especially 
when the latter can be paired with a therapeutic intervention. 

• Noninvasive vascular testing for evaluation of the upper 
extremities includes segmental systolic pressure measure
ments using a Doppler flow detector, digital plethysmography, 
and arterial duplex scanning. 

• Serologic tests are the basis for the workup of patients with 
suspected vasculitic pathologies (e.g., Takayasu's arteritis, 
giant cell arteritis, Buerger's disease, and/or scleroderma) .  
Customary tests include baseline complete blood count, plate
lets, fibrinogen, C-reactive protein (CRP) ,  and erythrocyte 
sedimentation rate (ESR} . 10•1 1 In certain circumstances, color 
duplex evaluation may also provide additional clues to aid 
in the diagnosis.12 Additional serial serologies and rheumato
logic consultation may be necessary depending on the severity 
and progression of the suspected vasculitic disease process. 

• Young patients with acute primary arterial thrombosis, 
patients with recurrent arterial thrombosis, or patients with a 

prior history of unprovoked deep venous thrombosis preced
ing an arterial event should be considered for a hypercoagu
lability workup and hematology consultation. Initial testing 
may include protein C function, free protein S, antithrombin 
III activity, anticardiolipin antibodies, factor V Leiden muta
tion, prothrombin mutation, and homocysteine level. 13 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Prior to attempted upper extremity arterial repair or revas
cularization, a clear understanding of the extent and loca
tion of arterial pathology is essential. This knowledge guides 
the location of arterial exposure or optimal method of arte
rial access, the identification of optimal inflow sources and 
outflow targets, and the most effective and efficient methods 
of reconstruction. When uncertainty persists, intraoperative 
arteriography provides essential and timely guidance. 

• As in all methods of peripheral arterial reconstruction, hepa
rin is typically administered when an interventional sheath 
is first placed, or arterial control is anticipated. Typically, 
1 00 units/kg of intravenous heparin is administered, with 
additional anticoagulation guided by the activated clotting 
time monitored during the course of the procedure . 

• As discussed in Part 6, Chapter 2, the preferred extratho
racic method of innominate or proximal left subclavian 
artery surgical reconstruction is carotid subclavian bypass. 
Frequently, however, endovascular options are available and 
preferable in patients who cannot tolerate the risks or mor
bidity associated with open reconstruction. For example, in 
the setting of uncontrolled, life-threatening hemorrhage from 
penetrating or crush injuries or limb avulsion, bleeding may 
be controlled by insertion of covered, self-expanding stents 
across the area of injury in the subclavian or axillary arteries. 
However, with few other exceptions (such as lesions associ
ated with giant cell or Takayasu's arteritis) ,  angioplasty and 
stenting of arterial lesions at or distal to the clavicle is poorly 
tolerated and ill advised. Stents placed in this area are at high 
risk for fragmentation and subsequent arterial thrombosis, 
pseudoaneurysm formation, or stent migration. 

• Surgical management of arterial pathology distal to the sub
clavian artery ( surgical management of arterial disease of the 
arch vessels and subclavian artery are discussed in Part 6, 
Chapters 1, 2, and 9) and proximal to the wrist ( surgical 
management of arterial disease distal to the wrist is discussed 
in Part 6,  Chapter 1 1 )  will depend on acuity, cause/type of 
pathology (penetrating trauma, blunt trauma, occlusion, ste
nosis, or aneurysm),  severity of patient symptoms, patient 
comorbidities, and required durability of the planned repair. 

• Axillary artery exposure is guided by the nature of the 
planned reconstruction. The proximal artery is most easily 
exposed via a transverse infraclavicular incision. Exposure 
of the second and third portions requires deltopectoral or 
axillary approaches, respectively. 1 

• Acute symptomatic embolic occlusion of the axillary or brachial 
arteries are best managed by open, preferably image-guided, 
balloon catheter or direct thromboembolectomy.1•2 Essential 
elements required for thromboembolectomy include ( 1 )  de
termination of the optimal treatment environment (operating 
room [OR] with portable vs. fixed imaging) ,  (2) arterial access 
(level of incision), ( 3 )  acquisition of catheters and guidewires 



C h a p t e r  1 0  PROXIMAL TO THE WRI ST: Upper Extrem ity Reconstruct ion/Revascu larization 1879 

required to transverse the embolus and accumulated luminal 
thrombus, (4) availability of balloon and over-the-wire 
embolectomy catheters, (5 )  need for adjuncts such as aspira
tion catheters (ExportTM catheter, Medtronic, Minneapolis, 
MN) and thrombolytic agents (tissue plasminogen activator 
[tPA] ) ,  (6 )  options for managing postischemic hyperemia 
and elevated compartment pressures, and (7) consideration 
of treatment alternatives should preexisting atherosclerotic 
occlusive disease preclude or complicate catheter-directed 
thromboembolectomy. 

• For symptomatic axillary or brachial artery thrombosis 
not amenable to direct or catheter-based, image-guided 
thromboembolectomy, open surgical bypass or interposi
tion grafting is the preferred method of repair. When con
sidering open bypass or interposition grafting distal to the 
clavicle, key planning elements include ( 1 )  determination of 
optimal inflow and outflow, (2) conduit (almost exclusively 
autogenous vein) ,  and ( 3 )  assessment of distal compartment 
pressures and potential need for fascial release. Commonly, 
more vasospasm is engendered by injury and surgical manip
ulation in the upper extremity arteries as compared to those 
of the lower extremities, and accommodations may need to 
be made to ensure graft and bypass patency in this context. 

• Branch vessel injuries and aneurysms, particularly those 
arising from the axillary and brachial arteries, are best treated 
with ligation and excision.14 Preoperative planning of these 
procedures involves selection of an appropriate exposure 
through the muscles of the upper extremity that will facilitate 
rapid recovery and minimize risk of disability in a usually 
young and active patient cohort. 

• The relatively superficial location of the brachial artery in 
the antecubital fossa increases its vulnerability to traumatic 
and iatrogenic injuryY Most brachial injuries are associated 
with penetrating trauma; however, blunt injuries also occur, 
particularly in the distal brachial artery, following posterior 
elbow dislocations and supracondylar fractures (the latter 
more commonly in children) . 16 In these situations, key ele
ments for repair will include inspection of injured arterial 
segment on preoperative imaging for possible intimal dis
ruption, short segment thrombosis, or thrombosis extending 
distally into the forearm. 

• An increasing number of cardiac catheterizations and coronary 
interventions are performed via radial or brachial accessY 
Cannulation site complications, including thrombosis or pseu
doaneurysm formation, often necessitate operative repair. 17•1 8 
For these patients, preoperative planning will include identi
fying the extent of injury, options for graft conduit (smaller 
diameter vein),  and alternative management options including 
arterial ligation in extenuating circumstances. 

• The ulnar artery at the wrist is the dominant hand artery in 
the majority of patients. Achieving or maintaining sufficient 
arterial outflow at the wrist is essential to the hemodynamic 
and clinical success of forearm revascularization procedures. 
The status of the radial and ulnar arteries at the wrist should 
be confirmed in the course of evaluating all patients for 
upper extremity revascularization options. 

Operating Room Setup 

• The majority of upper extremity revascularization procedures 
are suited for a hybrid operating environment, or an OR 

equipped with a radiolucent, floating-point carbon fiber oper
ating table and fluoroscopy radiation source and image inten
sification system, preferably equipped with digital subtraction 
angiography and last-image hold capabilities. When optimal 
x-ray penetration and resolution is not available, or in cir
cumstances when diagnostic angiography alone is anticipated, 
less sophisticated portable imaging systems may suffice. 

• Elective and emergent upper extremity surgical revascular
ization procedures may be performed with either regional or 
general anesthesia. Considerations include the overall status 
of the patient, ability to tolerate the specific challenges asso
ciated with either anesthetic techniques, and the abilities of 
the anesthesiologist responsible for anesthetic management. 

• For the majority of upper extremity procedures, the opera
tive limb is typically extended at 90 degrees .  For optimal 
surgical exposure, we prefer arm positioning systems that 
move freely with the OR table rather than those with sepa
rate floor extensions. To avoid exacerbation of potential 
brachial plexus injuries in appropriate clinical settings, care 
should be taken to avoid hyperabduction and extension of 
the limb. The operative field should include, at a minimum, 
the ipsilateral axilla, chest, and neck, with the head rotated 
and extended to the contralateral side. A shoulder roll may 
be positioned under the ipsilateral shoulder to aid with neck 
and shoulder extension (FIG 1A) .  Alternatively, for optimal 
deltopectoral exposure of the axillary artery, the arm can be 
externally rotated and abducted at 30  degrees relative to the 
lateral chest. 

• In situations where venous interposition conduit may be 
needed, a lower extremity should also be prepared into the 
surgical field to allow for greater or lesser saphenous vein 
harvest as indicated by the estimated diameter of the target 
artery. In the setting of extensive traumatic injuries, vein 
should be harvested from the least affected lower extremity. 

A 

FIG 1 • A. With the patient sup i ne, the arm of i nterest is 
pronated and extended at 90 deg rees re lative to the chest. The 
head is externa l ly rotated to the contra latera l s ide to expose the 
i ps i latera l neck segment .  (continued) 
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FIG 1 • (continued) B. I nfrac lavicu l a r  exposure of the proxim a l  
axi l l a ry a rtery. C. Components of the i nfrac lavicu l a r  axi l l a ry sheath. 
D. I nterpos it ion g raft repa i r  of a proxi m a l  axi l l a ry a rtery tra u matic 
part ia l  transect ion .  

System ic  a nt icoagu lat ion shou ld  be cons idered whenever • 

major open or endovascu l a r  revascu la r izat ions a re under
taken .  Except ions i nc lude  profound system ic  coag u lopa-

thy or  concern related to concom itant r isks such as occu lt  • 

i ntracra n i a l  hemorrhage.  Suffic ient i ntravenous u nfrac
t ionated hepar in  shou ld  be a d m i n istered to ach ieve a n  

activated c lott ing  t i m e  o f  more t h a n  2 5 0  seconds .  

Open surg ica l  revascu l a r izat ion and  repa i r  techn iq ues 

are descr ibed i n  the sect ions in the following text rela
tive to u pper extrem ity a natomic  l ocat ion .  

The last sect ion descri bes genera l  endovascu l a r  tech

n i q ues used for upper extrem ity i ntervent ions .  

PROXI MAL AXILLARY ARTERY is a ided by l atera l retract ion or d iv is ion of the pectora l i s  

m ino r  m usc le .  
First Step 

• Exposu re of the p roxim a l  (fi rst) port ion of the axi l l a ry 
Second Step 

a rtery is best ach ieved through a n  inc i s ion p laced one • 

f ingerb readth be low the m idd le  th i rd of the c lav ic le 

(FIG 1 8) .  Deep to the subcutaneous t issue,  the pecto-
ral fascia is  opened long itud i n a l ly. The pectora l i s  major 

m uscle is d iv ided with a m usc le-sp l itt ing i n c i s ion .  The 
under ly ing c lavi pectora l  fascia is  then sharply i ncised to 

expose the proxi m a l  axi l l a ry sheath . Add it iona l  exposu re 

F ine  d i ssect ion shou ld  be used to expose and  control the 

axi l l a ry a rtery deep to the c lavi pectora l  fasc ia .  Ca refu l 

d i ssect ion and  retract ion m i n i m izes i n ju ry to the cords 

of the brach i a l  p lexus su rrou n d i n g  the a rtery. The latera l 

pectora l  nerve a n d  prox ima l  cepha l i c  ve i n  a re a l so prone 
to i n ju ry du r i ng  d i ssect ion or  tract ion from m isp laced 

self-reta i n i n g  retract ion devices. 
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Third Step 

• The axi l l a ry ve i n  l ies a nter ior a n d  ca uda l  to the a rtery 

with i n  the axi l l a ry sheath.  M o b i l ity of the ve i n  is ach ieved 
with gent le d i ssect ion,  l i gat ion of associated venous tr ib

utar ies, and  mi ld ca uda l  retract ion with a c i rcu mferent i a l  

vessel l oop  o r  sma l l  handhe ld  retractor (FIG 1 C) .  
• I n  sma l l e r  patients, d iv is ion of the thoracoacro m i a l  a rtery 

and  ve i n  may be req u i red to fac i l itate p roxim a l  axi l l a ry 

exposure .  Once aga in ,  i n ju ry to the latera l pectora l  nerve 

is  avo ided by gent le, de l i berate d i ssect ion .  

Fourth Step 

• 

• Once c i rcumferent i a l  d i ssect ion and  exposure of the 

prox ima l  axi l l a ry a rtery is comp lete, the a rtery is  opti

ma l l y  contro l led with s i l ast i c  vessel loops (FIG 1 C) .  

Fa m i l i a r  a natomic  relationsh i ps may be less recog n izab le  
dur ing  redo or  com p lex exposu res, or  i n  the sett ing  of  

tra u matic in ju r ies, ongo ing  extravasat ion,  and  hema
toma format ion .  The r isk of associated brach i a l  p lexopa

thy is he ig htened i n  these s ituations. Extend ing  exposure 

through the de ltopectora l g roove may he l p  de l i neate 
otherwise i nd ist inct tissue p lanes. Reposit ion i ng  the arm 

throughout  the range of ava i lab le  abd uct ion may a lso 

red uce posit ion-re lated a natomic  d i stortion .  

• 

• 

For u pper extrem ity revascu la r ization proced u res, tun

ne l ing is  extended d ista l ly through su bcutaneous p lanes 

a long the arm and forearm as necessa ry to reach the 
ta rget a rtery. I n  the case of axi l l ofemora l  bypass g raft ing,  

the ePTFE g raft tunne l  is  created retrog rade, extend ing  

f rom the femora l  i nc is ion su per ior ly to the exposed ax i l 

l a ry a rtery, w ith  ca re be ing taken to posit ion the g raft 

a nter ior to the a nterior su per ior i l iac crest and  advanced 
u pward along the anterior axi l l a ry l i ne .  The tunne l  m ust 
not breach the abdom i n a l  fascia or thoracic cavity. With 

a tunne l i ng  device of suff ic ient length, a counter inc is ion 
is  not usu a l ly necessa ry to reach the axi l l a ry a rtery. At the 

i nfer ior border of the pectora l i s  m uscle, the tunne l  transi

t ions to a subfasc ia l  p lane extend ing  below the pectora l i s  

major  m uscle to reach the exposed axi l l a ry a rtery med i a l  

t o  its i ntersect ion with t h e  pectora l i s  m inor  m uscle.  U s e  of 

a pu rpose-specific tunne l i ng  device for th is  maneuver wi l l  
not o n l y  obviate the need for a cou nteri nc is ion but a lso 

m i n i m ize r isks of k in k ing,  twist ing,  or  g raft compress ion .  

The con d u it shou ld  be beve led app ropriately for end-to

side anastomoses at both ends .  At the axi l l a ry anasto

mosis, s l i ght ly more g raft length red undancy is  needed 
to prevent excessive tract ion on the a nastomosis and 

l ate g raft o r  a rter i a l  i nj u ry. The use of stretch po lytetra
f l uoroethy lene (PTFE) is  a l so p referred for this reason .  

Fifth Step Sixth Step 

• 

• 

• 

For axi l l ofemora l  bypass g raft ing ,  the fi rst or most p roxi- • 

ma l  axi l l a ry seg ment is chosen for a nastomotic access 

to m i n i m ize the risk of tract ion a n d  potent ia l  g raft d is
rupt ion from shou lder  and  arm movement. Locat ing  
the  a nastomosis  as prox imate to  the c lav ic le as possi b le  • 

opti m i zes long-term performance and  d u ra b i l ity. Based 
on the patient's body ha bitus and p l an ned g raft con

f ig u rat ion (uni- or  b ifemoral ) ,  a n  appropriately s ized (6, 

8, or  1 0  mm)  externa l ly supported expanded polytetra
f l uoroethylene (ePTFE) is emp loyed . For most patients, 

in most s ituat ions, an 8-m m  d iameter, remova b le  r i ng  

g raft is  opti m a l .  The axi l l a ry a rteriotomy is a lways cre
ated p roxim a l  to the over ly i ng  pectora l i s  m i n o r  musc le, 

which is itse lf usua l ly d iv ided to further m i n i m ize undue  

tract ion on the  g raft. 
When cons ider ing d i rect ips i l atera l axi l l o-ax i l l o  or  axi l lo- • 

brach ia l  bypass g raft ing,  condu it choice depends on surg i -

ca l context. I n  conta m i nated f ie lds (with open penetrati ng 

or  avu ls ion i nj u ries of the axi l l a ry a rtery), ve i n  is  preferred 
and is  sourced from the long or  short sa phenous or  super

f ic ia l  femora l ve ins  in the ( least i nvolved) lower extrem ity, 

or  contra latera l arm ve i n .  For e lective revascu lar ization 
procedu res, depend ing  on the age of the patient, bypass 

length, target a rtery d iameter, and i nd icat ions for recon- • 

struct ion,  ePTFE or kn itted po lyester prosthetic g rafts 

may provide acceptab le  a lternatives. However, in near ly 

a l l  s ituations req u i ri ng  u pper extrem ity bypass at or  d is-
ta l to the c lavic le, autogenous ve i n  is opti ma l  and h igh ly 

preferred. 

For ips i l atera l revascu la r ization, g raft is  tun neled para l le l  
to the exist ing axi l l a ry a rtery beneath the pectora l i s  major 

and  minor m uscles to the anter ior axi l la ry l i ne .  

Tra umatized, throm bosed, o r  aneurysm a l  p roxi m a l  ax i l 

l a ry a rtery seg ments may be transected or  resected as 
necessa ry, reconstituted by i nterposition  g raft ing  with 

venous o r  prosthetic con d u it (FIG 1 0) .  

For  i nterpos it ion g raft ing,  the da maged or  d iseased a rte
r i a l  seg ment is  fu l ly tra nsected and removed.  The l umen  
with i n  the p rox ima l  and  d ista l a rter ia l  segments shou ld  be  

inspected for  tra u ma, d i ssect ion,  o r  thrombus formation .  
I n  the  case of the d ista l a rtery, f l u sh i ng  w i th  hepar in ized 

sa l i n e  may help confi rm patency and suff ic ient runoff. 

Retrog rade f lu sh ing  of d iseased or  damaged b rach ia l ,  

axi l l a ry, or  subc lav ian  a rteries i s  not  recom mended g iven 

the potent ia l  r isk for vertebra l  a rtery embo l ization of 
res idua l  l u m i n a l  detritus and su bseq uent centra l nervous 

system (CNS) i nfa rct ion or  i nj u ry. 

When uncerta inty exists regard ing  the extent of axi l l a ry 
in jury, further exposu re may be necessa ry to ensure success. 

In ra re and extenuating c i rcumstances, clavicu l a r  resection 

and replacement (or remova l) may be requ i red for satis

factory a rter ia l  exposu re.  S im i l arly, when fragmented or  

chron ica l ly infected, the clavic le shou ld be removed as  
necessary to opt im ize long-term graft patency and l imb 

v iab i l ity. 

For upper  extrem ity a rter ia l  reconstruct ion,  once expo

sure i s  comp lete and the appropr iate tunne l  i s  created, 

the appropr iate con d u it is  selected for use and p repa red 

for i nterposit ion g raft ing  (FIG 1 D) .  The con d u it shou ld  
be fash ioned to  a n  appropriate length to  avo id  potenti a l  

k i n k i n g  d u ri ng  futu re arm motions .  Prox ima l  and  d ista l 

a nastomoses a re performed end-to-end or end-to-s ide 
depend ing  on the respective d i ameters of the inf low and 

outflow seg ments. 
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Seventh Step 

• 

• 

Catheter embo lectomy shou ld  be performed as necessa ry, 

often us ing  over-the-wi re, i mage-g u ided tech n iques, to 
remove l u m i n a l  thrombus from i nf low or outflow a rte

r i a l  seg ments as necessa ry. Ca re shou ld  be taken with 

proxi ma l l y  d i rected embo lectomy to avo id  d i s lodg ing  

c lot fragments i nto the  vertebra l  a rtery. 
To m i n i m ize iatrogen i c  i n ju ry from embo lectomy cath

eters, proxim a l  embo lectomy i s  best i n it iated at the level 
of the axi l l a ry rather  than brach i a l  a rtery. Attem pt ing  

M I D-DISTAL AXILLARY ARTERY 

First Step 

• The m id-d ista l axi l l a ry a rtery may be exposed v ia an ax

i l l a ry o r  de ltopectora l  i nc i s ion .  For d i sta l  exposu re, the 

i nc is ion is extended through the posterolatera l border of 
the pectora l i s  major m uscle to a l low for pa rtia l  mob i l iza

t ion and  med i a l  retract ion of that m uscle (FIG 2A) . I n  the 

Coracobrachial is 
muscle 

Course of 
axi l lay artery 

Clavi pectoral fascia 

B 

A 

Axi l lary sheath Clavicle 

• 

• 

a nteg rade embo lectomy proxi ma l l y  from an a ntecub ita l  

b rach i a l  access inc is ion r isks tra u matic i n ju ry to the axi l 
l a ry or  b rach i a l  a rtery at the or ig in of the deep b rach i a l  

a rtery, where the  d i ameter of  the  b rach i a l  a rtery de

creases s ign if icant ly, just d ista l to the axi l l a ry fossa . 
Appropr iately s ized Fogarty throm bectomy catheters for 

upper  extrem ity e m bo lectomy inc lude  s izes 2 throug h  

5 Fr, depend ing  on t h e  d i ameter o f  the a rtery be ing 
i n strumented and  the techn i q u e  (antegrade or  retro

g rade) be ing emp loyed .  

super ior  aspect o f  t h e  surg ica l  i nc is ion,  t h e  coracobrach i 

a l i s m uscle wi l l  be v i sua l ized at 90 deg rees rel ative to the 

med i a l ly retracted pectora l i s  major m usc le .  With i n  th is  

ang le, gent le b l u nt d i ssect ion is  app l ied to identify the 

axi l l a ry sheath r u n n i ng a long the i n feroposter ior  border 

of the coracobrach ia l i s  m usc le .  
For de ltopectora l  exposu re, d i ssect ion is  performed a long  
the a nter ior  border of the de ltoid m uscle, extend ing  

Muscu locutaneous 
nerve 

Biceps 
(short head) 

Coracoid Deltoid 
process muscle 

Coracobrachial is 
muscle 

Median nerve 

Axi l lary artery 

c 

Pectoral is 
major 

muscle 

Axi l lary 
vein 

Clavi pectoral 
fascia 

Pectoral is 
minor 

muscle 

FIG 2 • A. R ight u pper extrem ity a rter iogram demonstrat ing  d ista l axi l l a ry and brach ia l  a rtery occ l us ion, with substantia l  f i l l i n g  of 
un named co l l atera l a rter io les. B. Axi l l a ry exposu re of the m id-d ista l axi l l a ry a rtery. C. Deltopectora l exposure of a long segment 
of axi l l a ry a rtery. (continued) 
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FIG 2 • (continued) D. Exposure of the d i sta l axi l l a ry a rte ry and  associated axi l l a ry sheath structures. E. Exposure of the 
m idaxi l l a ry a rtery v ia reflect ion of the pectora l i s  m ino r  m usc le .  

through  the su bcutaneous t issue i n  the de ltopectora l  

g roove (FIG 28) .  With med ia l  retract ion of the pectora l i s  

major, the neu rovascu l a r  bund le  is then  exposed i n  the  

underly ing c lavi pectora l  fasc ia .  

Second Step 

• Upon  entry of the ax i l l a ry sheath, the axi l l a ry a rtery is  

v isu a l i zed d i rect ly under  the med i an  nerve. At the l at
era l  border  of the pectora l i s  major  m uscle,  the med i a l  

a n d  latera l cords fo rm the med i a n  nerve fo rm over the  

a nter ior  su rface of  the axi l l a ry a rte ry. The u l n a r  ne rve 

a n d  axi l l a ry a rtery a re v isu a l i zed a l o n g  the i nferopos

terior border of the m id-d i sta l axi l l a ry a rtery i n  this ex

posure .  I dentif icat ion  of su rrou n d i n g  structu res d u r i n g  
axi l l a ry exposu re m i n i m izes r isks o f  i n advertent i nj u ry. 

E l evat ion  a n d  ca u d a l  retract ion  of the exposed axi l l a ry 
a rtery with vesse l  loops a l so a u g ments exposu re a n d  

red uces r i s k  of adjacent ne rve i n j u ry d u r i n g  a rter ia l  

c l a m p i n g  (FIG 2C) . 

Third Step 

• When further exposure of the second port ion of the 
axi l l a ry is  req u i red, the pectora l i s  minor m uscle is  d iv ided 

near  its i n sert ion on the coraco id  process. The pectora l  
nerves should be identif ied and  p rotected d u r i ng  th i s  

maneuver. Ca uda l  retract ion of the m usc le a l lows for ex

posure of the u nder ly i ng  neu rovascu l a r  bund le  (FIG 20) .  
• I n  the second port ion,  the axi l l a ry a rtery is su rrounded 

on three s ides by b rach i a l  p lexus nerves, leavi ng the an

ter ior  su rface of the a rtery uncovered . For suff ic ient c i r

cu mferent ia l  exposure of the vessel ,  the thoracoacrom ia l  

a rtery ca n be l i gated and  d iv ided at its or ig i n .  However, 

du r i ng  mob i l izat ion of the axi l l a ry a rtery seg ment, care 
shou ld  be taken to not i nj u re the l atera l thoracic a rtery 
and the latera l and med i a l  cords as they jo i n  over the 

d ista l axi l l a ry a rtery to form the med i a n  nerve. 

Fourth Step 

• 

• 

• 

S i m i l a r  to the steps out l i ned for reconstruct ion of in ju r ies 

to the fi rst or  second port ion,  traumatized, throm bosed, 

or  aneurysm a l  seg ments in the second  o r  th i rd port ions 

of the axi l l a ry a rtery may be tra nsected o r  bypassed, with 

i nterposit ion g raft ing  or  bypass as necessa ry. 

Repa i r  of axi l l a ry branch in ju r ies and  aneurysms req u i res 
suff ic ient seg mental  exposure of the axi l l a ry a rtery itse lf, 

as wel l  as the branch a rte ry of concern .  S u bsca p u l a r, me
d i a l  h u m era l c i rcumflex, or  latera l h u mera l  c i rcu mflex 
branch a rtery aneu rysms can be exposed through the ax

i l l a ry fossa and  d iv ided free from the axi l l a ry a rtery once 

l i gated to prevent pers istent d i sta l a rter ia l  embo l i zat ion 

and  hand ischemia  i n  the sett ing  of chron i c  overuse or  

ath let ic  i n ju r ies .  Occasiona l ly, aneu rysma l  degeneration 

of the branch com p rom ises the i nteg r ity of the axi l l a ry 

a rtery itse lf, a n d  i nterposit ion g raft ing  may be req u i red 

for opti ma l  reconstitution of d ista l l i m b  b lood f low. 
Autogenous ve i n  (or a rtery ha rvested from the d i sta l  i n 

terna l  i l i ac  c i rcu lat ion i n  the pelv is) i s  the optim a l  cond u it 

cho ice for th i s  app l icat ion (FIG 3) .  

Axi l l a ry or  b ranch  a rte ry in ju r ies resu lt ing i n  su bstant ia l  

d ista l a n d  sym ptomatic upper  extrem ity a rter ia l  embol i  
and  d i g ita l ischemia  may benefit from a tr ia l  of i ntraa r

ter ia l  thrombo lytic therapy, a d m i n istered preoperative ly, 
to improve runoff, g raft patency, hand  perfus ion ,  a n d  

fu nctiona l  status.  
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FIG 3 • A. Relative a n atomy of the d ista l axi l l a ry a rtery and associated anterior and poster ior  
c i rcu mflex h u m era l  a rteries.  B. Axi l l a ry a rtery i n ju ry at the or ig in  of a c i rcu mflex h u mera l  branch 
repa i red with a n  i nterposit ion ve i n  g raft. C. Ci rcu mflex h u mera l  branch aneu rysm .  D. CTA of r ight 
upper  extrem ity c i rcumflex h u mera l  branch a rtery aneurysm (arrow). Catheter-based ang iogram 
demonstrates hypodens ity i n  the c i rcumflex h u mera l  branch,  consistent with i ntra l u m i n a l  
thrombus (middle panel). O p e n  operative exposure o f  t h e  c i rcu mflex h u mera l  branch or ig i nat ing 
from the axi l l a ry a rtery (isolated by red silastic sling). E. B ranch aneurysm thrombus ca us ing  d ista l 
m icroem bo l i  can be treated with resect ion a n d  i nterva l l igat ion of the branch vesse l .  

BRACH IAL ARTERY tered i n  th i s  d i ssect ion a n d  shou ld  be p rotected from 

i n j u ry. 
First Step 

• I n  the u p per  a rm, the prox ima l  brach i a l  a rtery is opti-
Second Step 

m a l ly exposed via a 5- to 8-cm long itud i n a l  i n ci s ion in the • 

med ia l  g roove between the b iceps a n d  tr iceps m uscles 
(FIG 4A) .  

• As the su bcuta neous t issue is d i ssected, care shou ld  be 

taken to visu a l i ze and  avo id  i nj u ry to the bas i l i c  ve i n  as it 
crosses near  the b rach i a l  sheath in the d i sta l u pper a rm .  

To a i d  i n  exposu re, the bas i l ic ve i n  can be retracted i nto • 

the poster ior  wound ,  a n d  ve in b ranches cross i ng  over 

the brach i a l  a rtery sheath can be l i gated and d iv ided .  
S i g n if icant p lexus of sensory nerves a re a l so encoun-

By inc i s ing  the deep fasc ia  at the med i a l  border of the 
b iceps m uscle, the neu rovascu l a r  bund le  may be further 

exposed .  The median nerve wi l l  be the fi rst structure to 

be encou ntered i n  the b rach i a l  sheath with th is  expo

sure. Wide mob i l izat ion of the nerve a l lows for its gent le 

retract ion  i nto the a nte r ior  wound (FIG 48) .  

J ust deep to the med ian  nerve, the b rach i a l  a rtery wi l l  be 

visu a l i zed a long  with two f l ank ing  brach i a l  ve ins .  I nter

con n ecting  com m u n icat ions between these ve in s  may be 

l i gated to aid i n  further exposure of the b rach i a l  a rtery. 
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FIG 4 • A. I nc i s ion created for exposure of the p roxim a l  brach i a l  a rtery in the upper  a rm .  B. The b rach i a l  a rtery in the u p per 
arm is adjacent to the med i a n  and  u l n a r  nerves. C. Trau m atic transect ion of the brach i a l  a rtery with associated int i m a l  damage, 
a long  with part ia l  i nj u ry to the med ian  nerve. S u bseq uent repa i r  is  performed with a b rach i a l  a rtery i nterposit ion g raft us ing  
a ve i n  con d u it and  med i a n  nerve repa i r. 

Third Step 

• 

brach i a l  a rtery with vessel loops pr ior  to c l amp ing  can 
decrease the cha nce of nerve in ju ries dur ing th i s  process. 

Exposure of the brach i a l  a rtery i n  the m id-upper arm may 

requ i re identif ication and control of the deep brach ia l  

a rtery, wh ich  a r ises on the posteromed i a l  surface of  the  

brach ia l  a rtery, just d ista l to the latera l border of  the teres 

major m uscle in the d ista l axi l l a ry fossa. In the d ista l upper 
arm, the super ior and  infer ior  u lnar  co l latera l a rteries 

may a lso requ i re control dur ing  brach ia l  a rtery exposure.  

Fifth Step 

Fourth Step 

• Alternatively, the b rach i a l  exposu re can be ga i ned 
through a n  ob l i que  i nc i s ion a long the a nt ic i pated cou rse 

of the brach i a l  a rtery in the d ista l u p per arm p rox ima l  to 

the a ntecub ita l  fossa . 

• 

• Once aga in ,  ca re shou ld  be taken to avo id  i n ju ry of the • 

med ian  nerve, which can be found posteromed ia l  relative 
to the brach i a l  a rtery i n  this a rea (FIG 5) .  E levation of the 

Pseudoaneurysm or  tra nsect ion of the brach i a l  a rtery can 
be repa i red fo l lowing  p roxi ma l  and d i sta l b rach i a l  a rtery 

exposure a n d  contro l .  In the sett ing i m m inent rupture 

or exsan g u i nat ion,  prox ima l  control in th is  a rea may be 
obta ined with a proxi m a l  ster i l e  tourn iquet. Fo l lowing 

tourn iq uet contro l ,  the i n ju red b rach i a l  a rtery seg ment 

o r  pseudoaneurysm sac can be i so lated and  exp lored 

with conf idence.  This tech n ique  is  part icu l a r ly usefu l in 

p revent ing catastroph ic  rupture and conta m i nat ion of 
the OR envi ronment with b lood-borne pathogens in the 

sett ing  of iatrogen ic  or  se lf- inf l i cted mycotic aneurysms. 
Puncture wounds  may be amenab le  to pr imary suture 

repa i r  o r  m i n i m a l  resect ion of the i n ju red seg ment and  
pr imary reapprox imatio n .  La rger defects a n d  part i a l  
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FIG S • A. Typica l  inc i s ions  used for exposu re of the d i sta l b rach i a l  a rtery and  proxim a l  rad i a l  and  u l n a r  a rter ies at the 
a ntecub ita l fossa . B. Re lative anatomy of the brach ia l ,  rad i a l ,  and  u l n a r  a rteries and  adjacent median nerve. C. Acute 
embo l i c  occl us ion of the brach i a l  a rtery b ifu rcation can be treated fo l lowi ng p roxim a l  and d i sta l  control of the b rach ia l ,  
rad ia l ,  and  u lna r  a rteries.  Arter iotomy is created over the occ luded vascu l a r  seg ment.  Fo l lowing  d i sta l throm bectomy of  
the u lna r  and  rad i a l  a rteri es, a Foga rty throm bectomy catheter can a lso be used  to  extract thrombus  f rom the b rach i a l  
a rtery. 
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tra nsect ions may req u i re patch ang iop lasty for satisfac
tory repa i r  (FIG 4C) . 

When u ncerta i n  as to whether a pr imary repa i r  is i nd i - • 

cated or even poss ib le, the most re l i ab l e  cou rse of act ion 

i s  i nterposit ion ve i n  g raft ing ,  usua l l y  ha rvested from a 

long saphenous ve in ,  with ca re taken to account for d if

ferences in length based on movement at the e l bow (e .g . ,  
avo id  k ink ing whi le l i m it ing  tens ion) .  R isk of k i nk ing  is  

a l so red uced by reconstruct ing  other  i n ju red structures 

in the a ntecu bita l fossa (e .g . ,  b iceps brach i a l  i s  tendon)  to 

l i m it g raft motion d u ri ng  e l bow flexion .  
D i sta l forea rm throm bectomy is best performed through  

a b rach i a l  i n c i s ion  created i n  the a ntecub ita l  fossa . 
Exposu re of the d ista l brach i a l  a rtery may be necessa ry to • 

seq uenti a l ly catheterize the i n d iv id u a l  forea rm a rteries.  

Alternatively, proxi m a l  sheath access i n  the axi l l a ry 
fossa may fac i l itate i mage-g u i ded access of the forea rm 

a rteries and  over-the-wi re embo lectomy. 

I n  the a ntecu b ita l fossa, d ista l throm boem bolectomy may 

be performed with a 2- or 3-Fr  Fog a rty catheter (FIG SC) . 

Fu rther endovascu l a r  imag ing  and  treatment (see in the 

fo l lowi ng text) may be req u i red to opti m a l ly restore d is
ta l a rter ia l  perfus ion .  

Apropos the pr ior  d i scuss ion regard ing  axi l l a ry exposure 
and  embo lectomy, attempt ing  remova l of p rox ima l  em

bo l i  f rom a ntecub ita l  brach i a l  access (e .g . ,  " retrograde" 

posit ion i ng  of the embo lectomy catheter i nto the p roxi
mal b rach i a l  and axi l l a ry a rteri es) carr ies a s ign if icant r isk 

of catheter-re lated i n ju ry to the prox ima l  brach i a l  a rtery 

at the or ig i n  of the deep b rach i a l  a rtery, where a s ig

n if icant d i ameter red uct ion occu rs due  to the b ifurcation 

of su perfic i a l  and deep brach i a l  a rteries.  For prox ima l  
embo lectomy, the safer approach i s  to  genera l ly g a i n  ac

cess in the axi l l a ry rather  than a ntecub ita l  fossa .  

B rach i a l  occ lus ion associated with e l bow or  shoulder d is
l ocat ion typica l l y  resu l ts from i nt i m a l  d i s rupt ion or  d is

sect ion beg i n n i n g  at the po int of i nj u ry a n d  extend ing  
d i sta l l y. Accord i n g ly, when  foca l a rter ia l  i n ju ry i s  present 

in the sett ing  of comp lete occl us ion,  the i n ju red seg

ment is  opti m a l ly repa i red by resect ion and replacement 
rather  than attem pts at a nticoagu lat ion or embo lectomy 

a lone .  

RADIAL ARTERY i ng  from the m i d po int  of the antecub ita l  crease to the 
sty lo id  p rocess of the rad i us, which often anatom i ca l ly 

corresponds to the g roove of the med ia l  edge of the bra
ch iorad ia l i s  m usc le .  

First Step 

• 

• 

• 

D i rect open exposure of the rad ia l  a rtery can be performed 

at a lmost every level proxima l  to the wrist. As with other 

a rter ia l  segments, exposure of the rad ia l  a rtery should be 

suffic ient to a l low both proxima l  and d ista l a rter ia l  contro l .  
The  b rach i a l  a rtery typ i ca l l y  bifu rcates to g ive r i se  to  the  

rad i a l  a rtery and  u l n a r/interosseus tru n k  at the level of  
the rad i a l  tuberosity (FIG SB) .  H owever, not  infrequently, 

the rad i a l  a rtery or ig i nates from the upper  arm brach i a l  

a rtery or  even the  axi l l a ry a rtery (up to 1 5 % i n c idence 

i n  cadaveric stud ies) . 1 9  Severa l c l i n ica l  c i rcumstances 

h i g h l ight the s ign if ica nce of th i s  anoma ly, i n c l ud ing  the 

need to base d ista l bypass o r  a rteriovenous access p roce

d u res off the " brach i a l "  a rtery in the a ntecu bita l fossa .  

To ensure adequate a rter ia l  i nflow, it is  essent ia l  to iden

t ify which a rter ia l  condu its are present and identif ied 

i n  the a ntecubita l  fossa .  Preoperative CT ang iography, 
catheter-based contrast a rter iography, or u ltrasonog ra

phy can provide essenti a l  i nformation i n  this regard .  
Alternative exposure opt ions  exist for  the brach i a l  
b ifu rcation and  proxi m a l  rad i a l  a rtery i n  the  a ntecub ita l  

fossa .  A 4- to 5-cm tra nsverse i nc is ion,  two f ingerb readths 

d ista l to the a ntecub ita l  crease, p rovides opti m a l  expo
su re for the d i sta l  b rach i a l  a rtery as we l l  as the or ig ins  

of the forearm a rteries ( i nterosseus, rad i a l ,  a n d  u l na r) .  
Alternative ly, for more  extensive brach i a l  a rtery expo
su re, an 5-shaped i nc is ion is  emp loyed extend ing  from 

the med ia l  aspect of the b iceps m uscle tendon,  through 
the m idpo int of the a ntecub ita l  fossa, a n d  toward the 

latera l aspect of the vo l a r  forea rm (FIG SA) .  

Second Step 

• Su perfi c ia l ,  subcutaneous ve ins  over ly i ng the ta rget 

a rteries (med i a l  a ntecu b ita l ve i n  in the a ntecub ita l  fossa 
and  cepha l i c  ve i n  branches in the forea rm) may be mobi 

l i zed or  l i gated to a id  with the exposure p rocess. Pr ior  to 

l i gat ion,  ca re shou ld  be taken to cons ider the tota l ity of  

rem a i n i n g  forea rm runoff vei ns, espec ia l ly i n  the sett ing  

of b l u nt or  avu ls ive tra u matic in ju r ies .  
• I n  the proxi m a l  forearm, the a ntebrach i a l  fasc ia  w i l l  need 

to be excised a long  the med i a l  edge of the brach iora d i a l is 

m uscle a long  the length of the inc i s ion .  The rad i a l  a rtery 
ca n then be v i sua l ized with latera l retract ion of the bra

ch iorad i a l is m usc le .  
• S im i l a r ly, i n  the m idforea rm, the rad i a l  a rtery can be vi

sua l ized fo l lowing  exc is ion of the over ly i ng antebrach i a l  

fasc ia  and  retract ing  apart the brach iora d i a l is a n d  prona

tor teres m uscles (FIG 6A) .  
• During exposu re maneuvers, ca re shou ld be taken to vi

sua l ize and avoid in jury to closely associated rad ia l  a rtery 
structures. This inc l udes the pa ired rad ia l  a rtery veins that 

accompany the rad ia l  a rtery throughout its course in  the 

forearm. The superficia l  rad ia l  nerve is a lso closely associ
ated with the latera l aspect of the rad ia l  a rtery in the mid

forearm and can be preserved with gent le latera l retract ion.  

Third Step 

• Exposu re of the m id - or d i sta l  rad i a l  a rtery can be per- • 

formed through  4- to 5-cm long itu d i n a l  i nc is ions a long 

G iven the dominance of the u lnar  c ircu lat ion i n  most pa

t ients, isolated d ista l rad ia l  reconstruct ion may be opt iona l ,  

depend ing  on the tota l ity of coexist ing condit ions and 

in ju ries. Super imposed acute or  chron ic  traumatic in ju ry, 
the latera l aspect of the vo la r  forea rm (FIG 6A) .  A usefu l 

l andmark for these i nc is ions is the imag ina ry l i n e  extend-
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rena l  fa i l u re, d i abetes me l l itus, or  chronic embol ization 

may just ify rad i a l  reconstruct ion, particu lar ly i n  c ircum
stances where hand via b i l ity is  at s ign if icant r isk .  

Rad ia l  a rtery transections or  pseudoaneurysms, l i ke a l l  
types o f  a rter ia l  reconstruction, a re best approached fol

lowing adequate exposure and proxima l/d ista l contro l .  

Deta i led exp loration and a rter ia l  exposure fo l lows shortly 
thereafter. Depend ing  on extent of in jury and i ntegrity of 

the a rter ia l  l u men at the site of in ju ry, either pr imary repa i r  

B 

Pseudoaneurysm sac 

Radial artery 

FIG 6 • A. Exposure of the rad i a l  a rtery in the proxi m a l  and  
d i sta l forea rm.  B. Fo l l ow ing  proxim a l  and  d i sta l  rad i a l  a rtery 
control ,  a pr imary repa i r  of a rad i a l  a rte ry pseudoaneurysm is 
performed.  C. Exposure of the p roxi m a l  m i d u l n a r  a rtery i n  the 
forea rm.  

case more proxima l ly i n  the u pper extrem ity a rter ia l  sys

tem, image-gu ided, over-the-wi re embolectomy, comb ined 
with jud ic ious use of i ntraarter ia l  thrombolytic agents such 
as tPA (see " Upper extrem ity ang iography and stent ing"  

sect ion i n  the fol l owing text), may be necessa ry to achieve 
satisfactory runoff and hand and d ig ital  perfus ion .  Thus, 

arra ngements shou ld be made preoperatively to i n itiate 

the embolectomy procedu re in an operati ng environment 
that can support image-gu ided i ntervention.  

or i nterposition g raft ing may be considered (FIG 68) .  • Both forea rm a rteries at the wrist may provide appropr i 

ate inf low for d i a lysis access proced u res. Cons iderat ions 

for a rter iovenous access creation and  m a i ntena nce a re 

beyond the scope of th i s  cha pter. I nterested readers a re 

referred to other refe rences for options rega rd i ng  d i a ly

sis access creat ion .  

• Acute embol ic  occl usions of the rad ia l  a rtery can be 

removed through retrog rade embolectomy, performed 

through a control led proxima l ,  transverse a rteriotomy. 

G iven the ca l i ber of the forearm a rter ia l  system, a 2-Fr 
Fogarty catheter is best su ited for th is  pu rpose. As was the 
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ULNAR ARTERY 

First Step 

• S i m i l a r  to the rad i a l  a rtery, the u l n a r  a rtery may a lso be 
exposed a long  its cou rse i n  the forea rm, and the extent 

of exposure w i l l  depend on the site and type of patho l 
ogy as we l l  as  a b i l ity to obta i n  adequate proxi m a l  and  

d i sta l a rter ia l  control (FIG 6C) . 
• 

• 

• 

The p roxim a l  u l n a r  a rtery can a lso be exposed at the 
b rach i a l  b i furcation i n  the a ntecu bita l  fossa through  an 

S-shaped inc is ion (see "Rad ia l  a rtery" ear l ie r; FIG SA,B) .  

Although  more cha l l e n g i ng, the proxi m a l  u l n a r  a rtery 

may a l so be exposed in the med i a l  aspect of the proxi m a l  

forea rm.  F o u r  f ingerbreadths be low t h e  med i a l  ep icon

dy le ,  a 7- to 9-cm long itud i n a l  inc i s ion can be created 
a long  a l i n e  extend ing  from the med i a l  ep icondyle to 

the pis iform bone. I nc i s ing  the deep fasc ia  fac i l itates ex
posure of the u l na r  a rtery through  the space between 

the fl exor carpi u l nar i s  and f lexor d i g itorum superfic i a l i s  

m uscles (FIG 6C) . 

The d ista l  u l na r  a rtery, proxi m a l  to the wrist, is optim a l ly 

exposed through a long itud i n a l  inc i s ion j ust l atera l to 

UPPER EXTREM ITY ANGIOGRAPHY AND 

STENTI NG 

First Step 

• Access depends l a rge ly on the a rea and  type of a nt ic i pated 

a rter ia l  patho logy. For i n n o m i nate or  proxi m a l  subc la

v ian  a rtery d i sease or  i n ju ry, retrograde transbrach i a l  o r  
transfemora l  a rtery approach may both suffice. For d ista l 

d i ag nostic or i nterventiona l  procedu res, retrog rade ra

d i a l  or  a ntegrade access may be cons idered.  
• Sta ndard Se ld inger  tech n ique  is used for percuta neous 

a rter ia l  access, us ing e ither u ltrasonograph ic  or  f luoro

scop ic  gu idance. P lacement of a 4-Fr m icrosheath may 

he lp  sta b i l ize the i n it i a l  ca n n u l at ion s ite and  a l low for 
prel i m i n a ry d i ag nostic imag i ng .  

Second Step 

• I ntraarter ia l  pharmacologic adjuncts may be admin istered 
through appropriately positioned a rteria l  i nfusion systems. 

• For a rter ia l  thrombosis, catheter-d i rected, l i mb-specific, 

i ntraarter ia l  tPA is admin istered in doses related to the ex
tent of thrombus load, rang ing  from 0.25 to 2.0 mg per 

hour, fo l lowing an  i n it ia l  "seed ing"  dose of 4 mg across the 

reg ion i n  question over 10 to 30 m i n utes. Combined phar

macolog idmechan ica l  thrombus disruption systems usefu l 

in other a rter ia l  and venous beds, inc lud ing the Tre l l isTM 

system (Covid ien, Mansfie ld,  MA), may be too large or un

wie ldy for  the upper extrem ity a rter ia l  vascu lature.  Newer 

low-prof i le  systems, however, such as the M icrolysUSTM 

i nfusion catheter (EKOS Corporation, Bothe l l ,  WA), may 

be more usefu l and  appropriate in  this app l ication .  Care 

should a lways be taken to account for r isk of part icu late 

embolus in the vertebral a rtery when p lann ing  embolec

tomy or thrombectomy procedures in the upper extrem ity. 

the f lexor ca rp i  u l na ris  m usc le .  The u l n a r  nerve l ies me
dia l  to the a rtery at th is  level and is  prone to i nj u ry with 

this exposure .  Care shou ld  be taken to identify and mo
b i l ize it safely. The superfi c i a l  pa lma r  branch of the u l n a r  

a rtery and  nerve a lso crosses su perfic ia l  t o  t h e  a ntecu b i 
ta l fascia at the wrist leve l ,  and  care shou ld  be taken to 

prevent tract ion o r  com p ress ion in ju ries to these struc
tu res du r i ng  u l n a r  a rtery exposure .  

Second Step 

• Throm bectomy of the u l n a r  a rte ry p roceeds i n  a fash ion  

s im i l a r  to that  previous ly descr ibed for the rad i a l  a rtery. 
• U l na r  a rtery tra u matic transect ions may be repa i red pr i 

mar i ly or  with a n  appropr iately s ized i nterposit ion ve i n  

g raft. Ve i n  ha rvested from t h e  dorsum o f  t h e  foot fre
q uently serves this pu rpose wel l .  

• U l n a r  a rtery a rter iovenous d i a lysis accesses a re rarely 
performed due to th i s  vesse l 's re l ative d ifficu lty i n  ex

posure compared to the rad i a l  a rtery, its c lose proxim ity 

to the u l n a r  nerve throughout its length, a n d  its relative 

dom inance in m a i nta i n i n g  adequate perfus ion to the 
hand .  

• S im i l a r ly, the u pper extrem ity a rter ia l  system is part icu
la rly prone to vasospasm d u ring  catheterizat ion .  Dur ing  

d iagnost ic exa m i nat ions, part icu la r ly i n  younger  patients, 

care shou ld  be taken to avo id  catheterization d ista l to the 

antecu bita l fossa to m i n i m ize a rtifactua l  degradation of 
the ang iograph i c  image due to vasospasm. S im i l a r ly, us i ng 

warm f lush so l ut ions may m i n i m ize th is  effect. When the 
rad iograph ic  appearance of vasospasm is encountered 

("str ing  s i gn"  or "str i ng of beads" appearance), d i rect i n 
traa rter ia l  i nfus ion of  papaver ine ( 1 0  to  50 mg) or n itro

g lycer ine (50 to 200 J.Lg) may improve image reso l ut ion i n  

h a n d  or  d i g ita l a rteries. Papaver ine w i l l  prec ip itate o u t  of 
so l ut ion when exposed to hepar in  and may not be opti

mal for al l  potent ia l  c l i n ica l  app l icat ions for th is  reason .  

Third Step 

• 

• 

• 

• 

If further endovascu lar  d iagnostic or i nterventiona l 

procedures a re p lanned, wire access with a 0.0 1 8- in or  
0.035-in gu idewire to the a rteria l  segment of  i nterest must 

be achieved . 

From a brach i a l  a rtery approach, a short gu ide  sheath 
and a g u ide catheter comb i nat ion usua l ly a l l ows for 
successfu l  catheter izat ion of adjacent proxi m a l  u p per  

extrem ity a rter ia l  seg ments. 
From a femora l  a rtery approach, a long (90 em) 6- or 7-Fr 

sheath is  typica l l y  adva nced over the g u idewi re to faci l i 

tate stab le  catheter izat ion of  i nnom inate or  prox ima l  left 

subc lav ian a rtery. Long, curved 5-Fr catheters ( i .e . ,  ang led, 

JB 2, headhu nter, or vertebra l  catheter) may be used to 
a id i n  successfu l  can n u lat ion and su bsequent catheter iza

t ion of the a rch vesse l of i nterest. Confi rmatory ang ie

g rams wi l l  he lp  conf irm successfu l  can n u lat ion and  a i d  in 

identify ing the a rteri a l  segment of i nterest (FIG 7A) .  

Once  stab le  catheter izat ion of the ta rget vessel i s  

ach ieved, magn if ied ang iog rams may be obta ined i n  the 
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a ppropr iate ob l i qu it ies to accu rately assess the a rter ia l  

seg ments of  i nterest. Addit iona l  runoff imag ing  may be 

necessary to eva luate the a rter ia l  outflow d ista l to the 
d i seased seg ment.  The operator shou ld  i nspect these 

ang iograms to determ ine  once aga i n  the cand idacy for 

endovascu l a r  treatment and obta i n  add it iona l  measu re

ments to fac i l itate appropr iate device se lect ion .  

Fourth Step 

advanc ing snare and wire from opposite d i rections s imu l 
taneous ly, employing mu lt ip le-ang led view may a l low for 

successfu l  snar ing i n  perivascu lar  soft tissue and subse
quent spann ing  of the a rteria l tissue defect with a f lex ib le 

covered stent (e .g . ,  ViabahnTM). This techn ique may gener

ate immediate and effective hemostasis whi le  ma inta in ing  

l um ina l  patency and l imb  v iab i l ity, especia l ly as an  a lterna

tive to l igation or emergency embol ization (FIG 7) .  

• 

• 

• 

• 

Successfu l  w i re adva ncement across the les ion of i nterest 

i s  the next step in order to fac i l itate any p l an ned treat

ments with ang iop l asty or  stent i ng .  
With the  gu idance of  a 4 - or 5-Fr gu ide catheter, a O.D1 8-i n  or 

0.035- in hydrophi l i c  wire can be advanced across a hemody
nam ica l ly s ign ificant stenosis (e.g . ,  i nnominate a rtery, proxi
mal subclavian artery, or upper a rm brach ia l  a rtery) . Dur ing 

advancement, care should be taken to rema in  i ntra lum ina l  

as much as poss ib le to  m in im ize the  risk of  d i ssection and re

entry. Adequate wire purchase should be acqu i red past the 

stenosis after cross ing the lesion of interest to decrease the 
chance of losing subsequent wire access across the lesion .  

I n  s i tuat ions  where stenoses or  occl us ions p rec lude  ac-

Fifth Step 

• Proximal  subclavian a rtery and innominate stenoses a re typ
ica l ly wel l  managed by precise p lacement of stiff, bal loon
expandable stents or stent g rafts. Compared to the axi l l a ry 

a rtery, proximal  to the costoclavicu lar  junction, there is l ittle 

or no movement in  the proximal  subclavian a rtery. I n  the 
setting of a prior i nternal  mammary-to-coronary a rtery 

revascularization, or a h istory of vertebra l-bas i lar  insuf

fic iency, precise stent placement is tantamount to proce
dura l  success. For this reason, appropriately sized covered 

(e.g. ,  Atr ium iCASD or bare meta l (e.g . ,  Omn i l i nk, Abbott, 
Redwood City, CA; Pa l maz, Cordis Endovascu lar, Warren, 

cess from a " p referred " s ide, cross ing  the les ion from the • 

NJ.) ba l loon-expandable stents a re genera l ly preferred. 
Appropr iately s ize-matched, covered stents a re a l so es

sentia l  adj u ncts for ma nagement of proxi m a l  subc lav ian 

a rtery in ju r ies or  chron i c  pseudoaneurysms (FIG 7) .  

a lternate s ide a n d  advanc ing  a w i re f rom the opposite 

d i rect ion us ing  a snare tech n i q u e  may be req u i red .  

S imu ltaneous antegrade and retrograde, through and • 

through ("body floss") cannu l ation may faci l itate l ifesaving 

management of traumatic subclavian a rtery inju ries. I n  d i re 
c i rcumstances where a rter ia l  cont inu ity has been com

pletely lost, and trans l um ina l  wire passage is not poss ib le, 

Anterior 

Tri lobed snare 

c D 

scalene 
muscle 

B 

Nondeployed 
stent graft 

I 

As noted ear l ie r, however, stents of any k ind  shou ld  not 

be dep loyed in p roxi m ity to the j u n ct ion of the 1 st r i b  

and  c lav ic le, as ch ron i c  tra u matic damage f rom compres
s ion between these bony structure w i l l  cause certa i n  

stent fa i l u re and  further comprom ise l i m b  v iab i l ity. 

E 

Hematoma 

Clavicle 

Deployed 
stent graft 

Injured 
subclavian 
artery 

FIG 7 • A- Retrog rade can n u l at ion of the p roxi ma l  left subc lav ian a rtery us ing  a tr iaxi a l  f lex ib le  
sheath, ang led catheter, and  g l idewire comb i nat ion .  B- Tra u m atic i n ju ry to the left subc lavi an  
a rtery. C.  Th rough  a n d  through (body f loss) w i re accesses the  i n ju red subc lav ian a rtery. D,E. 
Posit ion ing  and  dep loyment of a covered stent to sea l  the subc lav ian a rter ia l  wa l l  d i s rupt ion 
wh i l e  m a i nta i n i n g  l u m i n a l  fl ow. 
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PEARLS AND PITFALLS 

U p per extrem ity nerve 
in ju r ies 

Iatrogen i c  nerve i n ju ry 
d u r i ng  axi l l a ry a rtery 
exposure 

Arter ia l  repa i r  fo l lowing  
seg menta l resect ion 

I nf low assessment 

Outflow assessment 

Compartment synd rome 
of the upper extrem ity 

• U pper extrem ity a rter ia l  i n ju r ies frequently a re associated with concomitant nerve in ju r ies .20 
Ear ly recog n it ion a n d  d i ag nosis  of these associated in ju r ies is paramount to long-term funct iona l  
restorat ion .  

• When nerve i n ju ry is  identif ied or  suspected, prompt repa i r  i n  the same sett ing  is  recommended .  
P lastic surgery consu ltat ion i n  these c i rcumstances is usua l ly req u i red .  

• As a genera l  ru le  of thumb, whenever poss ib le, axi l l a ry exposure proxi m a l  to the axi l l a  shou ld  be 
acq u i red as p rox ima l  as  poss ib le, to l i m it the r isk of nerve in ju ry, as  the cords of the brach i a l  p lexus 
become more int imately related to the axi l l a ry a rtery as it p roceeds l atera l ly from the c lavic le .  
Also, the amount of axi l l a ry a rtery d isp lacement and  tract ion as a resu lt  of arm movement is  m i n i 
m ized with fa r proxi m a l  anastomotic positio n i n g .  

• U n less repa i r  o f  t h e  axi l l a ry a rtery req u i res a de ltopectora l exposure, t h e  p referred choices for 
axi l l a ry a rtery exposure are prox ima l  or  d ista l to the second port ion of the axi l l a ry a rtery. 

• I n  the sett ing  of a rter ia l  trauma ,  the extent of a rter ia l  i n j u ry shou ld  be p recisely determ ined pr ior  
to attem pts at reconstruct ion .  Fa i l u re to comp letely de l i neate the extent of i n ju ry wi l l  com p l i cate 
attem pts at repa i r. 

• As a genera l ru le  of thumb, a l l  i nvolved a rter ia l  seg ment shou ld  be resected and/or bypassed pr ior  
to attem pts at reconstruct ion .  Although pr imary repa i r  with nat ive a rter ia l  preservation is  often 
a ppea l i ng,  long-term success typ ica l ly req u i res i nterposit ion ve i n  g raft ing  for a nyth ing  more than 
the s imp lest of i nj u ries . 1 5•2 1 

• Prior to comp let ion of a n  u p per  extrem ity a rter ia l  repa i r, the operator m ust ensure that a rter ia l  
inf low is adequate. 

• This can be confirmed on preoperative CTA if ava i l ab le, o r  a lternatively, with an i ntraoperative 
ang iogra m .  

• Adeq uate a rteria l  outflow is paramount t o  m a i nta i n  patency o f  proxi ma l  repa i rs a n d  he lp  a l l eviate 
potent ia l  extrem ity ischemic  symptoms.  

• Some a uthors recommend routi ne outf low assessments fo l lowi ng u pper extrem ity revascu l a r iza
t ion . 22 H owever, i f  th i s  strategy is  not reg u l a r ly emp loyed, i ntraoperative outflow assessment 
should be performed i n  c i rcu msta nces where the d i sta l arm and/or wrist vascu l a r  exa m i nat ion is  
abnorma l  fo l lowi ng operative revascu l a rizat ion .  

• Because the u lnar  a rtery is  the dom inant vessel of the d i sta l  forearm and  hand,  restorat ion of f low 
to th is  outflow vessel is  often necessa ry to avo id  su bseq uent com p l icat ions .  

• With pro longed acute i schemia  (>4-6 hou rs), u p per  extrem ity compartment re lease v ia fasc ioto
m ies is  h i g h ly recommended .  

• U pper arm fasciotom ies i nc lude  two i nc is ions i nto the brach i u m 's two compartments. 
• Forea rm fasc iotom ies a re performed with th ree or  more d i screte i n c is ions to decompress the vo l a r  

forea rm, dorsa l forea rm, and  mob i l e  wad n 
• The hand may a lso req u i re decompress ion v ia m u lt ip le  i nc i s ions . 24 A carpa l  tunne l  release may be 

necessa ry if med ian  and  u l n a r  nerve dysfu nct ion is evident. Consu ltat ion with hand  or p lastic su r
geons is recommended when cons ider ing  the potentia l  benefit of hand fasciotomy to maxi m i ze 
compartmenta l release and  long-term funct iona l  and  cosmetic recovery. 

POSTOPERATIVE CARE During this period, the patient is observed for bleeding, he
matomas, or change in serial vascular examinations. 

• At the conclusion of arterial reconstructive procedures, re
versal of heparin-induced coagulopathy with protamine may 
or may not be indicated, depending on the status of the limb, 
the patient, and the reconstructive procedure itself. Care 
should be taken to provide a test dose of protamine before 
full reversal, if indicated, to minimize associated hypoten
sion when antiprotamine antibodies are present. 

• Motor and sensory examination as well as determination 
of upper extremity arterial status ( including a Doppler and 
pulse examination) should be performed immediately post
operatively to determine the new baseline for subsequent 
serial examinations and to document improvement. 

• Patients are typically observed for an extended period (at least 
several hours ) following upper extremity arterial intervention 
to ensure procedural success and recovery from anesthesia. 

• Patients treated for primary thrombosis or occlusion of an 
arterial segment are typically managed with long-term, ad
junctive systemic anticoagulation. The length of treatment 
period is debated and is variable between practitioners but 
may be directed by severity of presenting symptoms, fre
quency of prior occurrences, or history of a hypercoagulable 
condition.25 

• Patients who presented with a presumed embolic occlusion 
of an arterial segment should undergo a medical workup for 
possible cardiac, proximal arterial atherosclerotic, endocar
ditis, paradoxical, or tumor embolic sources .  

• Patients who underwent angioplasty or stenting of an arte
rial segment in the upper extremity are typically initiated 
on a single-agent antiplatelet regimen with either aspirin or 
clopidogrel. 
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• Patients who had a concomitant nerve injury or required fas
ciotomy compartment release should be engaged in rehabili
tation activities promptly to aid in restoration of extremity 
function.23 

• Postoperative surveillance of patients with upper extrem
ity arterial interventions is necessary. Duplex evaluation of 
the repaired arterial segment 1 to 3 months following inter
vention is usually recommended followed by serial duplex 
evaluations every 6 months for at least 1 to 2 years. Patients 
with no evidence of repair site compromise may then be 
imaged on a yearly basis. If there is evidence of arterial seg
ment compromise (stenosis, decreased flow, or occlusion) ,  
primary assisted patency and secondary patency may be  
enhanced with reintervention. 

OUTCOMES 

• Upper extremity revascularization with open arterial bypass 
has a reported average primary patency of 82% to 87% and 
excellent limb salvage rates.26 

• Some series suggest arterial graft patency is lowest in fe
male smokers with long bypass segments that cross multiple 
jointsY 

• Because acute embolic episodes more commonly occur in el
derly patients, the perioperative mortality and morbidity in 
this patient cohort is higher compared to age-matched back
ground populations .28 

• Catheter-based revascularization of the proximal subclavian 
artery and innominate artery have a high reported technical 
success rate ( > 9 8 % ) ,  with excellent primary rates and low 
associated procedure morbidity.Z9 

• Percutaneous treatment of upper extremity traumatic ar
terial injuries of subclavian artery are associated with de
creased operative time and intraoperative blood loss while 
maintaining equivalent patency rates to standard open 
repairs . 30•3 1 

• Axillary artery branch vessel repair outcomes are met with 
high success rates of symptom resolution and lack of re
currence if distal emboli are lysed and proximal branch 
vessel embolic source is completely isolated from the 
circulation. 14  

COMPLICATIONS 

• Intraoperative arterial vasospasm or occlusion 
• Missed concomitant venous or nerve injuries during trau

matic arterial injuries 
• Iatrogenic brachial plexus, median, or ulnar nerve injuries 

from intraoperative electrocautery, traction, or accidental 
transection 

• Iatrogenic injury to the brachial artery when attempting 
retrograde catheter embolization, especially when failing to 
take into account the significant taper present in the proxi
mal brachial artery 

• Arterial bypass graft stenosis or thrombosis 
• Repair site bleeding 
• Wound or graft site infection 
• Digital or vertebral artery embolization, complicating 

thromboembolectomy 
• Postrevascularization compartment syndrome in the arm 

or hand 
• Stent failure when deployed in proximity to the clavicle/1st rib 
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Chapter 1 1  Upper Extrem ity Arterial 
Reconstruction and 
Revascularization Distal 
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Michael G. Galvez James Chang 

DEFINITION 

• Arterial reconstruction and revascularization distal to the 
wrist requires reconstituting the complex vascular supply to 
the hand. This includes the ulnar and radial arteries, superfi
cial and deep palmar arches, and common and proper digital 
arteries .  This reconstitution is performed with either end
to-end primary vascular repair, interposition vascular graft 
bypass with proximal and distal anastomoses, or address
ing the digital arteries individually. Additionally, fasciotomy 
for compartment syndrome following trauma or reperfusion 
injury may be a necessary adjunct. 

DIFFERENTIAL DIAGNOSIS/PRECIPITATING 
CAUSES OF HAND ISCHEMIA 

• Arterial injury 
Traumatic ( laceration, high energy or crush injury, etc . )  
or iatrogenic injury ( including inadvertent or  intentional 
cannulation for vascular access ) .  

• Proximal embolization 
• Intraluminal thrombosis 

Hypothenar hammer syndrome occurs when the base of 
the hypothenar eminence sustains repeated blunt trauma 
resulting in chronic injury to the distal ulnar artery and 
the superficial palmar arch. In this scenario, compression 
occurs between the roof of Guyon's canal and the hook 
of the hamate bone, resulting in aneurysmal degeneration 
of the ulnar artery, luminal thrombus accumulation, and 
digital embolization (typically the ring and small finger) .  
This typically occurs o n  the dominant hand o f  individu
als participating in vocational or avocational activities 
involving repeated palmar impact (e .g. ,  pipe fitters and 
mountain bike riders ) .  
Spontaneous radial artery thrombosis may be  associated 
with Buerger's disease and is not as common as ulnar 
artery thrombosis. 

• Chronic digital ischemia secondary to vasospastic and rheu-
matologic disease: 

Primary Raynaud's syndrome refers to cold-induced va
sospasm present in the absence of concomitant disease. 
The etiology of this condition remains uncertain but is 
likely due to an exaggerated adrenergic receptor-mediated 
response to cold exposure. 
Secondary Raynaud's syndrome refers to digital vasospasm 
which occurs in the setting of known autoimmune colla
gen vascular diseases and related rheumatologic disorders 
(such as rheumatoid arthritis ) .  In this circumstance, a nor
mal vasospastic response to cold or environmental stimuli 
is superimposed on chronic digital artery occlusive dis
ease. Differentiation from primary Raynaud's syndrome 
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is most commonly made based on digital ulceration and 
tissue loss, conditions which uniformly develop in second
ary Raynaud's syndrome. 
CREST syndrome encompasses the most common phe
notypic presentation of systemic scleroderma/sclerosis: 
halcinosis, Raynaud's phenomenon, �sophageal stenosis, 
�clerodactyly, and associated telangiectasias. 
Buerger's disease, or thromboangiitis obliterans, rep
resents a progressive, recurring necrotizing arteritis 
of small and medium vessels closely linked to tobacco 
exposure. 

• Compartment syndrome occurs in response to increased 
pressure within a fixed osteofascial anatomic space, lead
ing to decreased arterial perfusion, irreversible myonecrosis, 
neuropathy, and potential limb loss. In the hand, compart
ment syndrome most commonly develops following crush 
injuries; however, intravenous infiltration, external compres
sion, and other mechanisms may also induce increased com
partment pressure . 

PATIENT HISTORY AND 
PHYSICAL FINDINGS 

• Determine the hand dominance of the patient and relevant 
history of trauma, tobacco use, medical history (coagulo
pathic disorders ) ,  and occupational exposures. Additionally, 
the presence of palpable masses, pain, sensory changes, or 
color changes should be evaluated. 

• An Allen's test may provide additional information regard
ing the relative contribution of the ulnar and radial arteries 
to hand perfusion. This test is performed by manual com
pression of both the radial and ulnar arteries, with eleva
tion and successive opening and closing performed to drain 
venous blood from the hand. The time differential to reper
fusion, following respective arterial release, provides quali
tative insight into relative radial or ulnar dominance. In most 
cases, however, the ulnar artery is dominant, and modern 
quantitative arterial perfusion assessment by duplex imaging 
and digital plethysmography has largely supplanted subjec
tive physical exam findings in the assessment of adequacy of 
arterial inflow. 

• Patients with hypothenar hammer syndrome can have com
plaints of pain and tenderness of the hypothenar mass, with 
cold sensitivity and numbness of the ring and small finger 
secondary to digital embolization and direct ulnar nerve 
compression. A pulsatile mass may, on occasion, be appre
ciable in the palm. Discoloration of the lateral three fingers 
of the hand may also be present as a result of chronic digital 
embolization. 

• Patients with spontaneous radial artery thrombosis present 
with pain, numbness, and discoloration of the tips of the 

-



C h a p t e r  1 1  UPPER EXTREM ITY ARTE RIAL RECONSTRUCTION AND REVASCULARIZATION 1 895 

radial-sided digits. The area o f  occlusion i s  commonly be
neath the first and third extensor compartments and can be 
related to compression of the radial artery by the extensor 
pollicis longus. 1 

• Patients with Raynaud's syndrome report ischemic symp
toms and digital discoloration on exposure to cold. Cold
induced vasospasm may be elicited by cold emersion testing 
in an ice bath. A positive test is elicited by the elimination of 
plethysmographic pulsatile phasicity on exposure to cold, in 
addition to the onset of symptoms. Most patients, however, 
cannot tolerate this provocative test, and the clinical use of 
eliciting vasospastic symptoms, particularly in the presence 
of existing digital ulceration, is uncertain. 

• Compartment syndrome is a clinical diagnosis. Cardinal 
signs include persistent and progressive pain unrelieved with 
immobilization/elevation, tightness of skin, pain with pas
sive extension, and decreased sensation. Reduced skin tem
perature, pallor, and pulselessness are often late findings. 

The intrinsic compartments are tested for pain with pas
sive adduction and abduction of the fingers.  The thenar 
compartment is tested by adduction of the thumb. The 
adductor of the thumb is tested by passive palmar abduc
tion. The hypothenar compartment is tested by adduction 
of the small finger. 
Normal intracompartment pressures are less than 
1 0  mmHg; between 10 and 20 mmHg is considered high 
but not enough to cause muscle necrosis. An acute com
partment syndrome is assumed if the measured interstitial 
tissue pressures are within 30 mmHg of the mean arte
rial pressure or 20 mmHg of the diastolic blood pressure.2 
Hand pressures are typically difficult to assess on the basis 
of direct measurement, given the extensive septation of 
the fascial compartments, underscoring the importance of 
clinical diagnosis. When in doubt, it is prudent to proceed 
with operative fasciotomy. 

IMAGING AND OTHER DIAGNOSTIC 
STUDIES 

• As previously mentioned, noninvasive vascular imaging and 
physiologic assessment are essential to establishing the di
agnosis of hand and digital ischemia as well as providing a 
physiologic corollary to subsequent arterial imaging studies 
obtained to outline the relevant anatomy. Noninvasive test
ing informs and should always precede anatomic imaging 
studies regardless of modality. 

• Imaging provides essential identification of normal and 
variant arterial anatomy, recognition of the location and 
extent of obstructive and aneurysmal disease, and operative 
planning. 

• The vascular anatomy of the hand includes the ulnar artery, 
radial artery, and sometimes a persistent median artery ( 5 %  
o f  the population).  The ulnar and radial arteries anastomose 
to form the superficial and deep palmar arches, with the 
ulnar artery being the main contributor to the superficial 
arch and the radial artery the main contributor to the deep 
palmar arch {FIG 1 ) .  There is significant variation in the vas
cular patterns of the superficial and deep palmar arches. 

• The superficial palmar arch is completed by either the 
branches of the deep palmar arch, radial artery, or median 
artery in about 80% of patients. The deep palmar arch is 

FIG 1 • Anatomy of the hand  i l l u strat ion :  schematic d rawing of 
the vascu l a r  supp ly  of the hand,  demonstrati ng the u l n a r  a rtery as 
it passes G uyon 's ca na l  and becomes the superfi c i a l  pa lma r  a rch, 
rad i a l  a rtery as it becomes the deep pa l m a r  a rch, the common 
d i g ita l a rteries, a n d  the proper d i g ita l a rteries.  

completed by the superior branch of the ulnar artery, the 
inferior branch of the ulnar artery, or both in about 97% of 
patients . 

• The main branches from the superficial palmar arch are the 
three common digital arteries, which go to the index-middle, 
middle-ring, and ring-small finger webspaces, as well as the 
proper digital artery to the ulnar aspect of the small finger. 
Each digit has a dual blood supply from the radial and ulnar 
proper digital vessels. 

• The thumb has blood supply from the princeps pollicis 
artery, which variably arises from the radial artery, the deep 
palmar, or superficial palmar arch. 

• Catheter-directed, contrast-enhanced, digital subtraction 
hand arteriography provides highly detailed anatomic in
formation and represents the gold standard in vascular im
aging { FIG 2 ) .  However, there are risks from this invasive 
procedure, which include contrast allergic reaction, vaso
spasm, contrast-induced nephropathy, thromboembolic 
events including digital embolization and stroke, and drug 
reactions precipitated by intraarterial injection of vasoac
tive agents including Priscoline and nitroglycerin. Hence, 
catheter-based arteriography is best suited to operative 
planning in patients already determined to need reconstruc
tive surgery. 

FIG 2 • Hand ang iogram:  normal  hand ang iogram demonstrat ing 
complete superf ic ia l  and deep pa lmar a rches. 
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• Magnetic resonance arteriography (MRA) is another op
tion for imaging that is noninvasive, eliminating risks of 
radiation, contrast reaction, and vasospasm. However, the 
resolution of MRA is not sufficient for detailed surgical 
planning. 

• Computed tomographic arteriography (CTA) is also nonin
vasive, although contrast and (significant) radiation exposure 
are required for image acquisition. Similar to MRA imaging, 
the resolution of CTA is typically not sufficient to support 
detailed surgical planning. 

• Measuring compartment pressures of the hand can be per
formed with the Stryker Intra-Compartmental Pressure 
Monitor (Kalamazoo, Michigan) ,  which involves placing the 
device needle perpendicular to the skin and evaluating indi
vidual compartments including sites of maximum swelling 
of the thenar, hypothenar, and interosseous compartments. 
The compartment being measured should be at the level of 
the heart. In an intensive care unit setting, using an arterial 
pressure line connected to a strain gauge, zeroed at the level 
of needle entry into the hand, can also provide rapid and 
accurate compartmental measurements. A 20-gauge needle 
is inserted into the compartment and flushed, with measure
ment acquired after the flush bolus has disseminated in the 
compartment and the pressure spike from the flush returns 
to baseline. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The overall goal is to restore distal blood flow to baseline/ 
maximal levels, given anatomic constraints, available arte
rial conduit, central arterial perfusion pressure and cardiac 
output, and end-organ (hand) viability. 

• Treatment of thromboembolic disease can include medical 
management and catheter-based chemical and mechanical 
thrombolysis, angioplasty, and scenting to maximize arte
riolar outflow and arterial inflow, respectively. Upper ex
tremity revascularization techniques are discussed in Part 6, 
Chapter 10 .  

• End-to-end primary vascular repair can be performed i f  ar
teries are tension free after mobilization, and the zone of 
injury is accurately identified to be uninvolved in the site of 
anastomosis. If there is any difficulty in approximating the 
vessels ends, then vascular grafts are preferred. 

• In ulnar or radial artery thrombosis, reconstruction is pre
ferred over ligation. Proximal reconstructions are attempted 
even in the setting of more distal occlusions, based on the 
rationale of augmenting collateral flow via direct or indirect 
means.3 

• Determining venous or arterial graft harvest site is impor
tant for preoperative planning. Dorsal hand or foot veins 
provide the most appropriate size match for intrinsic arter
ies of the hand (and feet ) .  Donor sites for arterial graft con
duits include the deep inferior epigastric artery, subscapular 
artery, thoracodorsal artery, or descending branch of the 
lateral femoral circumflex artery. Typically, arterial grafts 
patency rates are superior to those obtained with venous 
grafts.4 

• For chronic ischemia, medical management including phar
macologic treatment with vasodilators, topical nitroglycerin, 
calcium channel blockers, or botulinum toxin should be 

attempted first, prior to surgical management.5 Evidence of 
gangrene, osteomyelitis, and so forth of the involved digit 
may require debridement or digital amputation. 

• Periarterial sympathectomy in the hand, which involves 
stripping the adventitial layers from affected arteries, 
removes sympathetic nerve input to the media and has 
proven effective in promoting distal finger lesion healing in 
scleroderma patients. In scleroderma specifically, the thick
ened adventitia apparently contributes to decreased digital 
arterial flow. 6•7 

Positioning 

• Hand surgery is usually performed with the patient in the 
supine position. The operated hand is placed on a hand sur
gery table, which is stabilized by two legs. Reconstructive 
surgery may be performed under tourniquet, depending on 
systemic comorbidities and the adequacy of arterial inflow. 
For tourniquet control, the upper arm is well padded with 
Webril (cotton) wrapped circumferentially, and then an 1 8-in 
(or appropriately sized) pneumatic tourniquet is secured 
around the upper arm ( FIG 3 ) .  Alternatively, depending on 
inflow status, the tourniquet may be placed at the forearm or 
wrist. Finally, an impervious barrier (3M Steri-Drape 1 000)  
is placed circumferentially j ust distal to the tourniquet to 
prevent see page of the sterile prep solution. The arm/hand 
are then sterilely prepped and draped. 

• Intraoperatively, the arm is exsanguinated with an elastic ban
dage (Esmarch bandage) wrap and elevation immediately prior 
to tourniquet inflation. In adults, the tourniquet is typically in
flated to 250 mmHg; in children, it is set 1 00 mmHg above the 
systolic pressure. The tourniquet inflation should last no more 

FIG 3 • Posit ion i n g  i l l ustrat ion :  sup ine  pos1t 1on ing  of patient 
with a rm being operated on p laced out on hand ta b le .  Webr i l 
gauze is wrapped c i rcu mferent ia l l y  around the arm and  fo l l owed 
by tourn iq uet p l acement. Appropr iate tourn iq uet p ressu re is  
set.  F i n a l ly (not p ictu red) a 3 M  Ster i -D rape 1 000 is  wrapped 
c i rcu mferent ia l ly. 
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than 2 hours and must be deflated for a 20-minute interval 
to allow reperfusion prior to reinflation, if needed. Consider
ation should be made to establishing systemic anticoagulation 
prior to tourniquet inflation when indicated. 

• Appropriate concurrent sterile prep should be performed on 
graft harvest sites as necessary. 

• Microsurgery prep includes ensuring that the operating scope 
is working properly and sterilely draped. Positioning is ex
tremely important to reduce surgeon fatigue, which includes 
ensuring good table height, working height (with appropriate 

ULNAR ARTERY RECONSTRUCTION 

Placement of Incision 

• I dentify the u l n a r  a rtery aneurysm (FIG 4A), and  i n c ise 

the skin long itu d i n a l ly over the u l n a r  a rtery as it crosses 

G uyon 's ca n a l .  Extens ion across the m idpa l m a r  crease 

may be necessa ry to expose the d ista l u l n a r  a rtery as it 
cu rves rad i a l ly to become the su perfi c ia l  pa lmar  a rch .  

• The vo la r  carpa l l igament, the roof of G uyon's ca na l ,  i s  

a conti n uat ion of the deep pa lmar  fascia and  fi bers of  
the f lexor carp i  u l nar i s  and  m ust be ca refu l ly i ncised for  
access to the u lnar  a rtery a n d  nerve. 

• The u l n a r  nerve, part icu la r ly the motor branch,  m ust be 

ca refu l l y  protected . 

c D 

padding support of the wrists with stacks of surgical towels) ,  
and sitting position. Microsurgery instruments should be 
available as necessary, depending on the level of revascular
ization considered. 9-0 and 1 0-0 sutures are employed for 
more distal reconstructive procedures and digital reimplan
tation. For proximal radial and ulnar reconstruction proce
dures, at or immediately adjacent to the wrist, 2 . 5X  to 3 . 5 X  
surgical loupe magnification will provide adequate anatomic 
resolution and suture placement for operators with normal 
visual acuity. 

Resection of Ulnar Aneurysm 

• 

• 

• 

• 

Once the deep pa lmar  fasc ia is i ncised, the aneurysm i s  

genera l ly recog n izab le  (FIG 48 AND FIG SA) .  The aneu
rysm itse lf may be throm bosed o r  tortuous o r  e longated 

as a resu lt  of chron ic  posttra u matic remode l i ng .  M icro

vascu l a r  c l amps a re p laced on  the u l n a r  a rtery p roxi ma l  
and  d ista l to  the aneurysm .  

Preserve t h e  common d i g ita l  a rteries a n d  other  l a rge 

branches  d i sta l to the throm bosed seg ment.  P lace 

microvascu l a r  c l amps and  vessel loops as needed on ves

sels that w i l l  req u i re revascu l a r izat ion .  
Resect the affected a rtery and  tr im the ends sharp ly . 

The adventitia is excised as needed, and the int ima inspected 
at the proxima l  and d ista l end of the anastomoses to ensure 

FIG 4 • U l n a r  a rtery reconstruct ion :  A. Hand  ang iogram demonstrat ing  a l a rge u l n a r  a rtery aneurysm i n  G uyon's 
ca n a l .  B. U l n a r  aneurysm seg ment is i so lated p roxi m a l ly and  d ista l ly. C. A d i rect end-to-end  anastomoses was 
performed.  D. In another patient, a long ve i n  g raft i s  used to extend from a more proxi ma l  u l n a r  a rtery. 
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that the entire d isease segment is removed . Fa i l u re to 

remove the enti rety of d iseased a rtery may prec ip itate early 
g raft thrombosis and recu rrent d ig ita l embol izat ion.  

Vein Graft Interposition 

• Occasiona l ly, suffi c ient red unda ncy is p resent i n  the u l n a r  

a rtery t o  a l l ow d i rect p r imary repa i r  (FIG 4C); i n  most 

cases, i nterposit ion ve i n  g raft ing  (FIG 40) i s  req u i red to 
comp lete the reconstruct ion without tension .  

• When the superfic i a l  pa l m a r  a rch and  adjacent common 
d i g ita l a rteries a re i nvolved, then a more comp lex 

"pa lmar  a rch"  reconstruct ion may be necessa ry to restore 

perfus ion to the dependant d i g its (FIG 58), with end-to
side anastomoses of the common d i g ita l  a rteries i nto the 

d ista l extent of the ve i n  g raft. 
• 

• 

• 

Vei n  ha rvest is typica l ly chosen from the hand  and  foot 
ve ins .  Length of ve i n  ha rvest shou ld  be severa l  centime
ters longer to a l l ow for tr i m m i n g .  

M a r k i n g  t h e  superfi c i a l  su rface o f  t h e  ve i n  h e l p s  avoid 

twist ing  or  k ink ing  of the ve i n  g raft. Mark ing  one end 

(typica l l y  d i sta l )  p rovides a rem i nder  to reverse the g raft 

pr ior  to i m p l a ntatio n .  If needed, ends with va lves a re ex
c ised . Arter ia l  g raft may a lso be used when ava i l ab l e  a n d  
o f  su itab le d i a meter and  length .  

Longer g rafts may a lso be used (FIG 40) when more 

proxi m a l  a rter ia l  i nf low is req u i red .  
• Microvascu l a r  a nastomosis  of vessel g raft .  

• Anastomosis comp let ion may req u i re m icrosu rg ica l  

techn iq ue, g iven that com mon d i g ita l  a rteries may 
be 1 to 2 m m  i n  d i ameter. 

• Both ends of the vessels a re he ld in p lace by an appro

pr iately tensioned microvascu lar  doub le-armed c lamp.  

SNUFFBOX RADIAL 

ARTERY RECONSTRUCTION 

Placement of  Incision 

• At the level of wrist, the rad i a l  a rte ry turns dorsa l l y  un 

derneath the  fi rst extensor compartment (conta i n i n g  the  

abd uctor po l l i c i s  longus  a n d  extensor po l l i c i s  b revis), then 

A 

Throo>bosed 
Segment 

B 

Interposition 
Vein Graft 

FIG 5 • U l n a r  a rtery reconstruct ion i l l ustrat ion .  Exp lorat ion 
of the u l n a r  a rtery conf irms f i nd i ngs of ang iogram 
demonstrat ing  (A) u l n a r  a rtery throm bosis to the or ig i n  of the 
common d i g ita l a rteries. Reconstruct ion req u i res ha rvest ing  a 
Y branch of a saphenous ve i n  g raft, which is then reversed 
pr ior  to i nterposit ion .  B. End-to-s ide d ista l anastomosis, end
to-end a nastomosis of the ve i n  branch to the common d i g ita l  
a rte ry, and  end-to-s ide anastomosis to common d ig ita l  a rtery 
a re performed.  

• 

B 

• After i rr igat ion with hepar in ized sa l i ne, i nterrupted 
sutu res a re p laced c i rcu mferenti a l ly us ing  a t r iangu

lat ion techn ique .  
• The p rox ima l  a nastomosis is performed fi rst, then 

f lushed with hepa r in  and c l amped to a l l ow the ve i n  

g raft to extend  t o  length before prepar ing  and  

comp let ing  the d i sta l anastomos(e)s. 

runs between the fi rst and th i rd extensor compartments 
(extensor po l l i c i s  long us) in the a rea known as the "ana

tomic sn uffbox. " The d i seased seg ment and  d i sta l targets 

shou ld  be confi rmed by reference to the specif ic p reoper
ative imag ing  stud ies (FIG 6A, B) .  A sk in  i nc is ion is made 

on the dorsum of the hand  d i rect ly over  the a natomic  

snuffbox para l l e l  to the second metaca rpa l  (FIG 7A) .  

The  su perfi c i a l  rad i a l  nerve is  identif ied and  preserved . 

6 • Snuffbox rad i a l  a rtery reconstruct ion ang iograms :  A.B. Angiograms demonstrat ing cutoff of 
rad i a l  a rtery (arrow demonstrates f i l l i n g  defect correspond ing  to occ luded segment) at the level of the 
a n atomic sn uffbox. 
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A 

c 

Resection/Bypass of Diseased Segment 

B 

FIG 7 • Snuffbox rad i a l  a rtery reconstruct ion :  A. 
I nc i s ion over the rad i a l  a rtery over the a natom ic  
sn uffbox w i th  m icro background p laced u nder  
a rtery. B. Rad i a l  a rtery i s  c l amped d i sta l ly. C. Vesse l  
i s  c l amped proxi m a l ly and  iso l ated with  vessel loops 
pr ior  to ve i n  g raft ing .  

Vein Graft Interposition 

• This  d i ssect ion is conti nued d i sta l ly between the heads of • The ve i n  g raft shou ld  be reversed and  p l aced superfi c i a l  

to the extensor po l l i c i s  longus  and  extensor po l l i c i s  brevis 

(mak ing the g raft i m med iately beneath the skin) and  
then  sutu red end-to-end to  the rad i a l  a rtery proxi ma l l y  

and  end-to-end  to  the  deep  a rch d ista l ly (FIG 7C) . See 
the " U l n a r  Artery Reconstruct ion"  sect ion for further de

scr ipt ion on  ve in ha rvest and m icrovascu l a r  anastomosis 

tech n ique .  

• 

• 

the fi rst dorsa l i nterosseous m uscle, a l lowi ng further mo

b i l izat ion of the d ista l rad i a l  a rtery and visua l ization of 

the or ig in  of the deep pa lmar  a rch .  

M icrovascu l a r  c l amps a re p laced proxi m a l  and  d i sta l to 

the throm bosed seg ment of the rad i a l  a rtery. 

A l l  branches from the throm bosed seg ment shou ld  be 
l igated and  removed en b loc (FIG 7B) .  

HAN D FASCIOTOMY 

Placement of Incisions 

• The 1 0  compartments of the hand i nc lude  the thenar, hy

pothenar, adductor, a n d  4 dorsa l and 3 vo l a r  i nterosse i 

compartments. Four  inc i s ions  a re req u i red to release a l l  

1 0  compartments. 
• The dorsa l and  vo la r  i nterosseous com partments a re de

compressed with two dorsa l i nc is ions over the index f inger  

and  r ing  f inger  metaca rpa l  (FIG SA) .  These i nc is ions a re 

carr ied down to either s ide of the metaca rpa l  to release 
the dorsa l i nterosse i .  D i ssect ion along the u l n a r  and rad i a l  

aspects o f  t h e  i ndex metaca rpa l  m ust be suffic ient ly deep 

(FIG SC) to release the fi rst dorsa l  pa lmar  i nterosseous 
and the adductor com partments. S i m i l a r ly, to release the 

rema i n i n g  pa lmar  i nterosse i ,  deep d i ssect ion i s  req u i red 
a long  the u l n a r  and rad ia l  aspects of the ring metaca rpa l .  

Meticu lous  release a l o n g  t h e  length o f  t h e  metaca rpa l  i s  

essent ia l  t o  ensure adequate decompress ion .  
• The thenar  compartment is bound by thenar  fasc ia  and  

conta in s  the abductor po l l i c i s  b revis, f lexor po l l i c i s  b revis, 

and the opponens po l l i c i s .  This compartment is decom

pressed with a long itu d i n a l  inc i s ion a long the rad i a l/ 
vo l a r  (FIG SA) aspect of the thumb metacarpa l .  

""""' 
lnlefoeaei 

a 

FIG S • Hand  fasciotomy i l l u strat ion :  fasciotomy inc i s ions  of 
the hand .  A. Dorsa l inc i s ions  over the i ndex (c) a n d  r ing  (b) 
f inger  metacarpa l .  B. Vo la r  inc i s ions  over the hypothenar  (d) 
and  thenar  (a) muscles .  C. Cross sect ion at the level of the 
metaca rpa ls  of the hand demonstrat ing  that both dorsa l  and 
i nte rosseous  compartments and  the add uctor com partment 
to the thumb can be released through  these four i n ci s ions  
with appropr iate d i rect ion and  depth as out l i ned (a-d) . 

1 899 
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• The hypothenar  compartment is bound by the hypothe- • A long itud i n a l  pa l m a r  inc i s ion is made j ust d i sta l to the 
vo la r  wrist crease and  extend ing  d i sta l ly for 3 to 4 em in na r  fasc ia and  conta in s  the abductor d i g it i  m i n i m i ,  f lexor 

d i g it i  m i n i m i ,  and opponens d i g it i  m i n i m i .  This compart

ment is  decompressed with a long itud i n a l  i n c i s ion a long 
the p rox ima l  pa lm a long  the cou rse of the rad i a l  aspect 
of the r ing  f inger. 

the u l n a r/vo la r  (FIG 88) aspect of the sma l l  metaca rpa l .  • The pa lma ris fasc ia  is d iv ided long itu d i na l ly to expose 
the under ly ing tra nsverse carpa l  l igament, which is  then • The f inger can a lso have compartment syndrome if there 

is excessive swe l l i ng and depend ing  on c l i n ica l  assessment. 

Here, the fasc ia l  compartments a re bound by C le land's and 
G rayson 's l i gaments. The finger fasciotomy is performed 

by mak ing m idaxia l  i nc is ions along the u l na r  aspect of 

the index, r ing,  and long f ingers and on the rad i a l  aspects 

of the thumb and sma l l  f inger. Once incis ions a re made, 

b l u nt d issect ion is cont inued through C le land's l i gament 
(fi rm fasc ia bands that run from s ide of the pha langes 

to the sk in and a re dorsa l to the neurovascu la r  bund le), 

retract ing the neurovascu la r  bund les i n  a vo l a r  d i rect ion 

and  rema in i ng  vo l a r  to the f lexor tendon sheath.  

Carpal Tunnel Release 

• If any compartment pressu re is e levated in the hand,  
then a l l  compartments shou ld  be re leased inc lud ing the 
carpa l tunne l .  

PEARLS AND PITFALLS 

i nc ised under  d i rect v isu a l ization .  
• The i n ci s ion is extended at least 2 em i nto the forearm to 

ensure release of the deep a ntebrach i a l  fasc ia .  
• The carpa l tunne l  release i n c i s ion is c losed pr imar i l y  with 

i nterrupted nylon sutu res. 

Wound Care 

• Fasciotomy wounds a re left open for a m i n i m u m  of 

48 hours or  u nt i l  swe l l i n g  has resolved . 
• Secondary c losure with wet-to-d ry d ress ings  may occur  

over open i nc is ions .  
• Eventua l ly, these wounds  may need sp l it-th ickness sk in  

g raft i ng .  
• The hand shou ld  be sp l i nted i n  a safe posit ion (70 to 

90 deg rees of metaca rpopha langea l  [MCP] f lex ion and  

p roxi ma l  i nterpha langea l  [ P I P] jo i nts stra ig ht) . 

• Although a throm bosed u l n a r  a rtery ca n be l i gated, reconstruct ion of the u l n a r  a rtery can reconstitute norma l  f low a n d  shou ld  
be attem pted . 

• Hand  vascu l a r  repa i r  a n d  g raft ing  req u i res meticu lous m icrovascu l a r  tech n ique .  

• The  dorsa l  s ides of the  hand and  foot have ve ins  of s i m i l a r  s i ze  that  a re idea l  fo r  ve i n  g raft reconstruct ion .  

• Per iarter ia l  sym pathectomy is part icu lar ly  effective i n  sc leroderma because the vessels a re encased i n  adventit ia l  sca rr i ng .  

• Ea r l y  d i ag nosis and  treatment fo r  hand compartment synd rome i s  cr it ica l :  When  i n  doubt, release a l l  compartments. 

POSTOPERATIVE CARE 

• Postoperative monitoring of the hand after vascular re
construction is similar to finger replantations and can be 
performed with pencil Doppler monitoring or with pulse 
oximetry ( FIG 9) .  

• Aspirin 8 1  m g  i s  given for 6 weeks postoperatively after 
vessel reconstruction. 

• For periarterial sympathectomy, immediate digital range of 
motion is encouraged, and cold temperature and vasocon
strictive drugs or substances (smoking, caffeine, etc . )  are 
avoided for at least 6 weeks. 

• For compartment syndrome, aggressive strengthening and 
range of motion should be started once wounds have stabilized. 

OUTCOMES 

• Radial artery reconstruction patency in a study of 1 3  patients 
found that all vein grafts were patent after mean follow-up 
of 22 months, with a significant decrease in pain; however, 
no difference in numbness was seen.3 In another study of 
145 patients, an overall patency of vein grafts of 8 5 %  over 

FIG 9 • Hand  postoperative mon itori ng :  Revascu l a r izat ion of 
d i g its can be mon itored with bas ic pu lse oximetry at the tip of 
the d i g its. 
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a n  average follow-up period o f  34 months was found a s  well 
as 100% with arterial grafts.4 

• Long-term recovery after compartment syndrome release 
depends on the extent of injury and requires long-term hand 
therapy for recovery of hand function. Compartment release 
of the hand can result in normal function; however, contrac
tures can develop, which may need eventual reoperation for 
contracture release. 

COMPLICATIONS 

• Infection 
• Dehiscence of incisions and other wound healing complica-

tions 
• Failure of revascularization 
• Distal emboli 
• Thrombosis at anastomosis 
• Long-term patency 

• Stiffness of the fingers 
• Continued ischemia, pain, and ulcerations 
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DEFINITION 

• A thoracoabdominal aortic aneurysm (TAAA) involves the 
aorta at the diaphragmatic crura and extends variable dis
tances proximally and/or distally from this point ( FIG 1 ) .1 

TAAAs can be classified in terms of their causes, the two 
most common being medial degeneration and dissection. 

• Open treatment of TAAAs consists of graft replacement with 
reattachment of the main aortic branches: The inclusion tech
nique was introduced by S. E. Crawford in the 70s and refined 
by subsequent surgeons in the following decades. TAAA re
pair, especially in extensive aortic disease, is associated with 
greater operative risk than repair of other aortic segments. The 
main sources of morbidity are spinal cord (SC) ischemia and 
renal as well as respiratory and cardiac complications. 

• Experienced surgical centers now report lower mortality and 
morbidity rates for TAAA repair,2 largely due to multimodal 
approaches to reduce surgical trauma and maximize organ 
protection. 3 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• To plan the best possible treatment strategy for each patient, 
our preferred modality is computed tomographic arteriogra
phy (CTA) .  The acquisition of computed tomography ( CT) 

FIG 1 • An aneurysm is  defi ned as thoracoabdom ina l  when 
the h i g h l i g hted reg ion i s  i nvolved . Crawford's c l assif icat ion was 
deve loped to i m p rove strat if icat ion of per ioperative parap leg ia  
r i sk .  Subcl assif icat ions  inc lude the fo l l ow ing :  Extent I i nc l udes 
the thorac ic  and a bdom i n a l  aorta, from the left subc lav ian a rtery 
to the level of the rena l  a rter ies; extent I I  i n c l udes the ent i re 
descend ing  aorta from the level of the left subc lav ian a rtery to 
the aort ic  bifu rcat ion;  extent I l l  i nc l udes aorta beg i n n i n g  at the 
T6 leve l  extend ing  to the b ifurcat ion or  l ower; extent IV inc l udes 
the ent i re abdom i n a l  aorta sta rt ing  at the level of the d i aph ragm 
(T1 2) to the aort ic  bifu rcat ion or  lower. 
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data in particular has benefited from spectacular progress, 
including multirow detectors, higher rotation and transla
tion speeds with reduced scan times (single breath-hold) ,  
cardiac cycle synchronization, and better postprocessing 
capabilities .  

• Digital Imaging and Communications in Medicine 
(DICOM) slices of adequate thickness (s::l mm) should 
be postprocessed on a digital workstation using a multi
planar reformatting (MPR) tool to visualize a scan which 
angulation matches that of the aorta or the vessel under 
investigation. Postprocessing may be performed on a 
dedicated workstation (AquariusNet®, TeraRecon, Inc) 
or desktop computer with open source software (OsiriX 
and others ) in a user-friendly and time/resources-efficient 
way ( FIG 2 ) .  

• Beyond analysis o f  aortic diameter and the extent o f  patho
logic involvement, reformatted images are particularly 
useful for evaluating the presence, extension, and charac
teristics of dissection and thrombus, particularly at pro
posed sites of clamp placement and the infradiaphragmatic 
aorta when direct aneurysm cannulation is considered for 
distal aortic perfusion. The exact location and geometry 
of aortic branches is obtained to reveal possible anatomic 
variations or anomalies, which are particularly common 
at the level of the renal arteries and arch vessels. Vessel 
patency is also routinely evaluated; in particular, obstruc
tion of the superior and inferior mesenteric artery and the 
hypogastric arteries and dominance of one vertebral artery 
are assessed. 

• Three-dimensional rendering tools such as maximum inten
sity projection (MIP) ,  volume rendering, surface rendering, 
and so forth produce realistic imaging of the anatomic struc
tures that may expand anatomic understanding, including, 
for instance, the most appropriate intercostal space to per
form thoracotomy ( FIG 3 ) .  

• Perioperative SC ischemia may precipitate paraparesis or 
paraplegia. Prior knowledge of the SC arterial supply in
forms both procedural planning and risk stratification. 

FIG 2 • MPR tools a l l ow the sag itta l reconstruct ion to proper ly 
fo l low the major axis of the thorac ic  aorta .  I n  th is  reformatted 
image, the ent i re thorac ic  aorta i s  i nc l uded despite s ign if icant 
tortuosity. 

-
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FIG 3 • Beyond aort ic  imag i ng,  the CT provides extensive 
a natom ic  information to gu ide  exposu re and surg ica l  dec is ion 
mak ing .  

Recent advances in  imaging techniques, especially nonin
vasive techniques, increased the likelihood that patient
specific risk criteria may soon be recognized and be widely 
available4 (FIG 4). 

SURGICAL MANAGEMENT 

Preoperative Workup and Patient Optimization 

• Preoperative transthoracic echocardiography is a satisfac
tory noninvasive screening method to evaluate both valvular 
and biventricular function. Stress testing identifies patients 
who require coronary catheterization and possible interven
tion.5  Electrocardiographically (EKG) gated CT has recently 
emerged as a less invasive method of visualizing coronary 
anatomy. For severe, symptomatic coronary disease requir
ing percutaneous transluminal angioplasty prior to aneu
rysm repair, use of drug-eluting stems requiring prolonged 
double anti platelet therapy should be avoided to reduce sub
sequent perioperative bleeding. 

• The use of estimated glomerular filtration rate (eGFR) ,  
rather than serum creatinine levels alone, is recommended 
to assess renal function.6 Based on the eGFR metric, chronic 
kidney disease has been shown to be a strong predictor of 
death following open or endovascular thoracic aneurysm re
pair, even in patients without other clinical evidence of pre
operative renal disease? 

FIG 4 • Us ing  a custom ized curve p lan ,  the who le  path of the 
a rteria l  feeder to the sp i n a l  cord (a rter ia  rad i cu l a r is  magna) can 
be visua l i zed from the aorta to the a nter ior sp i n a l  a rtery. 

FIG 5 • O n ce the  d u ra has  been p u nctured with the  i ntrod ucer  
need le ,  a d r a i n a g e  catheter  i s  i n se rted 8 to 10  em a long the  
i nt ra d u ra l  space .  The catheter i s  then  co n nected to a press u re 
t ransducer, a n d  the  fl u i d  is d r a i ned to keep the  p ressure 
be low 10 em H20. Automated systems  a re ava i l a b l e  for t h i s  
p u rpose .  

Pulmonary function evaluation with arterial blood gases 
and spirometry is used to evaluate the respiratory reserve 
of all patients undergoing open surgery of the descend
ing aorta. In patients with a forced expiratory volume in 
1 second (FEV1 ) of less than 1 L and a partial pressure 
of carbon dioxide (PC02) greater than 45 mmHg, opera
tive risk may be improved by cessation of cigarette smok
ing, treatment of chronic bronchitis ( if present) ,  weight 
loss, and participation in a supervised exercise program 
for a period of up to 6 months prior to surgery. How
ever, in patients with aneurysm-related symptoms, this 
type of respiratory rehabilitation may not be practical or 
possible.  

Positioning 

• After inserting a cerebrospinal fluid drainage (CSFD) 8  cath
eter into the subarachnoid space between L2 and L3 or L3 
and L4 ( FIG 5), the patient is turned to a right lateral decu
bitus position, with the shoulders at 60 degrees and the hips 
flexed back to 30 degrees. 

• Preparation should allow for access to the entire left tho
rax, abdomen, and both inguinal regions. Patient position 
is maintained with a moldable beanbag attached to a suc
tion line for vacuum creation. A circulating water mattress 
is placed between the beanbag and the patient in order to 
modify body temperature as necessary ( FIG 6 ) .  

F I G  6 • Prepp ing  and  drap ing  for TAAA. Posterolatera l aspect of 
the l eft thorax, the a bdomen,  and  left gro in  a re inc l uded in the 
ster i l e  operatory f ie ld .  P lease note the gent le cu rvatu re of the 
l ine i nd icat ing  the sk in  inc i s ion to avoid f lap  necrosis .  



1 904 P a r t 6 OPERATIVE TECHNIQUES IN VASCULAR SURGERY 

THORACO-PHRENO-LAPAROTOMY 

• The thorac ic  i nc i s ion  var ies  i n  l ength a n d  leve l ,  depend
i n g  on  exposure req u i rements. U sua l ly, the  5th ,  6th ,  o r  
7 th  i nte rcosta l  space i s  e m p l oyed accord i n g  to the aneu
rysm a natomy. The poste r ior  sect ion  of the r ibs  i s  gent ly  
spread to reduce thorac ic  wa l l  t rauma a n d  fractu res; 
a nterol atera l ly, the i nc i s ion  cu rves gent ly  as it crosses 
the costa l  m a r g i n  to m i n i m ize su bsequent  t i ssue necro
sis .  The p leu ra l  space i s  entered after s i n g l e  r i ght l u n g  
venti l at ion i s  i n it iated .  M o n o p u l m o n a ry vent i l at ion  
i s  m a i nta i n ed t h roughout thorac i c  aorta rep lacement 
(FIG 7) .  

• Para lys i s  of the  l eft h e m i d i a p h ra g m  cont r i b utes s i g n if i 
cant ly to postope rative resp i ratory fa i l u re; the refore, 
a l i m ited c i rcu mferent i a l  rather t h a n  rad i a l  sect ion  
of the  d i a p h ra g m  i s  rout i ne ly  performed,  spa r i ng  
the  p h re n i c  center. U n d e r  favora b l e  anato m i c  con d i 
t ion s, t h i s  a p p roach reduces resp i ratory wea n i n g  t i m e 9  
(FIG 8) .  

• Specia l  ca re m ust be taken when i so lat ing the p roxi ma l  
aneurysm neck .  The i nsert ion of  a l a rge ca l i ber  esoph
agea l p robe ma kes it eas ier to d i st i n g u ish  the esopha
gus  at th i s  leve l .  The vagus  nerve and  the or ig in  of the 
recu rrent l a ryngea l  nerve m ust a l so be ident if ied because 
they can a lso be damaged dur i ng  isolation and c l amp ing  
maneuvers (FIG 9) .  I dentif ication and  c l i pp i ng  of  some 
" h i g h "  i ntercosta l a rteries can sometimes fac i l itate the 
prepa ration for the proxi ma l  a nastomosis, thus  red uc ing 
aort ic  b leed i n g .  

• The u p per  a b d o m i n a l  a o rt i c  seg ment  is exposed v ia  a 
t ranspe r iton e a l  a p p roach ;  after ente r i n g  the  per i to
n e u m ,  m e d i a l  v i scera l rotat i o n  i s  performed to retract 
the  l eft co lon ,  sp leen ,  a n d  l eft k id ney a nter ior ly  a n d  to 
the  r ight (FIG 1 0) .  Use of a t ransper i to n e a l  a p proach 
a l l ows d i rect assessment  of the  abdom i n a l  o rgans  
at the  end  of p roced u re .  Extra ca re  m u st be taken  
to avo i d  d a m a g e  to the  sp leen ,  wh i ch  i s  p a rt i cu l a r ly  
prone to b leed i n g  after  capsu l a r  i n ju r ies  rega r d l ess 
of s i ze .  

FIG 7 • Thoraco-ph reno- laparotomy i n  the 6th  i ntercosta l 
space. A c i rcumferent i a l  i nc i s ion of the d i a p h ragm is carr ied 
out (dotted l i ne) .  

FIG 8 • The d i a phragm is  c i rcumferent ia l ly d iv ided (arrows) 

for severa l  cent imeters near  its per iphera l  attachment to the 
a nter ior  chest wa l l  spar ing the phren ic  center (asterisk). 

FIG 9 • The vagus  nerve (black a rrow) a n d  the ongm of 
the recu rrent l a ryngea l  nerve a re mob i l ized and  identif ied 
with vessel  loops to prevent i nj u ry dur i ng  aort ic  c l amp ing  
m a neuvers or  suture p l acement.  When a n  aort ic  cross
c l amp ing  between left carot id and subc lav ian a rtery is 
req u i red, these vesse l s  a re a l so identif ied and contro l led with 
vesse l loops (white arrows). 

FIG 10 • Med i a l  v iscera l rotat ion :  The left co lon,  the sp leen,  
a n d  the left k id ney a re retracted a nter ior ly and  to the r ight  
to v i sua l ize the v iscera l and  i nfra rena l  aorta .  Transper itonea l  
a pproach a l l ows d i rect eva l u at ion of the abdom i n a l  organs  
th roug hout the proced u re .  
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DISTAL AORTIC PERFUSION 

• Cross-c l amp ing  of the descend ing  thorac ic aorta pro
duces i m med iate and s ign if icant increases in left ven
tr icu l a r  after load,  myocard i a l  oxygen consu m pt ion,  a n d  
viscera l and  r e n a l  ischem ia .  Techn iq ues i n corporat ing  d is
ta l aort ic  perfus ion with left heart bypass (LH B P) have s ig
n if icant ly i m p roved outcomes i n  thorac ic  aort ic  su rgery. 1 0 

I n  preparat ion for L H B P  and  aort ic cross-clamp ing ,  low
dose i ntravenous hepar in  is  a d m i n istered.  If cessat ion  of 
pump support i s  a nt ic i pated d u ri ng  the case, add it iona l  
hepar in  shou ld  be a d m i n istered at that t ime to p rovide 
fu l l  a nticoagu lat ion .  

• The upper  left pu lmonary ve i n  is usua l ly can n u l ated for 
i nf low of oxygenated b lood, which i s  routed through a 
centrifuga l  pump (B io-Medicus®) i nto the left femora l  
a rtery (FIG 1 1 ) .  A "Y " connector i nc l uded i n  the c i rcu it  
provides two occl us ion/perfus ion catheters (9 F r) for 
se lective viscera l perfus ion when necessa ry. 

AORTIC REPAIR 

• Once the neck of the TAAA is isolated and control led be
tween c lamps, the descending thoracic aorta is transected 
and separated from the esophagus (FIG 1 2) .  The g raft is su
tured proxima l ly to the descending thoracic aorta us ing 2-0 
polypropylene sutu re in a runn ing fash ion .  The anastomosis 
is rei nforced with Teflon felt ( indiv idual  p ledgets or s ing le 
str ip) (FIG 13) .  An addit iona l  aortic c lamp is app l ied onto 
the abdom ina l  aorta above the cel iac axis before the proxi
mal aortic c lamp is removed (sequentia l  cross-c lamping). 

• I ntercostal  a rtery re imp lantat ion i nto the aort ic g raft p lays 
a critica l role in SC protect ion .  Patent i ntercosta l a rteries 
from T7 to L2 a re temporar i ly occ luded to prevent back
b leed ing/max im ize cord perfus ion pressure 1 1  then selec
tively reattached to the g raft by means of aortic patch or 
g raft i nterposition (FIG 14). When ready, the d i sta l  c lamp 

FIG 1 2  • The p roxi m a l  descend ing  thorac ic  aorta i s  contro l led 
and  comp letely tra nsected to avo id  acc identa l i n ju ry to the 
adjacent esophagus .  

FIG 11 • Schemat ic  v iew of d ista l aort ic  perfus ion .  A 20-Fr 
can n u l a  i s  i nserted i n  left super ior  pu lmonary ve i n  for the 
a rter ia l  b lood dra inage (up) . Nonocc lus ive femora l  ca n n u l a  
(1 4 t o  1 8  F r) a l l ows synchronous p roxim a l  and  d ista l perfus ion 
from the femora l  axis (down). 

FIG 13 • The p roxim a l  a nastomos is  routi ne ly  rei nforced with 
a Tef lon str ip .  

FIG 14 • Crit ica l i ntercosta l a rteries reattachment .  Here 
v isua l i zed a re two d ifferent techn iq ues: On the left, an aortic 
i s l and i nc l ud ing  the or ig i n  of severa l  i ntercosta l a rter ies is  
reattached to a fenestrat ion created on  the aort ic  g raft; on  
the right, i n tercosta l a rter ies a re reattached sel ectively to the  
g raft via 6/8-m m  i nterpos it ion g rafts . 
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FIG 1 5  • Viscera l  a rter ies perfus ion with b lood, rena l  
perfus ion with co ld Custod ia l® so lut ion dur ing branch a rtery 
re i m p l a ntat ion .  

is moved below the  rena l  a rteries, and the  aneurysm is 
opened across the d iaphragm.  The centrifuga l  pump 
ma inta ins  visceral perfus ion (400 m l  per  m i n ute) fo l l ow
ing  insert ion of the 9-Fr i rr igat ion-perfus ion catheters 
(LeMa itre Vascu lar) i nto the ce l iac  tru n k  and the super ior 
mesenter ic a rtery. Cold perfus ion of Custod io l 1 2 (h ist id i ne
tryptophane-ketogl uta rate) is d i rected i nto the rena l  
a rteries (FIG 1 5) .  For  visceral a rtery re imp lantation, a fen
estrat ion is  created i n  the g raft and the viscera l vessels a re 
reattached as a s ing le  patch .  Usua l ly, the left rena l  a rtery 
is recon nected with an 8-mm polyester i nterposition g raft. 
If viscera l a rtery orifi c ia l  stenosis is  encountered, before 
p lac ing the i rr igation perfus ion catheter, the stenosis may 
be resolved by d i rect p lacement of an appropriate-sized 
ba l loon-expandab le  stent with i n  the a rtery1 3 (FIGS 16 and 
1 7) .  If creat ion of the viscera l patch req u i res reta i n i ng  a 
l a rge segment of native aorta, we prefer to p lace a m u l
t ibra nched g raft i nstead.  This  prosthesis, a lthough some
what more time consuming, s ign ificantly reduces the r isk 
of recurrent aort ic patch aneurysm (FIG 1 8) .  F ina l ly, the 
d i sta l end-to-end anastomosis with the d i sta l  aorta i s  per
formed, the g raft fl ushed, and c lamps removed (FIG 1 9) .  

F IG  1 6  • From left to  r ight. I n  case of  orifi c ia l  stenosis, 
intra l u m i n a l  stents a re p laced under d i rect visua l ization before 
i nsert ion of the perfus ion catheter and u lt imate re imp lantation .  

FIG 17 • A mod if ied tech n i q u e  to sepa rate ly reattach 
the  l eft ren a l  a rtery i s  deta i l ed here :  The  use of a hybr id 
tube  g raft that  i n c l udes  a se lf-expa n d a b l e  covered stent  
a l lows for a suture l ess a n a stomos i s .  The advantages a re the  
red uced isch e m i a  t i m e  of the  k i d n ey a n d  k ink  p revent ion  of  
the  g raft after v i scera l d e rotat i o n  at the  e n d  of the  a o rt i c  
repa i r. 

FIG 1 8  • Viscera l  vesse ls  and  rena l  a rter ies a re reattached 
sepa rate ly i n  this patient with M a rfan syndrome to red uce as  
much as  poss ib l e  the aort ic  native t i s sue and  p revent recu rrent 
aort ic  aneurysm format ion .  

FIG 1 9  • End-to-end d ista l anastomosis at the  aortic b ifu rcat ion.  
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CLOSURE 

• The ent i re aort ic  repa i r  (FIG 20) is i n spected . A l l  exposed 
aort ic  branch pu lses a re pa l pated after derotat ion a n d  
rep lacement o f  the abdom i n a l  viscera. A n y  b leed i n g  or  
k ink ing of the aort ic  branches  i s  addressed at th i s  j unc
tu re .  The atr i a l  and  femora l  ca n n u lae a re removed; the 
pu rse-str ing sutu res a re t ied and  rei nforced.  Antico
agu lat ion i s  reversed with p rota m i n e .  The crus of the 
d i aph ragm is  reapproxi mated to restore the aort ic  h ia
tus (FIG 21 ) a n d  the l eft hem id iaphragm loose ly sutu red 
with a r u n n i n g  polypropy lene suture.  The left l ung  is 
tempora r i ly i nflated to check for a i r  leakage.  

• A c losed-suct ion abdom i n a l  d ra in  is p laced next to the 
aort ic  g raft i n  the left retroperitonea l  space, and  two 
chest tu bes a re p l aced in the posteroa p ica l  and  basa l  
p leura l  space. Absorbab le  per icosta l sutu res a re p laced 
to a pprox imate the ribs (FIG 22), and two stee l  wi res a re 
used to stab i l i ze the costa l marg i n .  The l ung  is i nf lated, 
and the correct expa ns ion of a l l  the segments i s  ca refu l ly 
checked; the per icosta l and  d i a p h rag matic sutu res a re 
t ig htened and  l igated . The stee l  wi res a re twisted a n d  
bu r ied i n  the cart i l ag i nous costa l marg i n .  T h e  abdomi 
na l  fascia i s  c losed with  a ru n n i n g  suture.  The abdom i n a l  
and  thorac ic  d r a i n s  a re connected t o  suct ion .  T h e  serra
tus and lat iss i mus  dors i  muscles a re approxi mated with 
separate absorba b le  sutu res. Subderma l  l ayer i s  sutu red, 
and the skin i s  c losed with stap les  (FIG 23) .  

A 

B 

FIG 20 • F i na l  repa i r  of a type I I  TAAA. A. Standard inc lus ion  
techn ique .  B. Selective reim p l a ntation with  m u lt ibranched 
g raft. 

FIG 21 • The p i l l a rs ofthe d iaphragm (arrows) a re approximated 
with absorbable sutu res to reshape the aortic h iatus. 

FIG 22 • The thorac ic wa l l  i s  repai red with per icosta l sutu res. 
The l eft l ung  i s  i nfl ated and checked for a i r  leakage; two chest 
tu bes a re posit ioned to dra in  the upper  and  lower thorac ic 
space.  

FIG 23 • The abdom i n a l  and  thorac ic wa l ls a re sutu red; sk in 
i s  c losed with sta p les .  
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PEARLS AND PITFALLS 

I nd i cat ions • Aortic d i ameter and  aneurysm morpho logy 
• S igns and  sym ptoms of acute aort ic  syn d rome 

Preoperative p l a n n i n g  • Leve l o f  i ntercosta l inc i s ion  
• G raft se lect ion 
• I dentif icat ion of accessory ren a l  a rteries and  other viscera l anoma l ies (e .g . ,  horseshoe k idney) 
• Potentia l  need for m u lt ibranch g raft vs. Carrel  patch 

Surg ica l  access • Avo id sk in  f lap  necrosis .  
• R ib  sect ion 
• L im ited p h renotomy (c ircumferent i a l  d i aph rag matic i nc is ion)  
• Transper itonea l  approach 
• Careful and  l i m ited lung m a n i p u lat ion 

Techn ica l  adj u n cts for organ 
p rotect ion 

• Nonocc lusive femora l  can n u l at ion 

• Sp ina l  cord dra inage 
• Left heart bypass 
• Sequent i a l  aort ic  c l amp ing  
• Crit ica l i ntercosta l a rtery reattachment 
• Viscera l perfus ion from left heart bypass ca n n u las  
• Ren a l  perfus ion with cold Custod ia l® or  s i m i l a r  sol ut ion 
• Di rect stenti ng  of rena l  and viscera l  or ifi c i a l  les ions as  needed 

POSTOPERATIVE CARE 

• The main focus of immediate postoperative management is 
the early detection of neurologic or cardiovascular compli
cation as prompt intervention may prevent substantial long
term morbidity. As soon as baseline blood pressure and body 
temperature are restored, sedation is lightened regardless of 
ventilatory status. When SC or cerebral neurologic injury is 
suspected, CT imaging is performed immediately to address 
the possibility of intracranial or intradural SC hematoma. 
In case of paraparesis or paraplegia, mean arterial pressure 
is chemically maintained above 80 mmHg, CSFD is drained 
in order to lower the cerebrospinal fluid pressure below 
10 mmHg, and methylprednisolone ( 1  g bolus followed by 
4 g per 24 hours continuous infusion) and 1 8 %  mannitol 
(5  mg/kg, four times a day) are administrated. 

• If mal perfusion develops in the lower limbs, renal or visceral 
circulation, efforts should be made to restore normal cir
culation immediately. For a precise visualization of visceral 
organ perfusion, emergency arteriography (catheter-based 
or CT) is required. 

• Blood pressure fluctuations, including recalcitrant hyperten
sion, is common in the early postoperative period, especially 
in the chronically hypertensive patient; prompt attention 
should be paid to regulating the mean arterial pressure in a 
physiologic range. Immediate intervention may be required 
to reduce the risk of anastomotic bleeding, especially in the 
setting of dissection. 

• In uncomplicated cases, drainage tubes are removed at 3 6  
t o  48 hours postoperatively, whereas the intrathecal CSFD 
catheter is removed usually after 72 hours. A prolonged re
quirement for ventilatory support is not unusual, especially 
after emergency operations, in patients with significant blood 
loss and after longer periods of circulatory arrest (if neces
sary for concurrent arch or ascending aortic reconstruction) .  
In  case of  severe chronic kidney disease, transient temporary 

renal replacement therapy may also be necessary in the early 
postoperative period. 

COMPLICATIONS 

• Bleeding 
• Multiorgan failure 
• Dialysis 
• Paraplegia 
• Stroke 
• Death 
• Aneurysm recurrence 
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Chapter 13 Thoracic Aortic Stent Graft 
Repair for Aneurysm, Dissection, 
and Traumatic Transection 

I 

- ----------------------------------- �----------------------------------------------------- � 

Brant W Ullery Jason T. Lee 

DEFINITION 

• In 1 994, Dake and colleagues/ at Stanford University, were 
the first to report the use of custom-designed thoracic aortic 
stem grafts for the treatment of descending thoracic aortic 
aneurysms in patients deemed high risk for conventional 
open surgery. Each of these devices was deployed through 
peripheral arterial access, successfully excluding the aneu
rysm from systemic pressurization. This groundbreaking 
minimally invasive technique thereby avoided many of the 
physiologic insults associated with open surgery, including 
the need for thoracotomy, aortic cross-clamping, reperfusion 
injury, and acute hemodynamic changes. 

• Results from the first multicenter U.S .  Food and Drug 
Administration-sponsored trial for thoracic aortic stem 
grafts demonstrated significantly less perioperative mortal
ity, respiratory failure, renal insufficiency, and spinal cord 
ischemia in patients after thoracic endovascular aortic re
pair (TEVAR) compared to a matched cohort of patients 
undergoing open descending thoracic aortic aneurysm 
repair.2 

• After two decades of surgeon experience and endovascu
lar technologic advancement, TEVAR has evolved to serve 
as a primary treatment strategy for an increasingly diverse 
group of acute and chronic aortic pathologies including 
thoracic aortic aneurysms, dissections, and traumatic tran
sections .  

DIFFERENTIAL DIAGNOSIS 

• Depending on the type and extent of pathology, TEVAR 
may include the use of fenestrated or branched stent 
grafts, advanced snorkel/chimney/periscope techniques, 
or the need for hybrid debranching procedures .  The deci
sion to treat thoracic aortic pathology with stent grafts 
is based on individual patient comorbidity burden, de
tailed analysis of thoracic aortic anatomy, and physician 
experience. 

• Acute thoracic aortic pathologies often present with chest 
pain and therefore must be considered in the workup for 
acute coronary syndrome. The ubiquitous use of computed 
tomography ( CT) scanning for pain, shortness of breath, 
trauma, and to "rule out" many pathologies has led to an 
increase in the recognition of thoracic aortic pathology po
tentially benefitting from TEVAR technology. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Thoracic aortic aneurysms (TAAs )  are defined as local
ized or diffuse dilation of 50% or more relative to the 
diameter of the adj acent normal-sized aorta. Common 
risk factors for aneurysmal degeneration include smok
ing, hypertension, chronic obstructive pulmonary disease, 
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atherosclerosis, and connective tissue diseases. Indica
tions for repair of descending TAAs are similar to those 
for conventional open repair: maximum aortic diameter 
greater than 6 em, rapid aneurysmal growth ( > 5  mm of 
growth over 6 months ) ,  or symptoms such as persistent 
chest or back pain, rupture, or dissection. In most patients 
with TAA, the aneurysms were diagnosed following rou
tine imaging ordered for other reasons and are therefore 
most commonly asymptomatic. 

• Aortic dissection occurs when an intimal tear in the aorta 
causes blood to flow between the layers of the wall of the 
aorta and most often presents as tearing chest pain that 
radiates to the back. Potential etiologic factors leading to 
aortic dissection include poorly controlled hypertension, 
connective tissue disorders, trauma, or vasculitis .  Medi
cal management of uncomplicated type B thoracic aortic 
dissection serves as the current standard of care. These 
practice guidelines stem from the results of the INvestiga
tion of STEm grafts in patients with type B Aortic Dis
section ( INSTEAD ) trial, the first prospective, multicenter 
randomized trial comparing optimal medical therapy (e .g . ,  
b lood pressure control) to TEVAR for uncomplicated type 
B dissection.3 This trial demonstrated no significant im
provement in 2-year survival or adverse event rates with 
TEVAR despite favorable aortic remodeling, although re
cently reported 5-year data suggest improved long-term 
survival in patients undergoing TEVAR. In contrast, for 
patients with complicated type B dissections involving 
rupture, malperfusion (e .g . ,  visceral or limb ischemia ) ,  or 
refractory back pain despite optimal medical management, 
TEVAR is indicated. The goal of TEVAR in this setting is 
to cover, or exclude, the primary entry tear and reexpand 
the true lumen while promoting thrombosis of the false 
lumen. 

• Traumatic aortic transection results from a high-velocity or 
deceleration injury to the aorta. The tethering of the aorta 
by the ligamentum arteriosum makes this site most suscep
tible to shearing forces during sudden deceleration. A high 
index of suspicion is necessary to help make the diagnosis. 
Trauma workups most often involve whole-body CT scan
ning, which allows rapid triage for possible treatment. CT-A 
commonly demonstrates an irregular outpouching beyond 
the takeoff of the left subclavian artery at the aortic isthmus, 
which corresponds to the presence of an aortic pseudoan
eurysm caused by the traumatic event. Extent of blunt trau
matic aortic injury and the corresponding physiologic insult 
may range from clinically occult intimal injury to life-threat
ening complete transection and rupture ( FIG 1 ) .4 Early diag
nosis and endovascular treatment is generally recommended 
for those presenting with a traumatic aortic transection, par
ticularly when there is a contour abnormality visualized on 
cross-sectional imaging. 

-
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GRADEl 

GRADE Ill 
Pseudoaneurysm 

GRADE II 

GRADE IV 
Rupture 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Transesophageal echocardiography (TEE) may serve as 
a useful imaging tool, particularly in the setting of acute 
thoracic aortic pathology. TEE can confirm the presence of 
aortic dissection, distinguish between types A and B dissec
tions, identify involvement of supra-aortic vessels, and as
sess for contained rupture. 

• High-resolution computed tomography angiography (CT-A) 
with three-dimensional reconstructive software allows for the 
most complete anatomic analysis, including details regarding 
aneurysm morphology, diameter, dissection flap characteriza
tion, thrombus burden, calcification, angulation, and branch 
vessel orientation. 

• Familiarity and routine usage of three-dimensional worksta
tions and the ability to customize measurements provide an 
accurate road map to guide endovascular strategy, device se
lection, and stent graft sizing. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Patients scheduled for elective TEVAR undergo routine pre
operative cardiac evaluation. Based on cardiovascular risk 

• 

FIG 1 • Society for Vascu l a r  Su rgery c lass if icat ion 
of b l u nt traumat ic  aort ic  i nj u ry. (Ada pted from Lee 
WA, M atsu m u ra J S, M itch e l l  RS, et a l .  Endovascu la r  
repa i r  of  traumat ic  thorac ic  aort ic  i nj u ry: c l i n ica l  
p ractice gu ide l i nes of the Society for Vascu l a r  
S u rgery. J Vase Surg. 201 1 ; 5 3 : 1 87-1 92.)  

profile, symptomatology, and presence of electrocardiogram 
abnormalities, selected patients undergo further evaluation 
in the form of an exercise stress test, dobutamine stress echo
cardiography, or Persantine thallium stress testing. Coro
nary angiography is pursued in cases involving extensive or 
symptomatic coronary artery disease. 

• Aortic transections or symptomatic dissections and an
eurysms should have early and aggressive blood pressure 
control using intravenous beta-blocker or calcium channel 
blocker medications . After obtaining a reliable clinical ex
amination, refractory chest, back, or abdominal pain should 
be treated with narcotic analgesics. 

• Renal protective strategies should be employed preopera
tively to minimize the risk of contrast-induced nephropathy. 
Intravenous hydration is initiated preoperatively and, in the 
setting of baseline renal insufficiency, may warrant early 
hospital preadmission and concomitant administration of 
Mucomyst and bicarbonate infusion. 

• Suspected blunt aortic injury should prompt a referral to a 
level I trauma center in order to facilitate early evaluation 
by a vascular specialist and other pertinent members of a 
multidisciplinary trauma team. 

• General anesthesia is routinely performed in TEVAR cases. 
Prophylactic lumbar cerebrospinal fluid (CSF) drainage is 
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considered in every case based on the relative risk of spinal 
cord ischemia, hemodynamic status, and acuity of clinical 
presentation. Arterial monitoring is performed via a right 
radial artery approach. Peripheral intravenous lines are 
typically adequate; however, more intensive central venous 
monitoring may be required in cases involving unstable trau
matic transections, patients with significant baseline cardio
vascular comorbidities, or any case involving hemodynamic 
instability. 

• Preoperative imaging should be heavily scrutinized for the 
adequacy of iliofemoral access anatomy. An iliac conduit 
may be required in cases involving small-caliber, tortuous, or 
heavily calcified access vessels. Anticipated use of a conduit 
should prompt consideration of an autotransfusion or cell 
saver machine to be available during the procedure . 

• Numerous variables have been identified as risk factors 
for the development of spinal cord ischemia after TEVAR. 
Given that hypoperfusion represents the primary etiol
ogy of spinal cord inj ury following TEVAR, commonly 
cited risk factors involve those relating to the extent of 
impairment or exclusion of the collateral perfusion to the 
spinal cord. The European Collaborators on Stent/Graft 
Techniques for Aortic Aneurysm Repair (EUROSTAR) 
investigators reported results from the largest multicenter 
registry to date (N = 606 ) . 5  In the EUROSTAR registry, 
the incidence of spinal cord ischemia was 2 . 5 %  and inde
pendent risk factors included left subclavian artery cover
age without revascularization (odds ratio [OR], 3 . 9 ;  p = 
. 037 ) ,  concomitant open abdominal aortic surgery (OR, 
5 .5;  p = .037) ,  and the use of three or more stent grafts 
(OR, 3 . 5 ;  p = .043 ) .  

• Based o n  the principle that spinal cord perfusion pressure 
is approximated by the difference between the mean arte
rial pressure (MAP) and CSF pressure, placement of a pro
phylactic lumbar drain has the potential to increase spinal 
cord perfusion pressure by decreasing CSF pressure and may 
be beneficial in select patients at high risk for spinal cord 
ischemia. Percutaneous drainage of CSF is performed by in
serting a silastic catheter 10 to 15 em into the subarachnoid 
space through a 14-gauge Tuohy needle at the L3-L4 verte
bral interspace. The open end of the catheter is attached to a 
sterile closed circuit reservoir and the lumbar CSF pressure 
is measured with a pressure transducer zero-referenced to 
the midline of the brain. Lumbar CSF can be drained con
tinuously or intermittently in the operating room to achieve 
target CSF pressures of 10 to 12 mmHg. Postoperatively, 
intermittent or continuous CSF drainage can be contin
ued in the intensive care unit for CSF pressures exceeding 
10 mmHg or at the first sign of lower extremity weakness. In 
the absence of neurologic deficits, the lumbar CSF drainage 
catheter can be clamped 24 hours postprocedure followed 
by continued monitoring of CSF pressure together with se
rial neurologic assessments . The CSF drain can then be re
moved at 48 hours after operation. Although prophylactic 
or therapeutic lumbar CSF drainage has an established re
cord of safety, complications have been reported to occur 
in approximately 1 %  of patients, which may include neur
axial hematoma, subdural hematoma, catheter fracture, 
meningitis, intracranial hypotension, chronic CSF leak, and 
spinal headache. 

Selection and Sizing of Thoracic Stent Graft 

Landing zones 

• Proximal and distal landing zones must be of sufficient 
length (usually at least 2 em) to enable safe and accurate 
deployment bracketing the area of thoracic aortic pathology, 
which often includes the subclavian artery proximally or the 
celiac artery distally. 

• Intentional coverage of the left subclavian artery is some
times required due to a very proximal extent of aortic pa
thology, especially transections. Left subclavian artery 
revascularization may be required in select cases. The celiac 
artery rarely requires intentional coverage. 

• Significant tortuosity, circumferential mural thrombus, and 
extensive calcification can compromise the proximal or dis
tal landing zone, thereby predisposing to inadequate fixa
tion and subsequent development of endoleak or migration. 
Site of proximal and distal landing zones should be selected 
in order to minimize the impact of these anatomic features, 
even if it requires extending the length of aortic coverage. 

• A variety of anatomic measurements are taken from preop
erative CT-A imaging to assist in the sizing and selection of 
the thoracic stent graft ( FIG 2 ) .  Interventionalists should be 
proficient in accurate sizing and measuring of key thoracic 
aortic locations that influence device selection and ultimately 
determine patient outcomes. 

Sizing of stent grafts 

• The degree of stent graft oversizing can vary based on the in
dication for intervention. Stent grafts are generally oversized 
by 1 0 %  to 20% based on the aortic diameter at the proximal 
and distal fixation sites for aneurysmal disease. Insufficient 
oversizing for the treatment of TAAs may predispose to in
adequate exclusion and the potential for endoleak or migra
tion. Aggressive oversizing, on the other hand, increases the 
risk for stent graft collapse, graft thrombosis, access arterial 
injury, and potential for peri- or postprocedural iatrogenic 
retrograde type A dissection. 

• Chronic type B dissections are frequently characterized by a 
thick, nonmobile dissection flap, or septum, that separates 
true and false lumens into concave or convex discs of flow 
lumen. Such dissection flaps have limited compliance; there
fore, minimal or no oversizing may be required in order to 
achieve a suitable proximal or distal seal. 

• Aortic transections frequently occur in young trauma pa
tients with normal or minimally diseased aortas. As such, 
minimal oversizing is needed to achieve an adequate seal 
and only recently did device manufacturers create devices 
meant for smaller diameter aortas. Note also that under
rescucitated patients on admission will have smaller aortic 
diameters on their CT-A. 

• Currently available stent grafts range in diameter from 22 to 
46 mm. Given the traditional 10% to 20% rule of device over
sizing, these devices are designed to safely treat aortas with 
landing zones ranging from 19 to 43 mm in diameter. 

Access vessel anatomy 

• Current thoracic aortic stent grafts require large-caliber deliv
ery systems, ranging from 1 8  to 26 Fr in outer diameter. Small, 
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Measurements t o  b e  taken dur ing the pretreatment 
assessment of isolated lesions are described below: 

A, B, C. Proximal aortic neck diameter (minimum of 1 em 
apart) 
D. Maximum lesion d iameter 
E, F, G. Distal aortic neck d iameter (min imum of 1 em apart) 
H. Right common i l iac artery d iameter 
I .  Left common iliac artery diameter 
J. Right external i l i ac/femoral artery d iameter 
K. Left external i l i ac/femoral artery d iameter 
L. Distance between the left subclavian/left common carotid 
artery and the proximal end of the lesion (min imum of 2 em) 
M. Length of the lesion measured along the greater 
curvature of the flow lumen 
N. Distance between the d istal end of the lesion and the 
cel iac axis (min imum of 2 em) 
0. Total treatment length 

Measurements to be taken during the pretreatment 
assessment of dissections are described below: 
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01. Diameter a t  proximal extent o f  proximal landing zone 
(must be i n  nondissected aorta) 

B 

02. Maximum transverse aortic diameter (combined true 
and false lumen) 
T1. Maximum true l umen diameter in  DTA 
T2. Min imum true l umen diameter in DTA 
F. Maximum false lumen d iameter in DTA 
A1. Right access vessel diameter (common il iac, external 
i l iac, femoral) 
A2. Left access vessel d iamter (common i l iac, external i l i ac, 
femoral) 
L 1. Proximal landing zone length from proximal end of 
primary entry tear to left subclavian or left common carotid 
L2. Distal neck length from distal end of primary entry tear 
to cel iac 
TTL. Total treatment length from left subclavian or left 
common carotid 

FIG 2 • Anatomic measurements to assist i n  thorac ic stent graft device siz i ng and selectio n  for  the treatment of aneu rysms (A) and 

d issect ions (B) . DTA, descending tho racic aorta. 
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tortuous, and heavily calcified iliofemoral arteries may prohibit 
sheath advancement and predispose to access site-related com
plications, including groin hematoma, dissection, or rupture. 

• Careful evaluation of access vessel anatomy on preopera
tive imaging should be performed in order to assess the cali
ber, tortuosity, thrombus burden, and extent of calcification 
of the iliofemoral arteries. Such anatomic information will 
serve as the basis for deciding laterality of femoral access as 
well as to determine the need for an iliac conduit. 

A 

• Serial dilation may be attempted for patients with small il
iofemoral vessels. Iliac atherosclerotic lesions may be pre
treated with balloon angioplasty and/or stent grafting in 
order to facilitate sheath advancement and introduction of 
the thoracic stent graft components . 

• Iliac conduits serve as a safe and reliable technique to circum
vent issues related to suboptimal access vessel anatomy. From 
either flank incision, a retroperitoneal exposure provides visu
alization of the common iliac artery or distal abdominal aorta. 
A 10- or 12-mm Dacron graft is commonly used as the conduit 
of choice. The conduit can be modified by creating a patch at 
the distal end in order to further facilitate the delivery of large
caliber sheath and enable additional degrees of torqueability 
( FIG 3) .  This modification involves creating a patch by cutting 
the Dacron graft along its long access, thereby enlarging the 
transition zone from the graft to artery. 

B 

EARLY PROCEDURAL CONSIDERATIONS 

Positioning 

• The C-a rm is typica l l y  confi g u red i n  the " head " posit ion .  
The left arm may be abducted to 75 to 90 deg rees and  c i r
cu mferentia l l y  prepped i nto the f ie ld if an embol izat ion 
or  snorkel/ch im ney proced u re involv i ng  the l eft subc la
v ian a rtery i s  a nt ic i pated .  The chest, a bdomen,  and  b i 
l atera l gro ins  shou ld  be prepped . As  freq uently o n ly one 
gro in  access i s  req u i red for the performance of a rout ine 
TEVAR, latera l ity of the operator pos i t ion may vary based 
on su rgeon preference o r  a nt ic i pated access site locat ion .  

Establishing Vascular Access 

• The i ps i l ateral femoral  a rtery is accessed either percutane
ous ly or  from an  open exposure.  Secondary access may 
be obta ined from the contra latera l femora l  a rtery or  bra
ch ia l  a rtery as needed for a 5-Fr sheath and flush catheter. 
Su rg ica l  exposure is obta i ned from a sma l l  ob l ique i nci
s ion at the level of the i ngu ina l  l i gament. The common 
femora l  a rtery i s  exposed, with proxi ma l  control obta i ned 
at the leve l of the externa l  i l iac  a rtery and d ista l control 
at the leve l of the femoral  bifu rcat ion or  prox ima l  su perfi
cial femora l and profu nda femoral  a rteries. Heavy ca lcif i
cation may req u i re preemptive endarterectomy and patch 
ang iop lasty i n  order to fac i l itate safe sheath p lacement. 

INITIAL AORTOGRAM 

• A 5-Fr 1 00-cm O m n if lush or p igta i l  catheter is i n serted 
i nto aorta and advanced to the level of the aort ic  a rch . 

FIG 3 • A. 1 0-mm Dacron condu it  b isected long itu d i n a l ly to 
create a sewing patch .  B. Dacron i l i ac  con d u it sewn to native i l i ac  
a rtery a l l ows easy mob i l ity of the condu it  at m u lt ip le  ang les of  
entry for la rge-ca l i ber  device o r  sheath.  (F rom Lee JT, Lee G K, 
Chandra V, et a l .  Compa rison of fenestrated endog rafts and  the 
snorkel/ch i m ney techn ique  [pub l i shed o n l i n e  ahead of pr int  Apri l 
27, 20 14 ] .  J Vase Surg. doi:1 0 . 1 0 1 6/j .jvs .201 4 .03 .255 . )  

• 

• 

• 

The femora l  a rtery is pu nctured us ing  a sta ndard m icro
puncture set, and if a rter ia l  access i s  obta i ned percuta ne
ous ly, a sheathogram is performed to confirm adequate 
puncture site location (m id-common femora l  a rtery) . A 
sta ndard length Bentson w i re is i n serted i nto the aorta 
through m icropu ncture sheath a n d  exchange for a 7-Fr 
sheath is  then performed us ing Se ld inger  tech n ique .  
Wi re exchange i s  then done for  a 260-cm stiff Lunder
q u i st wire .  The Lunderq u i st w i re shou ld  have a f lexi b le, 
cu rved prox ima l  end that shou ld  be adva nced under  
f luoroscopy across the aort ic  a rch to a but the aort ic  
va l ue .  The locat ion of the d ista l end of the Lunderqu ist 
w i re shou ld  be marked on the operat i ng  ta b le  and th i s  
w i re posit ion shou ld  be m a i nta ined th roug hout the 
p roced u re .  
Over  the stiff Lu nderq u ist w i re p l atform, the 7-Fr sheath 
i s  removed and ser i a l  d i lators are adva nced to g radua l l y  
e n l a rge the su bcuta neous tract and  a rter iotomy site i n  
order t o  accommodate e ither t h e  stent g raft device itse lf 
or  a l a rger  1 8- to 26-Fr i ntrod ucer sheath req u i red for 
device de l ivery. 
After p lacement of the l a rger  sheath, systemic  hepar in  
i s  a d m i n istered at a dose of 1 00 u n its/kg (goa l  activated 
c lott ing  t ime of >250 seconds) .  Concom itant tra u matic 
i nj u r ies, part icu lar ly  intracra n i a l  hemorrhage, may a lter 
the dose or  decis ion to a d m i n ister hepari n .  

T h i s  catheter m a y  b e  advanced v i a  a contra latera l 5-Fr 
sheath or  it may be i nserted i nto a n  add it iona l  ip s i l atera l 
5-Fr sheath p laced d i sta l  to the a rter iotomy for the m a i n  
body de l ivery sheath.  
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If satisfied w i t h  stent g raft s i z i n g  based on  ava i l ab le  pre
operative imag i ng,  the thoracic aort ic  stent g raft may be 
adva nced over the Lunderq u i st w i re and be positioned i n  
t h e  p roxi ma l  t o  m i d  port ion o f  t h e  thorac ic  aorta pr ior  to 
i n it i a l  aortog ra m .  
Opti ma l  a n g iograph i c  i m a g i n g  o f  t h e  aort ic  a rch i s  ob
ta ined by p lac ing the f luoroscop ic  C-a rm i n  a left a nte
rior ob l i que  or ientation, often 3 5  to 65  deg rees, and can 
be optim ized by referenc ing the preoperative CT-A. The 
locat ion of the supra-aort ic  vesse ls, part icu la r ly the left 
subc lav ian a rtery, shou ld  be noted and  ma rked on view
i n g  mon itors (FIG 4A) .  
I ntravascu la r  u ltrasound ( IVUS)  may be used an  adju nct 
i n  cases i nvo lv ing d i ssect ion to assist i n  the identif icat ion 
of true and  false l u mens, as  wel l  as to gain add it iona l  
i nformation on aort ic  d i ameter, branch vessel locat ion,  
and  morpho logy of prox ima l  a n d  d ista l l and i ng  zones .  
IVUS a l so a ids  i n  l i m it ing  i ntravenous contrast exposure 
in those patients with base l i ne  i m p a i red ren a l  funct ion .  
I f  necessa ry to g u ide d ista l extent of stent g raft p l ace
ment, the ce l i ac  a rtery i s  best imaged from a fu l l  latera l 
project ion .  Add it iona l  structu res to note a re la rge, pa
tent i ntercosta l a rteries at the level  of the aort ic  h i atus .  
Efforts should be made to avoid cover ing  these if at a l l  
poss ib le  d u r i n g  t h e  cou rse o f  t h e  repa i r. 

A B 

Device Deployment 

• 

• 

• 

• 

Precise prox ima l  posit ion i ng  of the stent g raft is fa
c i l itated by either mark ing  the location of the left sub
c lav ian a rtery on the viewing screen and/or us ing the 
road-mapp ing  feature .  The d ista l rad iopaque l ine of the 
endotrachea l  tube seen on f luoroscopy at a bout 45 de
g rees left a nter ior ob l i que  can sometimes corre late to 
the posit ion of the left common ca rot id a rtery, thereby 
servi ng as a conven ient l and mark in cases req u i r i ng  left 
subc lav ian a rtery coverage. 
I m m ed iately pr ior  to stent g raft dep loyment, system ic  
a rter ia l  b lood pressu re i s  red uced below 1 00 m m H g  to 
reduce r i sk of ca uda l  m i g ration .  
The  stent g rafts a re genera l ly dep loyed i n  a p roxima l -to
d ista l sequence.  H owever, a d i sta l -to-prox ima l  sequence 
may be p referred i n  cases i nvolvi ng prec ise dep loyment 
near  the ce l i ac  a rtery or  i n  aortas with s ign if icant d i am
eter taper  and  a l a rger  p roxi ma l  l and ing  zone  compa red 
to the d ista l l and ing  zone (where devices of d i fferent d i 
ameter may n e e d  t o  be stacked u p  on e a c h  other) .  
Dep loyed endog rafts w i l l  natu ra l ly extend toward the 
outer cu rvature of the aorta and p rec i s ion dep loyment 
i s  fac i l itated by gent ly p rovid i ng  forwa rd tract ion on the 
wi re toward the outer cu rve dur ing dep loyment.  Th is  

c 

FIG 4 • A. I n it i a l  thorac ic aortogram performed with C-a rm i n  a 
45-deg ree left a nter ior ob l i que  or ientation i n  a case i nvolvi ng  a type B 
aort ic  d issect ion .  Note how c lear ly  the or ig in  of the subc lavi a n  (arrow) 

is seen to accu rate ly decide if there is adequate p roxi ma l  neck length .  
B. Aortogram fo l l owing dep loyment of thorac ic  stent g raft with 
coverage of the ost ium of the left subc lav ian a rtery. C. Postoperative 
th ree-d imens iona l  imag ing  demonstrat ing  successfu l  exc lus ion of the 
p roxi ma l  entry d i ssect ion tea r. 

1 91 5  
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maneuver a l so fac i l itates stra i g hten i n g  out of the tra ns
verse a rch, wh ich  can be he lpfu l  in m i n i m iz i ng  the " b i rd
bea k i n g "  effect at the p roxi ma l  g raft marg in ,  where the 
device may not fu l ly  oppose to the " i n ner"  aort ic  wa l l .  
B i rd beak i ng,  when present, c a n  predispose t o  prox ima l  
type I endo leaks, endog raft co l l apse, and  potent ia l  aort ic  
occ lus ion .  

• Addit iona l  g raft components a re added, when neces- • 
sa ry, by exchang ing  the fi rst device over the Lunderq u i st 
wire .  A m i n i m u m  over lap  of 5 em between p ieces i s  
recommended to ensure adequate apposit ion and  m i n i-
m ize r i sk of j u nct iona l  (type I l l ) endo leak .  • 

Balloon Molding 

• Ba l loon mo ld i ng  is often req u i red in cases i nvolvi ng  TAAs. 
U nder f luoroscop ic  gu idance, a noncomp l iant  mo ld i ng  

COMPLETION AORTOGRAM 

• After stent g raft dep loyment, the  p igta i l  catheter is • 
withd rawn a lo n g  the  outs ide of the dep loyed devi ce(s) 
over a w i re to be low the level of the stent g raft. The 
catheter  i s  then  readva nced over a wire  with i n  the 

REMOVAL OF SHEATH AND 

ARTERIOTOMY CLOSURE 

• I n  cases i nvolvi ng  percuta neous access, the two previ
ously p l aced Perclose ProG i ide devices a re used to c lose 
the a rteriotomy site(s) (see Pa rt 6, Chapter 23 for de
ta i ls) .  If open surg ica l  exposure was obta i ned, prox ima l  

LEFT SUBCLAVIAN ARTERY 

REVASCULARIZATION 

• Endovascu l a r  p roced u res that req u i re coverage of the 
left subc lavi a n  a rtery have the potent ia l  to i ncrease the 
r i sk of sp ina l  cord i nj u ry by com p romi s i ng  b lood flow to 
the ips i l atera l vertebra l  a rtery, a n  i m portant co l l atera l 
pathway for a rter ia l  f low to the a nter ior sp i na l  a rtery. 
Subc lav ian a rtery revascu l a r izat ion therefore serves as 
a n  add it iona l  strategy to decrease the r i sk  of sp ina l  cord 
ischemia  i n  se lect patients deemed high r i sk .  

ba l loon (Coda [Cook Medica l ,  B loom ington, IN,  U SA] 
or  Tr i-Lobe [W. L .  Gore, F lagstaff, AZ, U SA]) i s  adva nced 
u p  to the p roxi m a l  edge of the stent g raft and ba l loon 
mo ld i ng  i s  performed in a p roxi ma l -to-d ista l seq uence.  
Ba l loon mo ld i ng  should be performed at the p roxi ma l  
and  d i sta l fixat ion  s ites, as  we l l  as at a reas of  stent g raft 
over lap  in those cases req u i ri n g  m u lt ip le  stent g rafts. 
Agg ressive ba l loon ing  can cause component fracture 
and  aort ic  i n ju ry, and  ca re m ust be taken dur i ng  i nf la
t ion  with consta nt v i sua l izat ion and  knowledge of the 
tens ion app l i ed to the ba l loon .  
Ba l loon mo ld ing  i s  not typica l ly req u i red i n  cases i nvo lv ing 
aort ic d i ssect ion or  transect ion,  particu la r ly i n  cases where 
no obvious endoleak is v isua l i zed.  Ba l loon mo ld ing  may 
i ncrease r isk for iatrogen ic  retrograde type A convers ion 
if performed i n  a reg ion of friab le  or  frag i l e  aorta and  i s  
genera l ly not recom mended dur ing d i ssect ion cases. 

stent g raft l u men  a n d  pos it ioned at the level of the 
aort ic  a rc h .  
Add it iona l  aortograms may be performed at th i s  t ime a s  
necessary i n  order t o  ensure adequate stent g raft posi
t ion and  patency of the supra-aort ic  and  ce l i ac  a rteries 
and to assess for the presence of endo leaks .  

and  d i sta l vasc u l a r  control i s  obta ined i n  the respective 
g ro i n .  All wi res and sheaths a re removed . The a rter iot
omy is  c losed tra nsverse ly us ing  a po lypropylene sutu re 
in e ither  a r u n n i n g  cont inuous  or i nterru pted fas h i o n .  
Anteg rade a n d  retrograde f lush i n g  maneuvers s h o u l d  
be performed pr ior  t o  com p l et ion o f  the a rter iotomy 
c losure .  

t rend towa rd i ncreased r i sk of sp ina l  cord ischem ia  when 
the left subc lav ian a rtery was covered, suggest i ng  a po
tent ia l  benefit for l eft subc lav ian a rtery revascu l a riza
t ion,  but the f i nd ing  was not statist ica l ly s ign if ica nt.4-6 

• Techn iq ues to revascu la r ize the l eft subc lav ian a rtery 
inc lude  transposit ion of the subc lav ian onto the left ca
rotid a rtery o r  left ca rotid-subc lav ian bypass g raft i ng  
w i th  subseq uent embo l i zat ion of  the left subc lav ian a r
tery proxi m a l  to the bypass g raft (FIG 5) .  These revas
cu la r izat ion proced u res may be performed as  part of a 
staged repa i r  or at the t ime of TEVAR. 

• The existi ng c l i n ica l  evidence to support the eff icacy of 
rout ine left subc lav ian a rtery revascu la r izat ion rema ins  
controvers ia l ;  there  a re advocates for rout ine  revascu
l a r izat ion, sel ective revascu la r izat ion, or  no revascu l a r
izat ion .  A meta-a na lysis of pub l ished stud ies showed a 

FIG 5 • Left su bclavia n  a rtery transposit ion is performed by 
l i gat ing  the left subc lav ian a rtery p roxi ma l  to the vertebra l  
a rtery and  movi ng  it cepha lad  i n  order to perform a n  end
to-s ide anastomosis between the left subc lav ian and  left 
common ca rot id a rter ies .  Alternative ly, a Dacron g raft can be 
used as a left ca rotid-subc lav ian bypass. 
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SPECIAL CONSIDERATIONS BASED ON 

AORTIC PATHOLOG Y 

Aortic Dissection 

• IVUS  se rves as a usefu l adj u n ct i n  d i ssect ion  cases, 
both in terms of i n it i a l  i dent if icat ion  of true and fa l se  
l u men ,  a s  we l l  as  ass i st i n g  i n  prec ise pos it io n i n g  of the  
device .  

• The pr imary goa l  of TEVAR for the treatment of d i ssec- Aortic Transection 

• 

• 

t ion is coverage of the p roxi m a l  entry tea r (FIG 6A,B) .  

Stent g raft s i z ing  is  based on the d i ameter of  the adjacent 
nond i ssected thorac ic  aorta .  M i n i m a l  or  no overs iz ing  of 
the stent g raft is  recommended .  
I n  acute type B d i ssect ions, the septum is  relat ively mo
bi le and  com p l i a nt .  Therefore, the d iameter of the sma l l  
true l u men i n  t h e  d i ssected port ion often returns  to 
norma l  d iameter fo l lowi ng successfu l  exc lus ion  of the 
prox ima l  entry tea r. 
Chron ic  d i ssect ions  have th icker, less com p l iant  septa, 
wh ich  may l i m it expa ns ion of the true l u men desp ite ad
equate entry tea r coverage.  Often, these patients have 
chron ic  fa lse l umen  aneurysma l  d i lat ion,  and  entry tea r 
and  fenestrat ion  cover ing serve s i mp ly  to decrease fa lse 
l u men pressu r izat ion and promote throm bosis .  

A 

• 

• 

• 

Trau matic aort ic  in ju r ies a re typica l ly located a long the 
inner cu rve of the p roxi ma l  descend ing  thorac ic  aorta 
(FIG 7) .  Given the p roxi m a l  locat ion ,  left subc lav ian 
a rtery coverage i s  somet imes needed.4 
I n  the absence of concom itant hemorrhage o r  b ra i n  
i n ju ry, rout ine  hepar in  i s  recommended .  
Trau m a  patients a re freq uent ly hypovo lem ic  and ,  as  a re
su lt, may have an underd i stended aorta on  p reoperative 
cross-sect iona l  imag ing .  I n it i a l  cross-sect iona l  imag ing  
can underest imate t rue  aort ic  morpho logy at the reg ion 
of the subc lav ian  by as much as  1 0 % to 2 0 % .  I n  such set
t i ngs, IVUS may ass ist in more accu rate stent g raft s i z ing  
performed i n  vivo.7 

B 

FIG 6 • A. CTA reconstruct ion demonstrat ing  comp lex thoracoa bdom i n a l  aort ic d i ssect ion with p roxim a l  entry tea r l ocated i n  
t h e  proxi m a l  descend ing  thorac ic aorta .  B. I n it i a l  aortogram docu ment ing posit ion  o f  t h e  supra-aort ic  a rter ies .  Note t h e  stent 
g raft has  been adva nced i nto approxi mate posit ion but i s  not yet dep loyed . 

1 917 
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A 

c 

FIG 7 • A. Th ree-d imens iona l  reconstructed i mages showing  the presence of tra u matic aort ic  tra nsect ion at the level of the 
l i g a mentum a rter iosum (arrow). B. Aortogram showing  foca l outpouch ing  (arrow) a long the inner cu rve of the p roxi ma l  
descend ing  thorac ic aorta, corre lat ing to the traumatic transect ion observed on p reoperative imag ing .  Note that  the stent g raft 
has been advanced i nto the proxi m a l  descend ing  thorac ic aorta but is not yet dep loyed . C. Aortogram fo l lowi ng thorac ic  stent 
g raft dep loyment with successfu l  exc lus ion  of the transect ion site. 
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PEARLS AND PITFALLS 

I n d icat ions  • TEVAR fo l l ows genera l  recommendat ions for e lective repa i r  of  descend ing  thorac ic  and  thoracoabdomi-
na l  aort ic  aneurysms and  shou ld  be offered to good a natom ic  r isk patients with aneurysms >6 em.  

• Patient se lect ion shou ld  take  i nto account the need for  reg u l a r  i nterva l c l i n ica l a n d  rad io log i c  fo l l ow-u p  
i n  order t o  mon itor f o r  stent g raft-re lated com p l icat ions  and  endo leaks .  

Preoperative workup • H i g h-qua l ity imag ing  and  a b i l ity to confi g u re th ree-d imens iona l  reconstructive softwa re a re essent i a l  
f o r  successfu l  p reoperative p l a n n i n g  and  device select ion .  

• Pre- and  per ioperative hydrat ion is  a centra l part i n  the p rotect ion f rom contrast- induced neph ropathy. 
• Patients shou ld  be strat if ied accord i n g  to base l i n e  r i sk  of sp i na l  cord ischem ia .  A prophylact ic  l u m ba r  

dra in  shou ld  b e  cons idered i n  those a t  h i g h  r isk .  

Pat ient setup  • A hybr id  endovascu l a r  su ite p rovides opt ima l  opportun ity for  accu rate imag ing  a n d  ca pa b i l ity to  
perform necessa ry open  surg ica l exposure or  repa i r  of  access-rel ated com p l i cat ions .  

• Antic i pated adju nct procedu res, i n c l ud ing  l eft subc lav ian a rtery embol izat ion or  revascu la r izat ion,  may 
req u i re prepp ing  the left neck and/or arm i nto the surg ica l f ie ld .  

Thorac ic  aneurysms • Overs iz ing  of stent g rafts by 1 0% to 20% and  ba l l oon mo ld i ng  is genera l ly recom mended i n  order to 
maxim ize proxi m a l  and  d i sta l fixat ion .  

• Proxi ma l  and  d i sta l  l and i ng  zones  shou ld  be relatively free of  stenosis,  ca lc if icat ion, a n d  thrombus  to  
maxim ize d u ra b i l ity of th i s  m i n i m a l ly i nvasive tech no logy. 

Type B d i ssect ion • Accu rate identif icat ion of true and  fa l se l umen  is  essentia l  pr ior  to dep loyment of the stent g raft. 
IV US  may be a usefu l adjunct in th i s  sett ing  to confi rm true or  false l umen  posi t ion .  

• Agg ressive overs i z ing  of stent g rafts is  not recom mended i n  patients with aort ic  d issect ion .  B a l loon 
mold ing i s  genera l ly reserved o n ly for those with type I o r  I l l  endo leak on comp let ion ang iography and 
not aga i nst the reg ion where there i s  a mobi le  septu m .  

Trau m at ic  transect ion • Rout ine  hepar in  i s  recom mended u n l ess contra i nd i cated by concom ita nt i ntracra n i a l  or  so l id  organ 
i n ju ry. 

• S i m i l a r  to d i ssect ions, agg ressive overs i z ing  and  ba l loon mo ld ing  is not routi ne ly  performed dur i ng  the 
treatment of transect ions .  

POSTOPERATIVE CARE 

• Patients are typically extubated immediately following the 
procedure unless prohibited by concomitant physiologic in
sults (e .g . ,  hemodynamic instability, trauma patient) .  

• Intensive care unit monitoring i s  required for patients who 
require a lumbar drain for 24 to 48 hours . Immediate and 
frequent neurologic assessments are critical in the early peri
operative period to assess for spinal cord ischemia. Raising 
MAP goals are an additional way to minimize risk of cord 
ischemia. 

• Durability of TEVAR is reliant on routine imaging to evalu
ate for stent graft-specific complications postoperation. 
Follow-up chest CT-A and plain x-rays are typically ob
tained at 1, 6, and 12 months and at intervals thereafter. 
Consideration should be made between balancing risks for 
cumulative lifetime iodinated contrast and radiation expo
sure versus the necessity for serial graft monitoring. In stable 
patients, chest x-rays may suffice to confirm device position, 
with CT scanning reserved for those with migration sug
gested by CT or evidence of progressive aortic enlargement 
or onset of recurrent symptoms such as chest pain. 

OUTCOMES 

• The largest published series, which has reported 1 -year 
follow-up, included 443 patients treated with TEVAR for 
a variety of indications, both emergent and elective, as 
follows: TAA (n = 249) ,  thoracic aortic dissection (n = 
1 3 1 ) , traumatic aortic injury (n = 50 ) ,  and false anasto-

motic aneurysm (n = 13 ). 8 Technical success was achieved in 
nearly 90% of patients, with an all-cause mortality among 
patients treated for aortic aneurysm and aortic dissection of 
20% and 1 0 % ,  respectively. 

• No randomized trials comparing TEVAR to open surgery 
have been published to date. However, multiple nonran
domized comparisons suggest equivalent or better outcomes 
with TEVAR. In a single-center, retrospective study of 
over 700 patients who underwent either TEVAR or open 
surgery, mortality was not significantly different at 30-day 
(5 .7% vs. 8 . 3 % ,  respectively) or 1 -year ( 1 5 . 6 %  vs. 1 5 . 9 % ,  
respectively) follow-up.9  Two smaller studies demonstrated 
a reduction in 30-day perioperative mortality with TEVAR 
compared with open surgery ( 1 . 9 %  vs. 5 .7% ) . 1 0• 1 1  

COMPLICATIONS 

• Stroke continues to be a common complication following 
TEVAR and is associated with significant in-hospital mor
tality. Recent clinical series have reported an incidence of 
stroke after TEVAR to range from 2% to 8 % . 12•13 The un
derlying mechanisms contributing to acute ischemic stroke 
after TEVAR and the temporal relationship of stroke to the 
procedure are not completely understood. However, the 
constellation of preoperative risk factors, neurologic exami
nations, and patterns of brain infarction observed in these 
patients has led most investigators to conclude that cerebral 
embolization and ischemic events are the primary mecha
nisms for perioperative stroke in TEVAR.5• 13 •14 Embolic 
events are related to instrumentation of the aortic arch in 
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patients with severe atheromatous disease, whereas ischemia 
is a result of the planned or inadvertent endovascular cover
age of supra-aortic vessels. 

• Spinal cord ischemia and subsequent acute or delayed 
paraplegia represents the most devastating complication 
of TEVAR. The pathogenesis of spinal cord injury after 
TEVAR is likely multifactorial but still poorly understood. 
The deployment of thoracic stem grafts results in rapid com
plete exclusion of varying lengths of segmental collateral 
vessels without the ability to surgically reimplant or revas
cularize the intercostal arteries .  Stent deployment and cath
eter manipulation can predispose patients to dislodgement 
of thrombotic or atheromatous debris from the aortic wall 
into segmental vessels, with subsequent distal embolization 
and occlusion of arteries supplying the spinal cord. More
over, endovascular coverage of the left subclavian artery 
may compromise spinal cord perfusion in patients with a 
dominant left vertebral artery, solitary vertebral artery, ca
rotid artery disease, or an incomplete circle of Willis. Access 
site injuries to the iliofemoral vessels may further increase 
the risk of spinal cord ischemia by compromising collateral 
flow to the anterior spinal artery through the hypogastric 
and pelvic vascular plexus. Lastly, pharmacologic measures 
aimed at decreasing arterial blood pressure to enhance accu
racy of device deployment in cases involving difficult aortic 
anatomy may lead to hypotension similar to that observed in 
open surgery. 

• Due to the large sheath sizes required for the delivery of 
thoracic stent grafts, small-diameter, tortuous, or heavily 
calcified access vessels can predispose to iliofemoral arte
rial injury. Postoperative CT-A often documents arterial dis
sections and injury that can be followed with noninvasive 
duplex and managed expectantly until patients have claudi
cation-like symptoms. 

• Endoleaks are a relatively common finding after TEVAR, 
affecting nearly 1 5 %  of patients in the early or late post
operative periods. Type I or III endoleaks typically require 
additional stent placement or balloon molding in order to 
improve proximal, distal, or junctional fixation. Most type 
II endoleaks observed on completion angiogram or early fol
low-up cross-sectional imaging will resolve spontaneously. 
Persistent type II endoleaks, especially those with aneurysm 
sac expansion or failure to adequately seal a proximal entry 
tear or transection, warrant additional intervention. Retro
grade flow from intercostal or left subclavian arteries can be 
treated using coil embolization or vascular plug placement. 
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Chapter 14 Exposure and Open Surgical 
Management at the Diaphragm 
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Peter H. U. Lee Ramin E. Beygui 

DEFINITION 

• Thoracoabdominal aneurysms and complicated descending 
aortic dissections are the two most likely reasons for requir
ing surgical exposure of the diaphragm in vascular surgery. 
The need to expose the aorta both above and below the 
diaphragm requires an extended incision spanning the left 
thorax to the abdomen, the length and exact location of 
which depends on the location of the targeted aortic pathol
ogy. Often, the diaphragm must be divided, necessitating an 
awareness of the regional anatomy as well as various surgi
cal management considerations . 

DIFFERENTIAL DIAGNOSIS 

• Thoracoabdominal aneurysm: The Crawford classifica
tion categorizes thoracoabdominal aneurysms accord
ing to the extent of the aneurysm and is the most widely 
used1 ( F IG 1 ) .  The classification is as follows : type I,  from 
the left subclavian artery to j ust above the renal arteries ;  
type II, from the left subclavian artery to the infrarenal 
aorta; type III, from the mid-descending thoracic aorta 
to below the renal arteries; type IV, from the diaphrag
matic aorta to the iliac bifurcation; and type V (modified 
classification by Safi et aJ .2 ) :  from the mid-descending 
thoracic aorta. 

• Descending (type B)  aortic dissection: Two classifications 
systems are commonly used to describe the extent of aortic 
dissections ( FIG 2 ) .  Stanford type A dissections involve the 
ascending aorta with or without involving the descending 
aorta, whereas type B dissections only involve the descend
ing aorta beyond the left subclavian artery. The DeBakey 
classification includes type I, which involves both the 
ascending and descending aortas; type II, which involves 
only the ascending aorta; and type III, which involves only 
the descending aorta. 

I I  Ill 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Most patients who are referred for surgery for a thoracoab
dominal aneurysm present with no symptoms. However, when 
they do have signs and/or symptoms, they may present with 
pain in the chest, abdomen, or lower back; a mass in the abdo
men, which may be pulsatile, or rigid abdomen; and evidence of 
atheroembolism distally. The aforementioned symptoms, with 
signs of hypovolemic shock, may indicate a ruptured aneurysm. 

• Uncomplicated descending aortic dissections are generally 
managed medically. However, if the dissection is compli
cated, such as when it is associated with significant symp
toms or leads to visceral or distal malperfusion, rapid 
surgical intervention is warranted. 

• A more complete discussion regarding indications for interven
tion in aortic dissections and thoracoabdominal aortic aneu
rysm can be found in a number of relevant reference textbooks. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Imaging is used to determine the proximal and distal extent 
of repair required. It impacts the type of exposure required 
( i .e . ,  thoracotomy vs. laparotomy vs. thoracoabdominal 
incision) as well as the level of incision. 

• If the exposure is for the repair of thoracoabdominal aortic 
pathology, all patients require adequate preoperative imag
ing, ideally consisting of a computed tomography aortography 
(CTA) with or without 3-D reconstruction. Magnetic resonance 
aortography (MRA) may also provide the necessary informa
tion, but this generally requires more time, is more expensive, 
and requires more extensive postprocessing. However, MRA 
is the study of choice when CTA is contraindicated or unsafe, 
such as in patients with a contrast allergy or renal insufficiency. 
Catheter-based invasive aortography has generally been sup
planted by CTA and MRA as the primary preoperative imaging 

IV v 

FIG 1 • Mod ified Crawford c lass if icat ion .  
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DeBakey I I  Ill 

Stanford A B 

FIG 2 • Stanford/DeBa key c l assificat ion .  

modality of  choice, as i t  i s  more cumbersome and does not pro
vide a complete assessment of the aneurysm, including throm
bus volume and adjacent anatomic structures. 

• If the surgery is elective, as in the case of an incidentally 
found aneurysm, extensive preoperative evaluations are nec
essary to minimize postoperative morbidity and mortality. 

• Thorough evaluations of the cardiac, pulmonary, and renal sys
tems are necessary, especially because these systems are most 
commonly affected when there are complications. Depending 
on the risk factors and prior history, further testing may be re
quired and patients should be referred to appropriate specialists 
for proper evaluation. A good neurologic evaluation is also war
ranted, particularly if the patient has a prior history or symp
toms suggestive of a lower extremity weakness or spinal injury. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Determine the possible need for adjuncts such as cardiopul
monary bypass and neurophysiologic monitoring. In some 
instances, pulmonary artery catheters may be warranted for 
monitoring cardiovascular hemodynamics. 

PLANNING THE INCISION 

• T h i s  c h a pter  d e a l s  with  d i sta l thorac i c  a o rt i c  patho l 
ogy req u i r i n g  exposure  of the  d i a p h ra g m  w h e re a s im
p l e  t h o racotomy i nc i s i o n  wou l d  n ot be a d e q u ate .  Such  
m o re l i m ited patho log ie s  a re desc r i bed  e l sewhere .  

• Assess the need for spinal cord protection, including the use 
of lumbar drainage of cerebrospinal fluid ( CSF),  distal aortic 
perfusion, epidural cooling, and distal aortic perfusion. 

• Given the expected amount of blood loss, a Cell Saver and 
rapid infuser should be available. 

• Double lumen endotracheal tube should be used for single
lung ventilation of the right lung. Bronchial blockers are not 
reliable adjuncts for this purpose. 

Positioning 

• Initially, place the patient supine on a deflated beanbag (FIG 3) .  

Roll the left chest upward and toward the right and place a 
shoulder roll under the right axilla and a bump under the left 
scapula while also gently pulling and securing the right arm over 
to the right side. Ideally, the upper back should be rotated about 
60 degrees to the table with the pelvis remaining flat, such that 
the trunk is twisted to the right. Position the patient with the 
break located halfway between the left costal margin and the left 
iliac crest. Jackknife the table and then inflate the beanbag. Be 
sure to support and secure the arms ( "airplane" splint for the left 
arm) and pad all pressure points on the body and extremities. 

• Prep the left chest with the following boundaries: the axilla 
superiorly, the spine posteriorly, and the sternum and abdo
men beyond the right of midline anteriorly. Keep the groins 
in the field for surgical access to the femoral vessels for pos
sible cannulation if necessary. 

FIG 3 • Posit ion i ng .  

• The p roxi ma l  extent of the patho logy and  the a nt ic i 
pated locat ion of the p roxi m a l  c lamp determ i n e  the level 
of the thorac ic  port ion of the inc i s ion .  
• If the p roxima l  c l amp is to be p laced between the 

aort ic a rch and  just beyond the left subc lavian a rtery, 
the chest is entered through the 4th or 5th i ntercos
tal spaces (e .g . ,  Crawford types I l l  and V aneurysms) . 
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• If the p rox ima l  c l amp is to be p l aced just above or at 
the d i aph ragm,  the 8th or 9th i nterspace shou ld  be 
entered (e .g . ,  Crawford type IV aneurysms). 

• Cons ider the possi b le  use of para l le l  or "doub le"  thora
cotomy i nc is ions if exposure of both the proxi m a l  a n d  
d ista l extent o f  the thorac ic aorta i s  needed.  I n  th i s  case, 
the sk in  inc i s ion i s  p laced between the l evels of the two 
i nterspaces a nt ic i pated to be entered . 

• The length and  locat ion of abdom i n a l  inc i s ion is deter
m ined by d i sta l extent of the aort ic  pathology. 
• A mod ified thoracoa bdom i n a l  inc i s ion that does not 

extend to m i d l i n e  is adequate if l i m ited exposu re of 
the abdom i n a l  aorta to the level of the ce l iac a rtery 
is req u i red .  

• Extend the inc i s ion to the m i d l i n e  for exposure of 
the v iscera l aorta .  

• The inc i s ion  shou ld  be extended down the abdomi 
na l  m id l i ne  for  more extensive exposu re of the i n 
fra rena l  a bdom i n a l  aorta (types I I ,  I l l ,  a n d  IV) to the  
aort ic  b ifu rcat ion or  com mon i l i ac  a rteries (FIG 4). 

External 
obl ique 
muscle 

Internal 
obl ique 
muscle 

Serratus 
anterior 
muscle 

Costal 
margin 

FIG 4 • Thoracoabdomina l  i nc i s ion .  

THE INITIAL INCISION AND EXPOSURE • Sp l it the externa l  abdom i n a l  ob l i que  m uscle i n  the d i rec
t ion of its fi bers. 

• 

• 

• 

M a rk where the i n ci s ion is to be made i nc l ud ing  f i nd ing  
the appropr iate i nterspace and  the extent of  the abdom
ina l  inc i s ion as  descr ibed ear l ie r. 
Sta rt with the thorac ic  inc i s ion over the appropr iate 
i nterspace and then extend it across the costa l marg i n .  
Depend ing  on t h e  deg ree o f  t h e  abdom i n a l  exposu re re
q u i red, extend this inc i s ion ob l i que ly  to the m i d l i n e  of 
the abdomen .  The m i d l i n e  inc i s ion can then be extended 
to the l evel of the symphysis pub is, if necessa ry. 
The abdom i n a l  inc i s ion is carr ied through the subcutane
ous t issues, the externa l  abdom i n a l  ob l i que  aponeurosis, 
and the a nter ior rectus sheath.  

ABDOMINAL EXPOSURE 

• Deve lop the abdom i n a l  port ion of the inc i s ion before 

• 

• 
• 

• 

entry i nto the left p leura l  cavity • 
• The aorta may be exposed by an extra per itonea l  or trans

peritonea l  a pproach .  
• Extra peritonea l :  Th i s  approach is idea l  for repa i r i ng  

thoracoa bdom i n a l  aneurysms, espec ia l ly those i n - • 
volvi ng  the upper  abdom i n a l  aorta (FIG S) .  

Deve lop  the p lane  between the tra nsversa l i s  
fasc ia  and  the par ieta l  peritoneu m .  

D iv ide t h e  under ly i ng  i nterna l  o b l i q u e  and  transversus 
abdom i n u s  musc les between the costa l  marg in  and lat
era l  edge of the rectus sheath.  
D iv ide left rectus m uscle . 
The thorac ic  inc i s ion shou ld  provide adequate exposu re 
poster ior ly and shou ld  be extended to the erector sp inae 
fasc ia .  
Expose the i ntercosta l musc les by i nc i s ing through the 
su bcutaneous t i ssues a n d  the externa l  ob l i que  fasc ia .  

Sepa rate the per itoneum from the l atera l a n d  
poster ior  abdom i n a l  wa l l s  as we l l  as from t h e  
d ia p h ragm super ior ly. 

Tra nsper itonea l :  Th i s  a pproach provides better expo
s u re for v iscera l  a rtery revascu l a r izat ion when req u i red, 
espec i a l l y  when bypass i s  req u i red to the  r ight rena l  
a rte ry. 
Add it iona l  deta i l s  of these approaches can be found e lse
where and a re beyond the scope of th i s  cha pter. 

1 923 
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THORACIC EXPOSURE 

• Deve lop a p lane  su perfi c ia l  to the r ibs and  i ntercosta l 
m uscles .  

• Ho ld  venti lat ion to the left l u n g  a n d  a l low it to co l l a pse. 
• E nter the left chest by open i n g  the i ntercosta l  space 

a long  the super ior  edge of the lower r ib, mak ing  sure 
not to i n ju re the l ungs .  

• To maxi m i ze the exposu re, it may be necessa ry to per
form a subper iostea l  resect ion of the r ib  a bove o r  
below the i nterspace entered, depend i n g  on  the target 
locat ion .  

EXPOSURE AND DIVISION OF THE 

DIAPHRAGM 

• Release any ad hes ions that may be p resent, mob i l ize the 
lung by d iv id ing the i nfer ior  pu lmonary l i gament, and 
retract the lung cepha lad  to expose the d iaphragm.  

• Next, jo i n  the left thorac ic  cavity and  the retroper ito
neum or  abdomen by d iv id i n g  the d i a p h ra g m .  

• The d iaphragm can be incised partia l ly or completely (FIG 6) .  

• Part ia l  i nc i s ion :  I nc ise the m uscu l a r  portion of the d i 
aphragm and  preserve the centra l tend i nous port ion .  
Th i s  approach m i n i m izes respi ratory com p l icat ions .  

• Com p l ete d iv i s ion :  Th i s  approach p rovides the best 
exposu re of the aorta .  Th i s  extends the inc i s ion from 
the d iv ided costa l marg in  to the aort ic  h iatus.  D iv i 
s ion ca n be acco m p l ished e ither rad i a l l y  or  c i rcu mfer
ent ia l ly. Be su re to leave approxi mately 2 to 3 em of 
d ia p h ragm from the i ntern a l  costa l marg i n  to a id  i n  
t h e  l ater c losure o f  d ia p h ra g m .  T h e  c i rcu mferent ia l  
approach a lso theoretica l l y  m i n i m izes d i s rupt ion of 
the p h ren i c  nerve a n d  i s  genera l ly p referred . 

• 

• 

• 
• 

FIG S • Abdom i n a l  aort ic  exposu re v ia extra peritonea l  
approach .  

Add it iona l  exposure can be obta i n ed from " n otch i n g "  
a n  adjacent r i b .  T h i s  i s  acco m p l i shed b y  exc i s i ng  a 2-cm 
seg ment of the rib poster ior ly  
If two i nterspaces a re be ing entered, deve lop a n  ad
equate p lane a nter ior  to the r ibs .  The sk in  and  over ly ing 
m uscles ca n be retracted to accommodate both thorac ic 
i nterspace exposures. 
Use a self-reta i n i n g  retractor to m a i nta i n  exposu re . 
Be awa re that there ca n be extensive adhes ions with i n  
t h e  p leura that m a y  pred ispose t o  l u n g  i n ju ry. Usua l ly, 
these ad hes ions can be mob i l ized b l u nt ly if t h i n  but may 
need bovie cautery o r  scissors if  more su bstantia l .  

F I G  6 • Div is ion o f  t h e  d i a p h ra g m .  
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CLOSURE 

• 

• 

After comp let ion of the core surg ica l proced u re, c lose 
the d i a p h ra g m .  
Ta ke patient o u t  o f  fl exed posit ion and  c lose the d ia
phragm with heavy ru n n i n g  suture .  

PEARLS AND PITFALLS 

• 
• 

• 

P lace chest tu bes . 
Reapproxi mate the i nterspace with m u lt ip le  s imp le  or  
f ig u re-of-e ight heavy (no.  1 )  nona bsorba b le  suture.  
C lose the inc is ion i n  l ayers, i n c l ud ing  the m uscle with 
ru n n i n g  Vicryl as we l l  as the deep dermal layer. C lose the 
skin with su bcuticu l a r  sutu res o r  sta p les .  

I n d icat ions  • Preoperative CTA or M RA is mandatory to determ ine  the su ita b i l ity of the aort ic  pathology for 
surg ica l  repa i r. 

P lacement of inc i s ion • The p l acement of the i n ci s ion shou ld  be ca refu l ly cons idered preoperatively based on imag ing  
and  the extent of  the pathology. A s i ng le  thoractomy i n c i s i on  can be  p l aced even if two i ntercos
tal spaces need to be entered . To m i n i m ize morb id ity, beg i n  with a sma l l e r  inc i s ion because it can 
a lways be extended when necessa ry. 

I nj u ry to phren ic  • A c i rcumferenti a l  d iv is ion of the d i a p h ragm can provide the best exposure wh i l e  a l so m i n i m iz i ng  
the r i sk  of  i n ju ry to the p h ren i c  nerve. 

C losure • When carryi ng out a c i rcu mfrent ia l  d iv is ion of the d i aph ragm,  leave 2 to 3 em of d i a phragm 
from the i ntern a l  costa l marg i n  for the repa i r  of the d i aph ragm when c los i ng .  

POSTOPERATIVE CARE COMPLICATIONS 

• Monitor in the surgical intensive care unit as necessary for 
the extent of the aortic reconstruction required. 

• Remove chest tubes when drainage is adequately low. 
• Continuous spinal cord protection and neurologic monitor

ing immediately postoperatively; continue CSF drainage for 
-3 days. 

• Follow-up imaging with CTA to establish a baseline 
• Standard postoperative incision and wound care 

OUTCOMES 

• It is proposed that pulmonary dysfunction associated with 
thoracoabdominal aortic surgery is to a large part associated 
with diaphragmatic dysfunction. Stickley and Giglia3 recom
mend a new technique using a gastrointestinal stapler to di
vide the diaphragm. This technique is proposed to be "rapid, 
hemostatic, and aids with reapproximation at the completion 
of the case" and that "this method of diaphragm division is 
quicker and less traumatic and has the potential to decrease 
the incidence of postoperative pulmonary dysfunction. " 

• Huynh et al.4 conclude that renal failure, spinal cord deficit, 
and pulmonary complication were the major determinants 
of length of stay (LOS) in patients for thoracoabdominal 
aortic aneurysm (TAAA) repair. Their study has shown that 
the preservation of diaphragmatic function and the use of 
the adjunct distal aortic perfusion and CSF drainage may 
reduce hospital LOS. 

• Bleeding; take back 
• Phrenic nerve palsy or paralysis 
• Diaphragmatic hernia 
• Pulmonary complications, respiratory failure 
• Wound complications 
• Paralysis; spinal cord ischemic injury, associated with thora

coabdominal aortic surgery 
• Stroke/transient ischemic attack (TIA),  associated with tho

racoabdominal aortic surgery 
• Multiorgan failure, associated with thoracoabdominal aor

tic surgery 
• Death, associated with thoracoabdominal aortic surgery 
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IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

General Considerations 

• Retroperitoneal aortic exposure may be desirable for a 
variety of vascular conditions, including abdominal aortic 
aneurysms, aortoiliac occlusive disease, and mesenteric or 
left renal artery occlusive disease. 

• Retroperitoneal exposure may be preferred for patients with 
a hostile abdomen from previous intraabdominal infection, 
surgery, or radiation. 

• Compared with transabdominal aortic exposure, retroperi
toneal exposure may be associated with shorter postopera
tive ileus, decreased pulmonary complications, decreased 
pain, and lower incidence of late complications including 
small bowel obstruction or aortoenteric fistulae. 1 

• Retroperitoneal aortic exposure can be converted, when 
necessary, to thoracoabdominal exposure with excellent 
visualization of the superior mesenteric artery (SMA),  left 
renal artery, celiac axis, and descending thoracic aorta.2 

• Examination of intraabdominal contents is possible through 
a retroperitoneal approach by simply opening a peritoneal 
window as necessary. 

Preoperative Imaging 

• Prior to aortic reconstruction, detailed anatomic imaging 
derived from modern, multirow detector computed tomo
graphic arteriography (CTA) will greatly facilitate surgical 
planning. Image acquisition should extend from the normal 
proximal aorta to the common femoral artery bifurcations 
bilaterally. Runoff imaging may also aid decision making 
depending on clinical circumstances. 

• Data derived from submillimeter imaging slices may be read
ily reformatted into multiplanar and 3-D reconstructions, 
with excellent resolution of the peripheral mesenteric and 
renal vasculature. 

• Noncontrast images should also be obtained to help assess 
the degree of mural calcification present in diseased proxi
mal aorta. Recognition of extensive mural calcification may 
modify the location chosen for clamp placement, or prohibit 
safe clamping entirely in diseased segments. 

• CTA may require larger contrast dose than that required for 
catheter-based contrast aortography. Contrast volumes re
quired for CTA may be reduced significantly by modifying 
the field of view or imaging parameters required for the pro
cedure. Consultation with the responsible radiologist will 
ensure optimal imaging of the necessary arterial anatomy 
with minimal contrast and radiation exposure. 

• Contrast-based aortography, either CT or catheter-based, may 
be contraindicated for patients with reduced creatinine clear
ance or an anaphylactic reaction to contrast. Milder allergic 
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responses (hives, rash) may be successfully tempered by pre
medication with steroids and antihistamines, depending on the 
relative indication for contrast administration and the patient's 
overall medical condition. Adverse effects of intravenous or 
intraarterial contrast administration on creatinine clearance 
may be partially ameliorated by preprocedural oral or in
travenous hydration and administration of N-acetylcysteine 
(Mucomyst) .  Although sometimes considered a reasonable 
alternative under these circumstances, gadolinium-based con
trast administration for magnetic resonance arteriographic in
dications is also contraindicated in patients with a creatinine 
clearance less than 60 mL per minute. When contrast admin
istration is absolutely out of the question, CT images acquired 
without contrast may provide adequate anatomic imaging to 
proceed with surgery, with the caveat that anomalies such as 
a retroaortic left renal vein may be present and unrecognized 
until exposed at surgery. 

SURGICAL MANAGEMENT 

Instrumentation 

• In addition to standard vascular instrumentation, additional 
equipment may aid in exposure of the aorta and its visceral 
branches from the retroperitoneal approach: 

Beanbag and airplane for positioning 
A fully articulated operative table, capable of flex and 
reflex at the level of the umbilicus 
Self-retaining, table-mounted retractor (e .g . ,  Bookwalter, 
Omni, or other) 
Finochietto chest retractor 
Nos. 3, 4, and 5 Fogarty occlusion balloons 
Cold renal perfusion 
Arterial cannulas for renal perfusion 

Positioning 

• The patient is placed supine on a beanbag and all lines and 
tubes are placed. For exposure of the infrarenal aorta and 
iliac arteries, the left shoulder is lifted and protected with the 
beanbag and padding. The left arm can be abducted or ro
tated to the patient's right with a padded airplane retractor 
for support. The table break and the kidney bar are used to 
open up the retroperitoneal space between the 12th rib and 
the iliac crest as the incision is developed. For this reason, 
it is essential that the patient be positioned with the umbi
licus on the table break. An oblique incision is made from 
below the umbilicus to the tip of the 1 1th rib. With this loca
tion, the incision can be extended into the 1 Oth intercostal 
space and the chest entered if additional proximal exposure 
is required ( FIG 1 ) .  When additional iliac artery or pelvic ex
posure is anticipated, the incision should be initiated distal 
to the umbilicus. Either way, in patients with considerable 

-
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I 
I 
I 

I 

, ,  

The inc i s ion  i s  carr ied through the externa l  ob l iq ue, 
i ntern a l  ob l i q ue, and tra nsversus abdomin i s  m uscles .  The 
retroper itonea l  space i s  then entered latera l ly near the 
tip of the 1 1 th rib by identifyi ng the cha racteristic yel
l ow preperitonea l  fat .  The retroper itonea l  space i s  then 
deve loped from l atera l to med i a l  us ing a sponge st ick 
or  hands  for b lunt d issect ion .  Anter ior ly, the peritoneum 
tends  to be more  ad herent at the level of  the rectus 
sheath; ca re shou ld  be taken to avo id  enteri ng the per i 
tonea l cavity i n  th i s  a rea .  The psoas fasc ia i s  encountered 
as the d issect ion i s  deve loped poster ior ly  in the cou rse of • 
th i s  d i ssect ion,  wh ich  leads d i rectly to the left i l iac  vesse l s  
and  u reter. D i ssect ion is  conti nued p roxi m a l ly a nter ior to 
the u reter; the u reter i s  e ither left in situ to l i m it i n ju ry 
or gent ly retracted med i a l ly with s i l astic s l i ngs  as the ret
roperitonea l  space is  deve loped.  
Super ior ly, the k id ney i s  ident if ied as the d issect ion i s  
cont in ued a nter ior to Gerota's fascia-a potent ia l  space 
exists between descend ing  co lon  and Gerota's fascia in 
the retroperitoneum,  which is  p rog ress ive ly deve loped in 
a cepha lad  d i rect ion from the psoas m uscle, adjacent to 
the aorta .  Once the ren a l  ve i n  i s  v isu a l i zed i n  this space, 
the super ior  marg in  of the d issect ion i s  comp lete.  If 
su prarena l  aort ic  control and  exposu re i s  req u i red, th i s  
same d i ssect ion p l ane  shou ld  be deve loped poster ior  to 
the k idney, e levat ing  the k id ney and  u reters a long  with 
the peritonea l  contents and retract ing  al l  to the r ight to 
expose the subd i a p h rag matic viscera l  aorta.  
Se lf-reta i n i ng retractor systems a re best dep loyed ei
ther  afte r the psoas m usc le i s  ident if ied o r  fo l l owi n g  
exposure o f  the ren a l  ve i n  o r  e levat ion  of the l eft k id-

abdominal girth and redundant pannus, landmarks should 
be confirmed to ensure that the incision is not placed too far 
distally on the abdomen, as juxtarenal aortic control can be 
extremely difficult when the incision is placed too far distally 
on the abdomen. 

• For thoracoabdominal exposure, the patient is placed in the 
right lateral decubitus position using a beanbag and axillary 
role for support. The left arm is protected with adequate 
padding and an airplane-type retractor. It is important to 
secure the left arm such that the scapula rolls anteriorly, 
providing exposure of the posterior lateral chest. The inci
sion will be made overlying the 8th intercostal space and 
extended toward the umbilicus. 

FIG 1 • Patient posit ion fo r thoracoabdom ina l  exposure with 
inc i s ion i n  the 8th i ntercosta l space (dotted l i ne) .  Posit ion i ng  is  
supported with a beanbag and r ight  axi l l a ry ro l l .  

ney. Dep loyi n g  t h e  retractor system ear l i e r  w i l l  i nterfere 
with the d i ssect ion  necessa ry to access the a p p ropr i ate 
retroco l i c  space.  Fo l lowing  p lacement of the i n it i a l  pad
ded retractor b lade a long the med i a l  m a rg i n  of the 
wound,  c i rcu mferent ia l  retract ion  i s  secu red by p l ace
ment of add i t iona l  b l ades, typica l ly opposite each other  
to p revent u n d u e  tens ion  on  the  retract ion  system, with 
seq uent i a l  rep lacement with deeper b lades  and add i 
t iona l  retract ion  unt i l  the ent i re per iaort ic  retroperito
neum i s  exposed . 
The aorta and  i l i ac  a rteries a re then d i ssected free of 
su rrou n d i n g  t issue.  C i rcu mferent ia l  aort ic  control is a n  
essent i a l  safety e lement o f  a l l  aort ic  procedures, a n d  care 
shou ld  be taken to gent ly and patiently create a space 
between the i nfer ior  vena  cava ( IVC), aorta, and verte
bra l  bodies poster ior ly to pass an u m b i l ica l  tape around 
the aorta with a r ig ht-a ng le  c lamp.  C i rcu mferent ia l  con
trol  of the common i l iac  a rteries, on the other  hand,  is  
not necessary i n  a l l  c i rcumstances.  Suffic ient med i a l  a n d  
l atera l d issect ion to a l low f o r  p lacement o f  a Wyl i e  hy
pogastr ic  c l amp  around the common i l iac  a rtery w i l l  usu
a l ly suffice. Avo idance of attem pts at c i rcu mferent ia l  i l i ac  
contro l  wi l l  reduce the r i sk of r ight  i l i ac  ve i n  i n ju ry. When 
c i rcumferenti a l  contro l  i s  req u i red, pat ience i s  neces
sa ry to g radua l l y  sepa rate the r ight  common i l i ac  a rtery 
from the d i sta l IVC and  left common i l iac  ve i n .  When a 
venous i n ju ry is encou ntered du r i ng  th i s  maneuver, d iv i
s ion  of the common i l i ac  a rtery may be necessary to g a i n  
adequate exposu re f o r  contro l .  Alternative ly, a n  occ lu 
s ion  ba l l oon may be i ntrod uced from the r ight common 
femora l  or  externa l  i l i ac  ve in s  wi l l  tamponade the venous 
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b leed i n g  unt i l  suff ic ient exposu re is g a i ned to repa i r  
t h e  wou n d .  F i n a l ly, a covered se lf-expa nd ing  endog raft 
may a lso be dep loyed over a w i re to g a i n  contro l .  Aga i n, 
readj ustment of the retractor system with each consecu
tive stage of exposure w i l l  opt im ize operative effic iency. 
Freq uently, to opti m ize d ista l exposu re, the p roxim a l  re
tractor b lades need to be tempora r i ly  relaxed and  v ice 
versa. 

• Th i s  exposu re provides adequate exposu re to the i nfrare
nal aorta (and i nfer ior  mesenteric a rtery if re imp l a ntat ion 
i s  a nt ic i pated), r ight a n d  left common and  left externa l  
i l i ac  a rter ies .  The r i ght externa l  i l iac  a rtery i s  not wel l  
v isua l i zed from t h i s  approach, a l though tu n n e l i n g  t o  the 
r ight femora l  a rtery i s  read i l y  ach ieved for aortofemora l  
bypass g raft ing  when necessa ry. Ca re shou ld  be taken 
to deve lop the tunne l  i m med iately a nter ior to the i l i ac  
a rteries to avo id  i nj u ry to the r ight  u reter o r  trapp ing  the 
u reter between the g raft l imb and  adjacent a rtery. When 
r ight externa l  i l i ac  a rtery exposure i s  req u i red d u ri ng  a 
left retroperitonea l  exposu re, a cou nteri nc i s ion may a lso 
be p laced in the r ight  lower quad ra nt, a lthough patient 
posit ion i ng  and retractor system p lacement may l i m it the 
potenti a l  use of th i s  maneuver. 

• For proced u res req u i r i n g  more proxi ma l ,  v iscera l aort ic  
exposu re, the lat iss imus  dors i  i s  identif ied and  d i ssected 
from su rrou n d i n g  superfic i a l  and deep t i ssues and re
tracted l atera l ly. The 8th i ntercosta l space i s  opened pos
ter ior ly to the parasp i n a l  m uscles and a nter ior ly to the 
costa l marg in ,  wh ich is  d iv ided.  As the retroper itoneal  
space i s  deve loped, the peritoneum is b l u nt ly sepa rated 
from the i nfer ior  su rface of the d iaphragm.  The d ia
phragm is  d iv ided i n  a c i rcumferenti a l  manner  1 to 2 em 
from its attachments to the chest wa l l  to avo id  i n ju ry to 
the phren ic  nerve (FIG 2) .  The med ian  a rcuate l i ga ment 
i s  identif ied and  d iv ided.  Prox ima l  aort ic  control  can now 
be obta ined under  d i rect v is ion,  aga i n  fo l l owing strate
g i c  p lacement of self-reta i n i n g  retractor b lades, tak ing 
ca re to identify and  avo id  i n ju ry to the esophag us. 

FIG 2 • The d ia p h ragm is i n cised c i rcu mferenti a l ly (dotted 
l i ne) to p rotect the p h ren i c  nerve a n d  thereby preserve 
d i a p h rag matic funct ion .  A one-to two cent imeter cuff of 
d ia p h ragm is  left attached to the chest was to a ide  in c losure .  

• D i ssect ion  of the  p l a n e  poste r io r  the  G e rota's fasc ia 
a l l ows for expos u re of the  l eft renal  a rte ry, which i s  
a n  i m portant  l andmark  i n  fu rther  d i ssect ion  of the vis
cera l ao rta .  O n ce the  or ig i n  of the  l eft renal  a rtery i s  
i dent if ied a n d  the med ian  a rcuate l i g a ment  has  been 
d iv ided,  the  v i scera l ao rta a n d  or ig ins  of the  ce l i a c  ax i s  
a n d  SMA ca n be i so l ated with sha rp  d i ssect i o n .  With  
the  l eft k i d n ey rotated a nter ior ly, the  SMA can be 
exposed over a d i stance of a p p rox imate ly  5 em (FIG 3) .  

F IG  3 • Exposu re of  the viscera l aorta 
with the left k idney l i fted to expose the 
left rena l  a rtery and  the ent i re poster ior-
latera l aorta .  Note that the l eft ren a l  ve i n  
ro l l s off t h e  aorta .  
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Addit i o n a l  exposu re can  be obta ined  by rotat i n g  the  
k idney poster io r  to expose the  SMA as  it  cou rses beh i n d  
the pancreas (FIG 4) .  

• Fol lowing vascu l a r  repa i r, the retroperitonea l  space 
shou ld  be i n spected for hemostas is .  The u reter shou ld  be 
i n spected, and any suspected in ju ry o r  leak ca n be inves
t igated with i ntravenous methylene b lue .  If needed, the 
peritoneum can be opened for i nspect ion of abdom i n a l  
contents. 

• Remov ing  the ta b le  break or lower ing  the k idney bar  
if used wi l l  a i d  i n  approxi mat ing t i ssue l ayers without 
tens ion .  

• If d iv ided, the d i aph ragm can be rea pproximated with 
a cont inuous  ru n n i n g  a bsorbab le  suture.  The suture can 
be secu red at the a nter ior costa l marg in  and w i l l  he lp  
approxi mate these structu res as  we l l .  

• If the thorax was entered, a l a rge-bore chest tube i s  
p l aced dependent ly and  secured with  U stitches. 

• A l a rge B la ke or Jackson-Pratt d ra in  can be p laced in the 
retroperitonea l  space to avo id ear ly  postoperative f l u id  
co l l ect ions .  

• The m uscu l a r  l ayers a re c losed with cont inuous  a bsorb
able sutu res and the subcuta neous t issue and skin c losed 
with standard techn iq ues.  

FIG 4 • Exposu re of the viscera l aorta with the left k idney 
left in situ. Th i s  a pproach a l l ows for add it iona l  exposu re of 
the p roxi m a l  super ior  mesenter ic  a rtery. 

PEARLS AND PITFALLS 

• Choosi ng the most appropr iate proced u re for any g iven patient with mesenteric or ren a l  a rtery occ lus ive d i sease is dependent on 
a m u lt itude of factors, espec ia l ly with the widespread ava i l a b i l ity of percutaneous i ntervent ions .  Open surg ica l  p roced ures con
t i nue  to rema i n  a n  exce l lent a lternative for  patients with m u lt ivessel d i sease, with coexist i ng  aorto i l i ac  occ lu s ive or  aneurysma l  
d i sease, a n d  with d isease too extensive t o  b e  adeq uately treated with wi re-based techn iq ues.  When select i ng  from t h e  va r iety of 
open proced u res, patient comorbid ity, body hab itus and  its i m pact on adequate exposu re, q u a l ity of the i nflow and  outflow ves
se ls, and  a b i l ity to safely c l amp vesse ls  shou ld  a l l  be taken i nto cons iderat ion .  Havi ng  a work ing  knowledge of a l l  a lternatives is 
i m porta nt, as occas iona l ly, i ntraoperative fi n d i ngs d i ctate a deviat ion from the preoperative p l an .  

• I ntraoperative management i s  s i m i l a r  to that  fo r  other abdom i n a l  vascu l a r  proced u res. When the d issect ion i s  comp lete, patients 
a re g iven hepar in  at a dose of 1 00 u n its/kg pr ior  to c l amp ing  vesse ls, ach ievi ng a ta rget activated c lott ing  t ime (ACT) of 200 to 
250 seconds .  For cases where rena l  perfus ion is  i nterrupted, 0 .25  to 0.5 g/kg of m a n n itol  is  g iven pr ior  to cross-c l amp ing .  As soon 
as poss ib le, the k idney i s  perfused with 300 to 400 m l  of sa l i n e  cooled to 4"C. Th i s  may be done at the rena l  a rtery ost i u m  i m me
d iately after a renal enda rterectomy, o r  d i rectly i nto the rena l  a rtery at the level of the d i sta l  a nastomosis .  Renal a rtery can n u l as, 
wh ich  come in a var iety of s izes, a re used for perfus ion .  Us ing  a s ize that most c losely matches the d i a meter of the rena l  vessel 
assu res that the perfusate w i l l  go  i nto the k idney and not s p i l l  onto the operative f ie ld .  

• When revascu la r izat ion i s  comp lete, hepar in  i s  reversed with  p rota m i n e  wh i l e  check ing for hemostas is .  The patency of revascu
l a r izat ion may be checked with i ntraoperative d u p lex i m a g i n g .  Confi rmat ion of a n  adequate endpo int i s  especia l ly i m portant 
when endarterectomy has  been performed, as i n t ima l  f l aps may p resent as  a de layed vessel  occ lus ion  and  end-organ loss. 

POSTOPERATIVE CARE 

• In addition to the standard postoperative strategies for 
patients undergoing aortic surgery, including serial hema
tocrit and hemoglobin, electrolytes, creatinine, and lactic 
acid, it is important to monitor renal and intestinal func
tion. Patients undergoing renal revascularization commonly 
have an obligatory diuresis for the first 12 hours after sur
gery. This phenomenon may be due to residual effects of 
operative mannitol as well as a response to transient renal 

ischemia. During this time, urine output is not reflective of 
the patient's overall volume status, and crystalloid should 
be given at rates sufficient to maintain central filling pres
sures .  Also, serum creatinine should be serially measured. 
It is common for the serum creatinine to increase slightly 
in the first 1 or 2 postoperative days, but increases of more 
than 20% or 3 0 %  warrant further investigation, especially 
if associated with oliguria.  Sudden changes in renal function 
that are unexplained or unresponsive to corrective measures 
warrant duplex imaging to determine renal perfusion. 
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• Patients after mesenteric revascularization often develop 
hyperactive peristalsis, sometimes while the incision is still 
open. Under these circumstances, serial examination for 
bowel sounds in the first 24 hours can provide clues to the 
continued patency of the revascularization. Serial lactate 
levels are also checked.  Although immediate postoperative 
lactate levels are elevated, they should return to normal as 
the patient is warmed and resuscitated. Coagulation param
eters may also be elevated initially in response to blood loss 
and transient hepatic ischemia.  These parameters should be 
monitored and corrected for active bleeding; normal values 
are usually present by the first postoperative day. 

COMPLICATIONS 

General Considerations 

• As with all aortic surgery, potential complications after vis
ceral artery revascularization include myocardial infarction, 
respiratory failure, and postoperative bleeding. Addition
ally, renal failure is always a potential complication during 
visceral revascularization, although its incidence is low.3-5 
Potential causes of renal failure include generalized hypo
perfusion from cardiac dysfunction or hypovolemia, pro
longed intraoperative ischemia, or thrombosis of the repair. 
Progressive or unexpected renal failure should initiate a 
prompt workup including duplex imaging of the kidneys 
to identify potentially treatable causes. Thrombosis with 
absence of flow to the kidney is generally irreversible unless 
identified immediately. 

• Intestinal ischemia is the major concern after mesenteric 
revascularization. Signs and symptoms may include severe 
abdominal pain, continued acidosis, and hematochezia . 
Ischemia may be secondary to vessel or graft thrombosis 
or may result from distal embolization during or follow
ing the repair. Patients with evidence of peritonitis should 
be promptly reexplored, and those treated initially for acute 
mesenteric ischemia should have a planned second look at 
12 to 24 hours if there was any question of intestinal viabil
ity at the time of the original operation. Arterial duplex may 
confirm the viability of the repair but cannot rule out embo
lization as a cause for postoperative intestinal ischemia. At 
exploration, nonviable intestine can be resected, and issues 
with the revascularization can be addressed. 

Graft or Vessel Twisting or Kinking 

• When performing a bypass to the SMA, it is important to re
tract the mesentery in a caudal direction to adequately assess 
graft length. Inadequate positioning will result in excessive 
graft length and potential kinking and thrombosis once the 
peritoneal contents are reduced to the abdomen and the inci
sion is closed. Additionally, for retrograde bypass, the graft 
should be placed with enough slack to allow the distal end
point to be in-line with the SMA with caudal retraction of 
the intestines. This positioning will prevent both kinking 
of the graft and tenting and narrowing of the anastomosis. 
Bypass to the renal arteries should similarly be constructed 
with appropriate graft length as it will lay in the retroperi
toneum after retraction is released. For cases of arterial 
reimplantation, it is important to maintain orientation of 
the target vessel to prevent twisting during construction of 

the anastomosis. Additionally, the anastomotic site should 
be chosen in a similar coronal plane to prevent kinking once 
the end organs assume their natural position. 

Injury during Endarterectomy 

• Identifying the appropriate endarterectomy plane is usually 
straightforward in the aorta, renal arteries, and SMA. The 
celiac artery can be challenging, as it may be thin-walled, 
and plaque removal may injure the arterial wall. Limited 
injuries can be repaired with interrupted 4-0 or 5-0 Prolene 
sutures supported with Teflon pledgers, but larger injuries or 
those with severely attenuated vessel walls may not be suc
cessfully repaired with this technique. If the integrity of the 
artery is in doubt, it may be safer to transect it and perform a 
bypass from the aorta to the transected celiac artery using an 
8 -mm or 1 0-mm graft. The celiac artery stump can be over
sewn with pledgeted 3-0 Prolene suture placed into healthy 
aorta. Unacceptable endpoints after renal endarterectomy 
are best treated with conversion to a bypass. 

Inadequate Distal Endarterectomy Endpoint 

• Plaque extending to the infrapancreatic SMA may be dif
ficult to entirely remove with standard thoracoabdominal 
exposure. Intraoperative duplex can confirm an adequate 
endpoint, and if there is any uncertainty, the abdominal cav
ity can be entered and the SMA exposed by dividing the liga
ment of Treitz. This maneuver will provide exposure of the 
SMA as it emerges from behind the pancreas, usually at a 
place distal to the diseased segment. Inspection by palpation 
or with duplex ultrasound can evaluate the repair. Incomplete 
endarterectomy or intimal flaps can be managed through an 
arteriotomy at this location. A reasonably sized SMA can be 
transected and the retained plaque removed; reapproxima
tion with interrupted sutures will secure the intima distal to 
the endarterectomy. Exposing the endpoint in a smaller ves
sel is most safely performed with a lateral arteriotomy and 
subsequent patch angioplasty closure to prevent narrowing. 

• Problematic endarterectomy endpoints in the celiac artery 
or renal arteries may be best managed with placement of a 
bypass graft. Conversion to bypass will require enough ex
posure of the target vessel to allow for revascularization dis
tal to the diseased segment. Either end-to-end or end-to-side 
reconstruction is acceptable and should be performed, mak
ing certain that the intima is secured with the suture line. 
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DEFINITION 

• The term "hybrid" in vascular surgery traditionally refers to 
the use of both traditional open surgical and endovascular 
techniques for remedy of the vascular condition ( FIG 1 ) .  

• Two hybrid approaches are described i n  this chapter. 
Complete visceral debranching and endovascular tube 
graft repair 
Partial visceral debranching and physician-modified fenes
trated endovascular repair 

DIFFERENTIAL DIAGNOSIS 

• Paravisceral aortic aneurysms may develop due to the fol-
lowing conditions: 

Degenerative aneurysm 
Aortic dissection 
Mycotic aneurysm 
Paraanastomotic juxtarenal aneurysm 
Connective tissue disorders (Marfan's syndrome) 
Beh<;et syndrome 

PATIENT lllSTORY AND PHYSICAL FINDINGS 

• The majority of patients are asymptomatic and the diagnosis 
is made with imaging done for other reasons. Some patients 
will complain of mild to moderate abdominal and low back 
pain. Severe and unrelenting pain should raise the index of 
suspicion for a mycotic process which, if confirmed, would 
make hybrid approaches prohibitive . 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Contrast-enhanced, axial thin-slice computed tomography 
arteriography (CTA) is the current standard for imaging 
paravisceral aneurysms. Detailed information can be gath
ered regarding the precise origin of the celiac, superior mes
enteric artery (SMA),  and renal arteries ( FIG 2 ) .  

• Other important findings o n  CTA should be a s  follows: 
Size and quality of access vessels for delivery of endovas
cular devices ( > 7  mm) 
Location of left renal vein 
Aberrant anatomy (e .g. ,  replaced right hepatic artery) 
Quality of gastroduodenal artery for possible celiac artery 
ligation or sacrifice 
Renal cortical thickness 

SURGICAL MANAGEMENT 

• Indications for repair include aortic aneurysms of more than 
5 .5  em, symptoms, or evidence of rapid expansion (>0 .5  em 
per 6 months) .  

Preoperative Planning 

• As formal open repair would often include a bicavitary incision 
(chest and abdomen, as in a formal thoracoabdominal repair) ,  
the standard preoperative assessment should focus on the pa
tient's fitness to undergo major vascular surgery. This includes 
assessment of heart, lung, and kidney function and reserve. 

FIG 1 • " Hybr id repa i r "  refers to the use of both 
trad it iona l  open surg ica l  and endovascu l a r  tech n iq ues 
to manage the same p rob lem.  SMA, super ior  mesenteric 
a rtery. A. I ntraoperative photo. B. Post operative CTA 
after comp leted repa i r. 
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FIG 2 • CTA ax ia l  i mages dep ict i ng  (A) a 7 .4-cm paraanastomotic 
j uxta rena l aort ic  aneurysm and  (B) a hea lthy aort ic  seg ment in 
the reg ion of the SMA. 

Positioning 

• Proper and precise positioning should be as follows (FIG 3 ) :  

Patient supine o n  standard operating room table o r  imaging 
table 
Hair properly clipped over entire abdomen and both 
groins 
Both arms tucked (option to have right arm at 90 degrees 
if planning brachial access) 
Foley under one leg and padded 

I 
I 
I 
I 
I 
I 
I 
I 
... 
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FIG 3 • Depict ion of posit ion i ng  a n d  i ntended inc i s ion in the 
m i d l i ne .  

COMPLETE VISCERAL DEBRANCHING AND • 

ENDOVASCULAR TUBE GRAFT REPAIR

STAGE 1 

First Step-Exposure 

• Standard m i d l i ne l apa rotomy and posit ion ing  of retractor • 
system 

• U pon entry i nto the a bdomen,  the fa l c iform l i gament i s  
d iv ided between c l amps a n d  l i gated . The tr ian g u l a r  l iga-
ments a bove the l iver a re d iv ided to fac i l itate adequate • 
exposu re/retract ion wh i l e  m i n i m iz i ng  r i sk of hepat ic cap
su l a r  i n ju ry, a nt ic i pati ng  systemic  a nticoagu l at ion l ater in 
the p roced u re .  

• A nasogastric tube is positioned in the stomach to provide 
temporary decompress ion .  The common hepatic a rtery 
is identif ied fo l lowing  d iv is ion of the gastrohepatic l iga
ment and traced back to or ig in of ce l iac a rtery. Once iden
tified, the ta rget a rtery i s  enc i rc led with a s i lastic vessel 
loop. Space is created a long the left side of the aorta with • 
b lu nt/fi nger d i ssect ion,  beg i n n i n g  at the level of the ce l iac  
a rtery, to create the retrograde bypass tunne l  poster ior to 
the pancreas (FIG 4). 

• The co lon and  omentum a re l ifted i n  a cepha lad  d i rec
t ion,  the s m a l l  bowel swept to the patient's r ight a n d  
packed i n  moist towe ls .  Self-reta i n i n g  retractors (Om n i  
or  Bookwalter) shou ld  b e  posit ioned a t  th i s  j u n cture to 
ma inta i n  exposu re, with ca re taken to a ppropr iately pad 
the retractor b lades as necessa ry. 

The th i rd and  fou rth port ions  of the duodenum a re mo
b i l ized to the r ight fo l lowi ng d iv i s ion of the l i gament of 
Tre itz, expos ing  the a nter ior su rface of the aorta .  The in
fer ior mesenteric ve i n  is  l i gated and d iv ided as  we l l  and 
the d i ssect ion conti nued along the prox ima l  aorta unt i l  
the left rena l  ve i n  is  c lear ly identif ied (FIG S) .  

Widely mob i l ize t h e  l eft r e n a l  ve i n  sharp ly  and  enc i rc le  
with  a moist u m b i l i ca l  tape.  The self-reta i n i n g  ren a l  ve i n  
retractor b l a d e  is  used t o  retract t h e  left ren a l  vei n ceph
a lad  as  necessary to fac i l itate further exposure .  
The or ig in of the rena l  a rteries i s  ident if ied by ca refu l 
posterolatera l d i ssect ion a round the aorta, j ust cepha lad 
of  the overly i ng rena l  vei n .  Exposure on the r ight is  com
p l i cated somewhat by the overly i ng i nfer ior  vena cava/ 
left rena l  ve i n  confl uence. At least 2 em of rena l  a rtery 
shou ld  be exposed b i l atera l ly. Enc i rc le the rena l  a rteries 
with s i l astic vessel loops. On  the l eft, finger d issect b l untly 
a long the aorta i n  a cepha lad fash ion to com plete the ret
ropa ncreat ic  tunne l  for the ce l i ac  l i m b  of the bypass g raft. 
The SMA is  identif ied next by pa l pat ion with i n  the base 
of the sma l l  bowel mesentery, d i rectly a nter ior to the 
pancreas .  Dopp ler  u ltrasonography may ass ist ident if i 
cat ion when the pu lse i s  fa i nt .  Once identif ied, a 3-cm 
seg ment of SMA is  i so l ated as p roxi m a l  as possi b le  to the 
root of the mesentery. Beg i n n i n g  with the m idd le  co l i c  
a rtery, m u lt i p l e  mesenteric a rter ies q u ick ly branch from 
the SMA as it emerges from the pancreas, u nderscor ing 
the need for proxi m a l  identif ication a n d  i so lat ion .  The 
SMA is  contro l led with  vessel loops .  
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The  next step i s  to  prepare the  donor  a rtery fo r  hybrid by
pass. The specif ic a rtery-most com monly  the com mon or 
externa l  i l iac  a rteries-shou ld  be selected from the pre
operative imag ing  study. The retroperitoneum is opened 
d i rect ly over the selected donor a rtery, which i s  exposed 
wh i l e  protect ing  the adjacent u reter. Alternative ly, donor 

FIG 4 • Drawi ng of exposu re of the ce l iac 
a rtery through the lesser sac.  Note the b l u nt 
f inger  d issect ion a long the left s ide of the 
aorta and  beh ind the pancreas .  

a rtery exposu re may be ach ieved via media l-viscera l  rota
t ion,  deve lop ing  the ent i re retroperitonea l  p lane  on the 
left . The latter approach provides the added benefit of 
exc lus ion of the g raft from the viscera and abdom ina l  
contents once  the viscera a re retu rned to the i r  or ig i n a l  
posit ion .  T h i s  maneuver a d d s  s ign if icantly more t i m e  to 

�---- Left renal vein 

_..-L---'--- I nferior 
mesenteric 
vein 

-"'�-..,--..:.;"-..,�--.:,..=-7--- I nferior 
mesenteric 
artery 

FIG S • Drawi ng of exposu re of the left 
ren a l  ve i n  and  a nter ior su rface of the aort ic  
aneurysm .  Dashed l ine dep icts i ntended 
inc is ion l ine to avo id  nervi er igentes. 
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the case, however, and contr ibutes to i ncreased b lood 
loss. G raft coverage can a l so be obta i ned without deve l 
op ing  the ent i re retroperitonea l  p la ne, e i ther  via d i rect 
tunne l i ng  a long the preferred course of the g raft or cre
at ion of an omenta l  tongue affixed d i rect ly to the g raft .  

Second Step-Anticoagulation 

• Systemic  anticoagu lat ion is ach ieved with a bolus i njec
t ion of u nfract ionated hepar in ,  50 un its/kg .  Mon itori ng 
activated clott ing t ime is  a usefu l method of ma inta i n i ng 
adequate anticoagu lation d u ri ng  the p roced ure. 

Third Step-Multivisceral Bypass 

• Trifu rcated g rafts exist for the pu rpose of fac i l itati ng  
m u lt ivessel hybr id revascu la r izat ion, but  the u se  of  these 
a re l i m ited by the tendency of the m idd le  l i m b  to occ lude 
when "squeezed " between the outside l i m bs dur i ng  g raft 
rout ing  a n d  a bdom i n a l  c losure .  In most c i rcumstances, a 
sta ndard 1 2  x 7 bifu rcated, co l l agen- im preg nated kn it
ted po lyester g raft provides exce l lent condu its for b i l at
era l  rena l  revascu la r izat ion, with a sepa rate 8-mm l i m b  
connected t o  t h e  ce l i ac  and  S M A .  Exam ples  o f  bypass 
g raft confi g u rat ions a re shown in FIGS 6 and 7. 

• 

• 

The prox ima l  ( i l i ac/i nf low) anastomosis is comp leted fi rst 
with ru n n i n g  4-0 or 5-0 polypropy lene suture.  
The next a nastomosis to be completed should be one an
t ic i pated to be the techn ica l ly most d iffi cu lt, g iven expo
sure and g raft routi ng issues. Most common ly, this is  the 
r ight rena l  a rtery. This i s  d ivided fo l lowing p lacement of 
a l a rge c l i p  at the or ig i n .  The appropr iate g raft l i m b  is 

FIG 6 • Drawi ng  of a fou r-vesse l debra n ch i n g  based off of 
the left common i l i ac  a rtery. Note that the left rena l  ve i n  was 
d ivided in th i s  case, a n d  su bsequent ly repai red, for bette r 
exposure of the rena l  a rter ies .  

FIG 7 • Aortob i i l i ac  and  subseq uent debranch ing  for a 
patient with a sol itary left k id ney and  i nfra rena l  aneurysm .  

pu l led t o  length and anastomosed end-to-end with 5-0 
polypropylene suture.  The l i m b  and a rtery a re f lushed just 
pr ior  to comp let ion of the g raft, after which the c l amps 
are released to reperfuse the k id ney. Fo l lowing th i s  se
quence, warm rena l  ischemia  t ime i s  genera l ly less than  
12  m i n utes. The stum p  of  the r ight rena l  a rtery i s  then 
suture l i gated; avo id  c l i p  d is lodgement. Note :  Excessive 
tract ion on the confl uence of the left rena l  ve i n  and vena 
cava may cause cava l i n jury and massive hemorrhage d u r
i ng  preparation and com p letion of the r ight rena l  a rtery 
a nastomosis .  Retractor posit ion ing  needs to account for 
potentia l venous i n ju ry dur i ng  exposure and s ign if icantly 
relaxed fo l lowi n g  completion of the a nastomosis .  

• The left rena l  anastomosis is comp leted in near ly identica l 
fash ion,  m inus  many of the exposure l i m itat ions present 
on the r ight. 

• The SMA g raft is ca refu l ly s ized to length so that it fol
l ows a "(" -sha ped confi g u rat ion without k i nk i ng .  I nf low 
can be obta ined e ither from the many bodies of the g raft 
or e ither of the comp leted rena l  l i m bs .  The SMA-graft 
a nastomosis  is comp leted end-to-s ide with i nterru pted 
or  ru n n i n g  5-0 polypropylene suture.  The end-to-s ide 
a rteriotomy length i s  1 . 5 to 2 t imes the width of the 
bypass g raft ( 1 2 to 16 mm) .  Alternative ly, end-to-end 
a nastomotic confi g u rat ion may reduce the l i ke l i h ood of 
g raft k i nk i ng  depen d i n g  on f ina l  confi g u ration .  Fo l l ow
i n g  com p l et ion of the a nastomos is, the proxi m a l  SMA is 
l i gated with a l a rge c l i p  or  c i rcu mference suture.  Aga in ,  
i schemia  t ime shou ld  be under  10  to 12  m i n utes. 

• Typica l ly, fo l lowing  SMA and rena l  g raft com pletion, repo
s it ion ing  of the retract ion system is  necessa ry to reobta i n  
and  opt im ize ce l iac a rtery exposure .  Pr ior t o  reexposing  
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the ce l iac, a vascu la r  c l amp is  repassed through the  ret
ropancreatic tunne l  left of the aorta.  Th is  posit ion i s  then 
ma inta ined unt i l  the tra nsverse colon and  mesoco lon 
a re reduced to the i r  usua l  location .  Th i s  reexposes the 
" looped " ce l i ac  and  common hepatic a rteries previous ly 

i s  t ied to the u m b i l i ca l  tape, which i s  then p u l led cepha
lad beh ind the pancreas and  i nto posit ion for e ither end
to-end or  end-to-s ide anastomosis .  Care aga in  needs to 
be taken to opt im ize l imb rout ing  and length to m i n i m ize 
r isk for k ink ing .  

isolated i n  the Jesser sac .  The  c l amp t ip  exit ing  the retro- • After coverage of rema in i ng  exposed g raft l i m bs with 
omentum or  par ieta l peritoneum as appropr iate, standard 
abdom ina l  c losure is performed. 

hepatic tunnel  i s  identif ied, and  a moist u m b i l ica l  tape i s  
p u l led through the tunnel .  Fo l lowing th i s, the ce l i ac  l i m b  

COMPLETE VISCERAL DEBRANCHING AND 

ENDOVASCULAR TUBE GRAFT REPAIR

STAGE 2 

First Step-Percutaneous Access 

• Fo l lowing the "debranch i n g "  proced u re descri bed i n  
stage 1 ,  endovascu l a r  aneurysm repa i r  (EVAR) m a y  be 
performed e ither at the same sett ing  o r  with i n  severa l 
weeks of the i n it i a l  proced u re .  The r i sk of potent ia l  an 
eurysm rupture associated w ith  a staged approach needs 
to be ba lanced with the add it iona l  operative r i sk i n her
ent i n  the longer  anesthetic t ime req u i red to com p l ete 
both stages in one s itt i ng .  For the EVAR proced u re itself, 
standard percuta neous access to an appropr iately s ized 
access vessel  i s  obta ined using Se ld inger  tech n ique  and 
a w i re adva nced i nto the aorta under f luoroscop ic  g u id
a nce. I n  o u r  practi ce, th i s  i s  most com m o n ly obta ined 
percutaneous ly, us ing  u ltrasound g u idance and  prep lace
ment of polypropy lene suture pr ior  to d i lat ion of the 
access sites (a lso known as  the " p reclose" Perc l ose® tech
n ique  (Abbott Vascu l a r  I n c, Redwood C ity, CA) . 1 An 1 1 -F r  
standard sheath i s  p l aced i nto the common femora l  a r
tery and  fl ushed with hepa r in ized sa l i ne .  Wi re adva nce
ment from the femora l  a rtery to the aort ic  a rch must be 
visu a l i zed rad iograph ica l ly th roug hout its cou rse, as the 
wi re may p referenti a l ly enter the debranch ing  g raft and  
cause  end-organ i nj u ry or  hemorrhage without rea l -t ime 
posit ion mon itor ing  and  gu ida nce. 

Second Step-Stiff Wire Exchange 

• After w i re advancement to the transverse aort ic  a rch,  
standard wi re exchange techn ique  i s  used to posit ion a 

PARTIAL VISCERAL DEBRANCHING AND 

PHYSICIAN-MODIFIED ENDOVASCULAR 

REPAIR-STAGE 1 

First Step-Exposure 

• Standard m i d l i ne laparotomy and  position ing  of retractor 
system .  

• U pon entry i nto the abdomen, the fa lciform l igament is 
d ivided between c lamps and l igated . The tr iangu la r  l iga
ments above the l iver a re d ivided to fac i l itate adequate ex
posu re/retract ion wh i le  m i n i m iz ing r isk of hepatic capsu lar  

0 .035- in  stiff (e .g . ,  Lunderq u i st®, Cook Medica l ,  B loom
ington, I N) w i re th roug h  the a bdom i n a l  and  thorac ic  
aorta .  Opt ima l  f i na l  w i re posit ion ing  i s  at/ju st d i sta l to 
the left subc lav ian a rtery or if ice .  

Third Step-Intravascular Ultrasound 

• An 8.2-Fr Vis ions® catheter (Volcano Therapeutics, I rv ine, 
CA) is used to confirm appropr iate proxi ma l  and d ista l 
l and ing  zones for endovascu l a r  g raft placement.  The opti
mal g raft s ize and config u rat ion i s  determi ned by ana lysis 
of CTA i mages reformatted and visua l i zed on a dedicated 
3-D image workstation (Aq uar iusNet®, TeraRecon, I nc, 
San Mateo, CA) . G raft d iameter shou ld  be oversized by 
1 0% to 1 5 % for th i s  app l icat ion .  

• Dur ing  adva ncement of the device, the or ig i n  of the 
debranch ing  g raft ca n a l so be v isua l i zed e ither th roug h  
f luoroscop ic  confi rmation o f  a meta l l ic c l i p  p l aced dur i ng  
the debranch ing  procedu re o r  under  i ntravascu l a r  u ltra
sound ( JVUS) rea l-t ime gu idance. Using IVUS, the posi
t ion of the IVUS catheter i s  ma rked on the f luoroscopic 
mon itor when the catheter itse lf  recogn izes the or if ice 
of the debranched g raft. Alternative ly, a contrast power 
i nject ion can be performed through  an appropr iately po
s it ioned a rter iogra p h i c  catheter with 30 m l  of contrast 
i njected at 1 5  ml per second to confirm the proxim a l  and  
d i sta l l and ing  zones.  

Fourth Step-Endograft Deployment 

• 

• 

• 

The endovascu l a r  g raft is dep loyed fo l l owing  device
specif ic i nstruct ions  for use ( J FU), cover ing  the native 
or ig in s  of the viscera l vesse l s  a n d  exc l ud ing  the aort ic  an 
eurysm . The femora l  a rter iotomy i s  then c losed. 

inju ry, antic ipating systemic  anticoagu lation later i n  the 
procedu re.  
A nasogastric tube is positioned in  the stomach to provide 
temporary decompress ion .  The common hepatic a rtery is 
identified fol lowing d ivis ion of the gastrohepatic l igament 
and traced back to origin of cel iac a rtery. Once identified, 
the target artery is enc ircled with a s i l astic vessel loop. Space 
is created a long the left side of the aorta with b lunt/f inger 
d issection, beg inn ing  at the leve l of the cel iac a rtery, to cre
ate the retrograde bypass tunnel  posterior to the pancreas. 
The colon and omentum a re l i fted in a cepha lad d i rec
t ion,  the sma l l  bowel swept to the patient's r ight and 
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• 

• 

• 

• 

• 

packed i n  moist towels .  Self-reta i n i ng  retractors (Om n i  
or  Bookwalter) shou ld  b e  posit ioned a t  t h i s  j uncture to 
ma inta i n  exposu re, with care taken to appropr iately pad 
the retractor b lades as necessa ry. 
The th i rd and  fou rth port ions of the duodenum a re mo
b i l ized to the r ight  fo l lowi ng d iv i s ion of the l i gament of 
Tre itz, expos ing  the a nter ior  su rface of the aorta .  The in
fer ior mesenteric ve i n  i s  l i gated a n d  d iv ided as  we l l  and 
the d i ssect ion cont in ued a long the prox ima l  aorta unt i l  
the left ren a l  ve i n  is  c lear ly ident ified .  
Wide ly mob i l ize the l eft rena l  ve i n  sharp ly  and  enc i rc le  
with a moist u m b i l i ca l tape.  The self-reta i n i n g  ren a l  ve i n  
retractor b l a d e  is  used t o  retract t h e  left ren a l  ve i n  ceph
a l ad  as  necessary to fac i l itate further exposure .  
The or ig i n  of the rena l  a rteries is  identif ied by ca refu l pos
terolatera l d i ssect ion a round the aorta, just cepha lad of 
the overly i ng rena l  vei n .  Exposu re on the r ight i s  com p l i 
cated somewhat by  the over ly ing i nferior vena  cava/left 
rena l  vei n  confluence. At least 2 em of rena l  a rtery shou ld  
be exposed b i l atera l l y. Enc i rc le the rena l  a rteries with s i 
l astic vessel loops. On  the left, f inger  d i ssect b l untly a long 
the aorta i n  a cepha lad fash ion to com plete the retropan
creatic tunne l  for the ce l i ac l imb of the bypass g raft. 
The SMA is  identif ied next by pa l pat ion with i n  the base 
of the sma l l  bowel mesentery, d i rect ly a nter ior to the 
pancreas .  Dopp ler  u ltrasonography may ass ist identif i
cat ion when the pu lse i s  fa int .  Once identif i ed, a 3-cm 
seg ment of SMA is  i so l ated as p rox ima l  as possi b le  to the 
root of the mesentery. Beg i n n i n g  with the middle co l i c  
a rtery, m u lt ip le  mesenteric a rter ies q u ick ly branch from 
the SMA as it emerges from the pancreas, u nderscor ing  
the need for  proxi m a l  identif ication a n d  i so lat ion .  The 
SMA is contro l led with  vessel loops .  
The next step i s  to p repare the donor a rtery fo r hybr id by
pass. The specif ic a rtery-most com mon ly the common or 
externa l  i l iac  a rteries-shou ld  be selected from the pre
operative imag ing  study. The retroperitoneum is  opened 
d i rect ly over the sel ected donor a rtery, which i s  exposed 
wh i l e  protect ing  the adjacent u reter. Alternative ly, donor 
a rtery exposu re may be ach ieved v ia med ia l-viscera l  rota
t ion,  deve lop ing  the ent i re retroperitonea l  p lane  on the 
l eft. The latter  approach provides the added benefit of 
exc lus ion of the g raft from the viscera and  abdom i n a l  

loss. G raft coverage c a n  a l so be obta i ned without deve l 
op ing  the ent i re retroperitonea l  p lane, e i ther  via d i rect 
tunne l i ng  a long the preferred course of the g raft or cre
ation of an  omenta l  tongue affixed d i rectly to the g raft .  

Second Step-Anticoagulation 

• System ic  a nticoagu lation is ach ieved with a bolus i njec
t ion of u nfract ionated hepar in ,  50 u n its/kg . Mon itor ing 
activated c lott ing t ime is a usefu l method of ma inta i n i ng  
adequate anticoagu lat ion dur ing  the procedu re.  

Third Step-Multivisceral Bypass 

• Trifu rcated g rafts exist for the pu rpose of fac i l itati ng  
m u lt ivessel hybr id revascu la r izat ion, but  the u se  of  these 
a re l i m ited by the tendency of the m idd le  l i m b  to occ lude 
when squeezed between the outside l i m bs d u ri ng  g raft 
rout ing  a n d  a bdom i n a l  c losure .  In most c i rcumstances, a 
sta ndard 1 2  x 7 bifu rcated, co l lagen- i mpregnated kn it
ted polyester g raft provides exce l lent condu its for b i lat
era l  renal revascu la r ization, with a separate 8-mm l i m b  
connected t o  t h e  ce l i ac  and  S M A .  Exam ples  o f  bypass 
g raft confi g u rat ions a re shown in FIGS 6 and 7. 

• The prox ima l  ( i l i ac/i nf low) anastomosis is comp leted fi rst 
with ru n n i n g  4-0 or 5-0 polypropy lene suture. 

• The next a nastomosis to be completed shou ld  be one an 
t ic i pated to be the techn ica l ly  most d iffi cu lt, g iven expo
sure and g raft routi ng issues. Most common ly, this is  the 
r ight rena l  a rtery. This i s  d ivided fo l lowi ng p lacement of 
a l a rge c l i p  at the or ig i n .  The appropr iate g raft l i m b  is 
pu l led to length and  a nastomosed end-to-end with 5-0 
polypropylene suture.  The l i m b  and a rtery a re fl ushed just 
pr ior  to completion of the g raft, after which the c l amps 
a re released to reperfuse the k idney. Fo l lowing th i s  se
quence, warm rena l  ischemia  t ime is genera l ly less than 
12  m i n utes. The stu m p  of the r ight ren a l  a rtery i s  then 
suture l i gated; avoid c l ip d is lodgement.  Note: Excessive 
tract ion on the confl uence of the left rena l  vei n  and vena 
cava may cause cava l i nj u ry and massive hemorrhage dur
i ng  preparation and  completion of the r ight ren a l  a rtery 
a nastomosis .  Retractor posit ion ing  needs to account for 
potent ia l  venous in jury dur ing  exposure and s ign ificantly 
relaxed fo l lowing  comp let ion of the anastomosis .  

contents once the viscera a re returned to the i r  or ig i n a l  • The rena l  a nastomos is  is comp leted i n  near ly  ident ica l  
fash ion,  minus many of the exposu re l i m itat ions  p resent posit ion .  This maneuver adds s ign if icantly more time to 

the case, however, and contr ibutes to i ncreased b lood 

PARTIAL VISCERAL DEBRANCHING AND 

PH YSICIAN-MODIFIED ENDOVASCULAR 

REPAIR-STAGE 22 

First Step-Creation of  a Fenestrated Graft for the 
Celiac and Superior Mesenteric Artery 

• The appropr iate endovascu l a r  device is chosen accord i n g  
t o  standa rd I F U  s i z i n g  g u ide l i nes, typ i ca l ly i ncorporat ing  
1 0 % to 1 5 % oversiz i n g .  The ste r i l e  g raft is  unsheathed 

on the r ight.  

on  a ded icated ste r i l e  table in the operat i ng  room and 
ma rked with the re lat ive locat ions  ( length from proxi
mal end and c lockface measurements) of the ce l i a c  a n d  
SMA fenestrat ions  as  p revious ly  determ i ned v ia  Ter
a Recon® workstat ion a n a lys is .  M i nor  adju stments a re 
a l l owed to m i n i m ize strut over l ap  of p l a n ned fenestra
tion locat ions .  Fenestrat ions  in the po lyester endog raft 
fa br i c  a re created with a d isposa b le  ophth a l m i c  ca utery 
to m i n i m ize fray i ng .  The fenestrat ions a re out l i ned 
a n d  rei nforced with 1 5-mm go ld  Amp latz Gooseneck® 
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F IG  8 • Photog raph of  a thorac ic  endog raft w i th  two 
fenestrat ions created for the ce l iac (struts p resent) and  SMA 
(strut free), pr ior  to resheath ing  and  dep loyment.  

sna res (ev3 Endovasc u l a r, I nc, P lymouth,  M N) .  These a re 
hand  sewn i nto p l ace us i ng  4-0 Pro lene sutu re in a dou
b le  row ci rcumferent i a l l y  (FIG 8) .  Diameter-red uc ing  t ies  
were then used to constra i n  the device a long  i t s  poste
rior border (opposite the SMA and o r  ce l i a c  fenestrat ion  
at 6 o'c lock) by rerouti n g  the exist i ng  p roxi m a l  t r igger  
w i re through and  through the g raft mater i a l  at the mid
port ion of each of the top two Z stents. The constra i n i n g  
t ies a re t h e n  t i e d  down i nto p lace over t h e  tr igger  w i re .  
The ent i re g raft i s  then wetted with hepar in ized sa l i n e  
and  t h e n  re loaded i nto the exist i ng  sheath . 

Second Step-Percutaneous Access 

• Sta n d a rd percuta neous  access to an a p p ropr i ately s ized 
access vesse l i s  obta i ned u s i ng  Se ld i nge r  tech n i q ue .  The 
i n it i a l  g u idewire i s  adva nced i nto the aorta u n d e r  f luo
roscop i c  g u idance .  I n  o u r  p ractice, th i s  i s  most com m o n ly 
obta i ned percuta neous ly, u s ing  u ltraso u n d  g u i d a nce 
a n d  prep lacement of po lypropy lene sutu re p r io r  to d i 
l a t i o n  of the access s ites ( a l s o  known as  the " p rec lose" 
Perclose® tech n i q u e  (Abbott Vasc u l a r  I nc, Redwood 
C ity, CA) . 1  An 1 1 -F r  sta n d a rd sheath i s  p l aced i nto the 
com m o n  femora l  a rtery and f lushed with hepar i n ized 
sa l i ne .  W i re advancement from the femora l  a rtery to 
the  aort i c  a rch  m u st be v i sua l ized rad iogra p h i ca l ly 
th ro u g h out its cou rse, as the  w i re may p referenti a l l y  
enter the  debra n c h i n g  g raft a n d  cause end-org a n  ren a l  
i n ju ry, rupt u re o f  Gerota's fasc ia ,  a n d  retroper itonea l  
hemorrhage w ithout  rea l -t ime  pos i t ion  mon ito r i ng  a n d  
g u i d a nce. 

Third Step-Stiff Wire Exchange 

• A standard 4- or 5-Fr catheter is used to perform a w i re 
exchange to a stiff 0 .035- in  Lunderqu i st® w i re (Cook 
Medica l ,  B loomi ngton, IN). The wi re i s  posit ioned so that 
its tip i s  j ust d i sta l  to the left subc lav ian a rtery. 

Fourth Step-Marking of the Target Vessels and 
Graft Deployment 

• A contrast power i nject ion can be performed with 1 0  mL of 
contrast i njected at 25 mL per second to mark the precise 
orig ins  of the ce l iac and SMA (FIG 9) .  The mod ified g raft is 
positioned over the target vessels, or iented, and dep loyed . 

Fifth Step-Cannulation of the Target Vessels 

FIG 9 • Note the doub le  dens it ies dep icti ng  the or ig ins  of 
the ce l iac  and  SMA on th i s  f lush  aortog ra m .  

7 - F r  Raa be® sheaths (Cook Med i ca l ,  B loom i ngton,  I N )  
a re adva nced together  t h r o u g h  the 1 8-F r  s h e a t h .  Work
ing t h ro u g h  these sheaths,  the  SMA and ce l i a c  vesse l s  
a re se lected through the  fenestrat ions  us ing sta n d a rd 
catheter a n d  g u idewi re tec h n i q u es, with the sheaths  
u l t imate ly adva nced i nto the  ta rget vesse l s  over stiff 
w i res .  

• After sheath advancement a n d  conf irmation of target 
vesse l acqu is it ion,  the m a i n  body is d istended f lush with 
the su rrou nd ing  aorta with a mou ld i ng  ba l l oon (e .g . ,  
Coda®, Cook Med ica l ,  B loomi ngton, IN ) .  Th i s  i nf lat ion 
represents the f ina l  opportu n ity to d istend the endo
g raft i n  the reg ion of the viscera l stents. Latera l posit ion
i ng  of the image intens if ier  g u ides stent p lacement i nto 
the SMA and ce l iac a rteries (typ ica l ly 8- to 9-mm stents; 
FIG 1 0) .  FIG 11 shows fo l l ow-u p  computed tomography 
(CT) imag ing  of a patient 1 yea r after successfu l  treat
ment with th i s  techn ique .  

Sixth Step-Access Site Closure 

• The access sites a re c losed with the previous ly p laced 
sutu res. 

• An 1 8-Fr  sheath is adva n ced from the contra latera l FIG 1 0  • Latera l image dep ict i ng  p l acement of a covered 
g ro i n  a n d  i nto the d i sta l g raft over a st iff w i re .  Two ba l loon-expa ndab le  stent i nto the SMA pr ior  to dep loyment.  
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PEARLS AND PITFALLS 

FIG 1 1  • A.B. Fo l low-up CT i mages of a 
patient successfu l ly treated with part ia l  
viscera l debranch ing  and  physic ian-mod ified 
endovascu l a r  fenestrated repa i r. 

Cho ice of operati ng room 
(OR) ta b le  

• Use sta ndard OR ta b les for  open surg ica l  proced u res and  imag ing ta b les for  image-gu ided or  
hybr id  p roced u res. Advanced p l a n n i n g  i s  essenti a l  to opt im ize outcome.  Never sacr if ice exposu re ! 

Exposu re of common i l i ac  
a rtery 

• I dentify a n d  p rotect the u reter. 

P lacement of wi res after 
debranch ing  p roced u re 

• Pass g u idewi res under  cont inuous  f luoroscop ic  gu ida nce fo l l owing  debranch i ng .  An advanc ing  
aort ic  w i re may preferenti a l l y  enter  a n d  traverse the debranch ing  g raft, caus ing end-organ  in ju ry, 
d i sor ientation, and possi b le  endog raft ma ldep loyment if not recog n i zed .  

Ti m i n g  of stent g raft 
ba l l oon mou ld i ng  du r i ng  
fenestrated EVAR 

• Always seat the endog raft with ba l l oon i nf lat ion pr ior  to p lacement of viscera l br idg i n g  stents. 
I n strumentat ion o r  d istent ion of the fenestrated endograft fo l lowing  branch vesse l stent ing may 
compromise stent posit ion i ng,  i nteg r ity, and patency. 

POSTOPERATIVE CARE 

• Open aortic debranching procedures are not benign; almost 
all patients will require intensive care postprocedure . Spi
nal drainage is used selectively for aortic coverage extending 
more than 10 em cephalad to the celiac artery. Postoperative 
anuria or persistent acidosis/rising lactate require immediate 
investigation to prove branch vessel patency. 

OUTCOMES 

• Contemporary hybrid debranching procedures for complex 
abdominal aortic aneurysmal disease are associated with a 
1 3 %  operative mortality rate, 2 %  permanent paraplegia 
rate, and 1 %  stroke rate.3 

• Hybrid approaches offer the advantage of versatility, avoid
ance of extensive operative exposures, and potentially offer 
a broader range of therapies to a patient population that 
would not otherwise be considered for aortic surgical repair. 

COMPLICATIONS 

• Access-related complications 
• Hemorrhage requiring transfusion 
• Paraplegia 
• Stroke 
• Renal failure 
• Death 
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DEFINITION 

• Although routine endovascular aneurysm repair (EVAR) has 
gained widespread acceptance as the procedure of choice for 
patients with suitable aortic neck anatomy, the optimal ap
proach to the juxtarenal aortic aneurysm (JAA), often with 
challenging anatomy at the visceral neck, remains contro
versial. 1 Although open repair is an effective and durable 
option for patients with JAA, particularly in centers of excel
lence for low physiologic risk patients,2 endovascular tech
niques including fenestrated and branched EVAR (FBE) have 
emerged as effective, potentially less invasive alternatives .3  

• In the United States, however, lack of widespread availabil
ity of FBE has allowed other techniques to emerge, and in 
this chapter, we describe the increasingly popular "snorkel" 
or "chimney" technique, defined as a parallel stent graft ad
j acent to the endograft main body to maintain perfusion to 
renal and visceral branches during EVAR and placed from a 
cranial direction, and the "periscope" technique, where the 
parallel stent graft is placed from the caudal direction. 

• First described by Greenberg and associates,4 the snorkel 
strategy can be employed either as a bailout from accidental 
coverage of vital side branches during deployments requir
ing close approximation of the main body to the branch ar
tery in question, or the intentional cranial relocation of the 
EVAR seal zone for JAAs.5-8 

DIFFERENTIAL DIAGNOSIS 

• The challenge for the vascular specialist in treating JAAs 
revolves around an increasing number of choices for inter
vention, including traditional suprarenal repair, hybrid type 
debranching procedures, fenestrated and branched devices 
in clinical trials or certain centers, and snorkel/chimney/ 
periscope techniques. The choice is most often based on pa
tient physiologic parameters, physician experience with the 
multitude of techniques, and a very individualized approach 
to complex aortic anatomy. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Most patients present electively and essentially without 
symptoms for consideration of repair of their JAA, as it 
is most often discovered during radiographic workup for 
vague abdominal discomfort, back pain, or as part of a 
screening program. A pulsatile, nontender abdominal mass 
can be elicited on careful abdominal exam. Any signs of per
sistent abdominal or back pain or hemodynamic instabil
ity or compromise should suggest the possibility of an acute 
aortic pathology and prompt more urgent workup and 

treatment. Careful attention during the history and physi
cal examination to cardiac and renal comorbidities aids in 
risk-stratifying the patient for potential repair of their JAA. 
Because most patients are asymptomatic and aneurysms are 
repaired to prevent future rupture, some reasonable quality 
of life must be present for the patient to enjoy the survival 
advantage. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• High-quality computed tomography angiography (CT-A) on 
a modern 64-slice scanner able to produce at least 2-mm-thin 
cuts is a requirement for treatment with snorkel techniques .  
These imaging algorithms allow the creation of virtual mod
els of the aneurysm for the surgeon to better appreciate the 
relationship of branches and potential areas of technical 
challenge ( FIG 1 ) .  Patients with compromised kidney func
tion who cannot undertake iodinated contrast are poor can
didates for snorkel procedures, as noncontrast scans fail to 
elucidate thrombus volume, branch artery patency, and lumi
nal diameter in the preoperative planning that is paramount 
to success. 

• Access to a three-dimensional ( 3 -D )  workstation/program 
and familiarity with reconstruction software by the implant
ing surgeon for manipulation of the images and creating cen
terline pathways should be mandatory to most accurately 
plan device orientation, selection, and sizing ( FIG 2) .  

• Because the snorkel technique usually involves access of 
the brachial artery for delivery of the parallel visceral stent 
grafts, visualization of the arch and proximal subclavian is 

FIG 1 • 3-D reconstruct ion of j uxta rena l  aneurysm with i nfra
rena l  neck length of 5 m m .  

1939 
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FIG 2 • TeraRecon workstat ion view h i g h l i g ht ing  a b i l ity to 
m a n i p u l ate i mages in m u lt ip le  user-defi ned p la nes.  

most conveniently obtained by including the chest in the 
standard CT-A of the abdomen and pelvis. The presence of a 
challenging type III arch, where the subclavian inserts below 
the inner curve of the aortic arch, makes the procedure more 
challenging and many times prohibitive due to concerns 
about arch manipulation, cerebral emboli, and deliverability 
of stent grafts ( FIG 3 ) .  If the patient has already undergone 
an adequate CT-A abdomen and pelvis and one wishes to 
avoid the additional contrast load of repeating the study, a 
noncontrast chest computed tomography (CT) can be per
formed to visualize the arch but then should be combined 
with arterial duplex and waveforms of the upper extremities 
to ensure patency of the axillosubclavian arterial system. 

• For patients with chronic kidney disease, high-grade renal 
stenosis, atretic kidneys, or multiple visceral and renal ves
sels involved in the endovascular plan for snorkeling, nu
clear medicine split renal function tests can help determine if 
it is reasonable to sacrifice one of the renal arteries. This can 
be done in order to simplify the snorkel strategy and keep 
the number of cranially oriented stent grafts to two, which 
may have an influence on overall morbidity and mortality 
from the procedure. 1 •7•8 

FIG 3 • Type I l l  aort ic  a rch with or ig i n  of subc lav ian a rtery be ing 
lower than  i nne r  cu rve of aort ic  arch .  The a b i l ity to adva nce a 
snorke l  sheath from the left a rm is severely comprom ised i n  th i s  
confi g u rat ion and  genera l ly not recommended if a lternative 
repa i r  methods a re ava i l ab le .  

SURGICAL MANAGEMENT 

Preoperative Planning 

• All patients considered for snorkel/chimney or periscope tech
niques should have undergone an extensive informed consent 
discussion related to off-label use of endograft components for 
treatment of their complex aneurysm. Alternatives often dis
cussed include open surgery with suprarenal clamping, hybrid 
de branching, referral to a center with access to fenestrated or 
branched devices, or no surgery at all. Once the decision is 
made to proceed with the snorkel strategy, we prefer a two
surgeon approach with one performing the femoral access 
portion and one the brachial access portion. Both surgeons 
should have reviewed on the 3-D workstation the anatomy, 
the endovascular plan, and the sequence for deployment. 

• Access to a hybrid endovascular suite is highly recommended, 
although not mandatory, for successful completion of these pro
cedures. Fixed imaging provides improved accuracy, reliability, 
and reproducibility of the anatomy throughout the sequence 
of the snorkel procedure. Knowledgeable operating room and 
cath-angio staff should be assigned to these cases and available 
endografts and wires/catheters as well as backups should all be 
arranged ahead of time to provide the safest working environ
ment for the patient as well as the operative team. 

• Choosing the main body endograft, its configuration, and 
size has been described by numerous authors who all report 
excellent results overall with a wide variety of devices and 
formulas . 9  In general, we often "oversized" to about 25% to 
3 0 %  instead of the typical 1 5 %  to 20% for standard EVAR 
to account for the additional fabric infolding to accommo
date the snorkel stent (s ) .  

• Given the amount of dye often used as well as renal artery 
manipulation during the most complex of snorkel cases, 
we prefer to admit the patient the evening before or several 
hours prior to surgery for additional intravenous hydration 
when possible. 

• General anesthesia is preferred, with consideration for pre
operative lumbar drainage based on risk of spinal cord ische
mia. Arterial monitoring, when necessary, is achieved via the 
right arm. Adequate venous access can consist of either large
bore peripheral intravenous lines (IVs) or a central line. There 
is usually not a need for autotransfusion or cell saver setups 
unless an iliac or axillary conduit is planned where there is 
more potential for early blood loss during the procedure. 

Positioning 

• The hybrid room can be set up as either "head" position ( FIG 4) 

or "right side, table rotated" depending on the type of imaging 
equipment. With the right arm tucked, the left arm is prepped 
circumferentially and placed on an armboard at about 75 to 
90 degrees while the chest and abdomen down to the groins 
are prepped. Surgeon A, who will stand at the patient's right 
hip, has control of the C-arm and imaging functions and is 
in charge of obtaining femoral access and delivery of devices 
from the groins. Surgeon B stands above the outstretched left 
arm, with an additional sterile table extending off the left hand 
to allow for wires and catheters to remain sterile and available 
for arm access during the procedure. The monitor is placed 
at a slight angle toward the foot of the bed to allow both sur
geons to visualize, or a slave monitor can be employed. 
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SNORKEUCHIMNE Y ENDOVASCULAR 

ANEURYSM REPAIR 

Arm Access 

• 

• 

A 5-cm tra nsverse i nc i s ion  s l i g ht ly  be low the  l eft axi l l a  
over t h e  pa lpab le  brach i a l  p u lse affords severa l cent i 
meters of long i tu d i n a l  exposure of the  h i g h  brach i a l  
a rtery (FIG SA) .  Stay i n g  p roxi m a l  to the d e e p  brach i a l  
a rtery takeoff a l l ows a l a rge enough  ca l i ber  o f  bra
c h i a l  a rtery for typ i ca l  de l ivery of two 7-Fr  sheaths for 
a doub le  ren a l  snorkel p roced u re .  At least 7 to 8 em 
of hea lthy brac h i a l  a rtery shou ld  be d i ssected free a n d  
s l u n g  w i t h  vessel l o o p s  to a l low accu rate p u n ct u re o f  
the vesse l .  The t w o  p u n ctu res shou ld  be p l aced at least 
2 em a p a rt, a n d  not next to each other, to fac i l itate later 
s i m p l e r, i n d iv idua l  p r i m a ry c losure .  
For cases when l a rger  de l ivery sheaths  may need to be 
i n serted or  i n  cases where potent i a l l y  u p  to th ree or  
fou r  snorke l  stents need de l ivery, then a n  i nfrac lav icu
lar  inc is ion a n d  exposu re of the axi l l a ry a rtery for pos
s ib le  1 0-mm Dacron condu it  p lacement i s  recommended 
(FIG SB) .  When th i s  i s  p l an ned, a 20-Fr o r  22-Fr sheath 
can be i nserted to get around the a rch and then th ree 
6-Fr o r  7-Fr sheaths can be used to ca n n u l ate the viscera l  
vesse ls .  

• 

FIG 4 • Endovascu l a r  su ite setup for 
snorkel/ch i m ney EVAR with left arm 
p repped and outstretched, C-a rm at 
r ig ht-s ided/ta b le  rotated posit ion  to 
a l low for latera l i m a g i ng, and mon itors 
at foot of bed. S u rgeon A sta nds at 
patient's r ight h i p  and controls C-a rm .  
S u rgeon B stands above patient's left 
a rm to de l iver wi res and  catheters 
from side tab le .  

For the s imp lest of a l l  snorke l  cases, when just one rena l  
a rtery needs stent ing,  a l ower brach i a l  i n ci s ion can be 
made to a l low i nsert ion of a s ing le  7-Fr sheath (FIG SC) . 

Renal/Visceral Cannulation and Sheath 
Advancement 

• A 5-Fr m icropu ncture access is obta ined under  d i rect 
v isua l i zat ion i nto the brach i a l  a rtery. A Bentson w i re is 
advanced, under  f luoroscop ic  gu idance, most often i nto 
the ascend ing  aorta .  The use of an O m n if lush catheter 
and g l idewire (either a 260-cm Rosen o r  Amplatz [Cook 
Medica l ,  B loom i n gton, IN ] )  com b i nat ion,  to d i rect the 
wi re toward the viscera l aorta, a l lows a w i re exchange 
fo r a stiffer p latform.  Over th i s  stiffer p latform, two 
7-Fr 90-cm P i nnac le  Dest i nat ion sheaths (Terumo Medi 
ca l ,  Somerset, NJ) a re posit ioned near  the viscera l  target 
branches to fac i l itate can n u lat ion attem pts (FIG 6A) . 

• Thro u g h  the 7-Fr  sheaths, the  targeted ren a l  a n d  vis
cera l branches a re ca n n u l ated us ing 260-cm-length hy
droph i l i c g u idewi res and a 1 25-cm J B 1  catheter (Cook 
Med ica l ,  B l o o m i ngton,  I N) .  An a n g iogra p h i c  run ca n be 
performed from a flush catheter advanced from fem
ora l  access to a i d  i n  ren a l  ca n n u lat ion  (FIG 68) .  Thor
ough  knowledge of the preoperative a natomy, der ived 
from reformatt i ng  from the 3-D workstat i o n  fac i l itates 

FIG S • A. Skin inc i s ion v ia a h i g h  brach i a l  inc i s ion 
near  the axi l l a  exposes the p rox ima l  b rach ia l  a rtery, 
often g iv ing  adequate s ize for doub le  pu nctu re. 
B. I nfrac l avicu l a r  inc i s ion  to expose the axi l l a ry a rtery 
necessa ry when three or fou r  snorkel/ch im ney sheaths 
needed.  A 1 0-mm or  1 2-mm Dacron conduit can be 
sewn i nto the axi l l a ry a rtery i n  th i s  posit ion .  C. S m a l l  
inc i s ion over p a l p a b l e  brach i a l  a rtery n e a r  a ntecubita l  
crease ca n be used when o n ly s ing le snorkel/c h i m ney 
sheath necessa ry. 
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th i s  port ion  of the  p roced u re, g u i d i n g  opti m a l  a n g u la 
t ion  of  the  C-a rm .  

• Once ca n n u l ated, the sheaths a re advanced coaxia l ly • 
i nto the ta rget a rtery or if ice.  When necessa ry, or i n  cases 
where there i s  a s l i g ht turn to the horizonta l rather  
than  downward ang led, the soft hydrop h i l i c  g u idewire 
needs to be exchanged for a 260-cm J-t ip  Rosen wi re 
(Cook Medica l ,  B loomi ngton, I N) or Amp latz Superstiff 
( 1 -cm t ip) to fac i l itate sheath advancement i nto the ta r-
get rena l  a rte ry. Confi rmat ion ang iog raphy, through the 
sheath,  i s  performed to ensure patency of the rena l  a r
ter ies, ca n n u lat ion of the m a i n  rena l  a rtery, a n d  avo id
a nce of acc identa l  s ide branch can n u lation .  

Positioning of  Main Body Endograft and Snorkel 
Stent Grafts 

• Standard femora l  access for EVAR is emp loyed for snor
kel tech n ique .  Th i s  is we l l  descri bed i n  other cha pters. 
B r ief ly, a s m a l l  transverse i nc i s ion,  be low the i n g u i n a l  • 
l i g ament, ca n be used to expose the common femo-
ra l a rtery to the b ifu rcat ion for de l ivery of endog raft 
components. The percuta neous approach invo lves the 
" p reclose" techn ique  and  emp loys two Perclose ProG i ide  

FIG 6 • A. Two 7-F r  Terumo sheaths p laced from 
arm access down descend ing  thorac ic  aorta ready 
to be positioned near vi scera l aort ic  reg ion .  B. R ight  
rena l  a rtery ca n n u l ated with  g l idewire and  J B  1 
catheter. O m n if lush  catheter from below revea l s  i n  
a n  ang iogram t h e  posit ion o f  t h e  left rena l  a rtery to 
be can n u lated next. 

devices (Abbott Vascu l a r, Santa C l a ra,  CA) or iented at 
10 o'clock and 2 o'clock posit ions 1 0 

The ma in  body endograft can then be de l ivered up the 
chosen femora l  s ide to the pa raviscera l  aorta at the same 
t ime as the iCAST (Atr i u m  Medica l ,  Hudson, NJ) or  Via
bahn (Gore Medical ,  F lagstaff, AZ) stents a re advanced 
through the snorkel  sheaths out to the ta rget rena l  a rter
ies (FIG 7A} . The typica l  length of the iCAST is  59 mm, 
with the d iameter s ized appropr iately to sea l i n  the ta rget 
rena l  a rtery, most often 5, 6, or  7 m m .  For Viaba h n  stents, 
s im i l a r  d iameters a re used in 50- or  1 00-mm lengths as 
appropriate. To prevent theoretica l com press ion of the 
Viaba h n  stent by the main body of the endog raft, the 
Viaba h n  can be reinforced from the ins ide with a ba re
meta l ,  ba l loon-expandab le  stent a long the a reas of over
lap with the ma in  body. The position ing  of the snorkel  
stent req u i res that at least 10 m m  of fixat ion i nto the 
rena l  a rtery be present and that the p roxi ma l  extent of 
the g raft i s  above the fabr ic of the main body endograft. 
In a latera l project ion ang iogra phy, the super ior  mes
enter ic a rtery (SMA) i s  v isua l i zed (when perform ing  the 
typica l doub le  rena l  snorkel)  a n d  the main body fa br ic  
edge p laced i m m ed iately be low the or ig in of the SMA 
(FIG 7B) .  

FIG 7 • A. I n  the  anterior-poster ior view, 
both snorkel iCAST stents in posit ion from arm 
approach a long with ma in  body endograft be ing 
put i nto posit ion .  B. Lateral  view ang iogram 
shows takeoff of SMA (red arrow) and position ing 
of the ma in  body endograft fabric edge (white 

arrow) immediately below SMA. 
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FIG 8 • A. M a i n  body endog raft dep loyed in a nteroposter ior  (AP) v iew with snorkel  stents in posit ion .  B. After can n u lat ion 
of contra latera l gate and  adva ncement of p roxim a l  mo ld ing  ba l loon i nto aort ic  stent, the two snorkel  stents a re fu l l y  i nflated . 
C. The mo ld ing  ba l loon is then maxi m a l ly inf l ated to p rofi l e  and  to m i n i m ize g utters. D. The mo ld i ng  ba l loon is comp letely 
defl ated prior to snorkel stent ba l l oon defl ation .  

• At th i s  po i nt, f i na l  sma l l  adju stments can be made as 
we l l  as  further a n g iography to ensure that the snorkel  
stents a re i n  good posit ion .  To avo id  the issue of the 
iCAST stent be ing u n stab le  off its  ba l loon,  we often 
l eave the 7-Fr  sheaths i n  p l ace to p rotect them unti l  f i na l  
dep loyment.  

Sequence of Stent Graft Deployment and Balloon 
Molding 

• The m a i n  body endograft is dep loyed at the ta rget loca· 
tion with its fa br ic  edge being i m med iately below the 
SMA edge (FIG SA) .  Depend ing  on the endog raft system 
used, dep loyment p roceeds down to the contra latera l 
gate open i n g .  From the contra l atera l femora l  access, 
ca n n u l at ion of the gate i s  confirmed and a noncom p l i ·  
ant  mo ld ing  ba l l oon (32- o r  40-mm Coda  ba l loon;  Cook 
Medical ,  B loomi ngton, IN )  i s  p laced u p  to the level of the 
ren a l  vesse ls .  

• The 7-Fr sheaths a re s lowly withd rawn from the brach i a l  
a pproach s o  the t ip  i s  j u st p rox ima l  t o  t h e  e d g e  o f  t h e  
ren a l  snorke l  stents and  dep loyment o f  the iCAST occu rs, 
most often s imu ltaneous ly and  to a n o m i n a l  pressure of 
e ight  atmospheres (FIG SB) .  At the same t ime that the 
iCAST stents a re be ing dep loyed by ba l loon i nf lat ion,  
s lower i nf lat ion of the Coda occu rs to s lowly mo ld  the 
main body fabr ic  around the snorkel  stents to m i n i m ize 
g utter formation .  

• O n ly when the rena l  snorkel  stents a re maxi ma l l y  i nfl ated 
can the Coda ba l loon go up to fu l l  m a i n  body endog raft 
d i ameter (FIG SC) . This  step ca nnot be overemphas ized, 
as defl at ion of the snorkel  stents wh i l e  the Coda is  i n 
flated i s  l i ke ly  to c ru sh  the ba l l oon-expa ndab le  covered 
stents. 

• With the rena l  snorkel  stents sti l l  maxi m a l ly i nfl ated, the 
Coda ba l loon can f ina l ly  be let down after a few seconds 
of ba l l oon mold ing to comp lete the sequence (FIG SD) .  

Afterthe p roxim a l  mo ld i ng  ba l loon i s  comp letely deflated, 

the ren a l  snorkel  ba l loons a re deflated to a l low perfu
sion of the k idneys. 

Completion of Distal Components 

• Pr ior  to los i ng wi re access to the rena l  vesse ls, a p roxi
mal aortog ram is  performed to look for a l a rge type I 

endo leak or poor perfus ion of e ither targeted k idney. If 
this i s  satisfactory, the d i sta l  components of the endo
g raft can be adva nced and  dep loyed i n  the usua l  fash ion .  

• Repa i r  of the access sites, part icu lar ly  the brach i a l  s ite, 
req u i res ca refu l i nterru pted 6-0 or  7-0 P ro lene sutu res, 
and adequate hand  and foot perfus ion is  verif ied pr ior  
to com plet ion of the case. 

• Postoperative CTA demonstrates the typ ica l  appearance 
of the snorkel  stents adjacent to the m a i n  body endo
g raft with m i n i m a l  g utters (FIG 9A), and  the 3-D recon
struct ion shows exce l lent a l i g n ment and  confi g u rat ion 
of the snorkel  EVAR components (FIG 9B) .  

FIG 9 • A. Postoperative CTA ax ia l  v iew showing  mold ing of  
ma in  body endog raft around two wide ly patent snorke l  stents. 
B. 3-D reconstruct ion demonstrat ing  exce l l ent perfus ion of 
both k idneys and  no evidence of endo leak .  
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PERISCOPE ENDOVASCULAR ANEURYSM 

REPAIR/THORACIC ENDOVASCULAR 

AORTIC REPAIR 

Femoral Access for Introduction of Main Body 
Endograft 

• 

• 

• 

Periscope EVAR/thorac ic  endovascu l a r  aort ic  repa i r  
(TEVAR) bu i lds  on t h e  concept a bove o f  para l le l  en
dog rafts but p laces the viscera l  stents from a femora l  
approach, req u i r i n g  b lood f low to go through the m a i n  
body stent g raft, t h e n  t u r n  around and  retu rn cra n i a l ly 
to the vi scera l or ren a l  vesse l . "  
T h e  femora l  access f o r  per iscope, i n  contrad i st i nct ion 
to snorkel/ch im ney strateg ies, often i nvolves the use of  
l a rger  ca l i ber  thorac ic  or  fenestrated m a i n  body compo
nents (often 22 F r  to 26 F r), lea d i n g  to a s l i ght ly h igher  
u sage  of  open  or  endovascu l a r  i l i ac  condu its. 
One usefu l mod ification to an  i l iac condu it that can be 
he lpful  i n  del iver ing and torqu ing  la rge-ca l i ber main body 
com ponents or sheaths dur ing periscope EVARITEVAR in
volves creat ing a patch at the d ista l end (FIG 1 0) .  This patch 
reg ion is created by cutt ing a 1 0- or  1 2-mm Dacron g raft 
a long its long access, creat ing a sewing patch that en larges 
the transit ion from g raft to vessel, and not l i m it ing the 
f lexib i l ity of the branch to the i n it ia l  ang le  it is sewn into. 

Contralateral Access and Cannulation of Target 
Visceral Branch(es) 

• After the femora l  access s ide has been chosen and pre
pa red for ma in  body endograft del ivery, the contra latera l 
femoral  site is used to cannu late the p lanned viscera l or 
rena l  branches from the bottom .  I n  the periscope configu
rat ion, the para l le l  stent g raft i s  often req u i red to make a 
U-turn, so the more f lexible covered stent, the se lf-expand
ing  Viabah n  (Gore Medica l ,  F lagstaff, AZ), is preferred. This  

FIG 1 0  • A. 1 0-mm Dacron cond u it b isected long itud i n a l ly to 
create a sewing patch .  B. Dacron i l iac  condu it sewn to native 
i l iac  a rtery a l lows easy mob i l ity of the condu it at m u lt ip le  
ang les of entry for  la rge-ca l i ber  device or  sheath .  ( F rom Lee JT, 
Lee G K, Chandra V, et a l .  Comparison of fenestrated endog rafts 
and  the snorkel/ch i mney techn ique  [pub l ished o n l i ne a head of 
pr int Apri l 27, 2014 ] .  J Vase Surg. doi : 1 0 . 1  0 1 6/j .jvs .201 4.03 .255 . )  

FIG 11 • 22-Fr sheath with m u lt ip le  punctu res a l lows th ree 
sepa rate 6-Fr sheaths to be in serted without leakage.  

• 

req u i res la rger sheath access (up to 1 2  Fr) than the iCAST 
described ear l ier; however, for a double periscope configu
rat ion, a l a rger 20-Fr or 22-Fr  sheath is usua l ly  necessa ry to 
perform m u lt ip le  pu nctu res i nto (FIG 1 1 ) .  

The typical periscope EVARITEVAR i nvolves the need for a 
d ista l land ing zone (FIG 12) .  In this particu lar  case, the cel iac 
and one rena l  artery were a l ready occluded, so the periscope 
techn ique was used to revascu larize the SMA and remain ing 
rena l  a rtery, with an  1 1 -mm Viabahn in  the SMA requ i ring a 
1 2-Fr sheath (blue arrow) and an 8-mm Viabahn  as the rena l  
periscope requ i ring an 8-Fr  sheath (orange arrow) (FIG 1 3) .  

Sheath Advancement and Periscope Stent Graft 
Positioning 

• S i m i l a r  to the snorkel/ch im ney EVAR procedu re ear l ie r, 
the genera l  pr inc ip les of advanc ing  the sheath i nto the 
target vi scera l vesse l a re repeated, but i n  per iscope EVAR/ 
TEVAR, a l l  i s  performed from the femora l  approach .  The 
SMA and  rena l  per iscopes a re posit ioned severa l  centi
meters i nto the target vessel or ig in ,  with the d ista l end 
(blue arrow) below the bottom end of the m a i n  body 
stent g raft (white arrow) (FIG 14) .  

Sequence of  Deployment and Balloon Molding 

• 

• 

The m a i n  body endograft is dep loyed with the per iscope 
sheaths st i l l  i n  posit ion (FIG 1 5A) .  The sheaths a re then 
s lowly withdrawn to a l l ow the per iscope stent g rafts 
(Viabah ns) to dep loy aga i nst the m a i n  body endograft 
(FIG 1 5 8) .  Because there is often some com p ress ion of 
the self-expand ing  per iscope stents, an add it iona l  ba l 
loon-expandab le  bare stent i s  p laced a long  where there 
i s  contact with the main body endograft and  a s i m i l a r  
seq uence as e a r l i e r  o f  ba l loon mo ld i ng  i s  performed to 
m i n i m ize g utter fo rmation (FIG 1 6) .  

The rema inder  of  the p roxi ma l  aspect of  the aneurysm 
is  v isua l i zed and appropr iately stent g rafted with proxi
mal extens ions  and ba l looned (FIG 1 7), and postopera
tive CT-A confi rms aneurysm exc lus ion with wide patency 
of the periscope stent g rafts a n d  norma l  target vessel 
perfus ion (FIG 1 8) .  
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FIG 12 • Thoracoa bdom i n a l  aneurysm formed a bove pr ior  
open repa i r  with occ l uded r ight  rena l  and  ce l i a c  a rter ies .  
Periscope config u rat ion to keep SMA and  r ight rena l  a rtery 
perfused . 

FIG 1 5  • A. Main body endograft deployed whi le periscope 
sheaths sti l l  i n  place. B. After withdrawa l of sheaths, periscope 
stents (Viabahns) a re deployed . 

FIG 1 3  • 22-Fr sheath (white arrow) houses 1 2-Fr per iscope 
sheath (blue arrow) i nto SMA as we l l  as 8-Fr sheath (orange 

arrow) posit ioned to try to ca n n u late rena l  a rtery. 

FIG 14 • Bottom of both periscope stents (SMA and r ight renal)  
are at blue arrow position and therefore lower than bottom of 
p lanned dista l component of main  body endograft (white arrow). 

FIG 1 6  • B a l loon mo ld ing  of m a i n  body endog raft with 
com p l iant  aort ic  ba l loon aga i nst ba l l oon-expa ndab le  bare 
stents p laced with i n  per iscope stents at level of contact and  
d i sta l sea l .  

1 945 
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FIG 1 7  • A. Prox ima l  ang iog raphy shows reg ion of proxi ma l  aneurysm to 
treat. B. Proxi ma l  m a i n  body endog raft is de l ivered and  over lap  is molded with 
com p l iant  aort ic  ba l loon .  

FIG 1 8  • Complet ion CTA showing  exc lu 
s ion of aneurysm and  periscope stents i n  
exce l lent posit ion, perfus ing  SMA a n d  
r ight  ren a l  a rtery. 

PEARLS AND PITFALLS 

I nd i cat ions • Fol l ow genera l recommendat ions  for e lective repa i r  of a bdom i n a l  aort ic  aneurysms (AAAs) and 
cons ider  ra i s i ng  cr iter ia when app ly ing  com plex snorkel/ch imney/periscope p roced u res to these 
often comprom ised pat ients. 

• Most of these proced u res use approved devices in an off- labe l  manner  so i nformed consent to 
d iscuss a l l  ava i l ab le  opt ions i s  i m portant.  

Preoperative workup • H i g h-qua l ity imag ing  and  the a b i l ity to m a n i p u l ate i mages on a 3-D workstat ion a re mandatory 
for successfu l  p reoperative p l a n n i n g  a n d  device cho ices. 

• Adequate preoperative and per i  operative hydrat ion i s  i m portant, g iven the amount of renal a rtery 
m a n i p u l at ion that occurs dur i ng  these cases. 

Patient setup • The advanced imag ing afforded by a dedicated hybr id  endovascu l a r  su ite a l l ows i m p roved v i sua l -
i zat ion  dur i ng  these  ve ry techn ica l ly demand ing  p roced u res. 

• A we l l -tra ined staff and two-surgeon approach a re i m portant to ensure safe de l ivery of endog raft 
components from both the femora l  and  brach i a l  posit ions .  

Arm access • Two 7-Fr sheaths can be p laced in the h i g h  brach i a l  pos it ion from a transverse i nc i s ion,  and the 
puncture s ites need to be at least 2 to 3 em away from each other to a l l ow safe and  independent 
a rter iotomy c losure .  

Rena l  ca n n u lat ions • A coaxi a l  system with sheath and  covered stent i nto the target rena l  or  viscera l vessel from the 
brach i a l  approach opti m i zes safe and  accu rate dep loyment of snorkel  stents. 

• Carefu l w i re m a n i p u l at ion i n  d i sta l renal and us ing  less stiff wi res with J-ti ps, if poss ib le, m i n i m izes 
l i ke l i h ood of ren a l  parenchym a l  i nj u ry and theoretica l possi b i l ity of rena l  m icroem bol i .  

Ba l loon mo ld i ng  seq uence • Carefu l attent ion to sequence of snorkel/ch imney/per iscope ba l l oon seq uence m i n i m izes g utter 
formation, promotes good neck apposit ion, and p revents compress ion of vita l v iscera l and rena l  
branches .  

POSTOPERATIVE CARE 

• At the conclusion of the procedure, patients are usually ex
tubated, observed for 2 to 3 days in a monitored setting (in 
the intensive care unit overnight if lumbar drain present) ,  
and discharged home when ambulating, tolerating a normal 
diet, and with stable renal function. Clopidogrel and aspirin 
are given if the patients are not already taking these medica
tions for at least 6 weeks postoperatively. 

OUTCOMES 

• Multiple reviews of the worldwide experience with snorkel/ 
chimney and periscope techniques continue to find it to be 
technically successful with target revascularization rates in 
the 95% to 1 0 0 % ,  mortality in the 2 %  to 5% range, mor
bidity up to 1 0 % ,  and midterm renal and branch patency 
rates of 92% to 9 6 % . 12•13 

• Rupture-free survival after snorkel/chimney or periscope 
EVAR is excellent in the small amount of literature published 
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on this new approach but will be important to observe in 
the mid- and long-term to ensure that this technique is 
durable as a strategy for endovascular repair of complex 
aneurysms. 

COMPLICATIONS 

• Perioperative complications related to complex EVAR in 
general include cardiac ischemia, arrhythmias or exacerba
tion of heart failure, groin wound seroma and infection, 
early thrombosis of endograft components, and bleeding is
sues related to access site . Reported rates of these issues are 
not particularly different than the wealth of literature for 
routine EVAR. 

• Particular to snorkel/chimney techniques involve the use of 
the arm access, which has the potential of leading to arm 
ischemia, nerve injury/irritation of the brachial plexus, and 
axillary seromas. 

• Wire and catheter manipulation and poor wire hygiene can 
lead to inadvertent renal parenchymal injury that can lead 
to hematomas and excessive bleeding requiring transfusion. 
The rate of renal function decline is certainly more than in 
standard EVAR, although we do not believe it to be worse 
than open suprarenal surgery, fenestrated, or branched 
devices. 

• Right arm access for multiple snorkel/chimney stems has 
been reported to lead to higher rates of cerebrovascular 
complications. 1 •8 This is likely due to moderate amounts of 
time that sheaths are across the aortic arch and the possibil
ity of thrombus formation that can lead to cerebral emboli. 

• Gutter leaks are a unique consequence of the parallel stent 
graft strategy and are poorly understood. Some general 
guidelines involve placing as long of stems as possible in 
parallel configuration to force gutter leaks to thrombose, 
and careful long-term imaging follow-up to ensure that the 
aneurysm is excluded. 
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• Anatomic constraints for endovascular management of 
abdominal aortic aneurysms include the presence of short 
or angulated surgical necks and aneurysmal degenera
tion of the origins of the visceral arteries. Fenestrated and 
branched endografts were introduced to enable minimally 
invasive repair of complex juxta- and suprarenal aortic 
aneurysms. 1 These devices incorporate reinforced fenes
trations or directional branches, permitting incorporation 
of visceral artery origins into the proximal endograft seal 
zone without compromising end-organ perfusion or an
eurysm exclusion.2 This chapter summarizes the technical 
features of endovascular aneurysm repair using fenestrated 
and branched stent grafts for pararenal and thoracoab
dominal aortic aneurysms. 

DEFINITION 

• The term fenestrated repair refers to deployment of an en do
graft featuring custom orifices created and reinforced at pre
cise locations around the aortic perimeter to enable branch 
artery access, cannulation, and placement of a bridging stent 
graft in the course of aneurysm exclusion. Fenestration sites 
are created from patient-specific cross-sectional image data 
to enable exclusion of aneurysms with short or angled in
frarenal necks . In most circumstances, the target arteries 
(e .g. ,  renal or mesenteric) must arise from normal aorta to 
enable fenestrated repair. As a rule, fenestrations must be 
able to deploy flush with the aortic wall to ensure adequate 
aneurysm exclusion. "Alignment" stents (covered or un
covered, depending on individual patient circumstance) are 
deployed as needed to prevent target artery malperfusion as 
a consequence of misalignment between the fenestration and 
target artery orifice. 

• Branched repair refers to endovascular aneurysm exclu
sion employing covered stents to directly connect the 
main lumen of the endograft to the target visceral artery. 
These devices enable repair of aneurysms involving or ex
tending proximal to the origins of the renal or visceral 
vessels ( e .g . ,  type IV thoracoabdominal aortic aneurysms 
[TAAAs] ) .  Of necessity, some distance must be present 
between the main body of the endograft at full deploy
ment and the aortic wall at the target visceral artery ori
fice. Branched stent grafts are currently available in two 
distinct configurations: 

Fenestrated branches arise from reinforced fenestrations 
bridged by balloon-expandable covered stents . 
Directional or cuffed branch devices feature appended 
fabric cuffs, precisely located to enable straight, helical, 
down- or up-going guidewire egress, target vessel can
nulation, and deployment of bridging covered stents. 
Self-expanding flexible nitinol stents are usually employed 
for this purpose. 

1948 

DIFFERENTIAL DIAGNOSIS 

• Most aneurysms are degenerative (previously characterized 
as " atherosclerotic, " based on a similar, although not identi
cal, causal risk factor profile) .  

• Other relevant etiologies include infection (e .g. ,  mycotic 
aneurysms),  inflammation (e .g . ,  inflammatory aneurysm or 
aortitis ) ,  development of penetrating ulcers or asymmetric 
saccular enlargement, and related aortic pathologies (dissec
tion or intramural hematoma) .  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Most patients' aneurysms do not prompt symptoms prior 
to catastrophic rupture and are diagnosed incidentally or 
during screening. Indications for repair are size greater 
than 5 .5  em for males and greater than 5 em for females or 
enlargement greater than 5 mm in 6 months.3 

• In approximately 5% to 10% of patients, aneurysms in
duce periaortic inflammation and resultant retroperitoneal 
fibrosis involving adjacent structures, including the duode
nal and ureters.4 These patients may present with abdomi
nal or back pain, fatigue, malaise, or low-grade fever even 
at relatively small diameters. Commonly, these aneurysms 
also enlarge at accelerated and unpredictable rates. Other 
uncommon presentations of abdominal aortic aneurysm 
disease include the presence of distal embolization with 
" blue toe syndrome, "  congestive heart failure from aor
tocaval fistulae, or gastrointestinal bleeding from primary 
aortoenteric fistulae. 

• A comprehensive history should be obtained to fully appre
ciate the potential natural history of each patient's disease, 
including a comprehensive assessment of cardiovascular 
risk factors, current smoking habits, and a family history of 
aneurysmal disease or connective tissue disorders. 

• Evaluation of perioperative clinical risk emphasizes cardiac, 
pulmonary, and renal functional status and reserve, includ
ing baseline laboratory testing, noninvasive cardiac stress 
testing, pulmonary function assessment, and carotid duplex 
ultrasonography when indicated. 

DIAGNOSTIC IMAGING 

• Preprocedural aortic imaging studies provide fundamental 
and necessary guidance for endovascular repair strategies of 
all types. Aneurysm morphology is best analyzed through 
acquisition of high-resolution computed tomography an
giography (CTA) datasets.5 CTA with submillimeter slice 
acquisition is recommended for optimal acquisition, allow
ing three-dimensional reformatting techniques, maximum 
intensity projections, and volume rendering. 

-
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• Stent grafts are currently custom-made to conform to patient 
anatomy, based on estimates of longitudinal distance, axial 
clock position, arc lengths, and angles derived from center
line of flow measurements . 

• Anatomic limitations to be considered include difficult iliac 
access, excessive aortic tortuosity, visceral artery occlusive 
disease, and anatomic variants including multiple accessory 
renal arteries or early renal branch bifurcation. 

STENT GRAFT DESIGN 

• Device planning starts with selection of the proximal landing 
zone based on "healthy" aorta . The proximal landing zone 
should include at least a 2-cm length of "normal ,"  noncalci
fied, parallel aortic wall. The outer-to-outer aortic diameter 
should be more than 1 8  mm and less than 32 mm for para
renal aneurysms and more than 18 mm and less than 38 mm 
for TAAAs.6 Landing zone diameter should be no larger than 
the diameter of the next most proximal aortic segment. 

• Fenestrated stent grafts are currently manufactured with 
three fenestration options: small and large circles and more 
proximal scallops ( FIG 1A) .  Small fenestrations are 6 X 6 mm 
or 6 X 8 mm, created without crossing struts and reinforced 
by circumferential nitinol rings. Large fenestrations' diam
eters are 8, 10 ,  or 12 mm and may incorporate stent struts 
crossing the edge or middle of the circular defect, limiting 
space available for alignment stents. Scallops are contoured 
indentations along the upper edge of the main body endograft 
fabric, 1 0  mm wide and ranging in height from 6 to 12 mm, 
depending on individual patient anatomy.5 

• Device designs vary with aneurysm extent. For pararenal 
aneurysms, 70% of patients are adequately treated with two 
small fenestrations for the renal arteries and a scallop for the 
superior mesenteric artery (SMA).5  Suprarenal and type IV 

A 

6 mm wide 
6 or 8 mm high 
> 1S mm from 
edge 

' 

1 

8 ·12 mm diameter 
No nitinolring 
>10 mm from edge 

B 

TAAAs typically require four fenestrations (no scallops) .  
Extensive TAAAs (types I to III) need directional branches, 
particularly if the aortic diameter is relatively large or aneu
rysmal at the level of the visceral arteries. The combination 
of directional branches for celiac and SMA management with 
fenestrations for the renal arteries is increasingly popular. 

SURGICAL MANAGEMENT 

Ancillary Tools 

• These procedures require advanced endovascular skills and 
a comprehensive inventory of applicable catheters, balloons, 
and stents (Table 1 ) .  Dedicated training in fenestrated and 
branched techniques is highly recommended for physicians 
already experienced in endovascular disease management 
and ancillary procedures including renal and visceral artery 
disease management. 

Perioperative Measures 

• Patients with difficult aneurysm anatomy, chronic kidney 
disease, or advanced age are preadmitted for bowel prepara
tion and intravenous hydration with bicarbonate infusion. 
Oral acetylcysteine is administered to minimize risk of peri
procedural renal dysfunction following administration of 
iodinated contrast. 

• Hybrid, fixed imaging platforms are essential for optimal 
results of these complex procedures. Most are performed 
using general endotracheal anesthesia; local or regional an
esthesia may be sufficient in select cases. 

• Intraoperative blood salvage systems ("cell saver" )  are recom
mended for difficult cases and all TAAAs. The creation of large, 
impermeable pockets within dependent portions of the surgical 
drapes will facilitate pooling and collection via the cell saver. 

c 

. . . 

FIG 1 • A. There a re th ree types of fenestrat ions  that can be m a n ufactured:  sma l l ,  l a rge, and  sca l l op  fenestrat ions .  The fenestrated 
stent g raft cons ists of a p roxi m a l  fenestrated tubu la r  component, a d ista l  bifu rcated u n iversa l component, and a contra latera l i l iac  l i m b  
extens ion .  B. T h e  Cook Zenith® stent g raft l i neage.  C .  Newer des ign with two stra ight  down-go ing  branches and  two fenestrat ions .  
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Table 1 :  List of Anci l lary Tools Recommended for Physicians Performing Fenestrated Stent Graft Procedures 

Category 

Sheaths 
20- to 24-Fr Check-F lo sheath (30 em) 
7 -Fr Ansel sheath ( 55  em, f lexib le d i l ator) 
7- or 8-Fr Raabe sheath (90 em long) 
1 2 -Fr Ansel sheath ( 55  em, f lex ib le d i l ator) 
5-Fr Shuttle sheath (90 em) 

Catheters 
Kumpe catheter 5 Fr (65 em) 
Kumpe catheter 5 Fr (1 00 em) 
C1 catheter 5 Fr ( 1 00 em) 
M PA catheter 5 Fr ( 1 2 5  em) 
MPB catheter 5 Fr ( 1  00 em) 
Van Schie 3 catheter 5 Fr (65 em) 
Vertebra l  catheter 4 Fr ( 1 2 5  em) 
VS 1 catheter 5 Fr (80 em) 
S immons I catheter 5 Fr ( 1  00 em) 

Manufacturer 

Cook Medica l ,  B loomington, I N  
Cook Medica l ,  B loomington, I N  
Cook Medica l ,  B loomington, I N  
Cook Medica l ,  B loomington, I N  
Cook  Medica l ,  B loomington, I N  

M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
Cook Medica l ,  B loomington, IN 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
Spectra -Medics 

Appl ication 

Femoral access for mu ltivessel catheter ization 
Femoral access for branch a rtery stent ing 
B rach ia l  access for branch a rtery stent ing 
B rach ia l  access for tortuous aort ic arch to faci l itate branch a rtery stent ing 
Branch a rtery access dur ing d ifficu l t  a rch 

Selective vessel catheterization 
Selective vessel catheterization 
Se lective vessel catheterization 
Se lective vessel catheterization 
Se lective vessel catheterization 
Selective vessel catheterization 
Se lective vessel catheterization 
Selective vessel catheterization 
Se lective vessel catheterization 
D iagnostic ang iography 
D iagnostic ang iography, selective vessel catheterization 
Se lective vessel catheterization 

D iagnostic fl ush catheter 5 Fr ( 1  00 em) 
D iagnostic p igta i l  catheter 5 Fr ( 1 00 em) 
Quick-cross catheter 0 .0 1 4  in to 0 .035 in ( 1 50 em) 
Renegade catheter ( 1 50 em) Boston Sc ientific, M i nneapol is, M N  Se lective vessel catheterization 

Guide catheters 
L IMA gu ide 7 Fr ( 55  em) 
Interna l  mammary ( IM) gu ide 7 Fr ( 1 00 em) 
M PA guide 7 Fr ( 1 00 em) 

Cordis Corporation, Bridgewater, NJ 
M u lt ip le 

Precatheterization 
Se lective vessel catheterization 
Selective vessel catheterization 

Balloons 
1 0-mm x 2-cm ang iop lasty ba l loon 
1 2-mm x 2-cm ang iop lasty ba l loon 
5-mm x 2-cm ang iop lasty ba l loon 

Wires 
Bentson wire 0 .035  in ( 1 50 em) 
Soft g l idewire 0 . 035  i n  (260 em) 
Stiff g l i dewire 0.035 i n  (260 em) 
Rosen wire 0.035 i n  (260 em) 
1 -cm t ip  Amplatzer w i re 0.035 i n  (260 em) 
Lunderqu ist wire 0 .035  i n  (260 em) 
G l idegold wire 0 .0 1 8  i n  ( 1 80 em) 

Stents 
iCAST stent grafts 5 to 1 0  mm 
Ba l l oon -expandab le  stents 0 .035  i n  
Se lf-expandab le  stents 0 .035  i n  
Se lf-expandab le  stents 0 .0 1 4  i n  

M u lt ip le 

M u lt ip le 
M u lt ip le 
M u lt ip le 

M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 
M u lt ip le 

Atri um ,  H udson, NH 
M u lt ip le 
M u lt ip le 
M u lt ip le 

MPA, main pulmonary catheter; VS 1 ,  Van Schie 1;  LIMA, left internal mammary artery 

• The use of iodinated contrast is minimized by avoidance 
of power injector digital substraction angiography (DSA) 
runs during device implantation and side stent placement. 
Whenever possible, hand injections of dilute contrast (70% 
saline) are used to locate the side branches. Completion aor
tography is obtained only after all stents are positioned and 
postdilated, again using diluted contrast (50 % ) .  

• To minimize contrast, precatheterization o f  targeted visceral 
arteries or use of onlay computed tomography (CT) images, 
when available, is recommended. In experienced hands, 
precatheterization adds little to the overall procedure time. 

Positioning 

• Patients are positioned supine with the imaging unit oriented 
from the head of the table. Both arms are tucked for repair 
of pararenal aneurysms requiring up to three fenestrations. 

• Brachial artery access is used in patients treated by directional 
branches or those who need four fenestrations. The left arm 

Prox ima l  stent fla re 
Proxima l  stent fla re 
Advance sheath over ba l loon 

I n it ia l  access 
Ta rget vessel catheter ization 
Ta rget vessel catheterization 
Branch a rtery stent ing 
Branch a rtery stent ing 
Aort ic stent graft 
Target vessel catherization 

Branch a rtery stent ing 
Branch a rtery stent ing or rei nforcement 
Distal branch a rtery stenti ng 
Distal b ranch a rtery stenting 

is abducted and prepped in the surgical field up to the axilla. 
A working sterile side table is oriented in the same axis of 
the abducted arm for optimal support of necessary wires and 
catheters. 

• Electrocardiogram (EKG) leads, urinary catheter, and other 
monitoring cables and lines should be taped or secured so that 
they are not in the path of the x-ray beam of the fluoroscopic 
unit and do not impede movement of the C-arm gantry. 

Arterial Access 

• Access is established in the femoral arteries .  Patients with 
small, calcified, or stenotic iliac arteries may require creation 
of an iliac conduit for safe device delivery. 

• Total percutaneous femoral access is the preferred approach 
in patients with noncalcified arteries or mild posterior 
plaque. The standard "preclose"  technique enables complete 
hemostasis in more than 95% of patients irrespective of 
sheath diameter. 7 When femoral arteries are small, calcified, 
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o r  bifurcate close t o  the inguinal ligament, standard surgical 
exposure and access is obtained. Proximal and distal control 
is obtained using vessel loops. 

• The left brachial artery is surgically exposed via small longi
tudinal incision in the upper arm, just proximal to the origin 
of the deep brachial artery. 

ENDOVASCULAR REPAIR USING 

FENESTRATED STENT GRAFTS 

• Fenestrated-branched repa i r  is cu rrently performed us ing 
the Cook Zenith® stent g raft l i neage.  Newer des igns by 
Endo log ix  (Ventana). Terumo (Anaconda). and Cook 
Medica l  (p-Branch) a re under c l i n ica l  i nvest igat ion .  

• The Cook Zenith® fenestrated stent g raft consists of a proxi- • 
mal fenestrated tubular  component, a d ista l bifurcated un i 
versa l component, and a contra latera l i l iac l imb  extension 
(FIG 1A) .  The fenestrated tubular component is custom
made to fit the patient's anatomy. Four to 6 weeks a re re
qu i red for manufactur ing and del ivery in the U n ited States. 

• B i l atera l percuta neous femora l  access is esta b l i shed 
under  u ltrasound gu ida nce; each femora l  puncture 

• Intravenous heparin ( 80  to 100  units/kg) is administered 
immediately after femoral and brachial access is established. 
An activated clotting time longer than 250 seconds is main
tained throughout the procedure with frequent rechecks every 
30 minutes. Prior to deployment of the stent graft, diuresis is 
induced with intravenous mannitol and/or furosemide. 

is preclosed us ing  two Perclose devices. B i latera l 8-Fr 
sheaths a re i ntroduced to the externa l  i l i ac  a rter ies over 
Benson gu idewi res (Cook Medical ,  B loom ington, IN) .  The 
gu idewi res a re exchanged to 0 .035- in  soft g l idewi res 
and Kumpe catheters, which a re advanced to the ascend
i n g  aorta and  exchanged for stiff 0 .035- in  Lunderq u i st 
gu idewi res (Cook Medica l ,  B loomi ngton, IN ) .  
Cho ice of  access site i s  dependent on tortuosity and ves
sel d iameter. Provided there a re no issues with both i l iac  
a rteries, the branches a re performed via the r ight femoral  
approach, whereas the fenestrated and bifu rcated de
v ices a re i ntrod uced via the left femora l approach .  A 20-Fr 
(two fenestrations) or  22-Fr (th ree fenestrations) Check
F lo sheath (Cook Medica l ,  B loom ington, I N) i s  i ntroduced 
via the r ight femoral  approach (FIG 2A) .  The va lve of the 

FIG 2 • A. A 20-Fr (two fenestrat ions) or  22-Fr (th ree fenestrations) Check-F lo sheath (Cook Medica l ,  B loomi ngton, IN) i s  
i ntroduced v ia the r ight  femora l  a pproach .  B. Precatheter izat ion of the rena l  a rter ies .  C. Seq uenti a l ly reg a i n  access i nto the 
fenestrated com ponent, fenestrat ion,  and  ta rget vesse l .  D. An a l i g n ment stent i s  adva nced under  protect ion of the sheath .  
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Check-Flo sheath has fou r  leaflets, wh ich a re accessed by 
two short 7-Fr sheaths at 2 o'clock and 7 o'clock posit ions .  

• Precatheter izat ion of the ren a l  a rter ies is performed • 
us ing  0 .035- in  soft g l idewi res and  5-Fr Kumpe or C 1  
catheters (Cook Medica l ,  B loom i n gton, I N), wh i ch  a re 
supported by 7-Fr l eft i nterna l  m a m m a ry a rtery (L IMA) 
g u ide catheters (FIG 28) .  Alternative ly, on lay fus ion CTA • 
is recom mended to m i n i m ize contrast use.  

• Once the ta rget vesse ls a re catheterized, the fenestrated 
stent g raft is or iented extracorporea l ly, i ntroduced via the • 
left femoral  approach, and deployed with opt ima l  apposi
t ion between the fenestrations and the ta rget catheters. 

• Proper device orientation, us ing the anterior and posterior 
markers, is essentia l .  It is usefu l to deploy the fi rst two or 
th ree stents and then rotate the imaging u n it latera l ly, con-
firm ing a l i gnment between the catheter and its respective • 
fenestrat ion .  The device should be deployed s l ightly h igher  
than what is antic i pated, with the catheter match ing the 
lowest of the four  rad iopaque markers i n  the fenestration .  • 
The d iameter-reducing wire on the fenestrated component 
a l lows for some rotationa l  and cran ia l-<:audal  movement 
to opt imize a l i gnment fol lowing i n it ia l  deployment. • 

• After dep loyment of the fenestrated component, each 
catheter i s  removed from its target a rtery and used to 
seq uent i a l l y  reg a i n  ta rget vesse l access through the re
spective fenestrat ion .  (FIG 2C) . In most cases, when 
a l i g n ment i s  ca refu l ly confi rmed pr ior  to attem pted ca n-
n u l at ion,  the target vesse l i s  accessed without d ifficu lty. • 

• After the ta rget vesse l is catheterized, soft g l idewire is re
moved and hand  i nject ion is  used to confirm locat ion .  The 
g l idewire i s  exchanged for a 0 .035- in Rosen g u idewire 
(Cook Medica l ,  B loomington, IN ) .  The Rosen g u idewire 
has a f loppy J t i p, red uc ing the r i sk of branch rena l  
a rtery perforat ions .  When  add it iona l  support i s  req u i red, 

the Amplatz g u idewire (Cook Medica l ,  B loomington, IN )  
w ith  1 -cm soft t ip  ca n be used. 
After the Rosen or  stiff gu idewire of choice is posit ioned, 
a 7-Fr Ansel sheath with flexib le  d i lator is advanced. 
If there is  d ifficu lty to advance the sheath, a n  u nders ized 
ba l l oon may be used as a d i lator to fac i l itate advancement. 
Once the sheath i s  i n  posit ion,  an  a l i g nment stent i s  posi
t ioned under protect ion of the sheath with the t ip  of the 
stent j u st beyond the t ip  of the sheath (FIG 20) .  

For  repa i rs requ i r ing two or three vessel fenestrations, the 
target vessels are accessed sequentia l ly using femoral ap
proach. For those requ i r ing four  fenestrations, the cel iac axis 
is accessed via brach ia l  approach using a preloaded catheter, 
which is p laced through the cel iac fenestration and exits the 
stent g raft via an access sca l lop at the top of the device. 
The d iameter-red uc ing  tie on the fenestrated seg ment 
is removed after a l l  the target a rter ies a re accessed a n d  
secu red b y  7 - F r  hyd roph i l ic sheaths .  
The top cap of the device i s  advanced forward to dep loy 
the uncovered fixat ion stent (FIG 3A) .  The top cap is re
tr ieved pr ior  to dep loyment of the a l i g n ment stents. 
After the top cap and d i l ator a re removed, the proxima l  
l and ing zone i s  gently d i lated us ing  a compl iab le  ba l loon 
such as the Coda ba l loon (Cook Medical ,  B loom ington IN, 
FIG 38) .  It i s  critica l that the ba l l oon d i latation is performed 
prior to placement of a l i gnment stents, or  a lternatively, 
each stent has to be protected by sepa rate ba l loons. 
The a l i g n ment stents a re seq uenti a l l y  dep loyed fo l l owing 
remova l of the d i ameter-red uc ing  t ie ,  retr ieva l of the top 
cap, and  ba l loon d i l atation of the neck .  The sequence of 
stent deployment is renal  arteries fol lowed by SMA and 
cel iac axis .  Pr ior  to each stent dep loyment, the posit ion 
of the stent i s  conf i rmed by hand i nject ion .  The stent i s  
dep loyed 3 to 5 m m  i nto the aorta (FIG 3C) and  f la red 

FIG 3 • A. The top cap of the device i s  advanc ing  forwa rd a l lowing dep loyment of the uncovered fixat ion  stent. B. The 
proxi ma l  l and i ng  zone i s  gent ly d i lated us ing a comp l i ab le  ba l loon .  Stent dep loyed 3 to 5 m m  i nto the aorta (C) and  f la red 
us ing  a 1 0-mm x 2-cm ba l loon (D) . 
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• 

us ing  a 1 0-mm x 2-cm ba l loon (FIG 3D) .  A complet ion 
ang iography of each branch i s  performed us ing hand 
i nject ion after d i rect i nject ion of  1 00 to 200 fi-g of n itro
g lycer in  to m i n i m ize spasm . 
Fo l lowing p l acement of the a l i g n ment stents, a d ista l b i - • 
fu rcated stent g raft is or iented, advanced, and  dep loyed 
with preservat ion of the i ps i l atera l i nterna l  i l i ac  a rtery. 
The d i lator of the bifu rcated device may encroach the 
contra latera l rena l  stent o r  the SMA stent. I n  these 
cases, it is  usefu l to leave a 1 0-mm ba l l oon ready to be 
inf lated in the renal stent to p revent damage (FIG 4A, 

inset) . The m i n i m u m  over lap  between the bifu rcated • 
and  the fenestrated com ponent is two fu l l - length stents 
( 1 7 mm each), but idea l ly, more than three fu l l  stents is 

recom mended to m i n i m ize risk of component separat ion 
(FIG 4B) . 8  After dep loyment of the bifu rcated device, 
the d i lator i s  removed with care to avo id damage or  d is
lodgement of the ren a l  stents. 
The contra l atera l gate i s  catheterized us ing  a soft g l ide
wi re and  5-Fr catheter (FIG 4B) . Access i s  confi rmed by 
360-deg ree catheter rotat ion .  The g l idewire i s  exchanged 
for a 0 .035- in  Lunderqu ist g u idewire.  L im ited i l i ac  ang i 
ography us ing  contra l atera l ob l i que  v iews w i th  hand  i n 
ject ion .  The contra latera l l i m b  extens ion i s  dep loyed with 
preservation  of the i ntern a l  i l ia c  a rtery (FIG 4C) .  

A completion ang iography of  the aorta and i l iac a rteries i s  
obta ined us ing power i nject ion to demonstrate patency of 
the viscera l a rteries, ma in  body, i l iac l imbs, and i l iac a rteries. 

FIG 4 • To avo id  the d i lator of the bifu rcated device encroach ing  the contra latera l ren a l  stent o r  the SMA stent, leave a 
1 0-mm ba l loon ready to be i nfl ated i n  the ren a l  stent (A, inset). B. The m i n i m u m  over lap  between the b ifu rcated and  the 
fenestrated component i s  more than two fu l l - length stents. C. The contra latera l l i m b  extens ion i s  dep loyed with p reservation 
of the i nterna l  i l i ac  a rtery. 

ENDOVASCULAR REPAIR USING 

MULTIPLE DIRECTIONAL BRANCHES 

{MULTIBRANCH T-BRANCH STENT GRAFT) 

• D i rect iona l  branches created with p resewn cuffs a re cur
rently ava i l ab le  from Cook Zen ith® stent g raft l i neage 
on a n  i nvest igat iona l-use bas is  (FIG 1 B) .  A fou r-vessel 
m u lt ibranch stent g raft des ign (T branch) i s  a lso be ing  
i nvest igated for  treatment of TAAAs 9 

• The extent of repa i r  var ies  d e pe n d i n g  on the  proxi
mal  extens ion  of a n e u rysm with i n  the  thorac ic  a o rta . 
The  p roced u re is performed u s i n g  b i l atera l  femora l  

a n d  l eft brach i a l  a pproac h .  I n  genera l ,  the  repa i r  sta rts 
with d e p l oyment  of a p roxi m a l  t h o rac i c  TX2 stent 
g raft (Cook Med i ca l ,  B l o o m i ngton,  IN) fo l l owed by de
p l oyment  of the  T-branch  stent g raft (Cook Med i ca l ,  
B r i sbane, Austra l i a)  a n d  d i sta l  b ifu rcated component  
a n d  contra latera l  l imb  exte n s i o n .  The  se l f-expa n d a b l e  
stents a re p l aced i nto the  fou r  b ranches fo l l ow ing  
d e p loyment of a l l  ao rt i c  components .  The cr i t i ca l  steps 
a re reviewed as  fo l l ows: 
• B i l atera l femora l  and  left brach i a l  a rter ia l  access i s  

obta ined (FIG SA) .  A proxi ma l  thorac ic  stent g raft i s  
dep loyed if needed depend ing  on  aneurysm extent. 
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• Precatheter izat ion of the rena l  a rter ies is not re
q u i red, but it i s  cr it ica l that the d i sta l edge of the 
d i rect iona l  branch i s  dep loyed above its  i ntended 
ta rget vesse l .  To guide dep loyment of the T-branch 
component, the SMA is p recatheterized v ia the bra
ch i a l  approach (FIG 58) .  

y 

( 

E 

• The T-branch stent g raft is or iented extracorporea l ly, 
i ntrod uced v ia the femora l  approach, and  dep loyed 
with the d i rect iona l  branches located p roxim a l  to its 
i ntended ta rget vesse l (FIG SC) .  

• Deployment of the d ista l u n iversa l b ifu rcated stent 
g raft and contra l atera l i l i ac  extens ion a re ident ica l  

FIG 5 • A. Endovascu l a r  repa i r  us ing  m u lt ip le  d i rect iona l  branches i s  performed us ing  b i l atera l femora l  and  left brach ia l  
approach .  Dep loyment of  p roxi ma l  thorac ic  TX2 stent g raft (Cook Med i ca l ,  B loomi ngton, IN )  (B), fo l lowed by  dep loyment 
of the T-branch stent g raft (Cook Medica l ,  B r i sbane, Austra l i a) (C), and  d ista l b ifu rcated component and  contra latera l l i m b  
extens ion (D) . T h e  femora l  a rteries m a y  be c losed, restor ing  flow i nto t h e  lower extrem it ies; m a i nta i n  access i nto o n e  o f  the 
femora l  a rter ies us ing  a 5-Fr sheath (E,  inset). F,G.  9-Fr 80-cm f lexor sheath (Cook Medica l ,  B loom ington, IN )  i s  advanced i nto 
the ta rget vesse l ,  fo l l owed by p lacement of a self-expandab le  stent g raft. H. Com p lete proced u re .  
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to what  was  described i n  the fenestrated tech n ique  
(FIG SO) .  

• The femora l  a rteries a re c losed at th i s  po int, resto r
i ng  f low i nto the lower extrem it ies .  It is usefu l to 
m a i nta i n  access i nto one of the femora l  a rteries 
with a 5-Fr sheath (FIG SE, inset). This  ma neuver 
a l l ows passage of a 0 .0 1 4- in  g u idewire from the left 
brach ia l  a rtery to femora l  a rtery. The g u idewire i s  
c l amped i n  both ends, wh ich  locks the 1 2-Fr sheath 
i n  p l ace and provides support for dep loyment of the 
side branches.  

• The 1 2-Fr  Ansel I sheath (Cook Medica l ,  B looming
ton ,  IN )  i s  adva nced v ia the left brach i a l  approach 
and  posit ioned ins ide the T-branch component 
i n  the descend ing  thorac ic aorta (FIG SE) .  At th i s  
poi nt, a 0 .0 1 4- i n  g u idewire is  adva nced through and  
th rough  f rom the left b rach i a l  to femora l  a rtery, 
prevent ing movement of the 1 2-Fr sheath i n  the 
aort ic  arch .  

• Each s ide branch is i n d ivid u a l ly catheterized in a 
seq uent ia l fash ion ,  sta rt ing  with the ren a l  a rter
ies (FIG SF) fo l lowed by the SMA and  ce l iac  axis .  
A 5-Fr m a i n  pu lmonary a rtery (M PA) or  Kumpe 
catheter (Cook Medica l ,  B loomi ngton, IN )  is used 

ENDOVASCULAR REPAIR USING TWO 

DIRECTIONAL BRANCHES AND 

TWO FENESTRATIONS (TWO BRANCH-

TWO FENESTRATED STENT GRAFT) 

• A des ign with d i rect iona l  branches for the ce l iac and  SMA 
a n d  fenestrat ions for  the rena l  a rteries has been wide ly 
used at the C leve land  C l i n i c . 1 0 More recently, a newer 
design with two stra ight  down-go ing  branches and two 
fenestrat ions  has been used (FIG 1 C) . The advantage of 
the l atter is the a b i l ity to p rovide short, transversely or i -
ented branches for the ren a l  a rter ies .  

• The same pr inc ip les a l ready descr ibed for fenestrated 
stent g rafts are app l ied with respect to device des ign,  
p l a n n i ng ,  a n d  a rteria l  access. 

• B i latera l femora l  access and  left brach i a l  a rtery access 
i s  needed (FIG 6A) . The r ight femora l  access i s  used for 
p recatheter izat ion of the rena l  a rteries .  The left b rach ia l  
access i s  used for  the ce l i ac  ax i s  a n d  SMA (FIG 68) .  

• A proxi m a l  thorac ic TX2 stent g raft (Cook Medica l ,  
B loomi ngton, IN )  i s  dep loyed fi rst, depend ing  on  proxi-
mal extens ion of the aneurysm (FIG 6A) .  

• After the rena l  a rter ies and  SMA a re p recatheter ized, 
the fenestrated-branched stent g raft i s  or iented extra-
corporea l ly, i ntrod uced v ia  the femora l  approach and  
dep loyed w ith  perfect apposit ion between the rena l  fen-
estrat ions and the ta rget ren a l  a rter ies (FIG 68) .  

• 

• 

• 

• 

• 

• 

• 

to access the d i rect iona l  branch a n d  target vesse l .  
Once t h e  vessel i s  catheterized, t h e  soft g l idewi re i s  
exchanged for a stiff g u idewire (Rosen or  short-t ip  
Amplatzer, Cook  Med i ca l ,  B loomi ngton, I N), wh i ch  
i s  posit ioned i n  the target vesse l .  

• A 9-Fr 80-cm fl exor sheath (Cook Medica l ,  B loom
i n gton, I N) i s  adva nced coaxi a l ly with i n  the 1 2-Fr 
sheath i nto the ta rget vesse l .  

• Each target vessel is stented with a self-expa ndab le  
stent g raft (FIG SF) .  The stent g raft shou ld  be over
s ized by 1 to 2 mm and shou ld  provide at least 2 em 
of d i sta l l and i ng  zone in the target vessel ,  extend
i n g  3 to 5 m m  i nto the aort ic  lumen of the T-branch 
device. 

• To p revent k i n ks i n  the trans it ion of the stent g raft 
to the ta rget a rtery, each self-expandab le  stent 
g raft i s  rei nforced by a second self-expa ndab le  
uncovered stent, wh ich  i s  dep loyed 1 em beyond 
the d i sta l edge of the stent g raft (FIG SG) .  Se lec
tive comp let ion ang iog raphy is  obta ined for each 
seq uent ia l  b ranch .  

• A com p l et ion ang iog raphy of the a rch a n d  thora
coabdo m i n a l  aorta i s  obta ined after a l l  matt i ng  
stent g rafts a re dep loyed (FIG SH) .  

The ce l i ac  and  SMA branch a re accessed us ing  pre loaded 
catheters and  g l idewi res, which a re snared v ia the left 
brach i a l  approach (FIG 68) .  

Each  catheter i s  sequenti a l ly removed from the rena l  
a rter ies and  used to reg a i n  access i nto the fenestrated 
component, ren a l  fenestrat ion,  a n d  target ren a l  a rtery 
(FIG 6C) .  Hydrop h i l ic sheaths and  a l i g n ment ren a l  stents 
a re adva nced as  previous ly descr ibed.  
The pre loaded catheters in  the SMA and cel iac branch a l low 
advancement of a 0.035-in soft g l idewire, which is snared via 
the left brach ia l  approach (FIG 68) .  A sheath and catheter 
are advanced into the cel iac branch. Fol lowing access i nto 
the cel iac axis, a 0.035-i n Amplatz guidewire is p laced. 
The SMA is accessed using s im i la r  steps, and after access is es
tab l i shed with Amplatz gu idewire, a 9-Fr sheath is advanced 
to a l low position ing of a self-expandable stent graft. 
Once a l l  fou r  vesse l s  a re catheterized and  sheaths a re 
posit ioned i nto the ren a l  a rter ies and  SMA, the d iame
ter-reduc ing t ie is  removed, a l lowing com plete expan
s ion  of the fenestrated-branched component (FIG 60) .  

Sequentia l  target a rtery stenting is performed us ing ba l 
loon-expandable covered stents for  the rena l  fenestrated 
branches (FIG 6E, inset) and self-expandable stent g rafts 
for the SMA and cel iac axis (FIG 6E, inset). Selective branch 
ang iography is performed after each branch stent is p laced . 
Dep loyment of d ista l b ifu rcated component and  contra
l atera l i l i ac  l i m b  extens ion is  ident ica l to what has been 
descr ibed for fenestrated stent g rafts (FIG 6F) .  
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FIG 6 • A. B i latera l femora l  access a n d  left b rach ia l  a rtery access is needed.  B. After the rena l  a rter ies and  SMA a re 
p recatheter ized, the fenestrated-bra nched stent g raft is or iented extracorporea l l y, i ntroduced v ia the femora l  a pproach .  The 
ce l i ac  and  SMA branch a re accessed us ing  pre loaded catheters and  g l idewi res, wh ich  a re snared v ia the left brach i a l  approach .  
C. Reg a i n  access i nto the fenestrated com ponent, rena l  fenestrat ion,  a n d  ta rget rena l  a rtery. D. Comp lete expans ion of the 
fenestrated-bra nched component .  Seq uenti a l  target a rtery stent i ng i s  performed us ing  ba l loon-expandab le  covered stents for 
the ren a l  fenestrated branches and  self-expandab le  stent g rafts for the SMA and  ce l i ac  axis (E,  inset). F. Deployment of d ista l 
b ifu rcated component and  contra l atera l i l i ac  l i m b  extens ion .  
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PEARLS AND PITFALLS 

Preoperative eva l uat ion • Com p lete h i story a n d  physica l exa m i n at ion with emphas is  on ca rd iovascu l a r  r i sk factors, fa m i ly 
h i story of aneurysm d isease, and  connective t issue d isorders 

• Preoperative medica l  eva l uat ion focused on card iac, pu lmonary, and  rena l  performance 
• Aortic imag ing  with com p uted tomography a n g iography a l l ows deta i led ana lysis of aneurysm 

morpho logy for stent g raft des ign and p roced u re p l a n n i n g .  

Arter ia l  access • I l i ac  condu its a re recommended in patients with sma l l ,  d iseased, or  excess ively tortuous i l i ac  a rter ies.  
• Pelvic perfus ion with m a i ntena nce of i nterna l  i l iac  a rtery f low decreases r i sk of sp ina l  cord i nj u ry. 

Stent g raft i m p l a ntation • Precise stent g raft des ig n and i m p l a ntat ion a re cr it ica l aspects of the procedure .  
• M i n i m ize use of iod i n ated contrast by avo id i ng  contrast aortog raphy dur ing device i m p l a ntation .  
• Precatheter izat ion and/or on lay CT  a l l ows p recise device i m p l a ntat ion w i th  m in ima l  need  of 

ang iography. 
• Fenestrat ions  a re typica l l y  accessed v ia the femora l  approach and  stented us ing ba l l oon-expa ndab le  

covered stents. 
• D i rect iona l  branches a re accessed via the b rach i a l  approach and stented us ing self-expandab le  stent 

g rafts. 

M i sa l i gned fenestrat ions  • Excessive tortuosity i n  the i l i ac  or  viscera l  seg ment may cause m i sa l i g n ment of fenestrat ions and  
d ifficu lt  target vesse l catheter izat ion .  

• Rotat ion of the device, wh ich  i s  constra ined by a d i ameter-red uc ing  t ie ,  and  use  of ba l loon 
d isp lacement o r  curved catheters a l low successfu l catheter izat ion i n  most cases. 

B ranch perforat ion or 
d i ssect ion 

• Sma l l ,  d iseased, and  tortuous viscera l  a rteries a re prone to perforat ion or  d issect ion ,  part icu l a r ly i f  
a n  Amplatz g u idewire i s  needed to p rovide more support .  

• Careful attent ion to deta i l  and  m i n i m iz i ng  g u idewire m a n i pu lat ion with c lose attent ion to the t ip  of 
the g u idewire help p revent this com p l i cation .  

Stent k i n ks • B ranch  tortuosity may lead to k i nks with i n  the s ide stents. 
• This shou ld  be i m med iately recog n ized and treated by p l acement of a second self-expandab le  stent 

to p revent branch occl us ion .  

POSTOPERATIVE CARE 

• Length of stay averages 2 to 3 days for endovascular repair 
of pararenal aneurysms and 4 to 5 days for TAAAs. 

• Cerebrospinal fluid drainage is discontinued on postopera
tive day 2, after a 6-hour clamp trial and documentation of 
normal coagulation profile. 

• Oral diet is resumed the day after the operation for uncom
plicated cases requiring two to three fenestrations, but it is 
typically withheld for 1 or 2 days for difficult cases or those 
requiring four fenestrations or branches. 

• A CTA and baseline duplex ultrasound of the visceral 
branches is obtained prior to dismissal. Follow-up includes 
clinical examination and imaging ( CTA and ultrasound) in 
6 to 8 weeks, every 6 months during the first year, and yearly 
1 year, and early thereafter. 

• Patients are started on aspirin indefinitely. Clopidogrel is not 
recommended unless there is a specific concern with one of 
the side branches because of small size ( < 4  mm), occlusive 
disease, or dissection. Clopidogrel should be avoided early 
after extensive TAAA repair because of risk of delayed spinal 
cord injury and paraplegia, which may necessitate replace
ment of the spinal drain. 

OUTCOMES 

• Fenestrated and branched stent grafts have been widely applied 
to treat pararenal and TAAAs. Early mortality rate is depen
dent on the extent of repair. For pararenal aneurysms, mor
tality ranges from 0% to 3 %  in single-center reports1 1•12 and 

averages 1 . 8 %  in a systematic review. 13 TAAAs are associated 
with early mortality of 0% to 9% in single-center reports. 14•15 

• Technical success is high for endovascular repair using fenes
trated stent grafts ( 9 1 %  to 1 0 0 % ) 16• 17  and branched stent 
grafts ( 93% to 100% )Y·1 8 

• Endoleaks from the attachment sites (type I and type III) 
are uncommon with fenestrated and branched stent grafts. 
Type II endoleak is the most common type of endoleak and 
occurs in 0 %  to 20% of the patients . 1 9•20 

• Branch vessel patency is excellent with fenestrated branches, 
averaging 90% to 1 0 0 % . 15•21 In a recent report by Mastracci 
and associates,22 freedom from any branch-related compli
cation (occlusion, kink, reintervention) was 84% at 5 years. 

COMPLICATIONS 

Intraprocedural Complications 

• Fenestration misalignment 
Neck angulation, tortuosity, and errors of design or im
plantation can lead to misalignment between the fenestra
tion and the target vessel. Several maneuvers can be used 
to overcome misalignment between the fenestration and the 
vessel. Initially, the catheter and guidewire are rotated to 
"probe" the aortic wall in search for the vessel. To maintain 
access into the fenestration, a 7-Fr Ansel sheath is advanced 
into the fenestration and secured by a 0 .01 8-in guidewire, 
whereas a 5-Fr "buddy" catheter (e .g. ,  Van Schie [VS] 3) is 
used to locate the renal artery. In patients with down-going 
or stenosed renal arteries, it may be difficult to advance the 
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catheter over a soft glidewire. The catheter and glidewire 
may bounce up into the top cap, providing support for the 
catheter to be advanced deep into the renal artery. 

• Diameter-reducing ties are located posteriorly, which may result 
in the fenestrations being pulled slightly more posterior than its 
intended location. A useful maneuver is to gently rotate each 
fenestration, usually anteriorly. Other maneuvers are rarely 
needed but included use of curved catheters (e.g., VSl or SOS) 
for down-going vessels or vessels that are originating from the 
lower part of the fenestration, microcatheters, and balloon dis
placement of the main stent graft. The latter is rarely needed 
but may provide more room for catheter manipulations. 

• Branch perforation or dissection 
Branch vessel perforation and/or dissection can be prevented 
by meticulous technique, visualization of the tip of the wire, 
and avoiding wire manipulations. The guidewire should not 
be positioned in small terminal branches, which are prone 
to perforate or dissect. It should be visualized and stabilized 
during exchanges manipulations, avoiding forward or retro
grade movement. If perforation occurs, it should be immedi
ately recognized and treated using a microcatheter and coil 
embolization. Dissections within the main renal artery can 
be treated by placement of a self-expandable scent. 

• Endoleaks 
Type II and type IV endoleaks may occur and should be left 
untreated. Type I and type III endoleaks ( < 3 % )  are infre
quent with proper selection of a healthy landing zone and 
adequate planning.23 In the U.S .  fenestrated trial, there were 
no type I or III endoleaks. 5 In the event of a type Ia endoleak, 
the proximal neck may be redilated, but all the alignment 
scents need to be protected by separate balloons. Type III en
doleaks may result from inadequate flare, lack of apposition, 
use of bare metal scent, or inadequate length into the aorta . 

• Stent kinks or narrowing 
Kinks are highly preventable and can be anticipated from 
careful review of vessel anatomy by CTA. These remain a 
cause of reintervention or branch vessel loss if not recognized. 
Short scents (<2 em) tend to avoid bends and the mid- or 
distal portion of the renal artery, which has greater respira
tory motion. The right renal may have a posterior orienta
tion from its course behind the inferior vena cava. If a kink is 
anticipated by CTA or is evident by completion angiography, 
a self-expandable scent should be placed. Kinks or narrowing 
may also result from inadequate flare, strut compression, and 
ostial disease. In these cases, angioplasty or scenting with a 
second balloon-expandable scent may be recommended. 

Postoperative Complications 

• Spinal cord injury 
• Stroke 
• Cardiac events (myocardial infarction, arrhythmias, conges

tive heart failure) 
• Pulmonary complications (pneumonia, prolonged ventila

tion, tracheostomy) 
• Gastrointestinal complications (ileus, pancreatitis, cholecystitis) 
• Systemic inflammatory response (fever, leukocytosis, throm

bocytopenia )  
• Renal function deterioration 
• Access-related problems (bleeding, thrombosis, pseudoa

neurysm) 
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DEFINITION 

• The content discussed in the following text presupposes fa
miliarity with basic wire and catheter-based endovascular 
techniques. For a summary of such techniques, the reader 
may refer to excellent existing references. 1 

• Various occlusive and/or aneurysmal disease processes in 
renal and visceral arteries may necessitate endovascular 
interventions (Table 1 ) .  

• Progressive renal artery stenosis (RAS) o r  occlusion may pre
dispose to renovascular hypertension (RVH; most common 
form of secondary hypertension) and ischemic nephropathy.2 
Aortic atherosclerosis at the ostia or proximal renal artery 
accounts for two-thirds of cases .3 Fibromuscular dysplasia 
(FMD) also causes progressive serial stenoses throughout 
the renal arteries and may also predispose to RVH. FMD 
occurs most commonly in younger female patients.4 

• Acute mesenteric ischemia (AMI) and chronic mesenteric 
ischemia (CMI) are life threatening but fortunately rare ( 1  in 
1 ,000 and 1 in 1 00,000 hospital admissions, respectively) 
conditions.5•6 The infrequent nature of symptomatic mesen
teric ischemia may be due to the rich collateral supply derived 
from the celiac, superior, and inferior mesenteric arteries. 
CMI most commonly develops following progressive athero
sclerotic occlusion of two or more mesenteric arteries, with 
the superior mesenteric artery (SMA) being the most critical 
of the three. Arterial embolization, leading to acute occlusion 
of the celiac artery or SMA, more commonly is associated 
with AMI.6 In rare circumstances, in critically ill patients, 
impaired intestinal perfusion due to arterial vasospasm may 
occur in the absence of thromboembolic occlusion. 

• Extra- and intra parenchymal renal artery branch aneurysms 
occur with a reported autopsy incidence between 0 .0 1 %  and 

Table 1 :  RenaiNiscera l Arterial Disease 

Causes of rena l/visceral a rtery 
stenosis or  occ lus ion 

Causes of rena l/visceral a rtery 
aneurysm 

• Atherosc lerosis 
• F ibromuscu la r  dysp las ia 
• Dissect ion 
• Coa rctat ion syndromes 
• Extri ns ic compression 
• Vascu l it is 
• Hypercoagu lab le  state 

• Extens ion of aort ic aneu rysma l  d isease 
• Atherosclerotic degeneration 
• Blunt or  penetrating trauma 
• F ibromuscu la r  dysp las ia 
• Connective t issue d isorder 
• Iatrogen ic  in jury 

0. 7% and may arise from various disease etiologies? Overall, 
the risk of acute clinical evolution (rupture or thrombosis) 
is low but may be increased during pregnancy, with high re
sultant maternal and fetal mortality. The risk of progression/ 
rupture, as is the case in most visceral artery aneurysms, is 
presumed to decline significantly following menopause. 

• Aneurysms of the celiac artery, SMA, and their branches are also 
infrequent and associated with varying etiologic entities. Splenic 
artery aneurysms are the most common (60%),  followed by 
aneurysms in the hepatic (20%) ,  superior mesenteric, and celiac 
arteries, in that order. 8•9 Syndromes such as polyarteritis nodosa 
or Kawasaki's disease may be associated with aneurysms in var
ious segments of the mesenteric arterial circulation. Guidelines 
for intervention vary, depending on aneurysm location, rate of 
enlargement, symptom status, and demographic considerations: 
age, gender, and menstruation status. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• RVH, with or without concurrent evidence of ischemic 
nephropathy, is seen in less than 50% of individuals mani
festing severe RAS.2•3 Hypertension in children, new onset 
hypertension in individuals younger than 30 or older than 
55 years old, or accelerated hypertension should prompt sus
picion for the presence of RAS. Older patients with RVHIRAS 
typically manifest other stigmata of systemic vascular disease, 
including coronary and cerebrovascular disease, in addition 
to peripheral vascular disease. In patients with severe bilateral 
RAS, renal failure may be exacerbated with recent initiation 
of an angiotensin-converting enzyme (ACE) inhibitor. 10 Acute 
exacerbations of poorly controlled RVH may manifest with 
"hypertensive crisis, " flash pulmonary edema, or neurologic 
symptoms ranging from headache to seizure and stroke. Phys
ical examination may reveal severe elevation of both systolic 
and diastolic blood pressures, abdominal bruits, and other 
manifestations of peripheral arterial occlusive disease. 

• Patients with CMI are typically elderly and have a prior 
history of symptomatic vascular disease. Like RAS/RVH 
patients, CMI rarely is present without other signs and 
symptoms of advanced vascular disease, including aortic and 
mesenteric branch arterial calcification on plain x-ray films 
of the abdomen. Symptoms produced by CMI are frequently 
nonspecific and intermittent, leading to delayed diagnosis 
and disease progression. Classical symptoms usually include 
postprandial dull/crampy midepigastric abdominal pain, 
progressive weight loss, and "food fear" with decreased ca
loric intake. 1 1  Findings on physical examination are usually 
noncontributory, save those related to advanced peripheral 
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vascular disease (e .g. ,  absent pedal pulses) ;  patients fre
quently are malnourished and cachectic. Abdominal auscul
tation frequently reveals hyperactive bowel sounds, and a 
bruit may sometimes be auscultated. 

• AMI presents more dramatically, with sudden onset of 
abdominal pain, often in patients suffering acute embolic 
occlusion of the SMA. Although pain may seem out of pro
portion to objective physical examination findings initially, 
progressive tenderness to palpation and ultimately perito
neal signs develop in parallel with diminishing bowel viabil
ity. Clinical status also rapidly deteriorates, with progressive 
metabolic acidosis, shock, and multisystem organ failure.6 

• Patients with renal artery aneurysms (RAAs) may provide 
a history of trauma, arterial dissection, syndromic vascular 
conditions, connective tissue disorders, or RAS. The ma
jority of RAAs are asymptomatic at the time of diagnosis, 
identified as incidental findings on cross-sectional imaging 
studies ordered for unrelated indications . Specific associated 
historical and physical findings are rare but may include 
acute onset hypertension, abdominal distension, flank pain, 
hematuria, syncope, and shock. Occasionally, an abdominal 
pulsatile mass is present on physical examination.7 Although 
not always fatal, RAA rupture, particularly those in segmen
tal branches, frequently predisposes to renal infarction and 
resultant decrease in glomerular filtration capacity. 

• Patients with aneurysms of the celiac and SMAs and derived 
branches may manifest with a history of arterial dissection, 
trauma, pancreatitis, or other local inflammatory processes 
or infections. One-third of patients may also have aneurys
mal disease in other segments of their arterial anatomy. 8 As is 
the case with RAAs, patients rarely present with symptoms 
other than rupture, which itself is also rare. Free rupture may 
result in hemoperitoneum, hematobilia, or life-threatening 
gastrointestinal hemorrhage. The risk of rupture is highest 
with hepatic (20% to 44% of mesenteric arterial aneurysm 
ruptures )  and splenic artery aneurysms, the latter notoriously 
at risk during the third trimester of pregnancy. 12• 13 Presence 
of a splenic artery aneurysm recognized during pregnancy 
should prompt consideration of immediate repair, regardless 
of the status of the pregnancy. 14 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Renal artery disease assessment usually begins with duplex 
ultrasonography, which has a reported sensitivity of 8 6 %  
t o  9 3 % ,  specificity o f  9 8 % ,  and overall accuracy o f  9 6 % . 1 5 
Duplex criteria used to diagnose more than 60% RAS in
clude an arterial peak systolic velocity of more than 1 8 0  to 
200 em per second, a ratio of renal artery to aortic peak 
systolic velocity of more than 3 .5 ,  or acceleration time be
tween onset and peak of systole of more than 100  m per 
second. Kidney length and resistive indexes derived from 
parenchymal insonation may also provide important insight 
into the presence, nature, and severity of end-organ disease. 

• Similarly, duplex ultrasound provides a useful, noninvasive 
method of assessing for the presence of chronic mesenteric 
occlusive disease. 1 6 In the celiac artery, peak systolic veloci
ties of more than 200 em per second provides a sensitiv
ity and accuracy for detecting a greater than 70 % stenosis 

of 87% and 82%,  respectively. In the SMA, peak systolic 
velocities of more than 275 em per second provides a sensi
tivity and accuracy for detecting a greater than 70% stenosis 
of 92% and 96%,  respectively. 

• Computed tomography angiography ( CTA) is the current 
gold standard for confirming the presence, severity, and 
extent of occlusive mesenteric vascular disease . CTA-derived 
images also provide insights into the potential underlying 
mechanism of occlusion, including FMD, associated dissec
tion, evidence of inflammation/infection, or thromboembolic 
occlusion. Moreover, three-dimensional reconstructions 
generated from CTA datasets also provide valuable guidance 
for preprocedural planning. In emergent circumstances, such 
as those associated with suspected AMI, CTA usually repre
sents the "go-to " diagnostic test. 

• For patients with contrast allergies or other contraindica
tions to computed tomography ( CT) scanning, magnetic 
resonance angiography (MRA) may provide a suitable alter
native, particularly for initial diagnosis and screening pur
poses. Overall resolution of MRA is not equal to that of 
CTA and in some circumstances may not provide sufficient 
detail for the precise surgical or interventional planning. 

SURGICAL MANAGEMENT 

Patient Selection 

• Appropriate patient selection for endovascular intervention is 
paramount and dependent on therapeutic indication, anatomy, 
patient comorbidities, and acuity of the disease process. In the 
following text, we discuss considerations for patients with renal/ 
mesenteric arterial occlusive disease, followed by considerations 
for patients with renal/mesenteric arterial aneurysmal disease. 

• For RAS, the indication for endovascular intervention is con
tingent on severity of stenosis, the presence and severity of 
presumed resulting hypertension, and extent of residual glo
merular filtration capacity. For RAS, there is no accepted indi
cation currently for "prophylactic" intervention. Endovascular 
intervention is considered only in patients with severe hyper
tension, who have failed medical management with at least 
three concurrent antihypertensive medications or have dem
onstrated progressive loss of renal function due to ischemic 
nephropathy in the setting of more than 60% RAS. The future 
role for endovascular intervention in treating RVH has been 
called into question by level I data demonstrating only modest 
reductions in blood pressure following renal artery stentingY 

• Patients with critical stenosis or occlusion of at least two 
mesenteric arteries, in the setting of signs and symptoms 
consistent with CMI, are also potential candidates for 
endovascular management. Patients with atypical symptoms 
who may meet anatomic criteria for mesenteric occlusive 
disease often experience disappointing results following 
endovascular intervention. 

• Given the compromises inherent in management of AMI, 
often in the setting of uncertain bowel viability, hybrid 
open and endovascular approaches may represent the saf
est and most expeditious option. Particularly in regard to 
"acute-on-chronic" occlusion of the proximal SMA, with 
a patent distal segment preserved by collateral flow, surgi
cal exposure at celiotomy enables distal SMA cannulation 
and sheath placement. Standard angiographic techniques are 
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then employed to  cross the occlusive proximal lesion in  a 
retrograde fashion, with subsequent angioplasty and stent
ing performed to restore pulsatile antegrade flow. 1 8  We have 
employed this technique reliably under a variety of challeng
ing clinical conditions with consistently good results . 

• In patients with disease in multiple mesenteric arterial segments 
and symptoms concerning for mesenteric ischemia, SMA 
revascularization, either via endovascular or open surgical 
approaches, represents the most reliable and effective method 
for resolving critical mid- and distal gut ischemia. Decompres
sive laparotomy should always be considered as an essential 
adjunct in these circumstances, regardless of revascularization 
method used, to facilitate selective resection of nonviable bowel 
if needed and limit the noxious effects of abdominal compart
ment syndrome in these already compromised patients. 

• In comparison, the safety and use of primary inferior mesen
teric artery (IMA) endovascular intervention remains contro
versial in patients with disease in multiple mesenteric arteries. 
Recent series report relatively frequent procedure-related 
complications and poor outcomes following attempted IMA 
intervention.19 These results may in part be due to the pro
gressive nature of occlusive vascular disease in the most distal 
aortic segment at the level of the IMA and resulting difficulty 
in resolving significant ostial stenoses with even high-pressure 
angioplasty techniques. 

• The criteria for elective repair of asymptomatic RAAs is 
controversial. Recommendations vary for intervention based 
on aneurysm diameter, also taking into account the size of 
the parent artery, extent of mural calcification, and rate of 
enlargement, if available. Consensus exists regarding treat
ment for all aneurysms larger than 3 em in diameter.20•21 Simi
larly, patients with intact but symptomatic true aneurysms, 
recent-onset false (pseudo-) aneurysms, and aneurysms result
ing from associated FMD are also typically repaired promptly, 
given their presumed higher risk of rupture. RAAs in women 
of childbearing age with plans for future pregnancies are usu
ally repaired, when recognized, at almost any size. Less agree
ment is present for RAAs larger than 2 em but smaller than 
3 em in diameter, with treatment recommendations often cus
tomized based on individual circumstances. 

• There are no set size criteria for visceral artery aneurysm 
repair. Although larger aneurysms are thought to have an 
increased potential risk of rupture, small visceral artery 
aneurysms are also known to rupture and manifest with 
life-threatening hemorrhage. Therefore, most visceral aneu
rysms larger than 2 em should be repaired when identified. 
This recommendation does not necessarily apply to post
stenotic arterial dilations (not true aneurysms) and distal 
SMA aneurysms. The latter are generally best managed by 
embolization and/or resection of the dependent loops of ad
jacent small intestine. In most circumstances, ruptured vis
ceral artery aneurysms are best managed by open or hybrid 
approaches, allowing for assessment of bowel or end-organ 
ischemia in conjunction with restoration of arterial flow. 

Preoperative Planning 

• Prior to attempted repair or exclusion, aneurysm location 
and access issues should be precisely determined via cross
sectional imaging studies. Luminal plaque, thrombus burden, 

associated aneurysms, and preexisting dissections should 
also be noted. Finally, target vessel diameter should be deter
mined at several intervals before, within, and after the lesion 
of interest to optimize coil, stent, and graft selection. 

• The preferred method of critical renal artery ostial lesion 
management is by balloon-expandable stent placement. In 
rare circumstance, angioplasty predilation may be required 
to advance the appropriate stent through the renal ostia and 
across the stenotic lesion. Renal artery stents range from 1 0  
t o  30  m m  i n  length and 4 t o  7 m m  i n  diameter. Transfemoral 
approaches to the renal artery are generally preferred due 
to the shorter distance to target, smaller imaging fields, and 
abundant availability of purpose-specific instrumentation. 
However, cephalad angulation of the renal artery origins 
relative to the aorta, the presence of extensive infrarenal 
aortoiliofemoral arterial occlusive disease, or significant iliac 
artery tortuosity may favor consideration of the left brachial 
artery and descending thoracic aorta as the preferred route 
of access. 

• For the treatment of mid- to distal RAS in the setting of 
FMD, angioplasty alone is generally the preferred treatment 
modality. Either transfemoral or transbrachial approaches 
may be considered, depending on the considerations noted 
earlier. Care must be taken to minimize procedural trauma 
with precise determination of target artery diameter and 
selection of appropriately sized instruments (sheaths, bal
loons, and stents ) .  Poor planning or ill-considered procedural 
technique may precipitate arterial dissection, thrombosis, 
and renal infarction. 

• Depending on the degree of lesional calcification, the ex
tent of associated juxtaostial aortic occlusive disease, lesion 
length and associated target vessel tortuosity, balloon- or 
self-expanding stent grafts may be chosen for luminal recon
stitution and may provide improved long-term patency in the 
proximal SMA.22 Cannulation of either the celiac or SMA 
may be achieved from both femoral and brachial approaches . 
However, in emergent or extenuating circumstances, left 
brachial access often proves more expeditious and effective. 
This is particularly true in the setting of high-grade ostial 
stenosis or occlusion, where brachial access and antegrade 
aortic sheath placement may provide improved guidewire, 
sheath, and crossing catheter pushability and trackability. 

• Successful wire cannulation of ostial SMA and celiac lesions 
may require "telescoping" techniques with different sheath 
and wire combinations ( see in the following text ) .  This is 
also true of attempts to deploy devices in the mid- and dis
tal splenic artery, where a triaxial catheter and sheath com
bination extending into the target lesion is frequently most 
effective. Given the short and often tortuous nature of the 
celiac artery, stable sheath placement is challenging, often 
representing the most difficult aspect of the procedure . 

• Similar principles are used when treating aneurysms of renal 
and visceral arteries, including precise catheter positioning 
and stable sheath support. Aneurysm size, location, neck 
anatomy, and extent of tortuosity of feeding target vessels 
impact the strategy of repair. For example, for large retro
pancreatic splenic artery aneurysms, coil embolization of 
the aneurysm sac (preferably with large-end-first or nesting 
coils ) prior to covered stent placement across the ostium of 
the aneurysm is necessary to ensure long-term procedural 
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success.  For precise embolization of shallow or wide-necked 
aneurysms, adjuncts such as distal balloon occlusion with 
deployment of detachable coils may be necessary. For more 
accessible aneurysms with a wide-based aneurysm neck, 
bare metal stenting may be performed across the ostium of 
the aneurysm first, followed by placement of coils through 
the open interstices of the stent to keep the coils localized to 
the area of interest. Branch artery aneurysms usually occur 
at bifurcation points and are accompanied by small, well
defined necks and are ideally suited for embolization with 
microcoils (0 .01 8-in catheter compatible) delivered through 
a triaxial delivery system. 

• The preferred size/shape of embolization devices or covered 
stents may be either accurately estimated from a prepro
cedural CT arteriogram or determined at the time of an
giographic imaging and sheath placement. Based on these 
measurements, coil and plug diameters may be oversized by 
20% of the target vessel diameter. The length of coils selected 
is derived from the anticipated arterial lumen surface area 
that requires embolization. Similarly, the length of vascular 
plugs selected depends on the target artery to be embolized 
and the estimated luminal flow. For example, higher flow 
arteries, such as those proximal to arteriovenous fistulae, 
usually need more extensive coverage to ensure definitive 
occlusion. Both self-expanding and balloon-expandable 
stent grafts are available. The former are also typically over
sized by 20%,  and the latter are usually sized 1 mm greater 
than the target artery diameter. Attention should be given to 
the sheath selection to ensure adequate diameter and length. 
The device-specific instructions for use ( IFU) should be con
sulted in all circumstances prior to use of occlusion devices, 
or more generally, any endovascular device with the poten
tial risk for significant vascular injury. 

• Depending on their specific location, some visceral artery 
aneurysms may be embolized without specific end-organ 
ischemic injury. However, embolization of distal aneurysms, 
such as those located within the splenic hilum, may result 
in splenic infarction, further bleeding, or abscess formation. 
Therefore, splenectomy remains a viable alternative method 
of splenic artery aneurysm management for many patients . 
Appropriate vaccinations should be administered with suf
ficient lead time to allow for an appropriate immunization 
response prior to elective splenic artery embolization proce
dures or planned splenectomy. 

RENAL ARTERY ANGIOPLAST Y 

AND STENTING 

First Step 

Operating Room Setup 

• Procedures may be performed in an angiography suite, or in 
an operating room, equipped with a floating-point carbon 
fiber, radiolucent operating table; fluoroscopy platform; 
and monitor-viewing bank. However, for precise visceral 
artery interventions requiring steep oblique/lateral imag
ing and higher fluoroscopic kilovolt (kV), portable systems 
in the operating room setting may not provide sufficient 
image clarity and resolution. Under these circumstances 
use of a fixed-imaging system, either in an angiograph; 
suite or hybrid operating room, will maximize the likeli
hood of success. 

• For the majority of elective renal and visceral artery inter
ventions, conscious sedation with a combination of short
acting analgesic and sedative agents will provide adequate 
patient comfort, immobility, and optimal imaging param
eters. Standard patient safety measures for conscious seda
tion, including supplemental oxygen, standard monitoring, 
and availability of resuscitation equipment should be em
ployed in compliance with local hospital policy. However, 
general anesthesia is clearly indicated to facilitate treatment 
of AMI, urgent/emergent management of aneurysm rupture, 
and/or hemorrhage potentially requiring bowel resection or 
open conversion. 

• For the most part, all renal and visceral artery endovascular 
interventions can be performed with the patient in the supine 
position. The left arm may be positioned out at 90 degrees 
to allow for transbrachial interventions. If a transfemoral 
intervention is planned, the patient's arms may be extended 
over the head to aid with image clarity; however, most pa
tients can only tolerate this for certain time periods prior to 
fatigue. Placing the patient in a 30-degree rotation to the 
right, on bolsters placed behind the left flank, at the time of 
the procedure, will facilitate "true lateral" position to local
ize and cannulate the origin of the SMA without requiring 
the image intensifier and radiation source to be in full hori
zontal position and limiting operator access to the patient as 
a result. 

• In addition to a full array of complementary wires, cath
eters, and sheaths, premounted balloon-expandable stents 
and stent grafts should be available, including in low-profile 
platforms (0 .014  in or 0 .0 1 8  in) .  Appropriate sizes of coils 
and plugs should also be identified and readily available. 

fac i l itate precise p l acement.  O nce a n  i nterventiona l  
sheath access i s  p laced, i ntravenous u nfract ionated hep
ar in is  a d m i n i stered to m a i nta i n  a n  activated c lott ing  
t ime (ACT) of more  than 200 seconds .  

• For a rter ia l  access, a retrog rade transfemora l  approach i s  
usu a l ly se lected; however, antegrade tra nsbrach i a l  access 
may i m p rove access i b i l ity and sheath sta b i l ity in the pres
ence of s i gn if icant abdom i n a l/pelvic g i rth,  s i gn if icant ly 
down-s lop ing  rena l  a rteries, o r  tortuosity/obstruct ion of 
the d ista l aorta o r  i l iac  a rteries .  

Second Step 

• Wire access to the para rena l  aorta may be ach ieved with 
0.035- in gu idewi re .  A 4- or  5-French (Fr) f lush catheter i s  
adva nced over the g u idewire to approximately the level 
of the 1 st l u mbar  vertebra l  body. 

• Arter ia l  access is usua l ly obta i ned percuta neous ly us ing 
sta ndard Se ld inger  tech n ique .  Beds ide u ltrasound may 

• If rena l  funct ion perm its, a comp lete aorto i l iac  a rterio
g ra m  i n  a nter ior-poster ior  image i ntens if ier or ientat ion 
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s h o u l d  be performed t o  assess both the ren a l  a rteries and  
rena l  accessory a rter ies .  A power i njector shou ld  be used 
for the road map aortogram, us ing a h i g h  i nject ion rate 
(e .g . ,  1 5  to 20 m l  per second) and low vo l u m e  (e .g . ,  1 0  • 
to 1 5  m l) .  B reath-ho ld ing  i nstruct ions  shou ld  be g iven to 
the patient or the ass ist i ng  anesthes io log i st to a l l ow for 
aortogram acq u is it ion dur i ng  end expi ration .  G l ucagon 
(0 .25  to 2 mg  intravenous; approxi mately 10 m i n utes pre
proced u re) ca n a l so be a d m i n istered to d i m i n ish i ntest i-
nal  mot i l ity and enha nce a rter ia l  v isua l i zat ion .  

• A m a g n ified ang iogram can be repeated of a reas of 
i nterest and  i ntended treatment.  For better v i sua l izat ion 
of the rena l  a rtery, the image i ntens if ier should be or i 
ented with a few deg rees i n  cra n i a l  a n d  latera l o b l i q u ity 
i ps i latera l to the rena l  a rtery of i nterest. 

Ansei1M F l exor1M). The sheath d i lator tip shou ld  not be 
adva nced i nto the ta rget vessel  to avoid compromise of 
the res idua l  vesse l l umen .  
Wi re ca n n u lat ion of  the rena l  a rte ry i s  the essenti a l  fi rst 
step .  Depend i n g  on the a n g l e  of entry at the o rifice, a 
n u m ber  of d ifferent catheter t ip  sha pes may fac i l itate 
successfu l  rena l  ca n n u lat ion (Sos 1 or  2, Cobra, Va nch i ,  
etc . ) .  Once ca n n u l ated, the sheath t ip  i s  adva nced 
immed iately adjacent to, but not across, the ren a l  a rtery 
orif ice (FIG 1 ) .  A 0.0 1 4- i n  or O .Q 1 8- in  stiff g u idewire with 
a f loppy o r  hydro p h i l i c  t ip  i s  then emp loyed to probe 
across a reas of severe stenos i s, through a reverse cu rve 
or a n g led catheter, depen d i n g  on the opti ma l  a n g l e  
f o r  access. Alternative ly, a 0 .035- in  g u idewi re, with 
i m p roved h a n d l i n g  and rad iopacity, may p rovide su itab le  

• I ntraoperative ang iograph i c  measu rements a re obta ined trackab i l ity for less  cr i t i ca l  stenoses. 
to confirm device select ion .  A marked flush catheter or  • Once access is ach ieved, the wi re shou ld  be adva nced 
rad iopaque ru le r  may fac i l itate accu rate ang iograph i c  
measu rements. 

Third Step 

• A stiff 0 .035- in  g u idewire ( i .e . ,  Amplatz, Rosen) is p laced 
in the pararena l  aorta to fac i l itate adva ncement of a 
45-cm 8-Fr ren a l  d i lat ion g u ide catheter (RDC), or 6-Fr 
RDC sheath ( i .e . ,  Terumo P i nnac le  1M dest inat ion o r  Cook 

A 

to a secondary branch to opt im ize posit iona l  stab i l ity. 
Ca re shou ld  be taken to m a i nta i n  w i re t ip  v isu a l izat ion 
i n  the f ie ld  of view, part i cu la r ly when us ing hyd ro p h i l ic 
g u idewi res, as they can eas i ly  perforate parenchyma l  
a rter io les w h e n  adva nced too fa r i nto t h e  seg menta l  
ren a l  c i rcu lat ion .  Parenchyma l  perforat ion may prec ip i 
tate i ntra- or  extraca psu l a r  hematoma formation, rena l  
hemorrhage, and  c i rcu latory co l l a pse u n less i m med iately 
recogn ized and corrected . 

FIG 1 • A. Pararena l  aorta demonstrat ing  h i g h-grade stenosis  at the r ight  rena l  a rtery o rif ice. B- Ca n n u lat ion of the r ight 
rena l  a rtery with a 0 .0 1 4- i n  or 0 .01 8- in g l idewire g u ided by a curved-t ip  catheter. Wi re and  catheter can n u lat ion system a re 
sta b i l ized by a 6-Fr sheath . The ca n n u lat ing wi re is adva nced i nto the d i sta l r ight rena l  a rtery to p rovide add it iona l  stab i l ity to 
the system . C. The r ight rena l  a rtery or if ice stenos is  is p red i l ated with a low-profi l e, sma l l -d ia meter ba l loon .  D. Us ing  sheath 
support for sta b i l ity, a n  appropr iately s ized ba l loon-expa ndab le  stent i s  dep loyed across the stenos is  and  i s  p rotrud ing  1 mm 
i nto the aort ic  l u m e n .  E. While m a i nta i n i n g  ca n n u lat ion system,  p rotrud ing  edge of the stent i s  f la red i nto the aort ic  l umen  
w i th  a n  appropr iate com p l i a nt ang iop l asty ba l l oon .  
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Fourth Step 

• 

• 
• 

withd rawa l to avo id  movement or d i s lodg i n g  of the 
stent .  Areas with s u bsta nti a l  tortuos ity may prec ip i 
tate a rte r i a l  k i nk ing  at the trans it ion po int  between 
stented and nonstented seg ments. Excessive overs i z ing ,  
o r  over i nf lat ion of stents mou nted on  sem i co m p l i a nt 
ba l l oons, may promote ren a l  a rtery i nj u ry, d i ssect ion ,  o r  
throm bosis .  Tem ptation  to opti m ize the postproced ura l  
a n g iogra p h i c  image, potent ia l ly at the expense of  vesse l 
i nteg rity or a nt ic i pated long-te rm patency, shou ld  a l so 
be avo ided .  
For ost ia l  rena l  a rtery les ions, the ba l l oon-expandab le  
stent shou ld  be posit ioned so that  the aort ic  end i s  de
p loyed approximately 1 m m  i nto the aort ic  f low stream.  
The aort ic  edge  of  the stent can be "f l a red"  outward 
with a repeat ang iop lasty us ing  the d ista l edge of the 
same ba l l oon (FIG 1 ) .  

Prior to  rena l  a rtery stenting, pred i lation may  be  neces
sary to provide sufficient lumina l  space for del ivery of the 
cr imped stent/del ivery catheter (FIG 1 ) .  A 2- to 4-mm low
profi le, semicompl iant, or coronary bal loon compatible with 
a 0.0 1 4-in or O.D1 8-in  system can be used for this pu rpose. 
Care needs to be taken to maintain wire position dur ing 
subsequent stent exchange; loss of wire posit ion here can 
preclude stent del ivery or precip itate lumina l  thrombosis if 
aortic and/or orific ia l  atheroma is d isplaced by pred i lation. 
Us ing  a low-profi l e  0 .0 1 4- i n  o r  0 .0 1 8- in system (rap id  
exchange o r  over-the-wire [OTW]), a ba l l oon-expandab le  
stent (e .g . ,  Cord is Pa lmaz  B l ue, Boston Sc ient if ic Express 
SD, Cook Formula)  i s  de l ivered across the les ion (FIG 1 ) .  

The low-prof i le  nature  of these devices enab les fac
ile p lacement, as  wel l  as  contrast de l ivery across the 
les ion to confi rm appropr iate posit ion .  Rap id exchange 
o r  monora i l  systems a l l ow for shorter w i re length ,  a id-

Fifth Step 

i n g  proced ura l  effic iency vis-a-vis catheter/wi re/device • 
exchanges.  I n  contrast, OTW devices p rovide i m p roved 
pushab i l ity a n d  tracka b i l ity across constrict i ng  les ions .  

• For mid- or d i sta l  RAS, the shortest ba l l oon-expandab le  
stent length p rovid i ng  comp lete coverage shou ld  be  
selected . For m id- or  d i sta l RAAs, appropriate length self- • 
expa nd ing  or ba l loon-expa ndab le  stent g rafts shou ld  
be selected to provide adequate pre- a n d  posta neurysm 
ren a l  a rtery sea l i n g  zones (FIG 2) .  

• Fo l l owing  stent p l acement under  f luoroscop ic  g u id
a nce, the ba l loon shou ld  be deflated fu l l y  pr ior  to its 

A 

After successfu l dep loyment, the sheath shou ld  on ly be 
withd rawn afte r the comp let ion i m a g i n g  encom passi ng 
the enti re ips i l atera l k id ney is  performed to confi rm 
u n iform perfus ion and  a bsence of parenchyma l  and/or 
capsu l a r  i n ju ry. 
Fo l lowing withdrawa l of the sheath from the ren a l  or if ice, 
wh i l e  m a i nta i n i n g  w i re access, comp let ion paraor ifi c ia l  
aortog raphy i s  performed to conf i rm stent posit ion i ng  
and  ta rget l umen  d i ameter. Res idua l  stenosis, k i nk i ng, 
o r  d i ssect ion should be confi rmed to be a bsent pr ior to 
withd rawa l of the w i re .  

FIG 2 • A. Left rena l  a rtery has  a n  associated saccu l a r  aneurysm .  Ca n n u lat ion of the l eft rena l  a rtery i s  fac i l itated with a n  
a n g led g u idewire and  curved-t ip  catheter. T h e  ca n n u lat ion system i s  sta b i l ized b y  a n  appropr iately s ized sheath.  B. A bare 
meta l stent is dep loyed across the or ig i n  of the left RAA. C. A telescop ing  techn i q u e  is used to ca n n u l ate the aneurysm sac 
th roug h  a n  i nterstice of the bare meta l stent. Sheath tip i s  adva nced to the renal a rtery or if ice and catheter i s  adva nced u p  to 
the i nner  l u m i n a l  wa l l  of the bare meta l stent to sta b i l i ze and fac i l itate can n u l at ion of the aneurysm sac. D. Appropr iately s ized 
co i l s  a re dep loyed i nto the aneurysm sac through the stent i nterstices. 
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VISCERAL ARTERY ANGIOPLAST Y AND 

STENTING 

First Step 

• 

• 

As p revious ly noted, access cons iderat ions need to 
account for i n d iv id ua l  patient a natomy, operator experi
ence and sk i l l ,  ava i l ab le  devices, potent ia l  com p l i cat ions, 
goa l s  of treatment, and  a nt ic i pated t ime of the proce
d u re .  Most i nternat iona l i sts prefer the transfemora l  
a pproach for viscera l vascu l a r  access. However, prox ima l  
l eft b rach i a l  a rtery exposu re and  punctu re often fac i l i 
tates access t o  s ign ifica ntly down-s lop ing  or  tortuous 
mesenter ic  a rteries .  
A 4- or  5-Fr sheath i s  p laced i n  the a rter ia l  access site to 
fac i l itate advancement of a 4- o r  5-Fr ma rked f lush cath
eter to the pa raviscera l  aorta . 

• I ntravenous u nfract ionated hepar in  is a d m i n i stered 
after sheath p l acement to ach ieve a n  ACT of more than  
200  seconds .  

Second Step 

• After a standard aortogram, a magn if ied pa raviscera l  
aortogram can be performed with the image i ntensif ier 
p l aced i n  a steep ob l i que  o r  true l atera l pos it ion to op
t im ize loca l izat ion and  can n u lat ion of the ce l i ac  a rtery 
and  SMA or ig ins .  

• Care shou ld  a l so be taken here to visu a l ize the major 
branches of the ce l iac  a rtery and/or SMA. Attem pts 
shou ld  be made to v i sua l ize the fi rst s i gn if icant branch 
of the SMA, usua l ly the middle co l i c  a rtery, to avo id  inad
vertent coverage and/or comprom ise of co lon i c  a rteria l  
perfus ion as a conseq uence o f  p l a nned p rocedu res. 

• Viscera l les ions of i nterest can be further cha racterized 
at this t ime by opti m iz i ng  image i ntens if ier ob l i qu ity. 

Accurate measu rements a re fac i l itated by ma rked f lush  
catheter o r  rad iopaque ru le r  p l acement.  

Third Step 

• 

• 

After withdrawal of the f lush catheter, a stiff g u ide
wi re and  a long (90 em), bra ided 6-Fr sheath ( i .e . ,  
Terumo P i n nac le1M dest inat ion,  Cook Anse i1M F lexor1M) 
i s  adva nced to the paraviscera l aorta .  Va r ious ang led 
sheath t ips  ( i .e . ,  stra ig ht, ang led hockey t ip, curved) can 
be used depend i n g  on the degree of viscera l a rtery an
g u lat ion,  aort ic  d i ameter, and  access approach (femora l  
or  brach ia l ) .  
A long with  se lected sheath, var ious  gu ide  catheter types 
( i .e . ,  ang led, vertebra l ,  cobra, RDC, o r  reverse cu rved S I M  
or  S o s  catheters) c a n  be used t o  fac i l itate viscera l a rtery 
ca n n u l at ion .  

Fourth Step 

• An exchange- length, stiff 0 .0 1 4- i n  or 0 .01 8- in  gu idewi re, 
with a f loppy t i p, is  adva nced through the p reselected 
catheter and sheath com b i n at ion .  However, wi re ca n
n u lat ion of a d i seased v iscera l a rteries or if ice may be  
cha l l e n g i n g .  F rom the b rach i a l  approach, successfu l  
ca n n u lat ion may be fac i l itated with sheath p lacement 
d ista l to the a rtery of i nterest, fo l l owed by g rad u a l  with
d rawa l of the sheath with the selected ang led catheter 
ins ide the sheath p rotrud ing  s l i g ht ly outwa rd . When the 
catheter "c l icks" i nto p lace, a n  exp loratory hyd ro p h i l ic 
g u idewire is then gent ly advanced to obta i n  l u m i n a l  
access. O n c e  t h e  l umen  i s  ca n n u l ated, t h e  g u idewire i s  
t h e n  advanced t o  a secondary viscera l  branch to fac i l itate 
catheter and sheath adva ncement, as i nd i cated (FIG 3) .  

Another can n u l at ion strategy i s  to withd raw w i re a n d  
catheter comb inat ions from a sta b le  sheath posit ion  

FIG 3 • A. H i gh-grade stenosis of  the 
proxima l  ce l iac  a rtery or ig i n .  B. A curved
tip gu ide catheter is  used to fac i l itate ce l iac  
a rtery cannu l ated with a 0 .01 4-in or  0 .01 8- i n  
gu idewire.  T h e  cannu l at ion system is  stab i l ized 
with d ista l advancement of the gu idewire i nto 
a ce l i ac  a rtery branch, as we l l  as ma inta i n i ng  
a sheath i n  the  aort ic l umen .  C. A low
prof i le, com p l i ant p red i lat ion ba l loon may 
be advanced over the g u idewi re to d i late the 
stenosis and provide a tract for future stent ing .  
D. An appropriately s ized ba l loon-expandab le  
covered stent g raft is dep loyed across the 
stenosis wh i l e  s l i ghtly protrud ing  i nto the 
aort ic lumen. E. Ful l  stent a pposit ion fo l lowing  
deployment and prox ima l  f l a r i ng  of  the stent 
g raft at the prior stenosis s ite. 
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across the a nt ic i pated vesse l o r if ice a rea at va r ious • The aort ic  end of a ba l l oon-expa ndab le  stent used for 
"clock" posit ions .  

• For a " n o-touch"  techn iq ue, a sha ped catheter or sheath 
tip i s  positioned l u m i n a l ly i n  d i rect p roxi m ity to the 
orif ice of i nterest. A 0 .0 1 4- in  or  0 .01 8- in  hyd ro p h i l i c  

the treatment o f  ost ia l  o r  p roxi m a l  viscera l a rtery les ions 
should be pos it ioned 1 m m  i nto aort ic  f low l u men,  and 
the stent edge should be f la red out with the edge of an 
ang iop lasty ba l loon .  

g u idewire i s  then used to loca l ize and  fac i l itate ca nnu - • Accuracy of dep loyment of se lf-expand ing  stent g rafts 
can be i m p roved with part ia l  dep loyment of the stent 
wh i l e  m a i nta i n i n g  the ca n n u lat ion sheath in the ori
fice of the viscera l a rtery. Once the d i sta l port ion of the 
stent g raft i s  accu rate ly dep loyed, the rema i nder  of the 
prox ima l  stent g raft can be unsheathed to a l l ow for fu l l  
dep loyment.  A n  appropr iately s ized com p l i a nt ba l loon 
may then be su bseq uently used to fu l ly mo ld  the self
expa nd ing  stent g raft to p rofi le  and/or s l i ght ly f la re the 
aortic edge.  

lat ion .  To i m p rove tracka b i l ity and  push a b i l ity of the 
system, a sta b i l i z i ng  " buddy" stiff g u idewire may a l so 
be advanced, when necessa ry, to " p i n "  the can n u l at ion 
sheath to the opposite wa l l .  

• When s ing le-wire can n u l at ion proves i nadeq uate to sup
port catheter and  sheath adva ncement i n  to the target 
vesse l ,  p lacement of a second,  or even t h i rd 0 .0 1 4- in  or  
0 .0 1 8- in wi re, across the a rea of stenosis may fac i l itate 
successfu l  catheter/sheath adva ncement.  

Fifth Step 

• An a p p ropr i ate ly s ized se l f-exp a n d i n g  or ba l l oon
expa n d a b l e  stent  g raft i s  p referred for the  treatment  
of viscera l a rtery stenoses.  Pred i l at ion  of the  t ract may 
be n ecessa ry with  a s m a l l ,  l ow-profi l e  ba l loon  to fa
c i l itate advancement of the  b a l loon-expa n d a b l e  stent 
(FIG 3) .  

H YBRID REPAIR OF PROXIMAL 

MESENTERIC ARTERY STENOSIS/ 

OCCLUSION 

First Step 

• 

• 

I n  the sett ing  of acute or acute-on-chron i c  mesenter ic  
i schemia ,  where exploratory lapa rotomy is  otherwise 
i nd i cated to assess bowe l v i ab i l ity, a hybrid retrog rade 
catheter izat ion approach i s  genera l ly p referred . At l a pa
rotomy, surg ica l  exposure of the super ior  mesenter ic  or  
ce l iac  a rtery i s  obta ined .  To expose the ce l iac a rte ry, the 
l eft tr ian g u l a r  l i ga ment i s  i ncised, the left hepat ic lobe 
i s  retracted to the r ig ht, a n d  the gastroesophagea l  j u nc
tion is retracted to the left. Fu rther  ca uda l  d i ssect ion 
a long  the su rface of the aorta may be used to expose the 
SMA ori g i n .  
For  purposes o f  both embo lectomy a n d  hybr id  retro
g rade catheter izat ion ,  exposure of the prox i m a l  sec
t ion/m idsect ion  of the SMA i s  p refe rent ia l ly obta i ned at 
the super ior  root of the s m a l l  bowel mesentery (FIG 4) .  

T h i s  locat ion genera l ly provides access 4 o r  more cen
t imeters d i sta l to the  SMA or if ice, which a l l ows sta b le  
sheath pos it io n i n g  to fac i l itate retrograde ca n n u lat ion 
a n d  stent i n g .  D i sta l to the lower  marg in  of the pancreas, 
the length of the SMA is  l i m ited by early bra n c h i n g  of 
the i l eoco l i c  a rtery a n d  i ntest i n a l  cascade, so re l at ively 
p roxi m a l  pos it i o n i n g  shou ld  be ach ieved to m i n i m ize 
excess ive d i l at ion/tra u m a  to the vessel by the sheath . 1 8  

• For  fr i a b l e  l e s ions,  or l e s ions  that  may i n c l ude  fresh 
t h rom bus, cons iderat ion  s h o u l d  be g iven to adva n c i n g  
a n d  d e p l o y i n g  b a l loons  a n d  stents over a f i l t e r  w i re 
(0 . 0 1 4- i n  eV3 S p i d e rFX e m b o l i c  p rotect ion  system) .  
A lth o u g h  p l acement  of a d i sta l  f i l ter  may n ot pre
c lude a l l  e m b o l i c  seq u e l ae,  it  may reduce the  sever ity 
or s i g n if icance of assoc i ated potent i a l  com p l i cat ions .  
Th i s  opt ion  may  be p a rt i cu l a r ly  va l u a b l e  i n  SMA 
i ntervent ions .  

Second Step 

• When embo l i c  occl us ion is p resent, embolectomy is per
formed gent ly th roug h an a nter ior  a rteriotomy. The 
taper i ng nature of the SMA i n  this a rea req u i res gent le 
catheter withd rawa l with g radua l  ba l loon defl at ion in 
order to avo id iatrogen ic  a rter ia l  da mage, d issect ion,  or  
th rom bosis .  

• 

• 

• 

Retrograde ca n n u l at ion  of a n  exposed d i sta l  seg ment  
of the  ta rget vesse l p rov ides  opt i m a l  access for  de
f in it ive endovascu l a r  i ntervent i o n .  In  emergent  con
d it ions  with com p ro m ised i ntest i ne,  t h i s  a p proach 
i s  p referent i a l  to open  revascu l a r i zat ion  strate g ies, 
w h i c h  may req u i re p rosthet ic  g raft p l acement  fo l l ow
i n g  p ro longed,  extens ive d i ssect ion  of the mesente ry 
a n d  a o rt i c  root. 
Retrog rade mesenter ic  ca n n u lat ion i s  fac i l itated by 
p l acement of a long itu d i n a l  a rter iotomy i n  the exposed 
d ista l seg ment of the ta rget vesse l .  To reduce the r i sk  
of i n ju ry to the exposed a rtery dur ing ca n n u lat ion,  the 
a rter iotomy site i s  c losed with a p rosthetic o r  autogenous 
patch .  The patch itse lf i s  then can n u l ated to fac i l itate 
sheath p lacement, ang iogram, stent p lacement as we l l  
as expedited puncture site c losure a t  t h e  e n d  o f  the 
procedu re (FIG 4) .  

Relatively long sheaths (20  em or  more) shou ld  be  used 
du r i ng  retrog rade can n u lat ion to ensure that the opera
tor's hands  a re clear from the f luoroscopy field and m i n i 
m ize operator rad iat ion exposu re dur i ng  catheter izat ion 
maneuvers . 1 8  
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B 

D 

FIG 4 • A. Open exposu re of the p roxi ma l  SMA at the cauda l  
port ion of  the mesenteric root. B. The proxi m a l  SMA, -3  to 4 em 
f rom i t s  aort ic  or ig in ,  i s  c i rcumferent ia l ly exposed wh i l e  p reserv ing  
i t s  s ide branches .  A long itud i n a l  a rter iotomy is  created a n d  
throm bectomy is  performed w i t h  patch ang iop l asty. C.  Sheath i s  
p laced through a puncture i n  the ang iop lasty patch and  a rter iogram 
is  performed to eva l u ate stenos is  i n  the p roxim a l  SMA or ig i n .  D. 
A stent i s  dep loyed us ing  f luoroscopic gu ida nce at the SMA or ig i n  
across the identif ied hemodynam ic  stenos is .  The patch puncture 
site is repai red to m a i nta i n  hemostas i s .  Ei .  Retrograde access to 
SMA, with i nf lat ion of ba l loon expa ndab le  stent extend ing  i nto 
aorta p roxi ma l ly, spa n n i n g  length of p rox ima l  occ lus ive les ion .  Ei i .  
Comp let ion mesenter ic  a rter iogram from aort ic i nject ion,  showing  
comp lete restorat ion of mesenteric a rter ia l  l u men and  norma l  d ista l 
a rter ia l  perfus ion .  Retrograde mesenter ic  w i re has  been removed, 
and a rteriotomy c losed at the patch site in d ista l SMA. 

RENAL OR VISCERAL ARTERY Second Step 

EMBOLIZATION • 

First Step 

• Arter ia l  access can be secu red v ia  e ither a left brach i a l  
a rtery o r  transfemora l  a pproach, depend ing  on  the 
i ntended target vesse l a n d  its  a n g u lat ion relat ive to the 
aorta .  • 

• For standard co i l  embol izat ion,  a 5- or 6-Fr sheath access 
w i l l  be adequate. However, if an occ lus ion device w i l l  be 
used, a l a rger  sheath s ize may be req u i red depend ing  on 

Angiograph i c  cha racterization may req u i re ang iograms 
i n  m u lt ip le  d ifferent ob l iqu it ies to fu l ly appreciate s ize, 
extent, and angu lat ion of the les ion of i nterest, part icu
la r ly those affect ing secondary viscera l branches.  I n  the 
ang iograph i c  par lance, regard ing  the extent, severity, and 
profi le of a l um ina l  obstruct ion,  "one view is  no view. " 
One shou ld  note the extent of vascu l a r  co l l atera l i za
tion associated with the vascu l a r  segment that w i l l  be 
embol ized.  

device specif icat ions .  
• System i c  a nt icoagu l at ion with i ntravenous u nfrac-

Third Step 

t ionated hepar in  is a l so com m o n ly used dur i ng  these • A telescop ing  can n u l at ion tech n ique  is usua l l y  used to 
procedu res. enhance the posit ion i ng  and sta b i l ity of the embo l i zat ion 

1 967 
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Spleen 

Splenic artery 
aneurysm 

c D Celiac trunk Splenic artery 

E 

FIG S • A. Cannu lation is attempted of a saccu lar  visceral artery aneurysm .  A sheath and ang led cathete r faci l itate cannu lation of the 
viscera l a rtery orig in  with a gu idewire. B. A 0.035- ln catheter and gu idewire negotiate proximal  arteria l  tortuosity. C. A microcatheter 
is telescoped through the 0.035-in catheter to fac i l itate wire cannu lation of the aneurysm .  D. Three-d imensional  abdom ina l  CTA of a 
female with a mid-splenic artery saccu lar  aneurysm .  E. Selective sp lenic artery aneurysm pre- and postselective coi l i ng .  

system .  To perform th i s, a sheath i s  adva nced as c lose to 
the target les ion as poss ib le .  A catheter is  then extended 
from beyond the t ip  of the sheath and  used to p rotrude 
i nto target les ion (FIG 5) .  

• Embo l izat ion of remote ta rget les ions  may req u i re 
h i g her  orders of tel esco p i n g .  P l ac i ng  a sheath i nto a n 
other  l a rger  sheath, or  a 0 .0 1 8- in  m i c rocatheter ( i . e . ,  
Cod m a n  Prowle rTM, Cook CX ITM ,  BSC I  RenegadeTM) i nto 
a sta nda rd 0 .035- in  g u i d e  catheter, can h e l p  access m o re 
cha l l e n g i n g  les ions  (FIG 5) .  Alternat i ng  w i re a n d  m ic ro
catheter advancements may fac i l itate ca n n u lat ion of 
s m a l l e r  a n d  more tortuous  a rter ies (such as  the s u per ior  • 
a n d  i nfer ior  gastrod uodena l  a rter ies [FIG 6] )  a n d  d i sta l/ 
h i l a r  sp len i c  a rte ry. 

• If poss ib le, the ca n n u lat ion catheter/m i crocatheter 
shou ld  be advanced i nto the les ion s l i g ht ly further than  • 
the i ntended embo l i zat ion s ite, beca use the system can 
d raw back dur ing dep loyment of co i l s  or  p l ugs .  

Fourth Step 

• Once the can n u lation catheter is posit ioned in the ta rget 
les ion, 0 .01 8- in or 0 .035- in co i l s  a re del ivered sequentia l ly 

i nto the target a rea through the i r  respective catheters. 
For detached co i l s, the meta l tube hous ing the co i l  is 
attached to the back end of the cannu l at ion catheter, and 
the stiff end of a gu idewire is  used to push the coi l  out of 
its hous ing u n it and  i nto the catheter shaft. The f loppy t ip  
of  the gu idewire is then replaced i nto the catheter to  push 
the coi l  a long the entire shaft of the catheter and i nto the 
les ion (FIG 5) .  The stiff end of the gu idewi re shou ld not be 
used to push the coi l  i nto the les ion because it can change 
the cannu l at ing catheter t ip  shape and lead to i nstab i l ity 
in the can n u lation system and maldep loyment. 
Alternative ly, sma l l  aneurysm may be occ l uded with de
tachab le or  nondetachab le microco i l s  or  ethylene vinyl a l 
coho l  copolymer. I FU  a re va r iab le  and shou ld  be referred 
to for recom mended deployment tech n iq ues. 
When co i l  dep loyment ca n be accu rate ly loca l ized, 
and p recise co i l  posit ion i ng  i s  cr it ical to the success of 
the p roced u re, la rge-to-sma l l  tapered co i l s  shou ld  be 
used . When a rteria l  b lood f low is  needed/req u i red to 
ca rry part of the co i l  i nto the preferred dep loyment 
locat ion,  sma l l -to- l a rge tapered co i l s  a re p referred i n  th is  
s ituat ion .  Newer " n esti n g "  co i l s  wi l l  reform i m mediately 
i nto l a rger, obstruct ing  profi les .  Older tubu la r  co i l s  need 
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t o  be adva nced as  they a re b e i n g  dep loyed t o  avoid s i m 
p ly  l i n i n g  the ta rget a rtery without suff ic ient l u m i n a l  
obstruct ion .  Attent ion t o  understand i ng  what co i l s  a re i n  
i nventory, a n d  how respective co i l  cho ices a re optim a l ly 
dep loyed, is essent i a l  for p roced ura l  success. 

• For l a rger  aneurysms or p l an ned occl us ion of an en
t i re vesse l l u men, a vascu l a r  p lug  ( i .e . ,  AGA Medica l  
Amp latzer1M I or  I I  vascu l a r  p lug)  may be p refera b le  
and  a more effect ive means for  target embol izatio n .  
However, p l ug  p lacement usua l l y  req u i res sta b le  sheath 
ta rget a rtery ca n n u lat ion .  Amp latzer1M I and  I I  vascu
lar plugs a re produced i n  d i ameters ra ng ing  between 4 
and  22 mm and  lengths ran g i n g  between 6 and  1 8  m m .  
Recom mended device I F U  shou ld  b e  consu lted t o  ensure 
proper device se lect ion a n d  dep loyment.  When sheath 
access ca n n ot be withdrawn to enab le  plug dep loyment, 
catheter-de l ivered co i l s  shou ld  be dep loyed i n stead .  

• Once a co i l  or p lug is del ivered i nto a lesion, its position 
may be mod ified s l i ghtly by catheter t ip  advancement. This 
maneuver, when performed properly, maxim izes the ob
structive surface a rea and resu lti ng coi l  thrombogenic ity. 

• When m u lt ip le  co i l s  or p lugs  a re used, dep loyment 
should a l so be strateg ized and  de l i berate. For exa m p le, 
the fi rst coi l shou ld  be p laced in the deepest part of the 
lesion (base of a n  aneurysm). whereas the last co i l  shou ld  
be p laced i n  the entry point of the les ion  (neck  of a n  
aneurysm). 

• For acutely b leed i n g  vesse l s  (such as the gastroduodena l  
a rter ies i n  the sett i ng  of duodena l  u l cerations), a " back
door"-"front-door" approach ensu res hemostas is .  Th i s  
i nvolves occ l ud ing  the cu l pr it vesse l p re and  post the 
a rea of bleed i n g  (FIG 6) .  Co i l i n g  o n ly one s ide of the 
b leed i n g  a rtery may p revent further access attem pts 
wh i l e  not provid i n g  suff ic ient vesse l occ lus ion  and he
mostas is .  Sma l l  b leed i n g  pelv ic a rter ies may s i m i la r ly  be 
embo l i zed us ing  a Ge lfoam s lu rry s lush  preparat ion .23 
Recom mended I F U  shou ld  be consu lted to ensure proper 
preparat ion and  a d m i n istrat ion of these s l u rr ies .  

Fifth Step 

• It is customary to perform postembo l i zat ion a rter iog
raphy to confi rm f ina l  co i l/p l ug  posit i o n i n g .  Res idua l  

PEARLS AND PITFALLS 

A 

FIG 6 • A. B leed ing gastroduodena l  a rtery with a n  
associated duodena l  u l ceration .  B. Sheath can n u lat ion of 
the com mon hepatic a rtery branch of the ce l i ac  a rtery, 
fo l l owed by catheter ca n n u lat ion of the gastrod uodena l  
a rtery. C. Back-door dep loyment of  an  embol ization co i l  
d ista l t o  t h e  ang iograph ica l ly identif ied b leed ing  point i n  
t h e  gastrod uodena l  a rtery. D. Subsequent "front-door" 
embol izat ion of the feed ing  segment of the gastrod uodena l  
a rtery. 

f low w i l l  sti l l  be evident in the recently embol ized 
vesse l seg ment, beca use the patient genera l ly rema ins  
hepar in ized dur i ng  th i s  per iod of  the p roced u re .  If un 
certa i nty pers ists as  to the adequacy of  embol izat ion, 
a rter iog raphy may be repeated fo l l owing  reversa l of 
a nticoag u l at ion,  tak i ng  i nto account  i ncreased r isks of 
thrombosis/embo l i zat ion around the de l ivery sheaths 
and  catheters proxi m a l  to the ta rgeted les ion .  
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I n d icat ions  • Preoperative imag ing (d up lex and  CTA) shou ld  be reviewed i n  deta i l  to ensure pat ient  su ita b i l ity 
and  he lp  p l an  out appropriate i ntervent ion .  

Vessel can n u l at ion 

• Com b i n i n g  i nformation gathered from d u p lex a n d  CTA is  benefic ia l ,  especia l ly i n  s i tuat ions  when 
the stenos is  i s  overest imated due to heavy l u m i n a l  ca lc if icat ion .  

• One shou ld  note the angu lat ion of  the target vessel re lative to the aorta .  Because th i s  a n g l e  may 
va ry with  resp i rat ion,  ang iog rams  shou ld  be obta ined wh i l e  the patient i s  a p ne ic  ( if i ntu bated) or  
at end expi ration .  

• Genera l ly, ren a l  a rter ies and  u p-s lop ing  viscera l vesse ls may be eas i e r  to can n u l ate f rom a 
transfemora l  a rtery approach . Down-s lop ing  ren a l  and  vi scera l vesse l s  may be eas ier to can n u late 
from a p roxi ma l  left brach i a l  a rtery pu ncture .  

• Us ing  a n  a n g u l ated, f lexi b le, l ow-profi l e  sheath system a l so a ids  i n  the ca n n u lat ion p rocess. 
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Ang iop lasty ba l l oon 
select ion 

Stent select ion 

Co i l/p l ug  se lection  

Rena l/v iscera l a rtery 
d i ssect ion 

Rena l/viscera l a rter ia l  
spasm 

Ren a l  capsu l a r  perforat ion 
or  hematoma 

Remova l of 
m a l  posit ioned/m isp laced 
devices 

• Ca re shou ld  be taken in se lect ing  appropr iate s ize and types of ba l l oons .  
• Genera l ly, on ly  l ow-prof i le  com p l i a nt ba l loons shou ld  be used for ang iop lasty i ntervent ions i n  the 

ren a l  and  v iscera l a rter ies .  I n  ra re c i rcumstances, a noncomp l iant  ba l l oon may be used to he lp mold 
a stent g raft to fu l l  p rofi l e .  

• Diameter of ang iop lasty ba l l oon shou ld  be est imated rel ative to adjacent norma l  vessel l u men .  
Overs iz ing  i s  genera l l y  not  necessa ry, a n d  a sma l l e r  d i ameter ba l loon may  be p referred when  
perform ing  ang iop lasty across h i g h ly ca lc if ied les ions .  

• Ca re should a l so be taken i n  select i ng  appropr iately s ized stents for des i red i ntervent ions .  
• Stent d i ameter should be est imated rel ative to normal  vesse l lumen d iameter adjacent to ta rget 

les ion to be treated and  is genera l ly oversized by approxi mately 1 m m .  
• Stent length s h o u l d  be est imated re lative t o  the length o f  t h e  target les ion wh i l e  provid i ng  enough 

coverage i nto the adjacent norma l  vessel l umen  (area of needed coverage i s  va r iab le  depen d i n g  on  
type of  l e s ion  and  i ntervent ion) .  

• Oversized stents a re prone to k ink ing and  may r isk damaging the target vesse l .  U nders ized stents 
may lead to ma ldep loyment, m i g rat ion,  and i neffective sea l with adjacent vesse l l u men .  

• Sometimes, the ang iop lasty ba l loon of  a ba l l oon-expandab le  stent gets stuck i n  the stent dur i ng  
i t s  remova l .  I n  th i s  s ituat ion, pu l l i ng  the ba l loon r isks m isp lac ing  or  d i s lod g i n g  the stent from 
its des i red locat ion .  I nstead, the operator shou ld  ensure comp lete deflat ion of the ba l l oon and  
attem pt s lowly advanc ing  the ba l l oon w h i l e  rotat i n g  i t s  catheter. 

• S ize of co i l s  a n d  p lugs  shou ld  be sel ected rel ative to les ion d i mens ions .  U n dersized co i l s  and  p lugs  
r i sk m i g rat ion to u n i ntended vascu l a r  beds. 

• Sta b i l ity of the embol izat ion de l ivery system shou ld  be selected re lative to the s ize of the embol iza
t ion  device. Larger embo l i zat ion devices may cause i n sta b i l ity i n  low-profi le  de l ivery systems.  

• Sheath and  l a rge catheter ca n n u l at ion of ren a l  and  v iscera l a rter ies should be avoided to p revent 
damage or  d i ssect ion .  

• If a d i ssect ion occu rs, ang iograph ic  eva luat ion i s  req u i red to  determ ine  whether it is f low l i m it ing .  
A l l  flow- l im it ing d i ssect ions shou ld be stented with  an  appropriately s ized ba l loon-expandab le stent. 

• Arter ia l  spasms may be i nd uced with vessel can n u l at ion,  ang iop lasty, o r  stenti n g .  Younger  patients 
a re typ ica l ly more prone for th i s .  Arter ia l  vasod i lators, such as n itrog lycer in  or  papaveri ne, may be 
i nfused i nto the vesse l l umen  by way of can n u l at ion sheath or  catheter to he lp  re l i eve th i s .  

• The operator shou ld be aware that  papaver ine may prec ip itate out of  so lut ion if m ixed with  hepar i n .  

• T h i s  m a y  b e  caused b y  inadvertent advancement o f  can n u lat ing wi re i nto t h e  ren a l  parenchyma .  
To avo id  th i s  com p l icat ion, a lways keep  the end of  the w i re i n  s ight  dur i ng  sheath and device 
adva ncements over the wi re. Al so, avo id i ng  the use of stra ight  or  ang led-t ip  stiff g l idewi res i n  th i s  
c i rcumstance ca n decrease the r i sk of  th i s  compl icat ion .  

• Symptoms of ren a l  capsu l a r  hematoma or  perforat ion  inc lude  a bdom i n a l  pa i n  and  na usea, 
accompan ied by a vasovaga l  response, which freq uent ly req u i res agg ressive resuscitat ion and  
sta b i l izat ion m a neuvers by  the i nterventiona l  tea m .  

• If t h i s  com p l icat ion i s  encou ntered, m a i nta in  w i re access ( d o  n o t  remove t h e  offend ing  wi re) to 
fac i l itate a catheter exchange to provide access to co i l  p lacement and occ lus ion  of the perforat ion 
s i te .  Loss of w i re access can further  com p l i cate th i s  s ituat ion; however, as long as  sheath access 
rema in s  in the rena l  a rtery, the relevant seg menta l  branches can be reaccessed for co i l  de l ivery. 

• Al l  attem pts shou ld  be made to safe ly reposit ion  ma l  posit ioned/m isp laced stents, endog rafts, 
co i l s, or p l ugs .  Th i s  may i nvolve secondary can n u lat ions, l a rger  sheath p lacement, and  ba l loon 
ang iop lasty with gent le d i rect iona l  force . 

• If endovascu l a r  retr ieva l or reposit ion ing  is unsuccessfu l ,  ang iograph i c  f low across m a l  pos it ioned/ 
misp laced devices shou ld  be eva l uated.  I f  a rter ia l  f low is  c lear ly  obstructed to u n i ntended vita l 
structures or may become a s ign if icant n idus  for th rom bosis or hemodynamic  stenos is, open 
surg ica l remova l may be i nd i cated or  attem pted reposit ion ing  of devices i n  a reas of less cr it ica l 
hemodyn a m i c  s i gn if icance (e .g . ,  i l i ac  a rteria l  system) .  

POSTOPERATIVE CARE tus is monitored periodically, along with hydration status/urine 
output and signs of unintended end-organ mal perfusion. 

• At the conclusion of the procedure, hemostasis is achieved 
with manual compression or, in cases requiring larger than 
6-Fr sheath size, closure devices .  Heparin reversal with prot
amine administration is also helpful unless anticoagulation 
is to be continued following the procedure. 

• As is the case with all patients undergoing peripheral arterial 
intervention in our practice, patients are observed for a 6- to 
24-hour period following device placement. During this pe
riod, access site hemostasis and ipsilateral pedal perfusion sta-

• Patients treated with renal!visceral artery angioplasty or 
stenting receive exaggerated antiplatelet therapy in the im
mediate perioperative period. In our practice, we load pa
tients with 300 mg of Plavix™ following the procedure, 
therapy continuing at 75 mg daily for 6 additional weeks . 

• Postoperative surveillance of patients with renal!visceral ar
tery interventions is necessary. Duplex evaluation of renal/ 
visceral artery stents 1 to 3 months following intervention is 
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usually recommended, followed b y  repeat duplex evaluation 
every 6 months for at least 1 to 2 years. Afterward, stents 
with no evidence of in-stent restenosis or de novo disease 
progression may be imaged at yearly intervals. Evidence of 
restenosis, either by end-organ dysfunction or surveillance 
imaging studies, should prompt reevaluation and reinterven
tion as necessary to maintain luminal patency and long-term 
success.  

OUTCOMES 

• Endovascular treatment of RAS has a reported technical 
success rate of 8 8 %  to 1 0 0 % .  Treatment effects on hyper
tension alone are quantitatively modest and inconsistent be
tween studies .24•25 Improvement in renal function is reported 
in approximately 25% of patients . 

• Treatment of mesenteric occlusive disease has a reported 
technical success rate of 9 6 % .  Postoperative symptom 
improvement/resolution is reported in approximately 8 8 %  
o f  treated patients. Primary patency i s  estimated at 6 5 %  to 
92%,  with primary assisted patency at 92% to 100%,  and 
secondary patency at 9 9 % .26•27 

• Embolization and stent graft techniques for repair of renal 
and visceral artery aneurysms are limited to variably sized 
retrospective series but with acceptable technical success 
rates in appropriately selected patients. 

COMPLICATIONS 

• For renal artery interventions, complications most commonly 
arise from access site complications, contrast-induced nephrop
athy, or atheroembolization. Renal artery restenosis is reported 
between 5% and 66%, depending on duration of follow-up 
and criteria used for continued surveillance. The perioperative 
30-day mortality is estimated at 0% to 5% and survival at 3 
years is estimated at 74% .28 Other less frequent complications 
include iatrogenic renal parenchymal perforation, capsular he
matoma, arterial dissection, thrombosis, or distal plaque em
bolization into branch or accessory arteries. 

• For mesenteric artery interventions, restenosis or occlusion 
of treated visceral vessels is documented in 1 0 %  to 27% 
of patients,29 emphasizing the need for continued postpro
cedural surveillance. Less common complications include 
mesenteric artery perforation, dissection, or distal paren
chymal embolization due to wire/catheter manipulation of 
areas with fresh thrombus or friable plaque. While treating 
branch artery aneurysms of the spleen, occasionally, portions 
of the splenic parenchyma may be lost due to coiling and 
branch occlusion, with attendant symptoms consistent with 
segmental splenic infarction. 

REFERENCES 

1. Schneider PA. Endovascular Skills, Guidewire and Catheter Skills for 

Endovascular Surgery. 3rd ed. New York, NY: In forma Healthcare; 2009. 
2 .  Garovic VD, Textor SC. Renovascular hypertension and ischemic 

nephropathy. Circulation. 2005; 1 12 : 1362-1 3 74. 

3 .  Hansen KJ, Edwards MS, Craven TE, et al. Prevalence of renovas

cular disease in the elderly: a population-based study. J Vase Surg. 

2002;36:443-45 1 .  

4.  Beregi JP, Louvegny S ,  Gautier C ,  e t  al. Fibromuscular dysplasia 

of the renal arteries: comparison of helical CT angiography and 
arteriography. A]R Am J Roentgenol. 1999;172:27-34. 

5 .  McMillan WD, McCarthy WJ, Bresticker MR, et al. Mesenteric artery 

bypass: objective patency determination. J Vase Surg. 1995;21 :729-740. 

6 .  Stoney RJ, Cunningham CG. Acute mesenteric ischemia. Surgery. 
1993;1 14:489-490. 

7. Tham G, Ekelund L, Herrlin K, et al. Renal artery aneurysms. Natural 

history and prognosis. Ann Surg. 1983 ; 1 97:348-352. 

8 .  Messina LM, Shanley CJ. Visceral artery aneurysms. Surg Clin North 
Am. 1997;77:425-442. 

9. Tessier DJ, Abbas MA, Fowl RJ, et al. Management of rare mesenteric 

arterial branch aneurysms. Ann Vase Surg. 2002; 16 :586-590. 

10 .  Hobbs SD, Thomas ME, Bradbury AW. Manipulation of the renin 
angiotensin system in peripheral arterial disease. Eur J Vase Endovasc 
Surg. 2004;28 :573-582.  

11 .  Chang JB, Stein TA. Mesenteric ischemia: acute and chronic. Ann Vase 

Surg. 2003;1 7:323-328 .  
12.  Carr SC,  Mahvi DM, Hoch JR,  et a l .  Visceral artery aneurysm rupture. 

J Vase Surg. 2001 ;33 :806-8 1 1 .  

1 3 .  Dave SP, Reis ED, Hossain A ,  e t  al. Splenic artery aneurysm i n  the 

1 990s. Ann Vase Surg. 2000;14:223-229. 
14.  Selo-Ojeme DO, Welch CC. Review: spontaneous rupture of splenic 

artery aneurysm in pregnancy. Eur J Obstet Gynecol Reprod Bioi. 

2003;109 :124-127. 

15 .  House MK, Dowling RJ, King P, et al. Using Doppler sonography 
to reveal renal artery stenosis: an evaluation of optimal imaging 
parameters. AJR Am J Roentgenol. 1999;1 73:76 1-765.  

16 .  Moneta GL, Lee RW, Yeager RA, et al. Mesenteric duplex scanning: 

a blinded prospective study. J Vase Surg. 1993;1 7:79-84. 
17.  Wheatley K, lves N, Gray R, et al. Revascularization versus medical 

therapy for renal-artery stenosis. N Eng/] Med. 2009;3 6 1 : 1953-1962. 

18. Wyers MC, Powell RJ, Nolan BW, et al. Retrograde mesenteric scent

ing during laparotomy for acute occlusive mesenteric ischemia. ]  Vase 
Surg. 2007;45:269-275. 

19. Oderich GS. Current concepts in the management of chronic mes

enteric ischemia. Curr Treat Options Cardiovasc Med. 2010;12 :  

1 1 7-130.  

20. Pfeiffer T, Reiher L, Grabitz K, et al .  Reconstruction for renal artery 
aneurysm: operative techniques and long-term results. ] Vase Surg. 

2003;37:293-300. 

21. Panayiotopoulos YP, Assadourian R, Taylor PR. Aneurysms of the vis
ceral and renal arteries. Ann R Coli Surg Engl. 1 996;78 :412-41 9 .  

2 2 .  Tallarita T, Oderich G S ,  Macedo TA, e t  a l .  Reinterventions for stent 

restenosis in patients treated for atherosclerotic mesenteric artery 

disease. j Vase Surg. 20 1 1 ;54:1422-1429. 

23 .  Bauer JR, Ray CE. Transcatheter arterial embolization in the trauma 
patient: a review. Semin lntervent Radial. 2004;2 1 : 1 1-22. 

24. Carriere MA, Pearce JD, Edwards MS, et al. Endovascular manage

ment of atherosclerotic renovascular disease: early results following 
primary intervention. ] Vase Surg. 2008;48 :580-587.  

25.  Tuttle KR, Chouinard RF, Webber JT, et al. Treatment of atheroscle

rotic ostial renal artery stenosis with the intravascular stent. Am J 

Kidney Dis. 1998 ;32:61 1-622. 
26.  Sharafuddin MJ, Olson CH, Sun S, et al. Endovascular treatment of 

celiac and mesenteric arteries stenoses: applications and results. J Vase 

Surg. 2003;3 8 :692-698 .  

27 .  Sivamurthy N,  Rhodes JM, Lee  D, et a l .  Endovascular versus open 
mesenteric revascularization: immediate benefits do not equate 
with short-term functional outcomes. J Am Col/ Surg. 2006; 202: 

859-867. 

28. Yutan E, Glickerman DJ, Caps MT, et al. Percutaneous translu
minal revascularization for renal artery stenosis: Veterans Affairs 
Puget Sound Health Care System experience. J Vase Surg. 2001 ;34: 

685-693. 

29.  Brown OJ, Schermerhorn ML, Powell RJ, et al. Mesenteric stenting for 

chronic mesenteric ischemia. J Vase Surg. 2005;42:268-274. 



Chapter 2 0  Visceral Reconstruction to 
Facilitate Cancer Management: 

I 
I 

Celiac, Mesenteric, Splenic, 
Hepatic and Renal Artery 
Disease Management 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 

Mohamed A. Zayed E. John Harris, Jr. 

DEFINITION 

• This chapter assumes basic knowledge of surgical oncology 
principles and the management of patients with intraab
dominal tumor pathology. For further review of these topics, 
please refer to relevant background sources. 1•2 

• Advanced primary and recurrent abdominal malignant tu
mors may frequently involve adjacent arterial and venous 
structures. Surgical management may require curative en 
bloc tumor resection, with the goal of achieving negative 
macroscopic and microscopic margins . Adjunct vascular re
construction may be necessary to achieve complete tumor 
removal .  

• A wide variety of malignancies may develop in the perito
neal space and retroperitoneum. A representative range of 
pathologies involving intraabdominal arterial and venous 
structures is summarized in Table 1 .  

• Primary vascular tumors are exceedingly rare, frequently 
mimic other oncologic disease processes, and may evolve 
slowly-leading to delay in diagnosis and treatment. 

Table 1 :  Range of l ntraabdominal Oncolog ical 
Pathologies that can Potentially I nvolve Arterial 
and Venous Structures 

Arterial 

Aorta Angiosarcoma.' paragang l ioma, pheoch romocy· 
toma, le iomyosarcoma,  rhabdomyosarcoma 

Super ior mesenteric a rtery Adenocarci noma,  neuroendocr ine carcinoma,  
adenosquamous carci noma,  cystadenocarci· 
noma 

I l iac a rtery Adenocarci noma,  le iomyoma, endometr ia l  stro· 

Venous 

I nfe r ior vena cava 

Rena l  ve i n  

Porta l ve i n  

I l i a c  vein 

aPrimary vascular tumor 

1972 

mal carc inoma,  fibrosarcoma, f ibroma 

Ang iosarcoma.' adrenocortical carci noma, tera· 
toma, Wi lms' tumor, pheochromocytoma,  neu· 
roendocr ine carci noma,  intest ina l  carcinoma,  
hepatoce l l u l a r  carc inoma 

Rena l  ce l l  carci noma,  adrenocortical carc inoma,  
pheochromocytoma 

Adenoma,  adenocarci noma, cho lang iocarci· 
noma, neuroendocr ine carci noma,  hepatocel· 
l u l a r  carcinoma 

I ntestina l  carci noma,  le iomyoma,  endometr ia l  
stroma l  carc inoma, fibrosa rcoma, f ibroma, 
trans i t iona l  ce l l  carci noma,  l i posarcoma .  le io
myosarcoma 

Although most commonly arising from large vessels such as 
the aorta and vena cava, primary vascular tumors may also 
originate from distal branches of the iliac, mesenteric, and 
renal arteries .  Classification systems (Wright/Salm classifica
tion) have broadly categorized primary vascular tumors as 
intimal (majority, 70 % )  and mural.3  

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with complex intraabdominal oncologic pathol
ogy are best managed by a multidisciplinary care team at 
a tertiary care center. If tumor extension to adjacent vascu
lar structures is suspected, surgical planning should include 
evaluation of potential revascularization options by a vascu
lar surgeon. 

• The initial assessment should include a thorough evaluation 
of the patient's presenting symptoms. This may include focal 
or regional abdominal pain resulting in tumor parenchyma 
pressing against adjacent structures. Patients may also pres
ent with gastrointestinal symptoms such as early satiety, 
nausea, and vomiting. Erosive gastrointestinal lesions may 
manifest with hematochezia, melena, or hematemesis. Con
stitutional flu-like symptoms, fevers, malaise, fatigue, night 
sweats, and muscle aches may also rarely present in patients 
with certain patients with rapidly expanding tumors. 

• Depending on the primary site and tissue of origin, tumor
associated physical findings may not be obvious until rela
tively late in the disease process. Abdominal distension can 
result from increasing tumor volume or from serous ascites 
due to portal venous compression. Tumor mass effect or 
infiltration of the inferior vena cava (IVC) or iliac venous 
system may lead to unilateral or bilateral lower extremity 
edema, dilated abdominal wall veins, evidence of deep ve
nous thrombosis (DVT),  biliary symptoms, and renal insuf
ficiency. Accordingly, physical examination should not only 
include a thorough abdominal exam with palpation of all 
nodal basins but also a complete vascular exam with evalu
ation of limb pulses, Doppler signals, and assessment of ex
tent/grade of limb edema. 

• Patient with primary vascular tumors, particularly ones with 
intimal expansion and growth, can present with evidence of 
venous or arterial embolization. Manifestations of recurrent 
venous pulmonary emboli include shortness of breath, respi
ratory distress, and hemodynamic changes including tachy
cardia and right heart failure. Depending on the volume of 
arterial emboli, symptoms can range from lower extremity 
pain to digital discoloration. 

-
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IMAGING AND OTIIER DIAGNOSTIC STUDIES 

• Tumor staging and classification systems are beyond the 
scope of this chapter. Please refer to other excellent references 
for tumor-specific staging modalities and requirements .2•4 

• Patients deemed candidates for surgical resection by a mul
tidisciplinary team should receive a high-resolution, thin
slice (at least 1 mm), multidetector computed tomography 
(MDCT) scan with intravenous contrast injection to allow 
for imaging during arterial and venous phases. Image ac
quisition should allow for multiplanar sagittal, coronal, and 
three-dimensional reconstructions. This type of detailed im
aging provides valuable information regarding tumor mar
gins, suspected histologic subtype, and grade and can also 
help determine the morphology, patency, and extent of in
volvement of adjacent vascular structures. 

• In situations where mesenteric venous thrombosis is visu
alized on MDCT, specific postprocessing protocols may be 
further implemented to improve clarity regarding the extent 
of thrombus burden and associated and/or resultant venous 
congestion. 

• Adjunct imaging studies may also include magnetic reso
nance imaging (MRI) ,  ultrasonography, and rarely, angi
ography/venography. Particularly, in patients with concern 
for osseous or neurogenic tumor involvement, MRI may be 
particularly useful in defining tissue planes and tumor paren
chyma boundaries. MRI also has a nearly 100% sensitivity 
for detecting intracaval tumor thrombus. 

• Autogenous vascular conduit may be necessary for adequate 
revascularization, particularly following bowel resection 
and reconstruction. When anticipated, preoperative venous 
duplex scanning of the lower extremities will help document 
the presence and usage of superficial femoral vein as poten
tial graft conduit. The presence of deep venous obstruction, 
either acute or chronic, may preclude venous harvest from 
that particular extremity. Similarly, the bilateral lower ex
tremity greater saphenous veins should be evaluated for pa
tency, diameter, and adequate length. 

• Occasionally, preoperative or intraoperative transesophageal 
echocardiography may be needed to confirm the proximal 
extent of intracaval tumor thrombus visualized using other 
cross-sectional imaging modalities and determine whether 
the tumor thrombus is encroaching into the right atrium.5 

SURGICAL MANAGEMENT 

Patient Selection 

• Whenever possible, the goal of surgical extirpation of ab
dominal solid organ tumors should be oncologic cure. This 
assumption presupposes tumor localization to a distinct 
anatomic region that will allow for resection with negative 
macroscopic and microscopic margins . Thus, the goals of 
the procedure should be clearly defined by sufficient preop
erative high-quality anatomic cross-sectional imaging, mul
tidisciplinary consultation, and discussions with the patient 
regarding the operative risks, benefits, expectant outcomes, 
and overall prognosis. 2•6 

• Abdominal solid organ tumors are traditionally considered 
unresectable when they involve the arterial or venous vascu
lature, are diffusely metastatic throughout the peritoneum 
or at remote sites, or involve the root of the mesentery or 

spinal cord to a significant extent. Patients with extensive 
tumor burden precluding resection may still be offered in
complete removal or debulking operations to potentially 
prolong survival and improve symptom palliation.6 

• Equally as important as the anatomic considerations, pre
operative patient functional status is a significant determi
nant of surgical eligibility. Performance assessments, such as 
outlined by the Karnofsky or Eastern Cooperative Oncology 
Group (ECOG) score, help predict patient-specific postop
erative quality of life .2•7 At our institution, patients who are 
bedridden at the time of initial assessment, severely disabled, 
or unable to independently perform activities of self-care are 
often not offered curative resection. 

• Candidacy for intraabdominal vascular reconstruction is 
also contingent on the extent of potential or preexisting 
vascular compromise.  As such, we have typically attempted 
arterial reconstruction when tumors involve critical arterial 
structures such as the aorta, celiac artery and its branches, 
proximal superior mesenteric artery (SMA),  common/exter
nal iliac artery, and the internal iliac artery in the setting 
of an embolized, occluded, or resected contralateral inter
nal iliac artery. Similarly, venous reconstruction is also an
ticipated when tumors margins appear to include the vena 
cava, portal, superior mesenteric, common, and external 
iliac veins . 

Preoperative Planning 

• Items to consider in preoperative multidisciplinary review 
include the extent of planned gross surgical resection mar
gins, the need for preoperative arterial or venous emboli
zation, the need for other prophylactic procedures such as 
placement of ureteral stems or nephrostomy tubes, and the 
likelihood for intestinal resection and/or reconstruction. 

• Ureteral stem placement should be considered in all patients 
who demonstrate evidence of ureteral obstruction, renal 
hydronephrosis, or urinary obstructive signs or symptoms 
from either tumor mass effect or invasion of urologic struc
tures. Moreover, ureteral stems should also be considered in 
patients with pelvic tumors where there is potential concern 
of ureteral injury during resection of the tumor or during 
vascular reconstruction. 

• A thorough review of detailed preoperative imaging will 
greatly facilitate proper conduit selection and preparation 
and, ultimately, a successful outcome. Particular attention 
should be directed to the length of vascular segment in
volved by adjacent tumor, the branch points and bifurca
tions present along this length, and which segments, if any, 
are circumferentially encased by tumor parenchyma. 

• Attention should be paid as to whether planned resection 
will include vessels which are already occluded with ad
equate collateral circulation already in place, or whether 
adjacent or contralateral vascular structures are capable of 
supplying adequate inflow and outflow. Vascular segments 
to be reconstructed should be patent and preserved to the 
greatest extent possible during the planned tumor resection. 

• Endovascular embolization is the preferred method of pre
operative vascular occlusion prior to open surgical resection. 
This strategy is commonly used for preoperative splenic ar
tery/vein embolization prior to planned surgical splenectomy, 
internal iliac artery embolization prior to planned pelvic 
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tumor resection, and renal artery/vein embolization prior to 
planned nephrectomy with or without the need for further 
exposure of the retrohepatic IVC. For this purpose, the pre
ferred size of coils/plugs is estimated based on the diameter 
and length measurements of the target vessel on preopera
tive cross-sectional imaging and is typically oversized by up 
to 20% of the target vessel diameter. For additional details 
regarding visceral embolization techniques, refer to Part 6, 
Chapter 19 (Stenting, Endografting, and Embolization Tech
niques: Celiac, Mesenteric, Splenic, Hepatic, and Renal Ar
tery Disease Management) .  For additional details regarding 
internal iliac artery embolization techniques, refer to Part 6, 
Chapter 24 (Advanced Aneurysm Management Techniques: 
Management of Internal Iliac Aneurysm Disease) .  

• Aortoiliac arterial involvement often requires resection fol
lowed by reconstruction with patch angioplasty, interposi
tion, or extraanatomic bypass. Type of reconstruction and 
conduit type (autogenous venous allograft, cryopreserved 
homograft, or synthetic conduit) is contingent on the type of 
tumor, extent of vascular segment involvement, and degree 
to which intestinal reconstruction is also anticipated. In the 
latter case, when contamination by succus entericus is likely, 
autogenous femoral vein conduits for iliac artery reconstruc
tions and IVC or spliced femoral vein conduits for aortic 
reconstructions are preferred. Alternatively, when not avail
able, rifampin-soaked, gel-sealed knitted Dacron conduit 
may serve as a potential substitute with acceptable results . 8  

• Reconstruction of the celiac trunk, common hepatic artery, 
SMA, portal vein, and superior mesenteric vein (SMV) are 
similarly contingent on the extent of involvement of these 
structures with tumor pathology. Unless the artery in ques
tion is circumferentially involved, it is our preference to resect 
only the portion of vessel wall directly involved with tumor 
while preserving the remaining vessel architecture with patch 
repair. Autogenous venous conduit (using superficial femoral 
vein or greater saphenous vein or femoral vein) is preferred 
for vessel segments requiring interposition grafting. 

• The mainstay of treatment of primary and secondary tu
mors of the IVC is surgical resection and reconstruction. 

AORTIC RECONSTRUCTION 

The extent of reconstruction is contingent on the type of 
tumor, extent of caval involvement, and the anatomic seg
ments involved. Adequate retrohepatic caval exposure is 
challenging and may require total vascular isolation of the 
liver to minimize blood loss during this maneuver. In circum
stances where the IVC is chronically occluded with tolerable 
lower extremity edema and adequate renal function, ligation 
and resection without reconstruction should be considered. 
On the other hand, patients with recent occlusion of the 
IVC, few venous collaterals, notable lower extremity symp
toms, or renal insufficiency should be considered for either 
interposition grafting or patch venoplasty. 

Operating Room Setup 

• Preoperative endovascular embolization procedures should 
be performed in an angiography suite or hybrid operating 
room, equipped with a fixed-imaging apparatus, floating
point carbon fiber operating table, fluoroscopy platform, 
and monitor-viewing bank. A full complement of compat
ible guidewires, catheters, sheaths, coils, and plugs should 
also be available. 

• Open tumor operative resection procedures are best per
formed in an operating room setting with adequate space to 
facilitate the maneuvering of multiple surgical subspecialty 
teams and their necessary operative trays/equipment. 

• Most intraabdominal operative tumor resection and recon
struction procedures may be performed with the patient in 
the supine position. In the surgical field, the patient's lower 
extremities should be prepared for vein harvest if potentially 
necessary. 

• In patients who require retrohepatic IVC exposure and re
construction, the left lateral decubitus position should be 
employed to facilitate right thoracoabdominal exposure 
through the 8th or 9th rib interspace. 

• Placement of ureteral stems will require initial positioning of 
the patient in lithotomy position and then subsequent repo
sitioning of the patient to facilitate further planned surgical 
intervention. 

• 

• For a d iscuss ion  of the techn ica l  exposu re of the para
viscera l ,  pararenal ,  and i nfra rena l  aorta, p lease refer to 
Part 6, Chapters 14 (Exposu re and Open Surg ica l  Man
agement  at the D i aph rag m), 1 5  (Retroperitonea l  Aort ic  
Exposu re), and  22 (Adva nced Aneurysm Ma nagement 
Techn iq ues:  Open Surg ica l  Anatomy Repa i r) .  

• 

I n  patients with wide costa l marg ins  or an a nt ic i pated 
need for wide parahepatic o r  parasp len i c  exposu re, a b i 
l atera l su bcosta l inc i s ion (a lso known as Mich igan s m i le) 
may a l so be usefu l .  
For l a rge abdom i n a l  tumors, rena l  tumors, or  tumors 
with cepha lad  i ntraabdo m i n a l  extens ion to the level of 
the d i aph ragm,  a latera l decu b itus thoracoabdom i n a l  
approach t o  fac i l itate both adequate t u m o r  exposure a s  
we l l  as  vascu l a r  proxi m a l  control a n d  reconstruct ion i s  
advised . First Step 

• The surg ica l  exposu re of an i ntraabdo m i n a l  tumor e ither 
d i rectly adjacent o r  i nvolvi ng the aorta should a im to not 
on ly  p rovide adeq uate exposu re of tumor  resect ion but 
a lso fac i l itate adequate proxi m a l  and  d ista l a rter ia l  con
tro l .  A trad it iona l  m i d l i n e  abdom i n a l  i nc i s ion ,  extend ing  
f rom the x ipho id  process to the pub is, can fac i l itate th i s  
i n  the major ity of patients.  

Second Step 

• Prox ima l  aort ic  control ca n often be obta ined d i rect ly 
above the a nt ic i pated cepha lad  marg i n  of the tumor. In 
this c i rcumsta nce, v ia either retroperitonea l  o r  transper i 
tonea l approaches, the med i a l  a n d  l atera l aort ic  marg ins  
a re c leared for  a d i stance of 2 to 3 em p roxi ma l  to the 
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• 

• 

• 

tumor  marg i n .  The exposed seg ment is i n spected for 
l u m ba r  vessel branches, which may be externa l ly l i gated 
as necessa ry to aid in exposu re and contro l .  A l a rge, 
s l i g ht ly curved vascu l a r  aort ic  c l amp  (e . g ., DeBa key aort ic  
occ lus ion c l amp) i s  best su ited to obta i n  p roxi m a l  aort ic  
contro l .  
Su prace l i ac  or  suprarena l  aort ic  exposure m a y  b e  neces
sary for optim a l  control (FIG 1 ) .  

For  control of  the suprace l i ac  aorta, the per itonea l  cavity 
i s  entered below the level of the x ipho id  process. With 
cepha lad  retract ion of the left lobe of the l iver, the left 
tr ia n g u l a r  l i gament of the l iver is d ivided and  the lesser 
sac i s  entered via a long itu d i n a l  i n ci s ion i n  the gastrohe
patic l i ga ment.  Care should be taken here to avo id i n ju ry 
to the esophagus  ( identif ied by a id  of orogastr ic/naso
gastr ic tube p lacement) o r  a replaced left hepatic a rtery. 
For add it iona l  exposu re, the med ian  a rcuate l i ga ment 
and  the r ight  crus may be d iv ided (FIG 1 ) .  

Supra rena l  aort ic  control i s  obta ined fo l lowi n g  c i rcum
ferent ia l  d i ssect ion and  mobi l i zat ion of the l eft rena l  
ve i n  off the ventra l su rface of the aorta .  Left rena l  ve i n  
i nfer ior  l u m b a r  branches shou ld  b e  l i gated t o  fac i l itate 

Right crus of d iaphragm 
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peritoneum 

of lesser sac 

Gastrohepatic/ 
omentum 

A 

c 

Aortic clamp 

• 

mob i l izat ion .  I n  rare c i rcumstances, the left rena l  ve i n  
m a y  need t o  b e  l i gated d u r i n g  t h i s  maneuver. When th i s  
i s  a nt ic i pated, exist ing  co l l atera l ve in s  such  as  the left 
gonada l ,  adrena l ,  or l u m ba r  shou ld  be i ntentio n a l ly pre
served pr ior  to d iv is ion of the left rena l  ve i n .  
l nfra rena l  aort ic  exposu re c a n  be ach ieved e ither via 
transper itonea l  or  retroperitonea l  approaches.  If the 
tumor  has pelv ic extens ions o r  if exposu re/control of the 
r ight i l i ac  system is  a nt ic i pated, a transper itonea l  ap
p roach may be p referab le .  

Third Step 

• 

• 

Depend ing  on the extent of aort ic  tumor i nvolvement, 
durab le  repa i r  may be ach ieved us ing  e ither patch ang io
p lasty o r  i nterposit ion g raft ing .  
Patch repa i r  i s  com m o n ly performed w ith  a woven Da
cron, bovi ne per icard i u m, or  a utogenous femora l  ve i n .  
T h e  patch is  fash ioned i n  a m a n ner  t o  fac i l itate a wide 
repa i r  without na rrowi ng  the res idua l  the aort ic  l u m e n .  
T h e  a nastomosis  is  usua l ly performed w i t h  4-0 Pro lene 
sutu res, i n  a ru n n i n g  fash ion ,  with  one suture sta rt i ng  

T horacic 
aorta 

B 

Esophagus 

Left gastric 
artery 

FIG 1 • Tra nsabdomina l  exposu re of the su prace l i ac  aorta 
for p roxim a l  aort ic  contro l .  A. The left lobe of the l iver is 
retracted super ior ly and to the patient's r ight .  The d ista l 
esophagus  is identif ied and  gent ly retracted to the patient's 
left. A long itu d i n a l  inc i s ion is  made in between these 
structu res through the gastrohepatic l i gament to enter the 
lesser sac. B. The poster ior  per itoneum and  the r ight  crus of 
the d ia p h ragm ca n then be i nc ised to expose the suprace l i ac 
aorta .  C. B l u nt d i g ita l  d i ssect ion can a id  with c i rcumferenti a l  
exposu re o f  th i s  aort ic  seg ment t o  a l l ow f o r  prox ima l  control 
with vascu l a r  c l amp ing .  
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FIG 2 • Patch ang iop lasty repa i r  of i nfra rena l  aorta.  A. Tra nsa bdom i n a l  exposu re of the i nfrarena l  abdom i n a l  aorta a n d  
adjacent tumor  mass.  B. Fol lowing prox ima l  and  d ista l aort ic  control ,  m a s s  i s  removed a long  w i t h  associated aort ic  wa l l .  
C,D.  Aortotomy repa i red with a a bovi ne per icard ia  I patch .  

• 

from each end of the patch repa i r. Depend ing  on the age 
of the patient, presence and  extent of retroperitonea I 
so i l age by i ntest i na l  contents, and  amount of retroperi
tonea l inf lam mation p resent, po lyester p ledgets may be 
req u i red to m i n i m ize sutu re-re lated aort ic  i n ju ry a n d  
need le  ho le  b leed i n g  (FIG 2) .  

Alternative ly, when  more extensive aort ic  seg ments a re • 
i nvolved or the tumor  ca n n ot be safe ly mob i l ized c i rcum
ferent ia l ly around the aorta, i nterposit ion g raft ing  may 
be more appropr iate. After resect ion,  the res idua l  aorta 
shou ld  be in spected for any i nt i m a l  defects, tumor  inf i l 
trat ion,  or  i ntra l u m i n a l  thrombus .  Once c lean endpoi nts 
a re determi ned, the i nterpos it ion g raft of choice can be 
brought to the f ie ld .  Con d u it cho ices i nc lude autogenous 
vena cava o r  sp l iced femora l  ve in s, cryopreserved ho- • 
mogenous a rter ia l  condu it, or kn itted or woven po lyes-
ter and expa nded polytetraf luoroethylene (ePTFE) .  Once 
selected, the proxi m a l  end i s  fash ioned i n  such as way as 
to m i n i m ize d iameter d i fferences between the aorta a n d  
g raft. T h e  a nastomosis i s  usua l ly performed w i t h  a r u n 
n i n g  3 - 0  or  4-0 polypropy lene suture.  O n c e  comp leted, 

the proxi m a l  c l amp is  temporar i l y  re leased to a l low the 
cond u it to be routed in such a way to avoid red u ndancy, 
k i nk i ng ,  or  twist i ng .  After rec l amp ing  of the g raft (to 
avo id repeated aort ic  c l amp i ng), the d ista l anastomosis 
is  com p leted i n  a s i m i l a r  fash ion  after suff ic ient proxi m a l  
and  d i sta l f lush i n g  maneuvers (FIG 3) .  

Autogenous t issue repa i rs of  the aorta a re p referred i n  
c i rcumstances where i ntest i na l  cont i nu ity has been i nter
rupted . However, if autogenous t issue is not ava i l ab le  or  
not adeq uate for use ,  ge l - impregnated woven polyester 
g raft mater ia l  i m mersed in r ifa m p i n  so lut ion i s  the p ros
thetic condu it  of cho ice .  To ach ieve adequate coverage, 
the g raft is i m mersed i n  50 ml of norma l  sa l i n e  conta in 
i n g  600 mg of r ifa m p i n  for at least 30 m i n utes. 
If the pa raviscera l  or  pararena l  aorta reconstruct ion i s  re
q u i red, viscera l and rena l  vessels can be reimp lanted to 
the i nterposition aortic g raft. Alternatively, a preman ufac
tu red or  surgeon-mod ified branched aort ic  g raft can be 
used to fac i l itate end-to-end anastomoses to the viscera l 
or rena l  vessels fol lowing  aort ic i nterposit ion g raft repa i r, 
with s ide l i m bs typica l ly 6 to 8 mm i n  d iameter (FIG 3) .  
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FIG 3 • B ra nched aortoviscera l repa i r  fo l lowi ng resect ion of a l a rge retroperitonea l  thoracoabdom ina l  myxo id sa rcoma 
mass .  A. Corona l  abdom i n a l  com p uted tomography (CT) demonstrates l a rge thoracoabdomina l  and  mediast i na l  mass d i rect ly  
adjacent to major organ structures and  the pa raviscera l  aorta .  B. CT demonstrates retroperitonea l  port ion of tumor  mass  
d isp lac ing IVC toward the patient's r ig ht. C. Sag itta l CT demonstrates c i rcu mferenti a l  i nvolvement of the pa raviscera l aorta 
with the tumor  mass. D. Left thoracoa bdom i n a l  exposu re revea l s  a l a rge retroperitonea l  mass extend ing  p roxi m a l ly d i rect ly  
u nderneath the d i aph ra g m .  The suprad i aph rag matic aorta (E), proxi m a l  left ren a l  a rtery (F), and  proxim a l  SMA (G) were a l l  
exposed t o  fac i l itate tumor  resect ion a n d  aort ic  branched repa i r. H. Aortic branch g raft was constructed on t h e  operative back 
ta b le  by attach i n g  a 1 4-mm bifu rcated Dacron g raft to the s ide of a 1 6-mm Dacron tube g raft. Fo l lowing en b loc resect ion of 
the mass a long with associated aort ic  seg ment (1) ,  the resected aort ic  seg ment was then repa i red with the constructed g raft. 
B ra nches were used for end-to-end a nastomosis  to the left rena l  a rtery and SMA. 

SUPERIOR MESENTERIC ARTERY 

RECONSTRUCTION 

First Step 

• Exposure of the SMA, in s ituat ions where it is i nvolved 
with the tumor, may be performed jo i nt ly with the 
surg ica l oncology tea m .  Part icu l a r ly in s ituat ions  where 
the SMA is extensively i nvolved, suffic ient vascu l a r  

• 

control shou ld  obta ined pr ior  to s ign if icant debu lk ing  or  
resect ion maneuvers. 
To expose the SMA at the base of the mesentery, the trans
verse colon and omentum a re e levated wh i le  pack ing the 
sma l l  bowel to the r ight.  The peritoneum is then inc ised 
at the base of the transverse mesocolon,  tak ing care to 
identify and preserve the midd le  co l i c  and jejuna l  a rte
r ia l  branches. Jud ic ious cepha lad retract ion of the i nfer ior 
border of the pancreas may a lso improve exposure (FIG 4) .  
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FIG 4 • Tra nsabdo m i n a l  exposure and reconstruct ion of the SMA. A. The or ig i n  of the SMA may be exposed with mob i l izat ion 
and  gent le retract ion of the super ior border of the pancreas a long with extended cepha lad  exposu re of the aorta to the level  
of the ce l i a c  tru nk .  B. Alternative ly, the SMA can be exposed from a l atera l approach with d iv i s ion of the l igament of Tre itz and 
r ight  latera l mob i l i zat ion of the fou rth port ion of the duode n u m .  C. Exposure can be enhanced with gent le cepha lad  retract ion 
of the i nfer ior  border  of the pancreas a n d  ventra l mob i l izat ion of  the left k idney. Ca re shou ld  be taken to not avu l se  left ren a l  
ve i n  l umbar, g o n a d a l ,  o r  adrena l  branches d u ri ng  mob i l izat ion o f  the l eft k idney. D. Tu mor  mass resect ion with associated 
seg ment of SMA. The a rteria l  seg ment i s  repa i red with a n  a utogenous i nterpos it ion g reater saphenous ve i n  g raft. 
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• Alternative ly, p roxi m a l  SMA exposu re may be g a i ned l at
era l ly, fo l lowi n g  d iv i s ion of the l i ga ment of Tre itz and  
mob i l izat ion of  the fou rth port ion of  the d uoden u m .  
Visu a l i zat ion o f  t h e  under ly i ng  SMA c a n  be further en
hanced with gent le retract ion of the i nfer ior  border of 
the pancreas to the leve l  of the left ren a l  ve i n  (FIG 4) .  

• The sp lanchn i c  nerves must be sharp ly  exc ised to effec
tively e levate the SMA off the a nter ior aort ic  wa l l .  

Second Step 

• Reconstruct ion approach is d i ctated by the extent of 
tumor  i n g rowth .  SMA i nvolvement may be tangenti a l  
o r  req u i re seg menta l  resect ion t o  ach ieve appropr iate 
tumor  marg ins .  

• Part i a l  SMA i nvolvement may o n ly requ i re resect ion and  
reconstruct ion of  one of  the SMA wa l ls .  With  a rter ia l  
control estab l ished, the tumor  t i s sue  a n d  i nvolved SMA 
ca n be sharp ly  resected en b loc .  Fo l l owing inspect ion to 
ensure a d i sease-free patent l u men,  the a rter iotomy is  
repa i red with a patch ang iop lasty tech n ique .  Autoge
nous ve i n  is  the p referred patch mater ia l  when ava i l a b le, 
espec i a l ly fo l lowi n g  i nterrupt ion of i ntest i na l  cont i n u ity. 
When a l imenta ry tract cont i nu ity is  not d i s rupted, bo
vine per icard i a !  t issue, polytetraf luoroethy lene (PTFE), 
o r  polyester patch may be used for repa i r. 6-0 polypro
pylene monofi lament suture i s  a good cho ice for a rteri
otomy c losure and repa i r. 

Third Step 

• More extensive tumor  i nvolvement with the SMA may 
req u i re seg menta l resect ion and  i nterposit ion g raft i ng .  
Va r iab les  to cons ider  i nc lude  the length of  the defect, 
whether  the SMA or ig i n  i s  a l so  i nvolved, and  condu it  ma
teri a l  ava i l a b l e  for repa i r. 

• For short seg ment replacement, reversed g reater sa
phenous  ve i n  i s  the p referred cond u it for SMA g raft i ng .  
Appropr iately s ized saphenous ve i n  i s  usua l ly ha rvested 
from the th igh ,  d istended, and  p repa red for i nterpo
sit ion .  The tumor  t issue i s  resected en b loc with the 

SUPERIOR MESENTERIC VEIN OR PORTAL 

VEIN RECONSTRUCTION 

First Step 

• Exposu re of the porta l ve i n  is fac i l itated via entry of the 
peritonea l  cavity and  i nterrupt ion of the u m b i l i ca l ve i n  
a n d  fa lc iform l i gament .  T h e  porta hepatis  c a n  b e  bet
ter v isua l i zed with cepha lad  retract ion of the r ight lobe 
of the l iver, downwa rd retract ion of the co lon i c  hepat ic 
fl exu re, and  med i a l  mob i l izat ion of the fi rst and second 
port ions  of the duoden u m .  The porta l  ve i n  i s  then eas
i ly identif ied in the right poster ior  border of the hepa
toduodena l  l i gament.  Th is  exposu re ca n be extended 
from the h i l u m  of the l iver to the head of the pa ncreas 

• 

• 

• 

• 

i nvolved segment of SMA. Fo l lowing confirmation of ad
equate marg i ns, seq uent ia l end-to-end p roxi ma l  anasto
mosis  i s  performed.  The g raft i s  then brought to length 
whi le avo id i ng  any twi st i ng  or  k i nk i ng  of the g raft. 
The d ista l end-to-end a nastomosis  i s  then s i m i l a r ly per
formed.  Spatu lat ion of both the a rter ia l  endpo i nts and  
saphenous  condu i t  may o r  may not be he lpfu l ,  depend
ing  on  s ize d iscrepancy. 
For long segment resect ions  or resect ions  i nvolvi ng the 
or ig in of the SMA, a long retrog rade "question mark" 
g raft, so named for its  appearance on  contrast a rter iog
raphy fo l l owing  the p roced u re, is  used to route a rter ia l  
b lood f rom the r ight  i l i ac  a rtery around the base  of  the 
mesentery to the d ista l SMA. Alternatively, a n  a ntegrade 
bypass from the suprace l iac  aorta may be tunne led pos
ter ior to the pa ncreas and brought out coaxi a l ly a long  
the course of  the d ista l SMA. F i n a l ly, when the SMA 
or ig i n  is  i nvolved but suff ic ient d ista l SMA is  present to  
a l low mob i l izat ion,  the SMA may be re imp la nted on the 
d i sta l  aorta if a d isease-free seg ment can be identif ied by 
pa lpat ion or  from assessment of p reoperative imag ing  
stud ies .  For bypass options under  these c i rcumstances, 
cryopreserved a rter ia l  homog raft or  6-mm po lyester or 
externa l ly supported PTFE are typica l l y  preferred con
d u its. Ca re i s  once aga i n  taken to avo id  condu it twist ing  
o r  k i nk i ng  dur i ng  p lacement o r  tunne l i ng .  
A lth o u g h  a potent ia l  opt ion ,  d i rect bypass f rom the  
reg i o n  of the  or ig i n  of the  SMA to the  d i sta l m es
enter ic  a rtery i s  p rob lemat i c  in that fash i o n i n g  the 
bypass req u i res e l evat ion  of the  mesentery, with the 
d i sta l a nastomos i s  pos i t ioned on  the  poste r io r  a spect 
of the d i sta l mesenter ic  a rte ry. A lth o u g h  the g raft 
may funct ion  we l l  with  the  m esentery e l evated,  re
d u ct ion  of the i ntest ines  i nto the abdomen  i nva r i ab l y  
ca uses g raft condu it, autogenous  o r  p rosthetic,  to k i n k  
a n d  potent i a l l y  th rombose .  I n  t h i s  c i rc u m stance, it  i s  
a l m ost i m poss i b l e  to fash i o n  a n  i nterpos i t ion  g raft o f  
a p p ropr i ate l e n gth ,  so a p p roaches such  a s  retrograde 
g raft i n g  o r  re i m p l a ntat ion  shou ld  be cons idered a s  
p refe rred a lternat ives .  

i nfer ior ly. I nfer ior ly, ca re should be taken to identify and 
preserve the coronary ve i n  and  sp len i c  ve i n  (FIG 5) .  

I n  most i n stances, the neck of the pancreas i s  d iv ided 
as  part of the tumor exposure and  resect ion,  which im
p roves ca uda l  exposu re of the porta l ve in ,  sp len i c  ve in ,  
and  SMV. 
Exposu re of the SMV can be ach ieved v ia exposu re d i sta l 
to the sp len i c  ve i n  confl uence or v ia s i m i l a r  tech n i ques 
used to expose the SMA. At the base of the transverse 
mesoco lon,  the SMV can be found ly ing to the r ight  of 
the SMA near  the m i d l i ne .  M u lt ip le  dense lymphatics 
over ly ing the vein often req u i re carefu l  d issect ion and  
meticu lous  contro l .  Ca re  shou ld  a lso be taken  to ident ify 
and  preserve the m idd le  co l i c  ve i n  proxi m a l ly and  ventra l 
venous tr ibutar ies d ista l ly (FIG 5) .  
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FIG S • Tra nsabdo m i n a l  exposure and  reconstruct ion of the porta l  ve i n  and  SMV confl uence .  A. With cepha lad  retract ion 
of the r ight  lobe of the l iver, the poster ior  per itonea l  attachments of the fi rst a n d  second port ions of the duodenu m  may be 
v isu a l ized.  B. The porta l ve i n  and  proxim a l  SMV may be exposed through a long itu d i n a l  i n c i s ion a long  the l atera l f ree aspect 
of the hepatod uoden a l  l i ga ment.  C. Venous tr i butar ies d ra i n i n g  i nto the porta l vei n and  SMV confl uence may be l i gated to 
fac i l itate exposu re and  reconstruct ion of th i s  venous seg ment.  D. Tu mor  mass resect ion with associated ventra l segment of the 
porta l  ve in a n d  SMV confl uence and  repa i r  with a patch venop lasty us ing  a bovi ne per icard ia I patc h .  
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Second Step 

• The extent of tumor i nvolvement with the SMV and  por
ta l  ve i n  is va r iab le .  Reconstruct ion is often req u i red to 
preserve mesenter ic  outflow. 

• Fo l lowing estab l i shment of vascu l a r  control ,  en b loc re
sect ion of the tumor and associated venous structures 
ca n be performed . Part i a l  i nvolvement i s  best managed 
v ia patch venoplasty. Preservat ion of a n  i ntact back wa l l  
o f  t h e  sp len i c  S M V  confl uence i s  often benefi c i a l  i n  
m a i nta i n i n g  t h e  structu ra l i nteg r ity o f  t h e  bifu rcat ion .  
SMV and  porta l ve i n  patch venop lasty repa i rs can be 
performed us ing  a utogenous saphenous ve i n  o r  bov ine 

INFERIOR VENA CAVA RECONSTRUCTION 

First Step 

• I ntrahepat ic IVC exposure can be fac i l itated e ither 
through r ight  retroper itonea l  o r  transper itonea l  expo
sure. Exposure i s  typica l ly d i ctated by the extent of other 
p l an ned i ntraabd o m i n a l  procedu res and a nt ic i pated 
tumor  resect ion m a rg i ns .  

• For r ight retroperitonea l  exposu re, the f la n k  is e levated 
to 1 5  to 20 degrees with the patient posit ioned in the 
sup ine posit ion .  A transverse inc i s ion can then be made 
extend ing  from the rectus abdom i n i s  to the t ip  of the 
1 1 th  o r  1 2th r ib .  The externa l  ob l iq ue, i nterna l  ob l i q ue, 
transversus abdom i n is m usc les, and transversa l i s  fascia 
a re d ivided to create the retroperitonea l  p l ane  v ia b l u nt 
d i ssect ion .  With jud ic ious ly p l aced self-reta i n i n g  retrac
tors, a 6-cm segment of the r ight  l atera l aspect of the 
pararena l  and  i nfrarena l  vena cava may be eas i ly  ex
posed (FIG 6) .  

• For a transper itonea l  exposu re, e ither a m i d l i n e  l apa
rotomy or  b i l atera l su bcosta l inc i s ion wi l l  fac i l itate ad
equate exposure .  Once the per itonea l  space i s  entered, 
the s m a l l  bowel i s  retracted to the left and the l atera l 
per itonea l  attach ments of the r ight  co lon a re d iv ided.  
Th i s  fac i l itates media l  mobi l i zat ion of the r ight  co lon 
and  mesentery and  p rovides access to the retroperito
nea l  attach ments of the second and t h i rd port ions  of 
the duoden u m .  Once these attachments a re d iv ided, the 
under ly ing vena  cava can then be adequately exposed 
from the suprarena l  level to the common i l i ac  ve ins .  Li
gat ion and d iv is ion of the ventra l para rena l  lymphat ics, 
r ight latera l l u m ba r  vei ns, and  a nter ior cross ing  left go
nadal vei n wi l l  a id  i n  cava l mob i l izat ion d u ri ng  p roxi ma l  
and  d ista l c i rcu mferent ia l  d i ssect ion .  Vascu l a r  tapes may 
be p l aced around the proxi m a l  and  d i sta l exposed seg
ments of the vena cava to fac i l itate vascu l a r  contro l .  Ca re 
shou ld  be taken to not avu l se med ia l  l u mbar  ve ins  with 
over agg ressive mob i l izat ion of the vena cava dur i ng  
these maneuvers (FIG 6) .  

• For extended retrohepatic IVC exposu re, a r ight  thora
coabdom ina l  inc i s ion may be performed with the patient 
posit ioned i n  a left latera l decubitus posit ion .  Once the 
peritonea l  cavity i s  entered, the r ight tr ia n g u l a r  l i g a ment 

• 

• 

per icard i u m .  A 6-0 polypropy lene suture repa i r  is used to 
close the vein,  ru n n i n g  or i nterru pted (FIG S) .  

Tu mor  i nvolvement req u i r i ng  comp lete resect ion of 
the porta l  ve i n  or  SMV w i l l  requ i re i nterposit ion  g raft 
reconstruct ion .  I nterposit ion g rafti ng with a utogenous 
su perfi c ia l  femora l  vei n or  cryopreserved venous homo
g raft i s  preferred when i ntest i na l  resect ion and  recon
struct ion i s  a nt ic i pated . Alternatively, 6- o r  8-mm r inged 
PTFE when venous con d u it i s  u n ava i l ab le  o r  i n adeq uate. 
The d ista l end-to-end a nastomosis is  comp leted fi rst, fo l 
l owed by the p roxi ma l  end,  with e ither i nterru pted or  
t ri angu l ated ru n n i n g  sutu res to prevent pu rse-str i n g i n g  
and  a nastomotic na rrowing  (FIG S) .  

and  latera l and  poste r ior  per itonea l  attachments to the  
r i ght  hepatic l obe  can be d iv ided.  Med i a l  retract ion of 
the r ight hepat ic lobe ca n then be performed to faci l i 
tate v i sua l izat ion of the latera l su rface of the retrohe
patic IVC (FIG 6) .  Hepatic com p ress ion here, especia l ly 
fo l lowi n g  p lacement of se lf-reta i n i n g  retractors, can i n 
crease hepatic congest ion and  ischemia  and  shou ld  be  
m i n i m ized to the g reatest extent poss ib le .  I n  s ituat ions  
where cava l v isu a l izat ion i s  not adequate desp ite opti
mal hepat ic retract ion,  p roxi ma l  extens ion o r  even d ivi
s ion of the sternum may be necessary to fac i l itate safe 
exposure .  Once adequate exposu re i s  ach ieved, c i rcum
ferent ia l  contro l  can be ach ieved fo l lowing  l igat ion and 
d iv is ion of smal l  hepat ic venous branches that cou rse 
between the ca udate lobe of the l iver and  the IVC in th i s  
reg ion .  
The  suprahepatic IVC  can be exposed fo l l owing l igat ion 
and  d iv is ion of the round l igament and  wide d iv i s ion of 
the fa lc iform a n d  coronary l i gaments. Cauda l  retract ion 
of the bare  dome of the l iver fac i l itates v i sua l izat ion of  
the supra hepatic vena cava and  at least two of the th ree 
m a i n  hepatic ve ins .  Ca refu l  d issect ion of the a reo lar  tis
sue su rrou nd ing  these ve in s  a l lows for c i rcumferent ia l  
exposure o f  each o f  these ve ins  as we l l  as t h i s  segment of 
the vena cava. 

Second Step 

• Once the vena cava is contro l led both prox ima l ly and  d is
ta l ly, the tumor  mass can be d i ssected off other pert i nent 
structures to fac i l itate en b loc resect ion .  System ic  a ntico
agu l at ion i s  accomp l ished with u nfract ionated hepar in  
su lfate ( 1 00 u n its/kg i ntravenous i nfus ion) and  reversed 
with p rota m i n e  su lfate, 1 mg/1 00 u n its of hepar in ,  when 
vascu l a r  reconstruct ion or  retract ion is  comp lete. 

• Pr ior  to remova l of the tumor  mass, the patient is p laced 
in Trende lenburg position and vascu l a r  c l amps posi
t ioned p roxi ma l  and d ista l to the ant ic i pated m a rg i n s  of 
resect ion .  If the i nvolved seg ment of the IVC i s  l i m ited to 
o n ly a few cent imeters o r  one side wa l l ,  a long Sati nsky 
s ide-bit i ng vascu la r  c l amp may be used for part i a l  cava l 
occl us ion (FIG 6) .  

• Acute occl us ion of t he suprarena l  or retrohepatic IVC may 
i nd uce p rofound hypotens ion due to s ign if icant pre load 
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FIG 6 • Tra nsabdom i n a l  exposu re of t he IVC to fac i l itate operative 
reconstruct ion .  A. An extended right retroperitonea l  exposure of 
the IVC can be ach ieved with mob i l izat ion of the sma l l  bowel to 
the patient's l eft, d iv is ion of the latera l peritonea l  attachments 
of the r ight  co lon  to a l low its med i a l  ref lect ion,  and d iv is ion of 
the retroperitonea l  attachments of the second and  th i rd port ions  
of the duodenu m .  B. Posterolatera l l u m ba r  ve in s  can be l i gated 
to a l low for fu l l  a nter ior mob i l izat ion of the IVC and fac i l itate 
c i rcu mferent i a l  contro l .  C. The retrohepatic vena cava is  visua l i zed 
with med i a l  mob i l izat ion of the r ight hepatic lobe.  S m a l l  hepatic 
ve in branches enter the IVC at th is  level and  wi l l  req u i re ca refu l 
d issect ion and  d iv i s ion to fac i l itate th i s  seg ment of the IVC. 

reduct ion .  I n  these c i rcu mstances, p reem ptive agg ressive 
f lu id  resuscitat ion,  g rad u a l  c l amp ing  of the vena cava, or 
part ia l  occl us ion may be better to lerated . Alternative ly, 
venovenous bypass or atriocava l s hunt p lacement may be 
necessa ry. P lease refer to pr ior  references for further  de
ta i l s  regard ing  preparation and p lacement of atr iocava l 
shunts.9 • 1 0 

Specif ic i so lat ion of the retrohepatic vena cava req u i res 
control of both the hepat ic inf low and outflow. Inf low 
control is ach ieved with cross-cl a m p i n g  of the i nfra
hepatic vena cava as  wel l  as  with a Pr i ng le  ma neuver 
(c l a m p i n g  of the hepatic a rtery and  porta l  vei n) .  Outflow 
control i s  ach ieved with suprahepatic o r  i nfrad i aph rag
matic c lamping of the IVC. 

Third Step 

• 

• 

The strategy for reconstruct ion is d i ctated by the extent 
of the IVC defect and the concomitant need for other 
vascu l a r  reconstruct ions .  Typica l ly, the vena cava i s  re
pa i red, when necessa ry, fo l lowi ng a rter ia l  reconstruc
tions to decrease end-org a n  ischem ia .  The d u rat ion of 
cava l occ lus ion shou ld  be l i m ited to less than  30 m i n utes 
to m i n i m ize venous congest ion and resu ltant ischem ia .  
Fo r  sma l l  cava l defects, pr imary repa i r  may  suffice when  the 
lumen d iameter is reduced by less than 50% .  Otherwise, au
togenous i nterna l  jugular vei n  or bovine pericard ia !  patch 
repa i r  may be incorporated into the repa i r. Lower extrem
ity vein  ha rvest is not preferred for cava l reconstruction due 
to increased risk for d ista l thrombotic compl ications. 
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• For replacement of the IVC, when necessa ry, i nterposi
t ion g raft us ing externa l ly supported ePTFE i s  the pre
ferred condu it. Fo l l owing resect ion of the i nvolved 
seg ment, the transected ends of the vena  cava a re in - • 
spected for any res idua l  d isease with i n  the l u m e n .  Con
tro l led seq uent ia l f lush ing  of the transected ends a lso 
ensu res patency. The g raft d i ameter i s  chosen to be de
l i berately sma l l e r  than  the cava l seg ment be ing replaced 
to promote h igher  velocities with i n  the g raft seg ment 
fo l l owing reconstruct ion .  The p roxi ma l  a nastomosis  i s  
comp leted fi rst us ing e i ther  a ru n n i n g  4-0  or  5 -0  P ro lene 
suture .  The d i sta l  a nastomosis  i s  then s i m i l a r ly performed 
with the patient i n  Trende lenburg posit ion .  Pr ior  to com
p let ion of the d i sta l anastomosis, p roxi m a l  and  d ista l 
c l amps a re seq uent i a l l y  removed, a Va lsa lva maneuver i s  

i nd uced by the anesthes io log ist, and  the g raft i s  f i l led 
with hepa r i n i zed sa l i n e  wh i l e  f lush ing i s  performed to 
m i n i m ize reta ined a ir  and  the r i sk for a i r  embol izat ion .  
Externa l  support r ings  a re m a i nta i n ed to the g reatest ex
tent possi b le  to avo id  compress ion of the g raft, i n c l ud ing  
at m idg raft seg ments where end-to-s ide anastomoses 
a re necessa ry for rena l  ve i n  or  common i l i ac  ve i n  re im
p lantat ion .  For repa i r  of the confl uence of the common 
i l i ac  ve i n s, we have successfu l l y  mod ified th i s  proced u re 
by i n corporati ng  a short seg ment of nonsupported b ifur
cated ePTFE g raft i nto the repa i r. Externa l ly supported 
ePTFE g rafts a re then sutu red to the non r i nged seg ment 
with ePTFE suture.  The suture l i nes a re then covered 
with B ioG iue  o r  ster i l e  Dermabond to prevent suture l i n e  
b leed i n g  and  the g raft i s  t h e n  p laced i n  s i t u  (FIG 7) .  

F IG  7 • IVC  and  aort ic  reconstruct ion i n  the sett ing  of  i ntraabdom i n a l  resect ion of  a l a rge retroper itonea l  h i gh-grade 
le iomyosa rcoma .  A. Operative exp lorat ion demonstrated a l a rge retroperitonea l  mass with c i rcu mferent ia l  i nvolvement with 
the i nfra rena l  aorta and IVC. Proxim a l  i nfra ren a l  aorta and d i sta l b i l atera l common i l iac  a rteries were c i rcu mferent ia l ly exposed 
and contro l l ed .  The p rox ima l  i nfrarena l  IVC and d ista l l eft common i l iac  ve i n  were a l so contro l l ed .  B. Back-tab le  construct ion 
of a custom PTFE bifu rcated g raft for reconstruct ion of  the IVC .  Th i s  was performed by sutu r ing  a 1 6-mm r inged PTFE  g raft 
to two 1 0-mm r i nged PTFE  g rafts us ing  a 6-0 Gore-Tex suture.  The a nastomosis was rei nforced with Dermabond.  C. Fo l lowing 
tumor  mass  resect ion a long  with  associated IVC, i nfra rena l  aorta, and  p rox ima l  b i l atera l common i l i ac  a rteries, the vena  cava 
i s  reconstructed us ing  the custom-constructed bifu rcated PTFE  g raft. The resected aorto i l i ac  seg ment was reconstructed us ing  
trad i t iona l  tec h n i q ues us ing  a b ifu rcated Dacron  g raft. 

PEARLS AND PITFALLS 
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Preoperative workup • It i s  i m perative that a comprehens ive plan for resect ion and  vascu l a r  reconstruct ion be deve loped 
and ag reed upon by al l  pa rti c ipat ing surg ica l  specia lt ies we l l  i n  advance of the procedure.  

I ntraoperative 
a nticoagu lat ion 

• Adeq uate p reoperative eva l u at ion wi l l  fac i l itate d iscuss ion of p l a n ned vascu l a r  reconstruct ions  as  
we l l  as  the r i sks  and  a nt ic i pated outcomes of the proced u re .  

• The presence of adequate system ic  a nticoa g u lat ion pr ior  to vascu l a r  occl us ion i s  essent ia l  to the 
opti m a l  outcome of the proced u re .  Anticoagu lat ion may be de layed to m i n i m ize tumor  bed b leed
ing du r i ng  resect ion but shou ld  be esta b l i shed wel l  i n  advance of p l a n ned vascu l a r  reconstruct ion .  

• An activated c lott ing  t ime (ACT) of g reater than 250 seconds i s  recom mended d u r ing  vascu l a r  
repa i rs to avoid th rombot ic  com p l icat ions .  Reversa l of  a nticoagu lat ion fo l l owing  complet ion of 
a rter ia l  repa i rs is  a lso sta ndard practice. 
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Arter ia l  repa i rs • If the aorta is known to be i nvolved with tumor, it is i m perative that proxi m a l  control be 
esta b l ished we l l  prox ima l  to the a nt ic i pated marg i n  of resect ion .  

• To opti m i ze outcome, the p resence a n d  extent of under ly ing  vascu l a r  a rter ia l  d isease shou ld  
be fu l l y  appreciated . For examp le, comp lete aorto i l i ac  or  aortofemora l  reconstruct ion may be 
necessary when s ign if icant atherosc lerotic d i sease i s  p resent i n  the d ista l aorta (as  a n  a lternative 
to seg menta l  patch i ng  or  replacement) . S i m i l a r ly, endarterectomy of residua l  SMA or  ce l i a c  a rtery 
d iseased l umens may be necessary to opt im ize patency of patch or i nterposit ion g raft repa i rs .  

• Attem pts should be made to preserve as many SMA and  ce l i a c  a rtery branches as poss ib le  du r i ng  
vascu l a r  reconstruct ion to m a i nta i n  adequate bowel perfus ion .  Th i s  i s  part i cu la r ly i mportant i f  
concomitant bowe l resect ion is  a nt ic i pated .  

Venous repa i rs • I n  the sett ing  of comp lete com press ion or occ lus ion  of the IVC, the i nd i cat ions for reconstruct ion 

Rena l  vascu l a r  repa i rs 

Postoperative b leed ing  

Methods to avo id  lower 
extremity edema 

fo l l owing resect ion may be less compe l l i n g .  Reconstruct ion of chron ica l ly occ l uded i l i ac  ve in s  i s  
genera l ly not i nd i cated under  a ny c i rcumstances d u r i ng  onco log ic  resect ions-pa rticu l a rly  when 
patients a re free preoperatively of s ign if icant lower extrem ity edema.  

• Ai r  embo lus  i s  a s i gn if icant potent ia l  com p l i cat ion of extensive venous reconstruct ion .  The r i sk of 
a i r  embol izat ion may be m i n i m ized when repa i rs a re performed with the pat ient i n  Trende lenburg 
posit ion and with t ime ly  Va lsa lva i nduct ion by the a nesthes io log i st du r i ng  retrograde f lush i n g  
maneuvers p r i o r  t o  com p l et ion .  If a l a rge a i r  e m b o l u s  i s  suspected, b lood can be asp i rated d i rectly 
from the vena cava or  r ight  atr i u m  w h i l e  the patient is  m a i nta ined in Trende lenburg and left 
l atera l decubitus posit ion .  

• Right ren a l  ve i n  reconstruct ion and/or re i m p l a ntat ion to the vena  cava i s  necessa ry beca use there 
i s  no adequate co l l atera l  venous outflow from the r ight k idney. Dur i ng  r i ght rena l  vei n re imp lan 
tat ion,  the r i ght  rena l  a rtery shou ld  a lso be contro l led and  c l amped to avo id  venous congestion 
i n ju ry to the k idney. 

• Left rena l  ve i n  can be sacrif iced and  l i gated if the left adrena l  and  gonada l  ve in s  a re i ntact. How
ever, if left k idney venous  outflow col l atera l s  were l i gated dur i ng  exposu re and  reconstruct ion ,  the 
l eft ren a l  ve i n  should be p reserved o r  reconstructed whenever possi b le .  

• I n  the i m med iate postoperative per iod ,  sudden or  acute anem ia, abdom i n a l  pa in ,  a bdom i n a l  
d istens ion,  or  hemodyna m ic i n stab i l ity s h o u l d  be approached with he ig htened awa reness for 
poss ib le  i ntraabdo m i n a l  b leed i n g .  

• Part icu l a r ly i n  pat ients with recent pancreatic reconstruct ions, bowe l-associated leaks may 
comprom ise a rter ia l/venous  repa i rs and  can lead to acute catastroph i c  b leed i n g  req u i r i n g  u rgent 
i ntervent io n .  

• Patients a re prone t o  increased lower extremity edema fo l l owing lower extrem ity venous ha rvest 
or  i ntraabdo m i n a l  vena cava reconstruct ions .  For these patients, l ower extremity e levat ion  in the 
i m med iate postoperative per iod i s  recommended.  

• Ear ly  com press ion thera py of the lower extrem ity can a l so s i gn if icant ly m i n i m ize the extent of  
lower extrem ity edema i n  the per ioperative per iod.  Arter ia l  i n suffic iency shou ld  be ru led out pr ior  
to i n it iat ion of com p ress ion thera py to avo id com prom ise of a l ready l i m ited a rter ia l  i nflow. 

POSTOPERATIVE CARE • Early mobilization and DVT mechanical and/or chemical 
prophylaxis should be initiated as soon as safely possible in 
the postoperative period. • Patients are typically managed in a monitored setting where 

periodic vascular examination is available and vasoactive 
agents are administered as necessary to maintain homeo
static arterial perfusion pressure . 

• Intravenous fluid resuscitation is maintained in the short
term perioperative period until the patient resolves an antici
pated course of intestinal ileus. 

• All patients should be initiated and maintained on an anti
platelet agent, typically 325 mg aspirin daily. 

• In patients who preoperatively received therapeutic antico
agulation, this should slowly be restarted 1 to 2 days fol
lowing the patient's operation to minimize perioperative 
bleeding complications. 

• Patients with large PTFE interposition caval grafts are typi
cally anticoagulated for at least 6 months postoperatively 
and potentially lifelong depending on risk factors, history of 
prior DVT, and extent of reconstruction required to restore 
caval continuity. 

OUTCOMES 

• Abdominal tumor resection with vascular reconstruction 
is feasible for many malignancies previously deemed unre
sectable. 

• In a series of 47 patients who underwent IVC reconstruction 
with en bloc tumor resection, there was an 80% 5-year patency 
rate of the vascular reconstruction and a 45% 5-year survival. 1 1  

• In  a series of  1 7  patients with SMA and portal vein recon
structions with pancreatic mass resection, there was an 8 8 %  
primary patency rate. Two patients returned t o  the operating 
room for vascular-related complications. Eighty-two percent 
of patients were reported alive over follow-up period (4 to 
48 months ) . 12  

• In a series of 14 patients receiving retroperitoneal sarcoma re
section and major arterial and venous reconstruction, primary 
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arterial patency was 5 8 %  and primary-assisted patency was 
8 3 % .  Venous patency was 78 % .  Local recurrence occurred in 
2 1 %  of patients and 5-year disease-free survival was 52%.1 3 

• In a series of 141  patients who underwent resection of retro
peritoneal soft tissue sarcomas with either major arterial or 
venous structure involvement, arterial continuity was retained 
in all patients and venous continuity was retained in 80%.  
Perioperative morbidity was 36% and mortality was 4 % .  
Midterm arterial patency was 88 .9% and venous patency was 
93 . 8 % .  The overall S-year patient survival was 66 .7%. 14 

COMPLICATIONS 

• Intraoperative bleeding 
• Perioperative infection 
• Thrombosis or occlusion of repair or graft site 
• Venous air embolism 
• Wound complications due to poor nutrition or possible ra

diation to operative field 
• DVT from hypercoagulable state 
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Chapter 2 1  Hepatic- and Splenic-Based 
Renal Revascularization 
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DEFINITION 

• The hepatic and splenic arteries represent suitable alternative 
inflow sources for renal artery revascularization. The most 
common indications for basing bypass procedures from these 
arteries include abdominal aortic occlusion or insufficiency or, 
alternatively, a scarred or hostile periaortic retroperitoneum. 
Hepatic- or splenic-based renal revascularization also mini
mizes increases in cardiac afterload induced by aortic cross
clamping, which may be of benefit in patients with congestive 
heart failure. Alternative terms for hepatic- or splenic-based 
renal revascularization include hepatorenal bypass, splenore
nal bypass, splanchnorenal bypass, or extraanatomic renal 
revascularization. 

DIFFERENTIAL DIAGNOSIS 

• Renal revascularization is most commonly performed to alle
viate "resistant" renovascular hypertension. Resistant hyper
tension is defined by a systolic blood pressure greater than 
140 mmHg in patients taking at least three antihypertensive 
medications, representing 5% to 1 0 %  of all hypertensives. 
A subsegment of these patients has secondary hypertension 
due to renal artery pathology or endocrine tumors . Alterna
tive causes of resistant hypertension include 

Renal artery 
Atherosclerosis 
Aneurysm 
Arteriovenous fistula 
Fibromuscular dysplasia 
Takayasu arteritis 
Other vasculitides involving the renal artery (i .e . ,  Behc;:et's 
syndrome, polyarteritis nodosa) 
Trauma 

Endocrine tumors associated with hypertension 
Pheochromocytoma 
Primary aldosteronism 
Cushing's syndrome 
Primary adrenal hyperplasia 
Hyperthyroidism 
Acromegaly 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patient age: In younger patients, renovascular hypertension 
generally arises from nonatherosclerotic pathologies, such as 
Takayasu's arteritis or fibromuscular dysplasia . In patients 
older than 50 years of age, atherosclerosis is most common 
etiology. 

• Associated risk factors are those typical for all occlusive 
arterial disease: tobacco use, diabetes, hyperlipidemia, and 
hypertension. 

• Length of the hypertensive diathesis: Was the hypertension 
easily controlled for a period of time, with a recent increase 
in the difficulty of control ? Is the hypertensive diathesis severe 

1986 

and recent in onset? If either is true, the patient is more likely 
to have a secondary hypertension. 

• Recognition of the systemic burden of vascular disease 
present provides important perspective on indications and 
treatment options. Many vascular maladies involve multiple 
vascular beds. Is there evidence of disease involving the ca
rotid artery, lower extremity arterial tree, and/or thoracic 
and abdominal aorta ? 

• A history of postprandial pain, significant unintentional 
weight loss, and food avoidance is suggestive of mesenteric 
occlusive disease. 

• Prior pancreatitis may complicate attempts at splenic-based 
renal revasculariza tion. 

• Prior Hodgkin's disease or other neoplasms requiring mantle 
or midline abdominal radiation 

• For general operative risk considerations, recognition and 
documentation of the presence of coronary artery disease, 
previous coronary stents, or surgical coronary revascular
ization as well as valvular disease and congestive failure is 
fundamental to surgical planning. 

• Documentation of renal function as evidenced by increased 
serum creatinine, pedal edema, or recent requirement for 
renal replacement therapy 

• Recognition of prior aortic procedures, or intraabdominal 
nonvascular procedures such as a retroperitoneal lymphad
enectomy for testicular cancer, which may complicate retro
peritoneal dissection and aortic exposure 

• Family history of syndromic aortic diseases such as Marfan's, 
Ehlers-Danlos, and Loeys-Dietz 

• The specific antihypertensive regimen in place prior to sur
gery needs to be verified and documented. 

• To obtain the most accurate baseline measurement, the high
est pressure obtained from either arm should be recorded 
and retained. 

• A complete vascular examination must be performed, with 
particular attention paid to pulse deficits and bruits . In par
ticular, diminished femoral pulses or an abdominal bruit 
may indicate significant aortic or branch vessel occlusive dis
ease, potentially complicating revascularization plans. The 
presence of concomitant carotid bruits may suggest carotid 
occlusive disease that should be assessed prior to renal revas
cularization. The presence of an aortic aneurysm should be 
excluded by abdominal palpation. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Laboratory assessment of renal function should include, at 
a minimum, serum creatinine, blood urea nitrogen (BUN),  
and electrolytes .  Baseline glomerular filtration rate can be 
estimated from the serum creatinine level and body mass 
index using the Cockcroft-Gault equation. 

• The co-occurrence of endocrine syndromes, such as pheo
chromocytoma or functional adrenal tumors that potentially 
contribute to resistant hypertension should be evaluated 
with appropriate serologic studies. 

-
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FIG 1 • Abdom i n a l  ang iogram with l atera l v iew shows a norma l  
ce l iac  a rtery. 

• Renal artery duplex ultrasonography is performed to docu
ment existing renal artery disease, renal mass, and intra paren
chymal renal flow indices .  Hemodynamically significant renal 
artery stenosis (>60%)  are determined by duplex-derived 
assessment of peak systolic velocity measurements across 
lesions. Baseline characteristics ( i .e . ,  kidney size, velocity, 
spectral waveforms, resistive indices) serve as reference points 
for future surveillance imaging following revascularization. 

• Selective visceral and renal arteriograms are obtained to 
define normal and variant vascular anatomy, including 
lateral imaging of both the celiac and superior mesenteric 
arteries ( FIGS 1 and 2 ) .  

• Computed tomography (CT) arteriography of  the abdomen 
and pelvis, with arterial and venous pelvis, may provide 
additional useful information regarding the extent of aortic 
disease and other associated abdominal pathology ( FIGS 3 

and 4) .  Catheter-based arteriography alone may not identify 
significant arterial wall disease or the presence of aneurys
mal lesions. However, the expense, contrast load, and radia
tion associated with complementary arteriographic imaging 
modalities may not be justified or appropriate in every patient, 
so anatomic information obtained from these examinations 

FIG 2 • Abdom i n a l  ang iogram with latera l view shows a stenotic 
ce l iac a rtery. 
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FIG 3 • Axi a l  CT sca n image shows a norma l  ce l iac  a rtery or ig i n .  

should b e  integrated into the operative plan o n  a n  iterative 
basis. Preoperative, imaging-based planning is combined with 
direct intraoperative assessment to create the most effective 
and durable revascularization possible for each patient. 

• Documentation of celiac, hepatic, splenic, and superior mes
enteric artery patency is a mandatory prerequisite for these 
procedures. Significant stenosis of the celiac origin or hepatic 
or splenic artery occlusive disease will prevent successful 
renal revascularization from these arteries .  Associated supe
rior mesenteric artery disease also needs to be considered, 
particularly when the gastroduodenal artery provides signifi
cant collateral flow from the celiac plexus to the mesenteric 
bed. Renal artery anatomy, including branch vessel involve
ment and the presence of multiple renal arteries also needs to 
be documented.  

• Bilateral lower extremity vein mapping is also necessary to 
identify potential graft conduit. Standard vein mapping tech
niques, including imaging in a warm room with the patient 
in reverse Trendelenburg position, should be employed to 
ensure accuracy and reproducibility. 

• For selected patients, a more extensive preoperative evalu
ation for coronary artery or valvular disease should be 
considered. This may include both a transthoracic echocar
diogram and cardiac stress evaluation. Selective pulmonary 
evaluation may be required in patients with chronic ob
structive pulmonary disease (COPD)-associated respiratory 

FIG 4 • Axi a l  CT sca n image shows a d i seased ce l i ac  a rtery o ri g i n .  
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compromise. Additional vascular assessments should be per
formed as indicated, including carotid duplex ultrasonogra
phy to assess the significance of carotid bruits identified on 
physical examination. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• The indications for hepatic and splenic artery-based renal 
revascularization are similar to those for aorta-renal revas
cularization and are discussed elsewhere. 1 •4 

• Although aorta-renal bypass is most direct and generally 
most expeditious, extraanatomic renal revascularization may 
be preferable in selected circumstances as previously noted. 

• Review of preoperative imaging is performed to determine 
variant vascular anatomy, if present. Anatomy of the exist
ing renal artery disease is assessed. 

HEPATORENAL B YPASS 

Placement of Incision 

• The hepatic-right renal bypass requires a conduit, prefer
ably autogenous vein. 

• The spleno-left renal bypass may be performed with or 
without graft conduit. The native splenic artery is sufficient 
length, usually to extend directly to the left renal artery, when 
fully mobilized. When necessary due to variant anatomy, or 
prior inflammation or scarring around the pancreas, venous 
conduit can also be employed. 

• Planning for availability of duplex ultrasonography in 
the operating room ( OR) will facilitate intraoperative 
confirmation of adequate target revascularization and renal 
perfusion. 

Positioning 

• Patient is placed in supine position with both arms tucked. 
• A small bump is placed under the respective flank. 
• The operative field is prepped from the nipples to the knees. 

• 

• Optima l  access is ga i ned through a r ight subcosta l I nC I 
s ion extending from the m id l i ne  to the t ip  of the 1 2th r ib .  
I n  la rge or obese patients, the med ia l  extent of the inc is ion 
can be extended across the m id l i ne  as a chevron (FIG S) .  

• 

• 

The r ight  co lon and  d uoden u m  a re reflected a nter ior ly 
and to the left (Kocher  maneuver) . The sma l l  i ntest ine  i s  
packed toward the pelvis with moist lapa rotomy pads.  
The hepatod uodena l  l i ga ment i s  i nc ised long itud i n a l ly . 
The hepat ic a rtery is located i n  the porta hepatis  med i a l  
t o  the common b i l e  duct (FIG 6) .  

The  gastroduodena l  artery is identified as the  fi rst large 
branch cours ing caudad and encircled with a s i lastic loop. 
The gastroduodena l  artery should be preserved in  the pres
ence of superior mesenteric a rtery occ lusive d isease as it pro
vides important col l atera l circulation to the smal l  i ntestines. 
The hepatic a rtery i s  contro l led proxi m a l ly and d i sta l ly 
with s i l a st i c  loops (FIG 7) .  

• When necessa ry, an upper  m i d l i n e  inc i s ion may a l so p ro
vide suff ic ient exposure .  

Hepatic Artery Exposure 

• The hepatod uodena l  l i gament  is exposed by retract ing  
the r ight  lobe of the l iver cepha lad .  

t t t t , 
, .. . . ..  

• 

Right Renal Artery Exposure 

• The r ight co lon and duodenum are reflected as deta i led 
ear l ier to expose the inferior vena cava and r ight rena l  vein .  

• The r ight  rena l  a rtery is located poster ior  and  super ior  to 
the m a i n  rena l  ve i n .  Depend ing  on its posit ion, the rena l  
ve i n  i s  retracted e ither cepha lad  o r  ca udad .  To ensure 
the m a i n  rena l  a rtery is exposed, the d i ssect ion shou ld  be 
carr ied to its aort ic  or i g i n .  Th i s  req u i res med i a l  retract ion 
of the i nfer ior  vena cava and d iv i s ion of l u m ba r  ve in s  
when necessa ry. 

• The r ight  ren a l  a rtery is contro l led us ing  a s i l astic loop.  
• The main ren a l  a rtery i s  exposed c i rcu mferent i a l ly 

and  then d i sta l ly to the th ree segmenta l rena l  a rtery 
branches .  Each branch is identif ied and  contro l led with 
a s i l astic loop. This i s  a cr it ica l operative maneuver that 
exc l udes the p resence of branch d isease and ensu res a 
successfu l  rena l  a rtery revascu l a r izat ion (FIG 7) .  

Distal Anastomosis 

• The d i sta l  a nastomosis  is performed fi rst to take adva n
tage of the add it iona l  deg rees of freedom provided by 
the mobi le  g raft. 

• An appropr iate length of g reater saphenous ve i n  i s  

FIG S • Right  su bcosta l inc i s ion extended to the t i p  of ha rvested from the t h i g h .  The pat ient i s  hepar i n i zed 
1 2th r ib .  1 00 u n its/kg .  The ve i n  itse lf i s  reversed before p lacement.  
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I nferior vena cava 
Gastroduodenal 

Portal vein 

Gal lbladder 

Proper hepatic 
artery 

Liver 

Right renal 
artery 

Right kidney 

Right renal vein 

Ureter 

A 

artery 

Duodenum 

Left gastric 
artery 

Right gastric 
artery 

Splenic artery 

FIG 6 • A,B. Kocher  maneuver with porta hepatis  d i ssected . IVC, i nfe r ior  vena cava . 

• The proxi m a l  ren a l  a rtery is mob i l ized fo l l owing its d ivi
s ion from the aorta, at its o ri g i n .  The proxi m a l  stu m p  i s  

• 
oversewn with 5-0 polypropy lene suture.  • 
Red undant rena l  a rtery is t r immed d i sta l l y  from its or i -
g in unt i l  the d i sease-free segment i s  reached.  The mob i le  

Right renal 
artery 

Right kidney 

Proper hepatic 
artery 

Right renal vein 

Ureter 

A 

rena l  a rtery is then transposed a nter ior  to the i nfer ior  
vena cava . 
The ve i n  g raft and  ren a l  a rtery a re spatu lated and  
the end-to-end a nastomos is  created w ith  cont inuous  
6-0  polypropy lene sutu re, knotted at opposite ends of  

Duodenum 

Gastroduodenal 
artery 

Right gastric 
artery 

Proximal renal 
artery stump 
(behind the IVC} 

FIG 7 • A.B. Right  ren a l  a rtery a n d  d ista l branches enc i rc led with s i l a st i c  loops .  D i sta l  a nastomosis  i s  performed fi rst. 
IVC, i nfer ior  vena cava . (continued) 

1 989 

B 



1 990 P a r t 6 OPERATIVE TECHNIQUES IN  VASCULAR SURGERY 

B 

FIG 7 • (continued) 

the anastomosis to p revent pu rse-str i n g i n g .  Alternative ly, 
depend i n g  on ren a l  a rtery d i ameter, e ight interrupted 
sutu res may be d istr ibuted c i rcu mferenti a l l y  around 
the lumen .  The sma l ler  the ren a l  a rtery d i ameter, the 
more advantageous the i nterru pted techn ique .  Loupe 

Right 
renal 
artery 

Proper 
hepatic 
artery 

magn ificat ion  is necessa ry to ensure opti m a l  results re
gard less of wh ich  suture tech n ique  i s  chosen (FIG 7) .  

• Once the d i sta l a nastomosis is comp leted, the ve i n  g raft 
i s  or iented long itud i n a l l y  to prevent twist i ng  or  k i nk i ng  
p r io r  to comp letion  of  the proxi ma l  a nastomosis .  

Proximal Anastomosis 

Hepatic artery 

• S m a l l  vascu l a r  c l amps or removab le  c l i ps a re used to con
trol  the p roxi ma l  and d ista l hepatic a rtery. 

• An a rter iotomy is made on the hepatic a rtery and  
extended us ing  Potts scissors. 

• The vein  is spatulated and an end-to-side anastomosis is again 
performed with runn ing polypropylene suture (FIG SA). 

Gastroduodenal artery 

• The gastrod uodena l  a rtery may be used as an a lternative 
i nflow vesse l if suff ic ient ly l a rge (4 to 6 mm i n  d i ameter). 
This a nastomos is  may be performed either end-to-end or  
end-to-s ide, but pr ior  to d iv i s ion of  the gastroduodena l  
a rtery, cons iderat ion shou ld  be g iven toward i ts  contr i
but ion to the mesenter ic  c i rcu lat ion (FIG 88) .  

Intraoperative Duplex Ultrasonography 

• We recommend i nsonat ion of the g raft and  both a nas
tomoses us ing a ppropr iately s ized 7-M Hz  sca n heads to 
ensure techn ica l  profic iency fo l lowing  com p let ion of the 
bypass. I n  recent yea rs, our  practice has  come to rely on 

Gastroduodenal 
artery 

Right 
renal 
vein 

Proximal renal 
artery stump 
(behind the 
inferior vena cava) 

A 

Right 
kidney 

Ureter 

B 

FIG 8 • A. The p roxim a l  a nastomosis  between the hepat ic a rtery a n d  ve i n  g raft. B. Anter ior-poster ior  ang iograph i c  image 
demonstrates a hepato-rena l  a rtery bypass. 
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d u p lex u ltrasonography for  i ntraoperative assessment 
of a l l  sma l l  and  med i u m  s ize a utogenous reconstruc
t ions, espec i a l l y  in l i g ht of the red uced freq uency of 

exped it ious ly add ressed after the abdomen is  c l osed, 
a l m ost a lways p rec ip itat ing  k id ney i nfarct ion and per
manent reduct ions  in creati n i n e  c leara nce. 

such p rocedu res i n  the era of endovascu l a r  and hybr id • S pectra l waveforms,  ve loc i t i es, a n d  B -mode  a re a l l  
e m p l oyed t o  d etect tec h n i c a l  e r rors req u i r i n g  i m me
d i ate repa i r. 

reconstruct ions .  Ren a l  a rtery reconstruct ion is u nforg iv-
i n g  in that fa i l u re in the per ioperative per iod can n ot be 

SPLENIC-RENAL B YPASS 

Placement of Incision 

• Exposure is obta ined through a left subcosta l i nc is ion 
extend ing from the m id l i ne  to the t ip  of the 1 2th r ib .  
I n  la rge or obese patients, the media l  extent of the i nc is ion 
can be extended across the m id l i ne  as a chevron (FIG 9) .  

• As was the case on the r ight s ide, the upper  m i d l i n e  
inc i s ion m a y  a l so provide suffi c ient access depend ing  on 
body hab itus, pr ior  su rger ies, and  operator exper ience.  

Splenic Artery Exposure 

• The g reater omentum is e l evated expos ing  the tra ns
verse mesoco lon .  The l i gament of Tre itz is taken down 
and the i nfer ior mesenteric ve i n  i s  l i gated and d iv ided . 
The p lane  between the pancreas and  k idney is entered 
and the pancreas e levated.  The sp len i c  ve i n  i s  em bed
ded in the body of the pancreas-avoid i nj u ry d u ri ng  
mob i l izat ion of  the d ista l pancreas. The sp len i c  a rtery 
shou ld  be pa lpab le  a long the cepha lad  border of the 
pancreas. It i s  mob i l ized free of sur round ing  pa renchyma 
movi ng med i a l ly and  latera l ly unti l  suffic ient length i s  
obta ined to fash ion  e ither a pr imary bypass o r  support FIG 9 • Left su bcosta l i nc is ion extended to the t ip  of 1 2th r ib .  

a n  a utogenous ve i n  condu it  (FIG 1 0) .  

Splenic artery 

Splenic vein 

Superior 
mesenteric 

artery ----�--tk��· 

Lumbar vein 

adrenal vein 

Left renal artery 
(coursing posterior 
to renal vein) 

Ureter 

Inferior mesenteric vein 
(distal stump) 

Left gonadal vein 
FIG 10 • Left ren a l  a rtery a n d  ve i n  exposu re .  
D iv is ion of the i nfer ior  mesenteric ve i n  a l l ows 
cepha lad  retract ion of the retropancreatic 
p l ane, which a l l ows v isu a l izat ion of the 
sp len ic  a rtery. 

1 991 



1 992 P a r t 6 OPERATIVE TECHNIQUES IN  VASCULAR SURGERY 

Pancreas 

Left renal artery 
(proximal stump) 

Superior 
mesenteric 

artery -----'-+:...... 

Left renal vein 

Lumbar vein 

Splenic artery 
(proximal end) Splenic vein 

Splenic artery 
(distal stump) 

Left renal artery 
(distal end) 

Left adrenal vein 
(stump) 

Ureter 

Inferior 

(distal stump) 
Left gonadal vein 

\ mesenteric vein 

A 

Left colon 
Duodenum 

B 

FIG 1 1  • A.B. The sp len ic  a rtery and left rena l  artery a re d ivided. The gonadal ,  adrenal ,  and l umbar  veins a re l igated and d ivided, 
a l lowing complete mobi l ization of the left rena l  vei n .  

Left Renal Artery Exposure 

• After mob i l i z i ng  the d ista l pancreas, the left ren a l  ve i n  i s  
located j ust i nfer ior  a n d  s l i ght ly ca udad .  

• The left rena l  vei n  is c i rcumferent ia l ly mobi l ized. This 
requ i res d ivis ion of its nonrenal  tr ibutaries: the gonadal ,  
adrenal ,  and lumbar ve ins .  D ivid ing  these veins g reatly en
hances rena l  vein  mobi l ity, fac i l itating renal artery exposure 
from its position just cepha lad and poster ior to the vein .  

• As previous ly described on the r ig ht, the left rena l  a rtery 
is d i ssected to its aortic or ig in  and  contro l led with a s i lastic 
loop. The d ista l a rtery and its th ree seg menta l branches 
are identif ied and enc i rc led with s i l ast ic  loops. The im por
tance of mob i l i zat ion is aga in  emphas ized (FIG 1 1 ) .  

Splenic-Renal Anastomosis 

• The patient is hepar i n ized with 1 00 u n its/kg of u nfrac
t ionated hepar in .  The left rena l  a rtery i s  c l amped at the 
or ig in and  d iv ided. The ren a l  stum p  is  oversewn with a 
5-0 polypropylene suture. The d ista l ma in  rena l  a rtery is 
spatu lated d i sta l to the exist ing  rena l  a rtery d isease. 

• The mob i l ized sp len i c  a rtery is d iv ided with suff ic ient 
length to extend beh ind  the pancreas to the left ren a l  
a rtery without undue  tens ion .  T h e  d ista l s p l e n i c  a rtery i s  
oversewn .  

• The mob i l ized sp len i c  a rtery is spatu lated and  anasto
mosed end-to-end to the left ren a l  a rtery, aga i n  with 
either r u n n i n g  o r  i nterru pted polypropylene suture 
depend ing  on the respective a rter ia l  d i ameters (FIG 1 2) .  

• Alternatively, when sp len i c  a rtery length is i nsuff ic ient, 
reversed saphenous ve i n  may be emp loyed as  a br idge 
g raft. Aga in ,  to opti m i ze the deg rees of freedom, the 

d ista l anastomosis  i s  performed fi rst, fo l l owed by end-to
end or  end-to-s ide anastomosis to the sp len i c  a rtery. The 
ve i n  g raft i s  posit ioned poster ior  and i nfer ior  to the body 
of the pancreas.  

Intraoperative Duplex Ultrasonography 

• As descri bed ear l ie r  

Splenic artery 

FIG 12 • Comp leted anastomosis between the sp len i c  a rtery 
and  left rena l  a rtery. 
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FINAL INSPECTION 

• With comp let ion of the revascu la r izat ion procedures, 
a l l  anastomoses and oversewn ren a l  a rtery or ig i n s  a re 
i n spected for hemostas is .  Hepar in  a nticoagu l at ion i s  
reversed with  prota m ine, i n  a qua ntity suffic ient to 
norma l ize the activated c lott ing  t ime (ACT) . Pa l pat ion 

PEARLS AND PITFALLS 

of the SMA at the base of the mesentery is performed 
to confirm a pu lse.  Operative tract ion and/or preexist
i n g  d i sease may compromise SMA f low or p rec ip itate 
an occu lt  d i ssect ion .  If the SMA pu lse is  a bsent, o r  the 
i ntest i na l  v iab i l ity uncerta in ,  mesenteric a rtery revascu
J a r izat ion may be necessa ry. 

Preoperative imag ing  • Surg ica l  p l a n n i n g  may requ i re CT and  catheter-based a rter iography as complementary 
references for su rg i ca l  p l a n n i n g .  

• Ce l iac a rtery stenos is  i s  a n  absol ute contra i nd i cat ion f o r  hepatic- and  sp len ic-based ren a l  
revascu la r izat ion .  

Preoperative ve i n  mapp ing  • Autogenous ve in  is the p refe rred cond u it for rena l  revascu l a rizatio n .  
• Lower extrem ity ve i n  mapp ing  a l l ows assessment f o r  su itab le  cond u it .  

Exposure of the ren a l  a rtery • C i rcu mferent i a l  exposure of the ent i re m a i n  rena l  a rtery and  the th ree seg menta l branches i s  
imperative fo r p lacement of the ren a l  a nastomosis d i sta l  to exist i ng  d isease 

G raft or ientation • Lon g itu d i n a l  or ientation needs to be confi rmed repeated ly dur i ng  g raft tu n n e l i n g  a n d  
or ientat ion .  Excessive re l i a nce on g raft m a r k i n g  o r  "str i p i n g "  as the s o l e  method o f  or ientat ion 
may lead to i n advertent k ink ing  o r  twist i ng .  

I ntraoperative dup lex • Comp let ion d u p lex sca n n i n g  is easy, q u ick, a n d  i nva luab le  i n  identifyi ng techn ica l  e rro rs, wh ich  
may comprom ise g raft patency and  rena l  v ia b i l ity. 

• U n l i ke lower extrem ity bypass p roced u res, per ioperative g raft occ lus ion  ca nnot typica l ly be 
identif ied exped it ious ly to p revent end-organ  comprom ise.  

POSTOPERATIVE CARE OUTCOMES 

• Postoperative care typically involves central venous and 
arterial pressure monitoring in an intensive care unit (ICU) 
environment, at least for the first 24 to 48 hours . 

• Serial monitoring of serum creatinine, urine output, and 
acid-base status is essential in the early postoperative period. 
Unexplained changes in acid-base or elevation of serum 
creatinine could indicate occlusion of the revascularization 
itself or progressive mesenteric ischemic. 

• Blood pressure is maintained in a physiologic range with 
vasoactive medications as necessary. Oral antihypertensives 
are resumed on postoperative day 1 and adjusted depending 
on the response to renal revascularization. 

• Diet is resumed as bowel function returns; nasogastric suc
tion is usually not required. 

• Blood pressure and antihypertensive medication require
ments may decrease after renal revascularization and should 
be adjusted prior to discharge. 

• Follow-up surveillance duplex ultrasonography is performed 
at 6 and 12 months then annually thereafter. Detected 
abnormalities suggesting stenosis of the renal reconstruction 
may be addressed with remedial endovascular intervention 
or surgical revision when indicated. 

• Large case series documenting the outcomes following iso
lated hepatorenal and splenorenal artery bypass are sparse. 
Published results are derived from two relatively large series, 
generally demonstrating acceptable perioperative morbidity 
and mortality with improved renal function and blood pres
sure and durable patency. 

• Moncure et a!. reported 77 patients who underwent 
79 procedures (29 hepatorenal, 50 splenorenal bypass)  
for the treatment of renovascular hypertension and renal 
preservation. The perioperative mortality was 6 % .  Dete
rioration in renal function occurred on three occasions but 
only in patients with bilateral simultaneous repair. Cure 
or improvement in hypertension was observed in 52 of 
63  patients. Renal function was preserved or improved in 
67 of 77 patients .2 

• Another series by Geroulakos et a!. document similar out
comes with extraanatomic renal artery revascularization 
for atherosclerotic renal artery disease. Forty-five hepatore
nal and/or splenorenal bypasses were performed in 38 pa
tients for the treatment of renovascular hypertension, renal 
preservation, or both. There was one postoperative death 
from myocardial infarction and two cases of early graft 
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thrombosis. There was a significant decrease in postoperative 
mean serum creatinine as well as the average number of anti
hypertensives. Over a median follow-up of 33 months, there 
were 10 deaths all from cardiac issues. 3 

COMPLICATIONS 

• Bypass graft thrombosis 
• Intestinal ischemia due to preex1stmg disease or traction 

injury to SMA during operative procedure 
• Bleeding from renal, hepatic, splenic anastomosis, ligated 

renal artery stump, portal vein if injured 
• Acute renal failure requiring temporary or permanent 

dialysis 

• Pancreatitis, splenic infarction, common duct injury 
• Incisional hernia 
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DEFINITION 

• An aneurysm is defined as a permanent, focal dilation of an 
artery to a size that is greater than 50% of the normal or 
expected transverse diameter of the vessel. Although dimen
sions differ slightly for men and women, practically speak
ing the normal diameter for the abdominal aorta is 2 em; 
therefore, the abdominal aorta is considered aneurysmal 
when it reaches 3 em in transverse dimensions. 

• Fusiform aneurysms are the most common configuration and 
are a symmetric enlargement of the entire vessel, whereas a 
saccular aneurysm is a focal outpouching that results in an 
asymmetric bulge of the vessel wall. 

• Aneurysms may occur in virtually any vessel in the body but 
are most commonly seen in the infrarenal abdominal aortic 
aneurysm (AAA).  The neck is the length of normal aorta be
tween the osteum of the lowest renal artery and the begin
ning of the aneurysmal aorta. The term juxtarenal is used to 
describe AAAs that do not involve the renal arteries but be
cause of proximity ( < 1  em neck) require clamping above the 
renal arteries to complete the proximal aortic anastomosis. In 
a suprarenal aneurysm, at least one of the renal arteries arises 
from aneurysmal aorta, implying the need not only for a prox
imal clamp but also renal artery reconstruction at the time of 
the repair (FIG 1 ) .  This chapter will focus on the indications 
and techniques for repair of infrarenal and juxtarenal AAA. 

• AAA size and/or expansion rate is an important predictor of 
rupture, and as such guides indication for repair in asymp
tomatic patients. 1 

• Other predictors for increased risk rupture include female 
gender, positive family history of aneurysms, smoking status 
(higher for current smokers versus never smokers and previ
ous smokers ) ,  hypertension, and chronic obstructive pulmo
nary disease ( COPD ) .2-5 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• A thorough history and physical exam is imperative in the 
evaluation of a patient being considered for aneurysm repair. 

• History of present illness: Determine how the aneurysm was 
discovered. Often, AAAs are an incidental discovery on an 
imaging test done for another purpose. Be sure to ask about 
abdominal or back pain, which may indicate this is a symp
tomatic aneurysm that would require more urgent repair. 

• Past medical history: Patients with concomitant renal, car
diac, or lung disease tend to have more complications peri
operatively and should be medically optimized prior to 
proceeding with elective repair. Although there is no benefit 
to preoperative cardiac revascularization in asymptomatic 
patients, those with known cardiac disease or risk factors 
should be evaluated by a cardiologist. 6 

• Family history: Close to 1 5 %  of patients with AAA will have 
a first-degree relative with aneurysmal disease. Patients with 
AAA should be counseled to alert their siblings and children 
to this condition, so they may be screened appropriately.3  

• Social history: Smoking has been linked to increased risk of 
aneurysm formation and rate of expansion. Patients should 
be counseled on smoking cessation. 

• Review of systems: In addition to the generalized systems re
view appropriate for all patients undergoing major surgery, 
particular attention should be directed to other vascular 
comorbidities. In particular, query about previous cerebro
vascular accident (CVA) or transient ischemic attack (TIA) 
symptoms, amaurosis fugax, mesenteric ischemia, lower ex
tremity ischemic symptoms (claudication, rest pain, ulcers) ,  
and work up positive symptoms as appropriate. 

• On physical exam, perform a thorough abdominal exam, 
although be aware that the positive predictive value for 
localizing a small- to moderate-sized AAA on exam is poor. 

Suprarenal Pararenal/ Juxtarenal 
(less than 1 em neck) ( including at least one renal artery) 

FIG 1 • Anatomic d ifferences between 
a j uxtarena l  AAA, where the neck of 
normal  aortic d iameter is less than 
1 em, and a suprarenal  AAA, where 
the takeoff of at least one rena l  artery 
a rises from the aneurysm .  • Potential cross-clamp sites 

1995 

I 
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A small proportion ( 1 %  to 1 0 % )  of patients with AAA will 
have a concomitant aneurysm elsewhere, so be cognizant 
that those patients with known AAA and a prominent femo
ral or popliteal pulse may need further imaging to exclude 
an aneurysm in these locations.7 

• Conversely, patients who initially present with peripheral 
aneurysms such as femoral ( 8 5 % )  or popliteal aneurysms 
( 6 0 % )  have a much higher rate of concomitant AAA and aor
tic screening should be performed in these patients.7•8 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Of all imaging techniques used for AAA surveillance, B-mode 
ultrasonography is the least expensive and does not expose 
the patient to radiation. Currently, the U.S.  Preventative Ser
vices Task Force (USPSTF) recommends an ultrasound as a 
screening test for males between the ages of 65 and 7 5 years 
who have ever smoked 100  or more cigarettes over a life
time. There are no official recommendations for women. It 
is generally accepted that a negative screening ultrasound 
exonerates the patient from further screening or surveillance 
imaging, as the likelihood of new aneurysm development of 
clinical significance after the age of screening is extremely 
low. If a screening ultrasound detects a small aneurysm, 
yearly ultrasounds are indicated until the sac approaches a 
size where repair may be indicated, at which time further im
aging with computed tomography (CT) is recommended.7•9 

• Computed tomography angiography ( CTA) provides a more 
accurate assessment of aneurysm size, extent, branch ves
sel proximity and involvement (which may determine if the 
aneurysm is amenable to endovascular or open repair, and if 
open repair is to be done, where the proximal clamp should 
be applied) and is the test that should be used for planning 
open AAA repair. A thorough exam should include thin 
( 1 .5 em or smaller) cuts of the chest, abdomen, and pelvis 
with contrast administered in the arterial phase (FIG 2 ) .  

• I t  i s  important t o  note the location o f  the aneurysm and its 
relationship to the renal arteries .  Renal anatomy should be 
noted as well, including any accessory renal arteries and the 
presence of a pelvic or horseshoe kidney. The renal vein usu
ally travels anterior to the aorta but can be posterior and 
this should be noted as it may influence operative approach. 
Other venous anatomy such as a duplicated or left-sided 
inferior vena cava ( IVC) should be noted as well . 

FIG 2 • Axi a l  cut of a CTA showing  the takeoff or the r ight  rena l  
a rtery and  the more common ly  seen ren a l  vei n ly ing a nter ior to 
the aorta .  

SURGICAL MANAGEMENT 

• The decision to operate on an asymptomatic patient is based 
on three primary factors: the risk of the aneurysm's ruptur
ing, the risk associated with aneurysm repair, and the pa
tient's life expectancy. The operative risk and overall life 
expectancy should be assessed. Assuming that a patient is fit 
enough to proceed with repair, size is currently our best pre
dictor of rupture. The UK Small Aneurysm Trial and ADAM 
VA Trial recommend treatment for all patients with an in
frarenal AAA larger than 5 .5  em in size, with consideration 
for repair in women with AAA of 5 .0  em given their higher 
risk of rupture and likely smaller baseline aortic size. These 
studies also support repair for those patients who have an 
increase in diameter of greater than 0.5 em over a 6-month 
period (Table 1 ) . 10• 1 1  

• Although there are no large trials looking specifically at 
iliac aneurysms, repair is generally recommended when they 
reach 4 em or greater in size. Iliac aneurysms are more often 
seen in patients with a concomitant aortic aneurysm and 
only a quarter of patients with iliac aneurysms will have iso
lated disease. 

• All open repairs should be performed under general anes
thesia. It is preferable for the anesthesia team to evaluate 
the patient prior to the day of surgery so that appropri
ate time for developing an anesthetic plan, lines, and other 
means of hemodynamic monitoring is allowed. The use of 
an epidural for pain control in the postoperative period is 
useful. In addition, arrangements should be made for auto
transfusion given the unavoidable amount of intraoperative 
blood loss. 

• Preoperative understanding of anatomy is of the utmost im
portance. The surgeon must understand the proximity of 
the aneurysmal aorta to the renal and visceral vessels and if 
these branch vessels are affected, as this will impact where 
the proximal cross-clamp will be applied. If at all possible, 
clamping should only be done on nonaneurysmal aorta with 
minimal thrombus or calcification to minimize risk of distal 
embolization of debris or clamp injury, and all aneurysmal 
aorta should be resected even if this means involvement of 
the visceral or iliac segment. If the aorta contains a signifi
cant amount of debris or there is little space between branch 
vessels, a more proximal clamp site in the supraceliac aorta 
should be considered. It is important to discuss the proposed 
clamp site with anesthesia preoperatively, as this will af
fect their management of the patient. The choice of clamp 
site should be made during the preoperative stage, as the 
intraoperative need to move the clamp higher is associated 
with adverse outcomes . 

Table 1 :  Indications for Repa i r  of Abdominal 
Aortic Aneurysm 

• Leak or  fra nk  rupture 
• Size ( 5 . 5  em in ma les, 5 em in females for aort ic aneurysm, 4 em for i l i a c  

aneurysms) 
• I n crease i n  size of >0 . 5  em over a 6-month period 
• Symptomatic (pa in ,  compression on adjacent structures) 
• Dissection with i n  aneurysm 
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• Planning for the distal anastomosis requires review not 
only of the aortic bifurcation but the iliacs as well. If there 
is aneurysmal or occlusive disease within the iliac arteries, 
concurrent repair with a bifurcated graft may be appropri
ate; otherwise, the majority of AAAs are repaired with a 
tube graft to the iliac bifurcation. Anastomosis may predi
cate method of distal control, which can be obtained with 
a single clamp across the bifurcation or both iliac origins, 
or occlusion balloons (Foley catheters or Pruitt occlusion 
balloons) for heavily diseased vessels. 

• Key pre-operative planning concerns are summarized in 
Table 2 .  

• 

A 

There a re two approaches for the open repa i r  of the in
frarena l  or  j uxtarena l  aortic aneurysm :  transperitoneal  or 
retroperitoneal  (FIG 3) .  Which approach is used for an  i nfra
rena l  AAA is based on several factors: body hab itus (obese 
patients a re often best approached via retroperitoneal), 

B 

TRANSPERITONEAL APPROACH 

• 

• 

Posit io n i n g :  The patient is posit ioned sup ine  on a stan
dard operat ing  room (OR)  tab le  with  both  arms ex
tended .  The a rea from the n i pp le  l i n e  to midth ighs  
shou ld  be inc l uded i n  the prep f ie ld to a l low exposu re 
for a h i g h  inc i s ion as we l l  as the gro ins  shou ld  access to 
the femora l  vesse l s  be needed.  The h a i r  i s  c l i p ped and a 
towe l is p laced over the per i neum.  Any previous i n c i s ions 
with i n  the prep f ie ld a re ma rked . A Ster i -Drape or  loban 
i s  used to secure the d ra pes i n  posit ion .  Once i n  posit ion ,  
check pu lse vo lume  record i n g  (PVRs) and/or d ista l pu l ses. 
I nc i s ion :  A generous m i d l i n e  inc i s ion from the x ipho id  
to the pub i s  is  made a n d  d i ssected unt i l  the peritonea l  

• 

Table 2: Operative Planning 

• I s  a retroper itoneal or  transper itoneal approach better?  
• Where is  the best  location for  p roxima l  contro 1 7  Are there any a l ternatives 

shou ld  i ntraoperative f ind ings prec lude using this s ite? 
• Wi l l  c lamping i nvolve rena l  or v iscera l  ischem ia?  
• Wi l l  the rena l  o r  visceral a rteries need  to be reconstructed as part of the  

repa i r?  If so ,  what  s i ze  g rafts shou ld be used  fo r  the bypass? 
• Where is  the rena l  vei n 7  Does it pass a nterior ly or  posterior to the aorta ? 

Wi l l  the kidney be taken up or left down ? 
• How wi l l  d i sta l  control be obta ined?  Wi l l  reconstruct ion involve the i l i a c  

a rteries or  can the d ista l anastomosis be to the b ifurcation ?  
• What  size/type graft s hou l d  be used? 

prior su rgery (concern for i ntraperitoneal  adhesions), and 
locat ion of clamp (above the rena l  a rteries may favor a ret
roperitoneal  approach), whereas p lanned i ntervention on 
the r ight  rena l  or  i l iac artery wou ld be better approached 
from the front (transperitoneal) .  

FIG 3 • Inc is ion for the two approaches to 
aneurysm repa i r. A. Transper itonea l  a n d  (B) ret
roperitonea l .  The retroperitonea l  approach ca n 
be mod ified for h igher  exposu re on the viscera l 
aorta.  

cavity i s  entered (FIG 3) .  It may be necessa ry to extend 
the inc i s ion cepha lad  l atera l a longs ide the x ipho id  if 
h igher  exposu re i s  needed or  i n  emergent s ituat ions 
such as a rupture where i m med iate su prace l i ac  control 
i s  needed. A self-reta i n i n g  retractor system shou ld  then 
be posit ioned .  We prefer the Omni  retractor as the open 
confi g u rat ion of the system does not l i m it the width 
of exposure .  
D i ssect i o n :  Refl ect the  g reater omentum and t rans
verse co lon  cep h a l a d  a n d  pack these structu res away 
i n  a mo i stened towel o r  lap pad on  top of the pat ient's 
chest. The sma l l  bowel shou ld  be retracted to the  
r ight  a n d  packed with i n  a sepa rate mo i stened towe l .  



1 998 P a r t 6 OPERATIVE TECHNIQUES IN  VASCULAR SURGERY 

Duodenum� 
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mesenteric 
artery 
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FIG 4 • Div is ion of the l i ga ment of Tre itz (LOT) . After 
reflect ing  the colon cepha lad  and  the s m a l l  bowe l to the 
patient's r ig ht, the LOT ca n be d iv ided to expose the i nfra ren a l  
aorta. 

The sma l l  bowel i s  gent ly  p l aced b e h i n d  a se lf-reta i n i n g  
retractor, ta k i n g  ca re n o t  t o  comprom i se t h e  super io r  
mesenter i c  a rtery ( SMA) .  Th i s  exposes the l i gament  of  
Tre itz, wh ich ca n be d iv ided a l o n g  the  jej u n u m  to the  
leve l  of the  aorta (FIG 4) .  Repos i t ion  the retractor to  
a l low as  much  sma l l  bowe l  to be out of the  f ie ld  as  
poss i b l e, a n d  take down the l i ga ment of Treitz with 
e lectrocautery, ta k i n g  care not to i nj u re the  bowe l .  The 
i nfer ior  mesenter i c  ve i n  i s  usu a l ly l i g ated d u r i n g  th i s  

Renal vein SMA 

Right renal artery Aorta 

• 

d issect i o n .  Th i s  a l l ows access to the  i nfrarena l  aorta 
where the over ly ing  retroper itonea l  t i ssue can be d i s
sected free. Depe n d i n g  on  how m u c h  aorta i s  needed 
for a n  adequate cuff of the p rox i m a l  a n a stomos is, an 
a nter ior  rena l  ve i n  may need to be m o b i l ized cepha l ad ,  
w i th  l i gat ion  of the  g o n a d a l  a n d/or a d re n a l  ve i n  fo r  
bette r exposu re (FIG S) .  

Exposure o f  the su prace l i ac aorta (FIG 6) :  T h e  ma neuver 
i s  o n ly needed in cases where h i g h  abdom i n a l  aort i c  ex
posu re i s  needed, such as  in a rupture .  The l eft lobe of 
the l iver m ust be retracted l atera l ly by tak ing  down the 
tr ia n g u l a r  l i g a m ent.  Next, identify a n d  d i ssect free the 
gastroesophagea l  j u n ct ion  after d iv id i n g  the gastro
hepatic l i g a ment, wh ich  i s  most exped it ious ly  done by 
pa l pati ng  for the nasogastr ic  tube a n d  app ly i ng  ca u d a l  
tract ion .  D i v i s i o n  of the gastrohepat ic  l i g a ment m u st 
be done with the thought that a rep l aced l eft hepat ic  
a rtery wou l d  be cours ing  beneath th is  struct u re .  The 
esophagus  can be retracted to the pat ient's l eft, and 
th i s  ma neuver wi l l  expose the aorta .  An aort ic  com p res
sor can be used in extreme c i rcumsta n ces; however, d i s 
sect ion  of the aorta c i rcumferentia l ly a n d  su rrou n d i n g  
the aorta w i t h  a shoest r ing  if the pat ient's cond i t ion a l 
l ows i s  p referab le .  Th i s  exposu re, a lthough  usefu l when 
u rgent sup race l i a c  contro l  i s  needed,  wi l l  not a l low ac
cess  to the v isce ra l seg ment of the  aorta .  I n  order  to 
ga in  th i s  exposu re, a r i ght o r  l eft med i a l  viscera l rota
t ion  shou ld  be i n corporated i nto the d i ssect ion .  The 
use of a r ight  med i a l  v iscera l  rotat ion w i l l  a l low access 
to the r i ght ren a l  a rtery, as  we l l  as  p l ac i ng  the SMA on 
90-deg ree tens ion and i s  usefu l  for c lea r i ng  a c l a m p  site 
i n  those pat ients with a juxta ren a l  a n e u rysm who have 
very l itt le  room between the ren a l s  a n d  SMA (FIG 7) .  

The use  of  a left med i a l  v iscera l  rotat ion a l so a l l ows for 
exposure to the ent i re viscera l seg ment of the aorta as  
we l l  as  the left ren a l  a rtery. Care i n  th i s  a pproach m u st 
be made to avo id  i n ju ry to the sp leen a n d  ta i l  of the 
pancreas .  

Left renal 
artery 

FIG S • ( i l l ustrat ion and  photo): Mob i l i zat ion 
of the left ren a l  ve i n .  Cepha lad  or  cauda l  
mobi l i zat ion of  the left rena l  ve i n  to expose the  
or ig in  of  the ren a l  a rteries.  L igat ion of  severa l 
venous s idebra nches may be needed for safe 
mob i l izat ion .  (continued) 
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FIG 5 • (continued) 

c 

FIG 6 • G a i n i n g  control of the suprace l iac  aorta .  A. Dotted line shows the 
locat ion for d iv is ion of the gastrohepatic l i gament.  B. Once the l i gament i s  
d iv ided, the crus i s  encou ntered . C. B l u ntly d iv ide the f ibers of the crus .  D. Using 
f ingers for retract ion,  contro l  of the aorta can be g a i ned with a c l amp, a l though 
c i rcumferenti a l  control i s  opti m a l .  

1 999 
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RETROPERITONEAL APPROACH 

• Position ing :  Once asleep, posit ion the patient in the latera l 
position with the left s ide up at an approximately GO-degree 
ang le  (FIG 8). Extend the r ight arm on an arm board, being • 
sure to leave room for an Omn i  or other self-reta in i ng  re
tractor post. The upper left arm should be p laced on an
other arm board and padded to prevent neura l  i nju ry. The 
bed should be flexed at the patient's f lank to open up  the 
area between the r ibs  and the anterior super ior  i l iac sp ine .  
Posit ion the legs  so that the lower leg is stra ight and the 
upper leg is bent. Use two p i l lows as padd ing between • 
legs. A beanbag can be i nflated to keep the patient i n  
p lace, and use  th i ck  c loth tape over the  h i p  to  secure the  
patient on h is  or her s ide .  Ideal ly, the patient shou ld  be  
p laced on a beanbag; however, b lanket rol l s  can  be used 
anteriorly and posteriorly to further secu re the patient. Be 
sure to a l low access to prep from the spine posterior ly to 
the umbi l icus anteriorly and from the n i pp le l ine to the 
groins .  A l l  bony prominences and pressu re points should 
be wel l  padded to avoid in jury. Use c l ippers to remove ha ir  

shoulder 

FIG 7 • Exposu re of the aorta and r ight ren a l  a rtery v ia 
r ight  media l  viscera l rotat ion .  

with i n  the  prep a rea. Prep from the  axi l l a  and n ipp le  l i ne  to 
the upper th igh .  Mark a l l  previous inc is ions and use a Steri
Drape or laban over the entire prepped a rea to secu re the 
drapes. Once i n  posit ion, check PVRs and/or d ista l pu lses. 
I nc i s ion :  U n less c l amp ing  is  p l anned at or  above the level 
of the SMA, a sta ndard retroperitonea l  i n ci s ion over the 
1 1 th rib w i l l  provide adequate exposu re (FIG 3) .  Carry 
the i nc is ion from the poster ior  axi l l a ry l i n e  to the anter ior 
border of the rectus .  Avo id entry i nto the p leura l  cavity 
if poss ib le, be ing cog n izant that the further poster ior  the 
i nc i s ion i s  carr ied, the h igher  l i ke l i hood th i s  w i l l  occu r. 
Divide the transversa l i s  fascia and enter the retroperitoneal 
space down to but not violating Gerota's fasc ia .  This space 
can be more easily identified by resect ing a d ista l segment 
of the 1 1 th r ib, as the tranversa l i s  fascia and transversus 
abdomina l  m uscu lature i nserts a long the infer ior border 
of this rib. It is poss ib le to stay entirely with in  a retroperi
toneal p lane; however, if the peritoneum is violated, the 
abdomina l  contents can be packed away with retractors or 
the peritoneum can be repa i red with a runn ing  3-0 chromic 

elevated at 60" FIG 8 • Posit ion ing for retroperitonea l  i nc i s ion .  
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FIG 9 • The aorta ca n be a p p roached in an a nterore n a l  
p l a n e  (A) or  a retrore n a l  p l a n e  (B) . 
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• 

suture. The aorta may be approached via an a nterorena l  
(col loqu ia l ly referred to as " leavi ng the kid ney down")  or 
retrorena l  p lane ("ta king the k idney up")  (FIG 9) .  Gen
eral ly, the aorta i s  approached via a retrorena l  approach 
u n less there is a rena l  ve in  runn ing posterior to the aorta . 
As the retroperitoneal  d issection cont inues, the left u reter 
should be identified and swept toward the m id l i ne  and 
placed beh ind a retractor to avo id injury dur ing d i ssection 
of the aorta. The rena l  a rtery is identified and d i ssected 
back to its or ig in to identify the aorta 
Dissect ion:  The rena l  a rtery should be cephalad to the vein ,  
and once th is  is identified, it can be used as a landmark and 
d issected back to the aorta.The rena l  l u m ba r  vein  should be 
identified and l igated to avoid injury and excessive bleed
ing. Once the origin of the renal a rtery is identified, a r ight 
ang le  can be placed a long the surface of the aorta and the 
overlying retroperitoneal  tissue d ivided with e lectrocautery. 
It is im perative here to get on the aorta and stay on the 
aorta to avoid excessive b leed ing from the retroperitoneal  
t issue.  The aorta is exposed to the bifurcation and ca n be 
d issected c i rcu mferentia l ly here if a c lamp s ite is p lan ned; 
however, the left i l iac vein  can course posterior to the bi
furcation and should be avoided. It is often easier to expose 
an a rea of the left common i l iac artery for c lamping and 
control the r ight  common i l iac a rtery with  a n  occlus ion ba l 
loon from with in .  It is u nwise to ga in  c i rcumferentia l  con
trol of the i l iacs i n  this situation as the i l iac veins  are often 
adherent to the posterior aspect of the a rtery and a re easi ly 
i nj u red, lead ing  to rapid exsangu i nating b lood loss. Identify 
and isolate the inferior mesenteric artery ( I MA) with a vessel 
loop. Pay part icu lar  attention to identifyi ng and not injur
ing the u reters, which w i l l  eventua l ly cross a nterior to the 
i l iac vessels.  If necessary and if the i ncis ion is p laced a long 
a h igher r ib space, the d i ssection can be carried cauda l  to 
expose the ent i re viscera l segment if need be (FIG 1 0) .  

Left renal 
artery 

Left kidney 

Left renal 
vein 

FIG 10 • Exposure of the entire a bdo m i n a l  
aorta from a retroperitonea l  a pproach. Here, 
the k idney is " left down"  in an a nterorena l  
p lane .  A l l  vesse ls  a re su rrou nded with  vesse ls  
loops. 
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AORTIC CLAMPING AND REPAIR 

• Regard less of a p p roach, it is i m portant d u r i n g  c i rcu mfer
ent i a l  d i ssect ion of the aorta to avo id  i nj u ry to the poste
rior l u m ba r  a rter ies, which a re usua l ly pa i red .  If they a re 
encou ntered a n d  req u i re l igat ion,  ca refu l l y  c i rcu mferen
t ia l ly  d issect out the a rtery, ty i n g  the proxi m a l  s ide  of the 
vesse l ,  a n d  us ing a nother  t ie,  double c l ip  on the d i sta l  
s ide  pr ior  to d iv id i n g .  When d i ssect ing  o n  the aorta, care 
must be taken to m i n i m ize agg ressive m a n i p u lat ion and 
su bseq uent atheroembo l izat ion,  partic u l a r ly if preopera
tive i m a g i n g  shows extens ive m u ra l  debr i s .  

• Choice of g raft: There a re severa l  choices for con d u it d u r
i ng  repa i r. Genera l ly, a polytetrafl uoroethylene (PTFE) o r  
Dacron t u b e  g raft i s  sewn from the proxi m a l  aorta to t h e  
bifu rcat ion .  I n  those patients w i t h  extens ive b ifurcation 
or  i l iac  d i sease, a bifu rcated g raft may be used. If th i s  i s  
the case, the prox ima l  s ing le lumen port ion of the g raft 
shou ld  be as short as poss ib le  to prevent k in k ing,  idea l ly  
less  than  4 em.  Tu n n e l i n g  the l imb to the femora l level 
shou ld  be done only if necessa ry, and if so, care m ust be 
taken to run the g raft poster ior  to the u reter. The aorta 
can be measured for the a ppropriate g raft with aort ic 
s izers, but often, a n  est i mation of s ize ca n be made from 
the preoperative CTA. Rega rd less, the major ity of patients 
can be repa i red with an 1 8- to 22-mm g raft (FIG 1 1 ) .  

B 

FIG 1 1  • A. Tu be g raft from i nfra re n a l  aorta to b ifurcat ion  
a n d  (B)  bifu rcated g raft f rom i nfrare n a l  aorta to i l i ac  o r  
femora l  vesse ls .  

• 

• 

• 

Choos ing the site of the p rox i m a l  a nastomosis :  Th i s  w i l l  
depend on the q u a l ity o f  the proxi m a l  neck o f  the a n e u 
rysm a n d  the v ic i n ity o f  the v iscera l vesse ls .  I n  the most 
stra ig htforwa rd scenar io, an adequate cuff of norma l  
aorta i s  present be low the rena I s  to a l low for i nfrarena l  
c la m p i n g  a n d  a n  end-to-end anastomosis .  A suprare n a l  
c l a m p  ca n be u s e d  to p rovide s p a c e  to s e w  to a short 
i nfrarena l  cuff. If a n e u rysm a l  t issue extends to the vis
cera l branches, or  if there i s  s ign if icant a ntherosclerot ic  
d i sease of the branches, a beve led a nastomosis  may be 
req u i red, poss i b ly i n c l u d i n g  a n  endarterectomy of the 
or ig in  of a branch vesse l o r  a bypass to the l eft ren a l  a r
tery (FIG 1 2) .  Th i s  shou ld  be apparent based on ca refu l 
review of preoperative i m a g i n g  a n d  p l a n ned for we l l  be
fore c l a m p i n g  of the aorta .  From the retroper itonea l  ap
p roach, every effort shou ld  be made to i ncorporate the 
r i g ht ren a l  a rtery i nto the a nastomosis .  
I n  preparat ion for c l amp i ng ,  the patient should be sys
temica l ly hepar in ized at a dose of 70 u n its of hepar in  
per k i logra m  a n d  a l l owed to c i rcu late for 3 to 5 m i n utes. 
It i s  i m portant to com m u n icate with a n esthes ia prior to 
c la m p i n g  and u n c l a m p i n g  so they may a nt ic i pate a n d  
add ress su bsequent hemodyn a m i c  sh ifts. Genera l ly, t h e  
system i c  p ress u re shou ld  be d ropped i n  p repa rat ion 
for the prox ima l  c l a m p i n g .  I f  the v iscera l seg ment i s  i n 
volved, b u l ldog c l a m ps shou ld  be a p p l ied to the viscera l 
vesse ls  pr ior  to aortic c la m p i n g  to avo id  e m bo l izat ion .  
The p roxi m a l  c l a m p  is  ca refu l ly a p p l ied a n d  secu red with 
a shoestr ing  around the  c l amp .  The aort ic  sac i s  then 
opened with e l ectroca utery and heavy sc issors p roxi m a l ly 
a n d  d i sta l ly. M u ra l  debr i s  shou ld  be ca refu l ly removed 
to identify a l l  patent l u m b a r  a rter ies .  D ista l control can 
then be obta i n ed with ba l loon occ lus ion  i nto each i l i ac  
with Fo ley catheters if  externa l  control was n ot p revi
ously done due to ca lc if ic d isease. Al l  l u m b a r  vesse ls  with 
back-bleed i n g  i nto the aorta shou ld  be suture l i g ated 
with 2-0 s i l k  in a f igu re-of-e ight  fash i o n .  In heavi ly ca lc i 
f ied aortas, foca l endarterectom ies may be necessary for  
effect ive l igat ion of each vesse l .  
Sewing  o f  the prox ima l  a nastomoses: There a re severa l  
ways to com p l ete the a nastomosis, a n d  choice i s  based 
on a com bi nat ion of surgeon preference and t issue 
q u a l ity. Regard less of tech n i q ue, the poste r ior  row of su
tu res should be done  fi rst. Ensure that there i s  adequate 
expos u re of the p roxi m a l  aorta; th i s  may req u i re the use 
of a se lf-reta i n i n g  retractor with i n  the opened sac or  stay 
sutu res on the edges of the sac. P lace the g raft on the pa
t ient's chest ups ide d own, so the poster ior  aspect of the 
g raft l i es a nter ior ly. If the poster ior  row is  to be done  in  
a n  i nterru pted fash ion ,  the fi rst mattress sutu re i s  p l aced 
in the m i d d l e  of the g raft from outside to in, p lac ing  a 
snap on the need led ends  of the sutures. P lace fou r  more 
mattresses, two on each s ide, work ing your  way to the 
3 o 'c lock a n d  9 o 'c lock pos it ions  on the g raft. Care m ust 
be taken to ensure there a re no gaps  between sutu res; 
a l l  travel m u st be with i n  a mattressed stitch a n d  n ot be
tween stitches.  Once a l l  sutures a re p laced in the g raft, 
beg i n  p lac ing  the aort ic  sutures from ins ide  to outs ide o n  
the aorta.  The p roxi m a l  aorta i s  usua l ly n o t  com p l etely 
transected and the poster ior  wa l l  can be used to create 
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Cel iac 
artery 

Anterior 

a Creech b ite that uses the aort ic  wa l l  as a p ledget. Once 
a l l  sutures a re p laced, each i n d iv idua l  stitch i s  p ledgeted 
and tied down snug ly. The a nter ior  row is  then com
p leted, sta rt i ng  from each side and work i n g  you r  way 
to the center, such that the a nter ior-most stitch i s  the 
fi n a l  stitch p l aced.  These a re a l so p ledgeted a n d  t ied i nto 
p l ace.  Once the proxi m a l  a nastomosis  i s  com p l eted, a n  
atra u matic  c l a m p  s h o u l d  b e  a p p l ied t o  t h e  body o f  the 
g raft, a n d  the proxi m a l  aort ic  c lamp s lowly re leased to 
test for i ntegr ity of the rep a i r. Any leaks i n  the sutu re 
l i n e  shou ld  be add ressed at th i s  t ime, part i cu l a r ly a long  
the poster ior  row, as th i s  w i l l  be i naccess i b l e  once  the 

Lateral 

FIG 1 2  • Beve led a nastomosis  with 
bypass to the l eft ren a l  a rtery. The 
sutu re l i n e  runs  j u st i nfer ior  to the 
r ight  ren a l  a rtery. 

d ista l anastomosis  is in p lace .  It is u nwise to attem pt to 
p l ace stitches on a fu l ly perfused aorta, a n d  the p roxi m a l  
c l a m p  s h o u l d  be rea p p l i ed if repa i r  st itches a re necessa ry. 
I n  a d d it ion,  p ledgets shou ld  be used with these st itches. 
A r u n n i n g  anastomosis  can a lso be performed with a 3-0 
Pro lene  and a n  atra u matic need le .  The back row i s  a g a i n  
b e g a n  i n  the m i d d l e  o f  the g raft w i t h  d e e p  Creech b ites 
on the aorta.  The g raft can be parach uted in to m a ke 
the suture l i n e  taut.  The back row shou ld  be i nspected to 
ensure that it is snug  a n d  add i t iona l  sutures a re used at 
the 3 o'c lock a n d  9 o'c lock posit ions to secu re the back 
row and run  to the top of the aorta (FIGS 1 3  and 14) .  

F IG  1 3  • Construct ion o f  the poster ior  row o f  t h e  
p roxi m a l  anastomosis .  N ote t h a t  the a nter ior  a n d  l atera l 
aspects of the aorta is d iv ided but the poster ior  wa l l  is l eft 
i ntact i n  th i s  f igu re, us ing  " Creec h "  sutur ing  techn ique .  
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FIG 1 4  • Aort ic  cuff. The aorta can be tota l l y  transected a n d  
stay sutu res a p p l ied i n  preparat ion f o r  the a n astomosis .  

• 

• 

• 

I M A  i m p l a ntatio n :  Alth o u g h  the  I M A  can g e n e ra l ly be 
l i g ated without c l i n i ca l  conseq uence, t h e re a re certa i n  
s i tuat ions  where it m a y  be benefi c i a l  t o  re i m p l a nt the  • 

vesse l  to avo id  bowe l i schem ic  co m p l icat ions .  Pat ie nts 
with a ltered pe lv ic  b l ood fl ow, such as  those with pr ior  
gastroi ntest i n a l  su rgery o r  occ l uded hypogastr ic a rter-
i es, s h o u l d  espec ia l ly be cons idered for I MA re i m p l a n 
tat i o n .  F u rtherm o re, v i s u a l  i n spect ion  o f  the  s i g m o i d  
co l o n  pr ior  to c l o s u r e  s h o u l d  be done,  a n d  I M A  re i m 
p l a ntat ion  d o n e  if  there appears to be q uest i o n a b l e  v i 
a b i l ity o f  the  bowe l .  Ad d i t i o n a l ly, pr ior  to I M A  l i gat ion,  
a n  assessment of back-b l eed i n g  (a n d  thus  the  co l l atera l 
c i r cu lat ion  to the I M A  terr itory) s h o u l d  be perfo rmed 
and re i m p l a ntat ion cons idered i n  cases where the  back
b leed i n g  i s  poor. 
Creat ing  the d i sta l anastomosis :  After the  p roxi m a l  
a nastomos is  i s  com p l eted a n d  hemostas i s  i s  ensured, 
the  g raft shou ld  be p u l led taut to the locat ion of the • 

d ista l a n astomos is  (or a n astomoses if a b ifu rcated g raft 
is to be used) .  The g raft s h o u l d  be measured to ensure 
no red u n d a ncy or k i n k i n g  occu rs but n ot so t ight  as to 
put u n d u e  stra i n  on the p roxi m a l  a n stomosis .  The d i s-
ta l can be done  in a r u n n i n g  or i nterru pted fash ion,  as 
descr ibed prev ious ly. When sewi ng,  the  ass ista nt shou ld  
use a forceps to pu l l  the  g raft d i sta l l y  a n d  rem ove ten
s ion  on the anastomosis ,  d ecreas ing  the cha nce the su
tu res wi l l  be too loose .  
F l u s h i n g  and u n c l a m p i n g :  J u st pr ior  to t h e  co m p l et i o n  
of t h e  d i sta l a n a stomos is ,  the  g raft w i l l  need to be 
f lushed proxi m a l l y  and d i sta l l y  to rem ove c lot, a i r, a n d  
d e b r i s .  After  f l u s h i n g ,  i r r i g ate the  g raft w i t h  h e p a r i n 
i z e d  sa l i n e  a n d  co m p l ete the  a n a stomos i s .  O nce both 

a n asto m oses a re co m p l eted,  com m u n i cate with the 
a n esthes io log ist that  the  c l a m ps a re ready to be re
m oved .  There i s  often a s u bsta nt i a l  d ro p  in syste m i c  
b l o o d  pressure a s  t h e  l ower extre m it ies  a re reperfused,  
and they w i l l  need to prepare to react accord i n g ly. It  
i s  m o re a p p ro p r i ate to to le rate a s l i g ht ly  l o n g e r  c l a m p  
t i m e  a n d  a l low the  a n esthes io log ist to reg u l ate t h e  
b l o o d  p ressu re accord i n g l y  t h e n  u n c l a m p  a hypote n
s ive pat ient .  As the  s u rgeon s l owly  u n c l a m ps, the  as 
s i stant  can  h o l d  m a n u a l  p ressu re at the  leve l  of the  
fe m o ra l  a rter ies  to a l l ow a n y  d e b r i s  to f l u sh  i nto the  
pe lv i s, w h i c h  may to le rate e m b o l izat ion  better d u e  to  
the  exte ns ive co l late ra l  n etwo rk .  Press u re i s  t h e n  re
leased o n  the fe m o r a l  vesse l s  and syste m i c  p ress u re 
is m o n itore d .  If t h e re is a su bsta nt ia l  hypote ns ive re
sponse, p a rt i a l  o r  co m p l ete rec l a m p i n g  may need to 
be performed to a l l ow the a n esthes ia  team t i m e  to 
treat the hemodynam ics .  O n ce u ndam ped,  i n s pect the  
a n asto mos i s  a n d  sac  for b l e ed i n g .  T h e re may be n ew 
l u m b a r  b l eed i n g  as a resu lt of pe lv i c  reperfu s i o n  that  
was not a p p a rent  d u r i n g  the  g raft p l aceme nt.  D iffuse 
ooz i n g  can  be treated with  S u rg i c e l  and G e lfoa m .  O nce 
u nda m ped,  check p u lses  a n d  D o p p l e r  s i g n a l s  in i l i a cs 
a n d  a ny c l a m ped branch  vesse ls ,  as we l l  as d i sta l p u l ses 
a n d/o r PVRs. I f  l ower  extrem ity PVRs a re s i g n if ica nt ly  
worse than p reoperative ly, th i s  s h o u l d  ra i se  concern 
for e m b o l izat ion  a n d  may warrant  a gro in  exp l o rat ion  
and throm becto my. 
Sac c losure :  Th i s  is espec i a l ly i m portant d u r i n g  the  trans
peritonea l  a pproach, as a n  uncommon but d isastrous  
l ate com p l icat ion  from open aort ic  su rgery i s  the aorta
enter ic f ist u l a, which occu rs when g raft a n d/or anasto
mosis  erodes i nto the bowe l .  To h e l p  p revent th i s, the 
wa l l s  of the now deco m p ressed aort ic  sac shou ld be 
c losed over the g raft, and sewed i n  a r u n n i n g  fas h i o n  
w i t h  a long  3 - 0  s i l k  o r  c h r o m i c  suture .  If there i s  i nsuf
f ic ient sac to c lose, a f l ap  of omentum ca n be m o b i l ized 
and p l aced ove r the g raft prior to retu r n i n g  the viscera l  
to its  a natomic  locat ion .  The sac of the aorta can be a not 
i ns i g n if icant sou rce of b leed ing ,  so e lectroca utery shou ld  
be used  a long  the cut edge of the  sac to ensure hem osta
sis pr ior  to sac c losu re, and pers istent b leed i n g  shou ld  be 
sutu re l igated.  
D ra i n a g e  and c losure :  I f  the p l e u ra l  cavity was entered,  
d r a i n a g e  w i l l  be req u i red  e ither  by use of a red r u b
ber  suct ion  catheter p l acement  d u r i n g  d i a p h ra g m a t i c  
repa i r  o r  posto pe rative ch est t u b e  p l acement .  Ad d i 
t i o n a l  p l acement  o f  a c l osed suct i o n  Jackson-Pratt (J P) 
or B l a ke d ra i n  in t h e  per i to n e a l  or retroper i to n e a l  (RP) 
cavity can  be d o n e  on a se l ective bas i s; we g e n e r a l l y  
p l ace a d ra i n  if  t h e re i s  some concern ove r excessive 
m o b i l i zat ion  n e a r  the ta i l  of the p a n c reas  and t h o u g ht 
a p a n creat ic  l e a k  may occ u r, or i n  coag u l o path i c  pa
t i e nts w h e re o n g o i n g  b leed i n g  may be of concern .  
Spec i a l  atte nt ion  shou ld  be p a i d  to i nspect i n g  the  
s p l e e n ,  a n d  we h ave a low t h re s h o l d  for s p l e n ecto my 
i f  t h e re i s  a n y  i nj u ry to the  orga n .  The  a b d o m i n a l  wa l l  
s h o u l d  t h e n  be  c l osed i n  layers .  
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PEARLS AND PITFALLS 
• I dea l ly, p roxi m a l  c l a m p  t ime  shou ld  be l ess than  30 m i n utes. It is therefore i m perative to have a l l  too ls  a n d  g rafts ready a n d  a l l  

tea m mem bers br iefed o n  t h e  operative p l a n  pr ior  t o  c la m p i n g .  However, for a n  i nfra rena l  c l a m p, t h e  operator w i l l  have severa l  
hours if necessa ry to com p l ete the  anastomosis .  I f  the c lamp is  suprarena l ,  com p l icat ions  beg i n  with more than  40 m i n utes of 
isch e m i a .  

• I nj u ry to the c o m m o n  i l i ac  ve i n  o r  d i staiiVC d u r i n g  d issect ion  i s  a potent i a l l y  l etha l  com p l icatio n .  It  i s  i m portant to com p l etely 
mob i l ize the ve i n  and perform a p r imary repa i r  under d i rect vis ion.  B l i n d  sutu r ing  i n  a b leed i n g  f ie ld wi l l  o n ly lead to d isaster. I f  
exposure ca n n ot be obta i ned,  it i s  accepta b le  to transect the over ly ing a rtery (aorta or  i l iac) to a l l ow access to the ve i n .  Th i s  i s  a 
com p l i cat ion that is m uch better to avo id  than  treat. 

• The u reters can be i nj u red d u ri n g  the transper itonea l  o r  retroperitonea l  a p p roach, and every time the retractors a re reposit ioned 
or  as you beg i n  to d i ssect a new p l a ne, the  u reters shou ld  be ident if ied .  

POSTOPERATIVE CARE 

• Patients should be monitored in an intensive care unit (ICU) 
postoperatively, with blood pressure goals generally of a sys
tolic blood pressure from 100 to 140 mmHg for a straight
forward infrarenal or juxtarenal repair. Blood pressure goals 
should be higher for thoracoabdominal repairs to promote 
spinal cord perfusion. 

• Patient may be weaned to extubated as soon as possible after 
the operation, even in the OR if appropriate. 

• An NGT is kept in place given the bowel manipulation, and 
this is left in place for the first postoperative day. Although 
it is not imperative to keep in place until there is full return 
of bowel function, we will keep in place an additional day 
if outputs are unusually high. We generally start standing 
rectal suppositories on the first postoperative day. 

• If there is a chest tube in place, we leave this to suction 
until removal, which is done when output is less than 1 5 0  
m L  per 2 4  hours and the chest x-ray ( CXR) shows n o  large 
effusion. 

• Mobilization should be done as soon postoperatively as pos
sible. These patients will require physical therapy and many 
will ultimately require inpatient rehab. 

OUTCOMES 

• Mortality for an elective, open infrarenal AAA repair is less 
than 5 % ,  and although the risk increases for those with a 
juxtarenal or suprarenal repair, our recent experience shows 
that 30-day mortality in patients with juxtarenal repair is 
2 .5 % .  Mortality increases in the instance of an urgent or 
rupture to as high as 70 % . 1•5 

• Patient-specific predictors of postoperative complications 
include older age, COPD, chronic renal disease (creatinine 
> 1 . 8 )  or history of myocardial infarction (MI)/congestive 
heart failure (CHF) . 1 

• Operative-specific predictors of postoperative complications 
include long OR or clamp times, hypothermia, high blood 
turnover, and a high perioperative fluid requirement. 

COMPLICATIONS 

• Bleeding 
• Infection 

• Splenic injury (consider adding splenectomy to operative 
consent) 

• Renal failure 
• MI 
• CVA 
• Spinal cord ischemia ( increased risk with suprarenal and 

thoracoabdominal repairs ) 
• Anastomotic breakdown 
• Aortoenteric fistula 
• Pancreatitis 
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Chapter 23 Advanced Aortic Aneurysm 
Management: Endovascular 
Aneurysm Repair-Standard 
and Emergency Management 

I 
- ------------------------------------1----------------------------------------------------- · 

Vinit N. Varu Ronald L. Dalman 

DEFINITION 

• An abdominal aortic aneurysm (AAA) is defined as a 
localized enlargement of more than 1 .5 times the diameter of 
the most adjacent, proximal uninvolved aorta; by consensus, 
this represents more than 3 . 0  em in most persons. Defini
tions vary somewhat between men and women, most likely 
normalized by body surface area or body mass index (BMI ) .  

• The most common etiology of  AAAs is progressive, trans
mural degeneration of the aortic wall. The full scope of 
pathogenetic considerations and relevant mechanisms is be
yond the scope of this chapter but, in summary, although 
aneurysm disease shares many important risk factors for 
aortic and peripheral vascular occlusive disease, important 
differences exist, and current thinking regarding pathogen
esis recognizes that aneurysmal and occlusive disease of the 
aorta are distinct pathologic processes. Hence, the colloquial 
term "atherosclerotic aneurysm, " although in common use, 
is an inaccurate and potentially misleading characterization 
of the most common clinical presentation for AAA. 

• Risk factors for development, expansion, and rupture are 
multifactoriaP (Table 1). Smoking is the only modifiable risk 
factor that has been associated with all three. 

• The risk of AAA rupture increases with progressive diameter en
largement.2 Rupture and subsequent aneurysm-related mortality 

Table 1: Risk Factors for Aneurysm Development, 
Expansion, and Rupture 

Symptom Risk Factors 

AAA deve lopment • Tobacco use 
• Hypercho lestero lem ia  
• Hypertens ion 
• Male gender 
• Fam i ly h i story (ma le  predom inance) 

AAA expa ns ion • Advanced age 
• Severe card iac disease 
• Previous stroke 
• Tobacco use 
• Card iac or  rena l  transp lant  

AAA rupture • Female gender  
• .J.FEV1 
• Larger i n it ia l  AAA d iameter 
• H ighe r  mean b lood pressure 
• C u rrent tobacco use 

( length of t ime smoking > > amount) 
• Card iac or  renal transp lant  
• C rit ical wa l l  stress-wa l l  strength re lationsh ip  

AAA, abdominal aortic aneurysm; FEV1, forced expiratory volume in  1 second. 
From Chaikof EL, Brewster DC, Dalman RL, et a/. The care of patients with an abdominal 

aortic aneurysm: The Society for Vascular Surgery practice guidelines: executive summary. J 
Vase Surg. 2009;50(4):880-896. 
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may be prevented by elective surgical repair, either by open in
terposition grafting or endovascular aneurysm repair (EVAR) . 

• EVAR provides similar long-term survival versus traditional 
open repair, as well as enhanced perioperative survival. The 
perioperative survival benefit is sustained for several years 
following surgery. 3 EVAR is now the de facto standard of care 
for both elective and ruptured AAA repair in patients who are 
anatomically suited to receive currently available devices. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients may be entirely asymptomatic despite suffering from 
large, advanced AAAs. Most commonly, AAAs are found 
incidentally on imaging studies obtained for other reasons. 
Occasionally, they may be identified by the presence of prom
inent aortic pulse, proximal to the umbilicus, on physical 
exam. Less frequently, AAAs may cause distal limb ischemia 
secondary to embolization, or fulminate congestive heart 
failure if they rupture into the adjacent inferior vena cava, 
creating an acute aortocaval fistula.  Only 30% to 40% are 
noted on physical examination, with detection of pulsatile 
abdominal mass dependent on aneurysm size. As noted by 
Sir William Osler, prior to the era of ubiquitous availability 
and use of cross-sectional abdominal imaging in the evalua
tion of abdominal pain: "There is no disease more conducive 
to clinical humility than aneurysm of the abdominal aorta . "  

• Patients with a ruptured AAA may present with moderate or 
extreme back and abdominal pain, syncope, hypotension, and 
mottling of the lower extremities, in conjunction with progres
sive abdominal distension. When sufficiently stable to remain 
conscious and conversant, pain is reproducibly elicited by 
direct palpation of the abdominal aorta. Many patients with 
ruptured AAA present in extremis, others with progressively 
hemodynamic deterioration and pain of several hours dura
tion. Patients may actually linger for several days with "con
tained" retroperitoneal hemorrhage following AAA rupture. 

• A thorough vascular history should be noted and modifiable 
risk factors, including smoking, hyperlipidemia, and hyper
tension, addressed in patients with AAAs. Smoking cessa
tion is recommended to reduce the risk of aneurysm growth 
and rupture, and statins may also be beneficial in this regard. 

• AAAs occur almost exclusively in the elderly (mean age of repair 
72 years of age) and male patients outnumber female by 4 to 6 is 
to 1 .1 When AAA is recognized in younger patients, it is usually 
in association with hereditary risk, syndromic aortic conditions 
such as Marfan syndrome, or in the setting of focal aortitis or 
mycotic aneurysms. The latter tend to occur most frequently in 
the suprarenal abdominal aorta, at or directly proximal to the 
origin of the celiac artery, underneath the crus of the diaphragm. 
Aneurysmal degeneration of the abdominal aorta may also 
occur late following thoracic and abdominal aortic dissection. 

-
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• Factors associated with increased risk of rupture include 
female gender, large initial diameter, low forced expiratory 
volume m 1 second (FEV1 ) ,  current smoking history, and el
evated mean blood pressure. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Screening decreases aneurysm-related mortality in AAA dis
ease.4 Current guidelines recommend a screening ultrasound 
for 65- to 75-year-old at-risk individuals, defined as men 
who have smoked more than 100  cigarettes in their lifetime 
or men or women with a family history of AAAs.5 

• Thin-slice computed tomography (CT) imaging, with in
travenous contrast injection timed to opacify the abdomi
nal aorta and runoff vessels, remains the standard modality 
for operative planning. The extent, morphology, and acces
sibility of the aneurysm via retrograde iliofemoral access 
determine the suitability for an endovascular repair. Other 
relevant anatomic considerations include the location and 
volume of laminar intraluminal thrombus in the region of 
the " surgical" neck (defined as the length between the lowest 
renal artery and the start of the aneurysm); angulation of the 
surgical neck, size and tortuosity of access vessels; presence 
and significance of anomalous and accessory renal arteries; 
dtameter at the aortic bifurcation; and diameter of the more 
proximal abdominal aorta (provides useful guidance as to 
the likely long-term diameter of the surgical neck) .  

• For cases of suspected AAA rupture, bedside transcutaneous 
ultrasonography may be used to detect the presence of intra
or retroperitoneal fluid (or blood) or assess for confounding 
condtttons ehettmg abdominal pain. When sufficiently he
modynamically stable, however, CT aortography should be 
obtained to assess for suitability for endovascular repair.6 

SURGICAL MANAGEMENT 

Indications 

• Patients with "symptomatic" AAAs (e.g., pain likely originat
mg from the aneurysm despite absence of retroperitoneal hem
orrhage on CT aortography) are at increased risk of rupture 
and urgent intervention is recommended. Of those AAAs that 
rupture, more than half will die prior to hospitalization. Of 
those that undergo attempted operative repair, approximately 
50% mortality is to be expected. The latter estimate is highly 
dependent on hemodynamic conditions, duration of symp
tom�, and comor?id conditions present at the time of surgery 
and IS not useful m predicting survival of individual patients. 1 

• For asymptomatic AAAs, management is determined by 
the maximal orthogonal transverse diameter at the time of 
evaluation or rate of aneurysm enlargement over time. AAAs 
less than 4 .0 em are at low risk of rupture and should be 
monitored with serial imaging; those larger than 5 .4 em are 
at high risk of rupture and should be repaired. Surveillance 
is recommended for most patients in the range of 4 .0  to 5 .4 
em, although young healthy patients and especially women 
may benefit from repair in AAAs between 5 .0  and 5.4 cm.1 

Preoperative Planning 

• Anatomic measurement obtained from high-quality CT aor
tography, preferably reconstructed with millimeter or sub
millimeter slices, is paramount to successful endovascular 

repair. Ideally, precise diameter and path length measure
ments are derived from three-dimensional (3-D)  recon
struction of the two-dimensional (2-D) source images (via 
TeraReconTM, OsiriX™, or similar software) .  

• Precision i s  most essential i n  determining diameter through
out the surgical neck and common iliac landing zones proxi
mal to the bilateral iliac bifurcations. Graft oversizing of 
1 0 %  to 20% is typically used in the region of the surgical 
neck. Length measurements are obtained from the lowest 
renal artery to the iliac bifurcation, using path lengths, when 
available, from image reconstruction software noted earlier. 

• Multiple aortic endografts are approved for use in the United 
States at the current time, and device selection should be tai
lored to individualized anatomic requirements. Contraindi
cations to endovascular repair may include inadequate neck 
length, diameter, and angulation; thrombus volume and dis
tribution in the neck; insufficient iliac artery diameter, and ex
cessive iliac or aortic tortuosity. It is the responsibility of the 
operating surgeon to ensure that for each selected device the 
instructions for use (IFU) are understood and appropriat� for 
the planned repair. Experienced operators, with careful plan
mng, may knowingly place devices in off-label circumstances 
depending on the patient-specific anatomic and physiologi� 
nsk assessment, with the expectation of reasonably long-term 
results. In off-label applications, however, the onus is on the 
surgeon to confirm that sufficient proximal and distal fixa
tion and sealing zones exist to ensure a reasonable result. 7 

• Femoral access must also be evaluated with ultrasound or 
CT imaging to determine if the patient is a candidate for per
cutaneous repair. The "preclose"  technique (see the follow
ing text) can be used for arteriotomy closure for devices up to 
21 French (Fr) in diameter. Contraindications to percutane
ous repair include calcification of the anterior femoral artery 
wall, diameter less than 7 mm, the presence of an aneurysmal 
femoral artery, and excessive scaring at the access site. 

• The superior mesenteric artery ( SMA) and celiac arteries 
should be examined for patency and the presence of flow
limiting stenosis or occlusion; if found, revascularization of 
the SMA and celiac artery should be considered prior to at
tempted EVAR, or open repair is considered as an alternative 
approach. In planning for EVAR, attention must be paid to 
the status of the inferior mesenteric artery and the total vis
ceral vascularity assessed in terms of consequences of obli
gate inferior mesenteric artery (IMA) coverage during EVAR. 
Occasionally, depending on anatomic circumstances, custom 
fenestration or parallel grafting options may be considered 
as alternatives, allowing for EVAR management despite the 
presence of significant celiac or SMA disease. The latter op
ttons agam, however, should only be considered by opera
tors experienced in these techniques or facile with rapid open 
conversion when indicated to preserve intestinal perfusion. 

• Facilities are an essential consideration. Fixed imaging is the 
preferred option for procedural guidance and aortography, 
preferably when available in a "hybrid" operating room config
uration. This is especially true when tolerances are low regard
mg IFU status and related anatomic considerations. Anesthesia 
can be either general or local with conscious sedation, depend
mg on the habitus of the patient, their suitability for conscious 
sedation, and the potential likelihood of open conversion. In 
our practice, all patients are consented for open conversion, 
even though in practice this happens in less than 1 %  of cases. 
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ENDOVASCULAR ANEURYSM REPAIR 

STANDARD 

Percutaneous Access 

• 

• 

Us ing  u ltraso u n d  g u id a nce to determ i n e  the location of 
the femora l  b ifurcation a n d  potentia l  presence of a nte
rior ca lc if ied atherosc lerotic p laq ue, b i l atera l  common 
femora l  a rter ies (CFAs) a re accessed with 0 .01 8-i n mi 
cropuncture k its .  Femora l  a rter iog raphy i s  perfo rmed to 
conf i rm su ita b i l ity of the se lected access s i te  with i n  the 
CFA pr ior  to seri a l  d i lat ion .  
A 0 .035- in  genera l  p u rpose w i re (e .g ., Bentson, Cook 
Med ica l ,  B loomington, I N )  i s  a dva nced i nto the aorta 
through the m icropu nctu re sheath and 1 1 -cm, 7-Fr  
sheaths a re exch anged over the Bentson i nto the ex
tern a l  i l i ac  a rter ies (E IA) under  conti n uous  f luoroscop ic  
g u i d a nce. Fu l l  i ntravenous  a nticoa g u lat ion i s  esta b l i shed 
with u nfract ionated hepar in (at least 1 00 u n its/kg) a n d  
confirmed b y  su bsequent determi nat ion o f  activated 
c lott ing  time (ACT) g reater than 250 seconds .  

• 

• 

• 

device. The wire is then temporar i ly  removed a n d  the de
vice advanced u nt i l  pu lsat i l e  b l ood i s  v i sua l ized through 
the p i l ot tube lumen .  The fi rst device i s  turned to the 
10 o 'c lock pos it ion a n d  foot p l ate activated. Ho ld ing back 
tens ion on the  device, the sutu re i s  dep loyed, a n d  the 
ends  a re removed from the dev ice a n d  contro l led with 
a padded suture c lamp.  After the wi re i s  reposit ioned 
through the w i re port i nto the aorta under  f luoroscop ic  
g u i d a nce, the foot p l ate i s  re leased a n d  the device i s  
backed out of the femora l  a rtery. Press u re i s  rea pp l ied 
over the p u nctu re site dur ing th i s  maneuver (FIG 1 ) .  

A second Perclose ProGiideTM (Abbott) device i s  back
loaded on the wire and the aforement ioned steps a re re
peated with the device tu rned to the 2 o'c lock posit ion .  
After both ProGiidesrM (Abbott) a re dep loyed, the  7 -F r  
sheath  i s  reformed a n d  repl aced over  the wi re to m a i n 
ta i n  hemostas is .  The sutu re c l a m ps a re posit ioned con
s i stent with the c lockface or ientation of each suture 
p l acement.  
The p roced u re i s  then repeated for the contra l atera l 
femora l access s ite.  

Preclose Technique Delivery and Deployment of Endograft 

• I n  a l l  c i rc u m stan ces, t h e  s u rg e o n  s h o u l d  c o n s u l t  t h e  • 

respect ive I F U s  for  a l l  dev ices  e m p l oyed d u r i n g  these 
p roced u res .  

• W h i l e  the  ass ista nt m a i nta i n s  d i rect com p ress ion p roxi
mal to the i n g u i n a l  l i g a ment to m a i nta i n  hemostas is, the 
7-Fr  sheaths a re i n d iv idua l l y  removed over each respec
tive w i re and rep laced with a Perclose ProGiideTM (Ab
bott, Abbott Park, I L) device. This i s  back- loaded on the 
w i re and advanced unt i l  the g u idewi re exit l i n e  on the 

Closed 
arteriotomy 

Wi re exchange i s  performed through a g u i d i n g  cath
eter (e .g . ,  1 00-cm G l i d ecathrM, Terumo Medica l ,  Som
erset, NJ) for a stiffer access w i re (e .g ., Lunderq u ist'M, 
Cook Medica l ) .  Ser ia l  d i lat ion i s  preformed over the stiff 
wi re, u n d e r  f luorosco pic  g u ida nce, to gently d istend a n d  
e n l a rge  the respective a rter iotomy sites. Fo l lowing d i la 
t ion  to at least 14 Fr, the p r imary a n d  secondary access 
sheaths a re adva nced under  f luoroscop ic  g u ida nce i nto 
the aorta .  

FIG 1 • Preclose tec h n i q u e .  Two ProGi idesrM a re de
p loyed, one at the 10 o'c lock posit ion and the other  at 
the 2 o'clock posit ion  before beg i n n i n g  ser i a l  d i lat ion 
m a n euvers a n d  dep loyment of de l ivery catheters. 
Once the p roced u re i s  com p l ete, and l a rge  d i a m eter 
devices a re removed, both knots a re seated to c lose the 
a rter iotomy (see i nset) . U nt i l  c losu re, the free sutu res 
a re contro l led on sutu re boots. Once the proce d u re is 
com p l ete, both knots a re pushed down to c lose the 
a rter iotomy. 
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The m a i n  body endog raft i s  p laced u p  the ips i l atera l i l i ac  
a rtery to the level of the ren a l  a rter ies .  Latera l ity of m a i n  
body dep loyment i s  determined based o n  the tortuos ity 
a n d  d i a m eter of the access a rter ies, as  we l l  as  the de
s i red a n g l e  at which the m a i n  body w i l l  i nterface with 
the ren a l  a rter ies .  The m a i n  body shou ld  be or iented so 
that the gate dep loys in a nterol atera l fash ion  for easy 
contra latera l l i m b  access. The image i ntens if ier  shou ld  be 
adj usted to l i m it para l lax by account ing  for some deg ree 
of a nter ior  a n g u l at ion  (usua l ly in the range of 1 0 % ,  oc
cas iona l ly more) and l atera l a n g u lat ion in the s u rg ica l  
neck, based on preprocedura l  assessment f rom the refor
matted CT aortogram (FIG 2A) .  
An O m n i  F l ush catheter (Ang ioDyn a m i cs, Latham,  NY) 
i s  p laced up the contra l atera l i l iac  a rtery to the level of 
the rena l  a rter ies .  The ga ntry posit ion i s  then confirmed 
to be a p p ropr iate for the patient's a natomy, ensur ing  
that  the image p l a n e  i s  orthogona l  to the takeoff of the 
l owest ren a l  a rtery. Usua l ly, a "20 for 1 0 " contrast run 
i s  performed d u r i ng  b reath-ho ld  under  m a g n ificat ion  
views, d e l iver ing  10  m L  of contrast at a rate of 20 m L  per 
second,  to confirm the device posit ion vis-a-vis the renal  
a rtery or ig ins .  
The m a i n  body endog raft i s  then dep loyed accord i n g  
t o  the I F U ,  w i t h  the p roxi m a l  fa br ic  m a rg i n  posit ioned 
j ust be low the lowest ren a l  a rtery. Dep loyment co nt in
ues u nt i l the contra latera l gate i s  fu l ly open (a lthough  
tech n i q ues may va ry between devices). Depen d i n g  on 
the device-specif ic I FU ,  the ma in  body may be resheathed 
and reposit ioned,  if necessa ry, to obta i n  opti m a l  posi
t i o n i n g  (FIG 28) .  

Repeat aortog ra phy i s  performed t o  ensure adeq uate 
p l acement.  The s ide-ho le, aort ic  f lush catheter i s  with
d rawn i nto the a n e u rysm through the prox i m a l  l a n d i n g  
zone, over a w i r e .  If the device u s e s  suprare n a l  stent fixa
tion, the suprare n a l  stents a re dep loyed when m a i n  body 
p lacement i s  deemed suffic ient. Care shou ld  be taken to 
prevent p u l l i n g  the m a i n  body of the endog raft down 
i nto the a n e u rysm .  

A B c 

Gate Cannulation 

• 

• 

The contra late ra l  sheath is p l aced 1 to 2 em d i sta l  to the 
contra latera l  g ate. Us i ng  a n  O m n if lushTM (An g iodyna m
ics) or  G l ideTM catheter (Terumo), the gate is  ca n n u lated 
with a n  a n g led G l idewi reTM (Terumo) .  When successfu l ,  
the O m n if lush  catheter shou ld  be exchanged over a w i re 
a n d  re i ntroduced i nto the endog raft. The t i p  is a l lowed 
to reform by withd rawi ng the wi re and the cur led f lush  
catheter i s  spun  360 degrees severa l  t imes to confirm 
gate ca n n u lat ion .  Fa i l u re to confirm th i s  step may resu l t  
i n  dep loyment of  the contra l atera l l imb outs ide  of the 
gate,  l i ke ly  generat ing " e ndotrash"  (e .g . ,  g raft l imb free 
in the a n e u rysm, outside the m a i n  body, wh ich  w i l l  n ot 
rem a i n  in c i rcu lat ion)  (FIG 2C) . 

If the  contra latera l gate can not be successfu l l y  ca n n u 
l ated u s i n g  sta n d a rd g u i dewire a n d  catheter tec h n i q ues  
(d ifferent-s h a ped catheters shou ld be e m p l oyed, as  
we l l  as  repos it i o n i n g  the  sheath i n  re lat ion  to the  con
tra l atera l g ate), ca n n u lat ion  may be acco m p l i shed by 
adva n c i n g  a s n a re u p  the  contra l atera l sheath i nto the 
a n e u rysm and e n g a g i n g  the  main body endog raft b i 
fu rcat ion  with a 5os O m n i  o r  s i m i l a r  cu rved catheter. 
The i ps i latera l w i re is t h e n  adva nced t h r o u g h  the  g ate, 
to be s n a red from the contra latera l s ide .  O n ce the w i re 
is withd rawn t h r o u g h  the  contra latera l sheath,  a cath
eter may be back- l oaded and adva nced i nto the  m a i n  
body, w h i c h  i n  t u r n  a l l ows a n  exch a n g e  t o  a stiffe r 
w i re t h r o u g h  the  gate.  When necessa ry, a w i re can  a l so 
be adva nced from brac h i a l  a rte ry access for the same 
p u rpose.  

Limb Extension 

• Retrograde i l iac  a n g iography is performed through the  
sheath ,  w ith  the ga ntry posit ion  i n  the  contra latera l  
ob l ique posit ion .  Th i s  wi l l  i dentify the or ig i n  of the  in 
tern a l  i l i ac  a rtery. Once th i s  i s  confi rmed, d i stance from 
the gate to the i ntern a l  i l i ac  i s  measu red using a ma rker 
catheter and a n  a ppropr iately s ized l i m b  i s  chose n .  

D 

FIG 2 • Del ivery a n d  dep loyment of endog raft. A. The m a i n  body is broug ht up the i ps i latera l  i l i ac  
a rtery to the l evel of the ren a l  a rter ies .  An Omni  F lu sh  catheter i s  brought u p  the contra l atera l i l i ac  
a rt

.
e ry a n d  a n  a n g i ogram is  performed.  B. The m a i n  body endog raft i s  dep loyed u nder  f luoroscop ic  

g uidance u ntil the contra latera l gate  i s  opened .  C. The contra latera l  gate  i s  ca n n u lated.  D. An 
extens ion l i m b  is  p laced p roxi m a l  to the i l i ac  b ifurcat ion o n  the contra latera l s ide  a n d  the i ps i latera l 
endog raft is f i n ished be ing  dep loyed (one  dock ing l i m b  systems) or an extens ion l i m b  is p laced (two 
dock ing l i m b  systems) to the l evel of the i ps i latera l i l i ac  b ifu rcat ion .  

2009 
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For th ree-p iece bifu rcated devices (e .g . ,  TriVasc u l a r  
Ovat ion1M, C o o k  Zen ith1M), th i s  p roce d u re has to b e  
performed o n  both s ides .  O pti m a l  l i m b  dep loyment 
m a i nta i n s  suffic ient contact with the gate to m a i nta i n  
sea l (see respective I F U )  a n d  suffic ient d i sta l coverage to 
com p l etely excl ude  the com mon i l iac  a rtery without i m 
p i n g i n g  o n  the or ig i n  o f  the i ntern a l  i l iac  a rtery (FIG 20) .  

• Occas iona l ly, when the d i stance req u i red for proper l i m b  
p lacement d oes n o t  precisely correlate with t h e  s i zes 
ava i l a b le ,  the next s ize-longer  l i m b  may be dep loyed 
i nto the gate and slowly a long  its l ength . D u r i n g  dep loy
ment (once out of the gate), conti n ued u pward p ressure 
on the dep loyment h a n d l e  i s  m a i nta i n ed to encourage 
the g raft to take a somewhat more serp ig inous  route, 
ta k ing  up some of the add i t iona l  leak .  Part ia l  coverage 
of the  i ps i l atera l i ntern a l  i l i ac  a rtery or if ice i s  a l so a ppro
pr iate when dep loyment can be p recisely mon itored i n  
t h e  contra l atera l o b l i q u e  ga ntry posit ion .  

Balloon Molding 

• An appropr iately s ized semicom p l i a nt ba l loon (e .g ., 
Coda1M, Cook Medica l )  is expa nded with d i l ute contrast 
so lut ion at a l l  th ree l a n d i n g  zones and over l ap  a reas 
with i n  the gate(s) as appropr iate for the  specif ic device 
(FIG 3) .  When exist i n g  common i l i ac  a rtery stenosis  i s  
p resent, k i ss i n g  ba l loons should be dep loyed to obta i n  
o pt i m a l  i ntern a l  d i a m eter a n d  prevent l i m b  k i n k i n g  o r  
occl us ion .  S i m i l a r ly, the aort ic  b ifurcat ion  shou ld  a l so 
be d i l ated when necessa ry. Occas iona l ly, se lf-expa n d i n g  
b a r e  meta l n it i no l  stents m a y  be dep loyed at a reas of 
stenos is  or from the d ista l l i m b  i nto externa l  i l i ac  a rtery, 
to p revent k ink ing  of the endog raft o r  native externa l  
i l i ac  a rtery d i sta l to the device. 

Completion Arteriography 

• Com p l et ion a rter iography is performed with h i g h e r  
vo l u m e  a n d  l o n g e r  i nject ion t ime t o  co m p l etely fi l l  t h e  
endog raft, ensure l i m b  patency, a n d  identify endo lea ks 
(FIG 4) .  A l l  type I or I l l  endo lea ks, when p resent at the 
end of the case ,  shou ld  be add ressed with add it iona l  

maneuvers to ensure sea l .  Th i s  may i nc l ude  dep loyment 
of proxi m a l  endog raft cuffs, pro longed m o l d i n g  ba l loon 
i nf lat ion t ime, o r, on occas ion,  p l acement of embo l i sm 
co i l s  i n  reca lc itrant leaks. When s m a l l  l eaks pers ist, even 
when a n atomic  coverage seems adequate, ant icoag u l a 
t ion shou ld  be reversed a n d  sheaths rem oved w i t h  t h e  
p l a n  f o r  fo l l ow-up C T  aortography with i n  a few days. 
Care shou ld  be taken to ca refu l ly eva l uate the nature 
of a l l  l eaks (type, vo l u me, l ocat ion  i n  regard to l u m b a r  
branches, status o f  g raft l i m b  dep loyment, adequacy 
of m o l d i ng,  etc.) before secondary i ntervent ions a re 
cons idered for persistent leaks .  The majority of type I I  
endo lea ks resolve i n  t h e  fi rst year. I n  o u r  practice, we 
never resort to dep loyment of a l a rge  d i a m eter, ba l l oon
expa n d a b l e  stent i n  the  p rox i m a l  neck-accu rate s iz
i n g  a n d  dep loyment of th i s  stent may be d iffi cu l t  a n d  
" stretc h i n g "  the p rox i m a l  or if ice o f  the m a i n  b o d y  i n  
t h i s  way m a y  d a m a g e  t h e  g raft, without suff ic ient as
su rance that the p roxi m a l  type I leak w i l l  be adequately 
add ressed .  

Closure 

• The contra latera l  sheath is removed ove r the w i re a n d  
m a n u a l  press u re i s  h e l d .  The p revious ly  p laced p rec lose 
polypropy lene sutu res a re dep loyed seq uent ia l ly in each 
access s ite and c inched down with a knot pusher  over 
a wire .  When i n it i a l  hemostas is  appears adequate, the 
wi re i s  removed a n d  s l i g ht ly more p ressure i s  a p p l ied to 
the knot pusher. After both sutu res a re dep loyed i n  one 
gro in ,  determi nat ion i s  made as  to wh ich  of the two ap
pea rs to prov ide more effect ive hem ostas i s  a n d  m a n u a l  
pressure i s  he ld  t o  t h i s  suture f o r  5 add i t iona l  m i n utes. 
This is  repeated for the ip s i l atera l  s ide .  

• Proced u ra l  a nticoa g u lat ion is reversed once a l l  sheaths 
and c l a m ps a re removed . It is  essent ia l to wait  for f ina l  
i ntrod ucer device remova l before revers ing  the a nt ico
a g u l at ion,  beca use the l a rge  d i a m eter sheaths used to 
de l iver EVAR devices may a l most ent ire ly occl ude the 
i ps i l atera l externa l  i l i ac  a rtery, ca us ing  potent ia l ly cata
stroph i c  g raft l i m b  and i l iac  a rtery t h rom bosis i n  the ab
sence of fu l l  a nticoa g u l at ion .  

FIG 3 • B a l loon mo ld ing .  A sem i com p l i a nt ba l loon i s  
inf lated at prox ima l  a n d  d i sta l l and ing  zones  as we l l  as at a l l  
over lapp ing  endog rafts. 
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FIG 4 • Com p l et ion a rter iography. Specia l  attent ion is pa id  to ensure the ren a l  a n d  i l i ac  a rter ies a re patent, as we l l  as to identify 
if an endo leak is present. The endog raft itself shou ld  be scrut i n ized for any evidence of l i m b  k i n k i n g .  A. Rena l  a rtery patency 
confi rmed.  B. No Type 1 A  endo leak  confi rmed.  C. Externa l  a n d  i nterna l  i l iac  a rtery patency confi rmed a n d  endog raft itse lf shou ld  
be scruti n i zed for  any evidence of  l imb  k i n k i n g .  D. N o  type 1 B,  2, 3, or  4 endo leak  identif ied w i th  de layed imag ing .  

ENDOVASCULAR ANEURYSM REPAIR FOR 

RUPTURED ANEURYSMS, OR REVAR 

Percutaneous Access 

• B i l atera l CFA access is obta ined under  loca l a nesthes ia .  
The prec lose tech n ique  (descr i bed i n  the previous sect ion) 
can be emp loyed when t ime a n d  cond it ions perm it, but if 
not poss ib le, the case ca n p roceed percuta neously i n it i a l ly, 
with convers ion to open femoral c losure when the endo
g raft is  fu l ly dep loyed and  i nterna l  b leed ing  has stopped. 

• 

• 

Rapid  catheter a n d  g u idewi re exchanges  a re performed, 
with sheath ups iz ing  as noted i n  the p revious  sect ion .  
The use of i ntravenous  a nticoag u l at ion i s  controvers i a l  i n  
t h i s  sett i ng-a g a i n  i t  i s  h i g h ly dependent o n  t h e  hemo
dyn a m i c  status  of the patient, p resence of active b leed
ing ,  a n d  exist ing  consu m ptive coa g u l o pathy. Often when 
treat i n g  rupt u red a n e u rysms, the case  beg in s  without 
a nticoa g u l at ion,  which is su bseq uently i n stituted once 
the m a i n  body and extens ion  l i m bs a re dep loyed. 
In the case of rupture proced u res, preoperative CT aor
tography may not exist or may n ot p rovide suffic ient 

201 1 
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a natomic  deta i l  to g u i d e  dep loyment.  In th i s  c i rcum
stance, catheter a rter iography with a ma rker f lush  cath
eter shou ld  be e m p l oyed to determ i n e  path lengths, 
l a n d i n g  zones, a n d  opti m a l  g raft s i z i ng .  

Aortic Balloon Control 

• Fo l lowing access a n d  wi re excha n g e, a Lunderq u i stTM 
(Cook Medica l )  o r  s i m i l a r  stiff w i re i s  adva nced i nto the 
aorta, over wh ich  a 1 4-Fr  x 5 5-cm bra ided sheath i s  ad
vanced to the l evel of the rena l  a rter ies .  Once loca l i za
tion i s  confi rmed, the sheath i s  sutu red to the skin at the 
access s ite.  

• A semicom p l i a nt ba l loon (CodarM, Cook Medica l )  or  
s i m i l a r  aort ic  occl us ion ba l loon i s  d i rected to a posi
t ion i m m ed i ately p roxi m a l  to the viscera l  a rter ies u nder  
f luoroscop ic  g u i d a nce (FIG 5) .  Once posit ioned, it can 
be m a i nta i n ed i n  the defl ated s i te  unt i l  o r  u n l ess the 
patient's hemodyn a m i c  status req u i res i nf lat ion a n d  aor
t ic  occl us ion .  

• Once b i l atera l thera peut ic  sheath access is obta i n ed a n d  
the deflated occ lus ion  ba l loon i s  pos it ioned proper ly, 
genera l  a n esthes ia may be i n d uced.  

Endograft Delivery and Deployment 

• Ao rtography is performed through the contra latera l  
sheath be low the ba l l oon to l oca l ize the or ig ins  of the 
ren a l  a rter ies .  

• The m a i n  body endog raft is p laced u p  the i ps i latera l  
sheath to the leve l  of the  ren a l  a rter ies .  It shou ld  be or i 
ented so that the gate dep loys i n  a nterolatera l fas h i o n .  

• The m a i n  body endog raft is then dep loyed accord i n g  to 
the I FU ,  j ust d ista l to the  lowest ren a l  a rtery. Dep loyment 
cont i n ues unt i l  the contra l atera l gate is fu l l y  dep loyed 
(FIG 6) .  

• The i ps i latera l l i m b  of the endog raft is ca n n u lated 
and the sheath advanced i nto the m a i n  body of the  
endog raft. 

• A second Coda ba l loon is p laced i n  the ips i l atera l sheath 
and inf lated in the m a i n  body (FIG 7) .  The fi rst ba l loon i s  

-

FIG 5 • Aortic ba l loon control for REVAR. A semicom p l iant  
ba l l oon i s  p laced u p  the contra latera l  i l i ac  a rte ry proxi m a l  to 
the ce l i ac  t runk .  It can be inf lated depen d i n g  o n  hemodyn a m i c  
i n sta b i l ity. 

-

FIG 6 • M a i n  body dep loyment for R EVAR. After a n  
a n g iogram is  performed to identify t h e  ren a l  a rter ies a n d  
aort ic  neck, the  m a i n  body i s  dep loyed u p  the ips i latera l 
i l i ac  a rte ry. Th is  can be done with the semicom p l i a nt ba l loon 
i nfl ated . 

deflated a n d  removed through the contra latera l  sheath.  
B a l loon p l acement should be performed i n  such a way 
that t ime  without ba l loon coverage i s  kept to an a bso
l ute m i n i m u m .  Retro peritonea l  hemorrhage can con
t inue at a rap id  rate throughout this  procedu re, a n d  in 
the a bsence of externa l  b leed i ng,  neither the s u rgeons 
nor  the a n esthes io log ists may appreciate true m a g n itude 
of b lood loss  a n d  c i rcu l atory reserve. U nder  these c i rcum
sta nces, hemodyn a m i c  co l l a pse can be prec ip ito us a n d, 
u nfortunate ly, ca l a m itous, u n l ess an occ lus ion  ba l loon i s  
proper ly pos it ioned a n d  i m m ed iately i nfl ated at the fi rst 
i n d icat ion  of rap id  hemodyn a m i c  deter ioratio n .  

) 

Figure 7 • Ba l loon exchange and gate can n u lation for REVAR. 
The entire ips i lateral gate is deployed pr ior to contra latera l gate 
ca n n u lation. A second sem i-compl iant bal loon is p laced u p  the 
ips i latera l endog raft l i m b  (top of image) and p laced i nto the 
ma in  body of the endog raft. It ca n be i nflated depend ing on 
hemodynamic  instab i l ity. The fi rst sem i-compl iant ba l l oon is 
removed and the sheath is brought to d i stal  to the contra latera l 
gate to prepare for gate ca n n u lation .  Retrograde ang iography 
with a marking catheter is performed through the contra latera l 
sheath to identify the i l iac bifurcation and desi red l i m b  extension 
length.  
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Gate Cannulation 

• G ate ca n n u lat ion p roceeds i n  a sta ndard fash ion  d u r i n g  
REVAR.  

Limb Extension 

• L i m b  extens ion proceeds i n  a sta n d a rd fash ion  d u r i n g  
REVAR.  Ti me awareness i s  cr it ica l  d u ri n g  sta ndard EVAR 
steps to ensure that a n e u rysm sea l i n g  i s  acco m p l i shed in  
the m ost exped it ious manner possi b le .  

Balloon Molding 

• CodaTM ba l loon (Cook Medica l )  m o l d i n g  is performed at 
a l l  sea l  zones to opt im ize hemostas is .  O n ly after m o l d i n g  
is  com p l ete i s  hemostas is  assured.  

- -� 

FIG 8 • Comp let ion aortography for R EVAR.  

Completion Aortography Closure 

• Com p l et ion aortography is performed as p revious ly de- • 

scr ibed.  Attent ion shou ld  be pa id  to a l l  the usua l  con
s ideratio ns, i n c l u d i n g  p resence a n d  nature of  endo lea ks, 
i l i ac  l i m b  or  a rteri a l  k ink ing ,  suffic ient over lap  in the 
l a n d i n g  zones to meet I FU ,  a n d  so forth (FIG 8) .  

Closure proceeds as ind icated for sta ndard EVAR, with ca
veat that if ProG l ides were not deployed prior to percutane
ous access, then surgical  i ncis ions wil l  need to be made to 
expose the femora l a rtery sites for control and closure under 
d i rect v is ion as the therapeutic sheaths are withdrawn. 

PEARLS AND PITFALLS 
Access 

G ate ca n n u lat ion 

Tortuous i l iacs 

C losure 

Ruptu res 

• U ltraso u n d  g u i da nce i s  essent i a l  to l i m it i n g  access com p l i cat ions .  Visua l ize the need l e  tip enter i n g  the 
a nter ior  a rtery wa l l ,  i n  a n  a rea deemed a p p ropr iate for access. 

• In genera l ,  m a i n  body shou ld  be adva nced through the more tortuous of the two i l i ac  a rter ies to a l l ow 
a more " stra ight  shot"  for the contra l atera l gate ca n n u l at ion .  Th is  p reference is not a lways p ractica l ,  
however, a n d  late ra l ity may need to be dec ided based o n  more pract ica l  cons iderat ions (e .g . ,  I s  the tortu
osity suff ic ient to p revent m a i n  body posit io n i n g  and dep loyment a ltogether?) .  

• Perform the com p l et ion aortog ram with soft catheters i nstead of stiff wi res i n  p lace .  Stiff wi res may 
stra ig hten out a tortuous vesse l ,  which may end up k i n ked when the wi res a re removed and lead to l i m b  
occ lus ion .  A lso, retent ion o f  stiff wi res a t  t h e  t i m e  o f  com p l et ion aortog raphy m a y  mask t h e  d eve lop
ment of type I p roxi m a l  endo leaks, wh ich  may d eve lop  s ituati o n a l ly when stiff wi res a re removed .  

• Tie  down the sutures of the c losure device with  the w i re i n  p lace.  If there i s  sti l l  s i g n if icant b leed i ng,  
e ither  dep loy a n other  c losure device o r  p lace a n  occ lus ive sheath and  p roceed with open convers ion  of 
the femora l  a rtery c losure under more contro l led c i rcumstances.  

• O utcomes a re vast ly i m p roved when REVAR p rotocols  a re esta b l i shed and p ract iced.  Abdom i n a l  compart
ment syn d rome is  a rea l a n d  freq uent com p l i cat ion fo l l owing  R EVAR-if there i s  any i n d i cat ion that ven
t i l at ion p ressu res a re r is ing or  abdom i n a l  p ressu res a re s i g n if icantly e levated at the  end of the  p roced u re 
by measu r ing  b ladder  p ressu re, strong cons iderat ion shou ld  be g iven to decompressive l aparotomy at the 
i n it i a l  sett i n g .  

POSTOPERATIVE CARE elevated at the end of the initial procedure. When decompres
sive laparotomy is performed, free peritoneal blood should 
be evacuated but retroperitoneal hematomas should not be 
explored or evacuated. Abdominal wound suction systems 
should be deployed to control drainage and provide a moist 
environment for intestinal viability. Dressing changes should 
be performed daily or every other day until the wound can 
be safely closed. 

• Patients should remain supine for a minimum of 3 hours 
and are free to ambulate thereafter. Most elective EVARs can 
be discharged on postoperative day 1 or 2. For cases well 
within the IFU, same-day surgery is now a reality and can 
safely be offered to patients who can remain in reasonably 
close proximity to the hospital the evening after surgery. 

• Following REVAR, consideration should be given to de
compressive laparotomy whenever abdominal pressures are 

• Initial postprocedural CT aortography is performed at 
1 month to document presence or absence of endoleaks 
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FIG 9 • Postoperative i m a g i n g .  3-D reconstruct ion of a CT 
aortog ram in a pat ient who have u ndergone successfu l  EVAR at 
1 month fo l l ow-u p.  

and graft position and confirm visceral perfusion ( FIG 9) .  

Follow-up imaging i s  performed with either ultrasound +/
noncontrast CT scanning or by CT aortography, based on 
the last known status of endoleaks (presence or absence ) ,  
symptomatic status, and comorbid conditions such as  
chronic renal insufficiency. In general, we prefer serial ultra
sound evaluations, with CT scanning reserved for aneurysms 
which are enlarging following endografting or evidence of 
significant changes in endoleak volume or location. 

OUTCOMES 

• All-cause mortality is similar in patients undergoing open or 
EVAR for AAA at 2 years .3•8•9 

• There is higher perioperative survival in patients undergoing 
EVAR, which is sustained for several years . 3  The loss of this 
is due to late ruptures in the EVAR group. 

• Secondary interventions are similar in open and EVAR.3 

COMPLICATIONS 

• Endoleak 
• Delayed rupture 
• Renal dysfunction 
• Thromboembolism 
• Limb occlusion 
• Colon ischemia 
• Abdominal compartment syndrome (ruptured EVAR) 
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DEFINITION 

• Iliac aneurysm is defined as an iliac artery whose diameter is 
20 mm or more. Iliac aneurysms are present in up to 20% of 
abdominal aortic aneurysms,1 and common iliac aneurysms 
occur far more frequently than internal iliac aneurysms. 

• Isolated iliac aneurysms represent less than 5% of all aor
toiliac aneurysms. 

• External iliac aneurysms are extremely rare and mostly 
either associated with underlying connective tissue disorders 
or represent traumatic pseudoaneurysms. 

DIFFERENTIAL DIAGNOSIS 

• Differential diagnoses of iliac aneurysm are limited to true 
degenerative aneurysms, which are most common; mycotic, 
traumatic, or surgical pseudoaneurysms; or aneurysmal en
largement of the false lumen from a primary dissection. 

PATIENT HISTORY 

AND PHYSICAL FINDINGS 

• Most iliac aneurysms are clinically silent (asymptomatic ) .  
Rarely, i n  very thin individuals with large aneurysms, a pul
satile aneurysm may be palpable on physical examination. 
Even more rarely, a patient being evaluated for hydroureter 
may be determined to have an iliac aneurysm. Ureteral ob
struction in this circumstance derives from perianeurysmal 
inflammation (similar to retroperitoneal fibrosis ) rather than 
mechanical compression by the aneurysm. 

IMAGING AND 

OTHER DIAGNOSTIC STUDIES 

• Although a plain abdominal x-ray can detect an aortoiliac 
aneurysm if there is heavy mural calcification, the most 
common imaging modalities include ultrasound, computed 
tomography (CT),  and magnetic resonance imaging (MRI ) .  

• Thin-cut ( 1  mm), intravenous contrast-enhanced, spiral CT (CT 
arteriogram) represents the "gold standard" for diagnosis and 
anatomic evaluation of abdominal aneurysms. Even in patients 
with stage III/IV chronic kidney disease, high-qualiry imag
ing may be obtained relatively safely using reduced volumes 
of isoosmolar, nonionic contrast with multidetector (32, 64, 
128,  or 220) scanners, particularly following preprocedural 
intravenous hydration. The CT dataset is rendered into three
dimensional (3-D) images for dimensional postprocessing, a 
critical requirement for complex endovascular case planning. 

• Conventional arteriography adds little to the identification 
and analysis of iliac aneurysms; penetrating ulcers may 
appear like saccular aneurysms, and large aneurysms with 

circumferential mural thrombus may appear to have a nor
mal contour. 

SURGICAL MANAGEMENT 

• In general, iliac aneurysms are repaired when they reach 
30 mm in diameter, become symptomatic, or rupture. 

• Due to the relatively inaccessible location of iliac aneurysms, 
situated deep in the pelvis, as well as densely adherent pel
vic veins posterior to the arteries and frequent co-occurrence 
of calcific occlusive disease, conventional surgical repair is 
challenging and fraught with risk of significant hemorrhage. 
Thus, evolving endovascular methods of repair have largely 
supplanted open surgical reconstruction. 

• A variety of off-label devices and hybrid techniques have been 
applied to iliac aneurysm management. The variabiliry derives, 
in large part, from uncertainty regarding the need to preserve 
antegrade internal iliac artery flow in most patients. Indica
tions for internal iliac preservation remain controversial due to 
the added complexity, cost, and uncertain benefit derived from 
such procedures; analysis of the relative merits of intentional 
unilateral occlusion versus preservation in the management of 
iliac aneurysm disease is beyond the scope of this chapter. 

Preoperative Planning 

• As in all things endovascular, high-quality imaging is critical 
for precase planning and, as previously mentioned, CT arte
riography is optimal for this purpose. Using a combination 
of axial imaging and 3-D postprocessing, complete evalua
tion should, note the following: 

Locations, diameter, and length of proximal and distal 
landing zones 
Iliac artery tortuosity and angulation 
Presence and severity of associated occlusive disease 
Ipsilateral and contralateral internal iliac artery patency 
Status of the ipsilateral deep femoral artery 
Concomitant abdominal or thoracic aortic pathology 

• In general, landing zones are sited in nonaneurysmal arterial seg
ments, manifesting minimal occlusive disease, with relative ab
sence of angulation or tortuosiry. The allowable diameter range 
for treatment may vary, depending on the particular device to be 
deployed. In all circumstances, reference should be made to the 
"Instructions for Use" included in tlte package insert. 

• Device selection is based on the need for durable aneurysm 
exclusion and endograft fixation, accomplished with the 
fewest component pieces possible. 

• This chapter focuses on endovascular and hybrid manage
ment strategies for the iliac bifurcation in the context of large 
common or internal iliac aneurysms. Standard techniques suf
fice for management of smaller ( <24 mm) aneurysms that do 
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not involve the bifurcation, either in isolation or associ
ated with larger proximal aortic aneurysms. 

Positioning 

• Nearly all endovascular aortoiliac aneurysm repairs are per
formed with the patient in the supine position, with both 
arms tucked. The operative team stands on the patient's right, 
with the C-arm brought in from the left. Although some 

ENDOVASCULAR COMMON ILIAC 

ARTERY ANEURYSM REPAIR WITH 

INTERNAL ILIAC ARTERY OCCLUSION 

• After obta i n i ng b i l atera l femora l  access, a shepherd 's 
hook-type (e.g. ,  O m n iTM F l ush) s ide-hole catheter is ad
vanced from the contra latera l s ide for pe lv ic  a rter iogra
phy. Typica l  i nject ion tech n ique  is 10 to 15 m l  contrast at 
1 5  ml per second .  Fo l lowing satisfactory anatomic de l i nea
t ion,  a steerab le  hydro p h i l ic 0.035 g u i dewire (e .g ., ang led 
G l idewi re®, Terumo) is  advanced through the sa me cath
eter i nto the ips i latera l externa l  i l iac  a rtery. Fo l lowing 
exchange for a stiffer g u idewire (e .g . ,  Rosen®), the f lush 
catheter and  contra latera l femora l sheath a re removed 
and  replaced with a 45-cm 6-French (Fr) g u ide  sheath (e .g ., 
Ba lkan® or s i m i l a r  bra ided sheath), posit ion ing the t ip  i n  
t h e  d i sta l th i rd o f  t h e  common i l iac  aneurysm (FIG 1 ) .  

• A 65-cm 4-Fr ang led  catheter (e .g . ,  Kum pe®) is advanced 
through the sheath a n d, u nder  d i g ita l  s u btract ion  road
mapp ing  g u i d a nce, d i rects the hyd ro p h i l i c  g u i dewire i nto 

6-Fr x 45-cm sheath 

Flush port 

FIG 1 • A 45-cm, 6-Fr g u i d e  sheath i s  i ntrod uced from the 
contra latera l  femora l  access. Th i s  provides a sta b le  p latform 
for i nterva l a n g i o g ra phy, se lective cath eter izat ion,  a n d  co i l  
embo l izat ion o f  t h e  i ntern a l  i l i ac  a rtery. 

operators prefer to access the left groin from the left side 
of the table, for a right-handed operator, it is ergonomically 
more natural to access both groins from the right. 

• Electrocardiogram (EKG) leads and other monitoring 
cables and lines are positioned so that they are not in the 
x-ray beam and do not entangle the C-arm gantry. 

• The left arm should be available for brachial artery 
access when necessary; it is not routinely prepped into 
the surgical field. 

• 

• 

the i ps i latera l interna l  i l i ac  a rtery (FIG 2) .  The cath eter i s  
then adva nced securely i nto e ither  the a nter ior  or  poste
r ior  d iv is ions .  The C-a rm ga ntry i s  pos it ioned at approxi
mately 30 deg rees contra latera l a nter ior-o b l i q u e  for 
opti m a l  v isu a l i zat ion d u r i n g  this maneuver. With access 
secured, the 6-Fr sheath i s  then adva nced over the 4-Fr 
catheter i nto the proxi m a l  i ntern a l  i l i ac  a rtery. 
A se lective i nterna l  i l i ac  a rter iogram is obta i ned through 
the 6-Fr sheath ,  a n d  the ang le  catheter i s  retracted to the 
fi rst b ifurcat ion of the i nterna l  i l iac  a rtery. Typ ica l ly, d i sta l 
access is m a i nta ined with the w i re d u r i n g  th i s  m a n euver. 
[Alternate tech n i q ue]  Depe n d i n g  on a natomic  cons id
erat ions  (e .g . ,  tortuosity, i l iac  b i furcat ion a n g l e, i nter
n a l  i l i ac  branch a n atomy, etc.), ips i l atera l  access may be 

6-Fr x 45-cm sheath 
4-Fr x 65-cm 

catheter 

Flush port 

FIG 2 • A 65-cm, 4-Fr ang led catheter i s  used to se lectively 
engage the i ntern a l  i l iac  a rtery. Typica l ly, the catheter is used in 
com b i nat ion with a soft-t ipped a n g led hyd ro p h i l i c  g u idewire.  
After the g u idewire crosses the or ig in of the i ntern a l  i l iac  
a rtery, it i s  advanced deep i nto any one of its  d i sta l  branches, 
a n d  the catheter adva nced over the g u idewire.  The hyd rop h i l ic 
g u i dewire is removed, a n d  an ang iogram is performed 
through the catheter to confirm correct posit ion i n  the m a i n  
t runk  o f  the i nterna l  i l iac  a rtery. The 6 - F r  g u i d e  sheath m a y  b e  
optio n a l ly adva nced c loser t o  the or ig in  o f  the a rtery before 
removi ng the g u idewire to g a i n  add itiona l  sta b i l ity. 
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A B 

FIG 3 • A.B. When us ing  the ip s i l atera l  approach, a va r iety of catheter sha pes may be used depen d i n g  on the a n g l e  of the 
i nterna l-extern a l  i l i ac  bifu rcation a n d  the l u m i n a l  d i a meter of the common i l i ac  a n e u rysm .  The th ree most usefu l a re the 
shepherd 's hook, Cobra®, a n d  r ig ht-a n g l e  cu rved catheters. 

feas ib le .  In this case, a 2 5-cm, 6-Fr sheath i s  advanced 
from the ips i latera l femora l  a rte ry. A 4- or  5-Fr appro
pr iately sha ped catheter (cu rve or  reverse cu rve) d i rects 
the hyd ro p h i l i c  g u idewi re i nto the i ntern a l  i l ia c  a rtery 
(FIG 3) .  If a shepherd 's hook catheter type is e m p l oyed, 
the hook may be reformed e ither  i n  the i l iac  a n e u rysm 
or  in the aorta, depen d i n g  on the i r  respective l u m i n a l  
d i a m eters. T h e  ip s i l atera l a pproach i s  more dema n d i n g  
tech n ica l ly a n d  i s  n ot reco m m ended when concom itant 
i ntern a l  i l iac  a n e u rysm embo l izat ion i s  a l so i n d i cated .  

• S ize-a ppropriate p lati n u m  occ lus ion coi ls  a re dep loyed 
through the 4-Fr catheter i nto the ma in  i nterna l  i l iac a rtery 
tru n k, with care taken to avoid p lacement or d ista l  m i g ra
tion i nto arbor iz ing branches or ref lux back i nto the ma in  
i l iac ci rcu lat ion.  Alternative vascu la r  occ lus ion devices may 
a lso be used for interna l  i l iac embol ization, i nc lud ing  hy
d rogel co i l s  and  n it ino l  mesh (e .g . ,  Amplatzer®) p l ugs.  I n 
terva l a rter iograms a re obta ined us i ng  sma l l  vo l u m e  hand  
i nject ions through the sheath or  catheter to  gu ide  dep loy
ment and  confirm posit ion ing .  Complete occl us ion of the 
target a rtery d u ring  dep loyment is not necessa ry or even 
des irab le .  Fo l lowing subsequent endog raft dep loyment 
over the i nterna l  i l iac a rtery orif ice, i n  the a bsence of a nte
g rade flow, the extens ive su rface a rea of the coi l s  i nd uces 
ra p id  throm bosis fo l lowing  reversa l of a nticoagu lation at 
the end of the procedure.  Usua l ly  less than five co i l s  wi l l  
suffice t o  u lt imately ind uce comp lete occ lus ion .  

• [Alternate tech n iq ue] The presence of an i nterna l  i l i ac 
aneurysm, e ither with or  without a n  associated proxi m a l  
common i l iac aneurysm, deserves specia l  considerat ion .  I n  
these s ituations, more extensive embol ization o f  t h e  i nter
n a l  i l iac  c ircu lat ion w i l l  be necessa ry to prevent retrograde 
(type I I) endoleak.  I n d iv idua l  i ntern a l  i l iac  branches m ust 
be sepa rately embol ized at the i n it ia l  p rocedure (FIG 4) .  

6-Fr  x 45-cm sheath 

catheter 

FIG 4 • In the sett ing  of i ps i latera l concom itant i ntern a l  i l iac  
a n e u rysm treatment, the contra latera l  a p p roach should be 
used, and g u ide  sheath advanced we l l  with i n  the i ntern a l  
i l i ac  a rtery itself. I n d iv id u a l  branches a r i s i n g  from the i ntern a l  
i l i ac  a n e u rysm m a y  p rove d ifficu lt  t o  identify a n d  catheter ize .  
M u lt ip le  project ions  of the C-a rm g a ntry, both in latera l  o b l i q u e  
a n d  cra n ioca u d a l  d i rect ions, shou ld  be e m p l oyed to v isu a l i ze t h e  
branches .  
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• 

If l eft u ntreated, due  to co l l atera l pelvic f low, these 
branches u nfortu nately rema in  patent fo l lowing  endo
g raft dep loyment, severely l i m it ing  options for secondary 
proced u res. Com plete branch vessel embol ization ca n be 
time consu m i n g  and  ted ious, due to the sheer n u m ber, 
anatomy and  sizes of the branches that must be occ luded, 
req u i r i ng  patience, expert catheter and g u idewire sk i l ls, 
and exce l lent i ntraoperative imag ing .  
[Alternate tech n i q ue]  When the com m o n  i l i ac  a n e u rysm 

and a n e u rysm a natomy. Endog raft dep loyment nea rly 
a l ways fo l l ows management of the i ntern a l  i l i ac  a rtery 
in some form or a nother. In the typ ica l scena rio, fo l l ow
ing i nterna l  i l iac  embo l izat ion,  the endog raft posit ion
i n g  a n d  dep loyment proceeds i n  the sta ndard fash ion  
except for  extens ion of the i ps i l atera l d i sta l l a n d i n g  zone  
beyond the i l iac  b ifurcat ion to the externa l  i l i ac  a rtery. 
At least 20 m m  of p u rchase i nto the externa l  i l i ac  a rtery 
is reco m m ended . 

tapers to a funne l  near  the i l iac  b ifurcat ion,  the so-ca l l ed • I n  the u n usua l  case of an iso lated common i l i ac  aneu
rysm without aort ic  i nvolvement, w ith  a proxi m a l  u n i n 
volved seg ment at least 20 mm i n  d i a m eter a n d  1 5  m m  
i n  l ength,  a short endog raft m a y  be dep loyed t o  br idge 
the prox ima l  common a n d  externa l  i l i ac  a rter ies . 2 Device 
o pt ions  for this a p p roach i n c l u d e  either the "off- l abe l "  
dep loyment of  a n  aorto u n i i l i a c  converter g raft or  p lace
ment of a f la red or  " b e l l  bottom "  i l i ac  endog raft l i m b  
that h a s  been p revious ly dep loyed, reversed, and  re
loaded i nto the de l ivery sheath at the back ta b le  (way 
off- l a be l ) .  These adaptations  a re often necessary because 
a lthough nonaneurysma l ,  the common i l i ac  a rtery i s  sti l l  
too l a rge  t o  securely seat t h e  p roxi m a l  e n d  o f  most i l iac  
l i m bs. To obta i n  a satisfactory proxi m a l  sea l ,  the d ista l  
f la red seg ment, co m m o n ly ava i l a b le  i n  d i a m eters u p  to 
24 mm, i s  dep loyed p roxi m a l ly by s i m ply revers ing  the 
l imb i n  the sheath (FIG 6) .  

• 

s leeve tech n i q u e  may be e m p l oyed to occl ude the adja
cent i nterna l  i l i ac  a rtery. I n  this method a n  a p p ropr iately 
s ized aort ic  cuff i s  dep loyed i nto the d ista l com m o n  i l i ac  
a rtery a n d  over the i nterna l  i l iac  a rtery or ig in .  The d ista l 
end of th i s  cuff is pa rtia l ly extended i nto the externa l  
i l iac  a rtery. The i l i ac  l imb i s  next passed through the aor-
t ic  cuff a n d  dep loyed norma l ly from its proxi m a l  l and-
i n g  zone a n d  i nto the externa l  i l i ac  a rtery 20 m m  d ista l 
to the aort ic  cuff (FIG 5) .  The p utative benefit of th i s  
tech n i q u e  is  avo ida nce of potenti a l  atheroembo l izat ion 
that may occur  d u r i n g  sta n d a rd co i l  occ lus ion  tech n i q ues 
from catheter m a n i p u lat ion,  which some spec u l ate i s  the 
cause of ische m i c  com p l icat ions  fo l l owing  i ntern a l  i l i ac  
a rtery occl us ion .  
Fo l lowing i ntern a l  i l i ac  occ lus ion ,  subsequent a n e u rysm 
exc lus ion  proced u res va ry as funct ions  of l a n d i n g  zone 

Proximal end of i l iac 
l imb partially deployed 

Aortic cuff 

Distal end of i l iac l imb 
in the external i l iac artery 

FIG 5 • N ote that in th i s  tech n i q ue, the d ista l segment of 
the co mmon i l i ac  a n e u rysm m u st funne l  down so that the 
aort ic  cuff wi l l  coapt secure ly  a g a i nst the i ntern a l  i l i ac  or if ice .  
The aort ic  cuff should be expa nded fo l lowi ng dep loyment 
with a com p l i a nt m o l d i n g  ba l loon to securely seat i n  pos it ion 
to prevent s u bseq uent i n advertent d is lodgement when 
advanc ing  the  i l i ac  l i m b  de l ivery system .  

> 1 5  mm length 

Embol ization coils 

FIG 6 • Not a l l  endog raft systems have an aorto u n i i l i a c  
device or  converter. S i m i l a r ly, not  a l l  endog rafts can be  
dep loyed ex vivo a n d  resheathed .  Cu rrently, the on ly  system 
is  the Zenith F l ex® (Cook, B loomi ngton, IN) .  I f  the  or ig i n  of 
the contra latera l  com mon i l iac  a rtery i s  part ia l ly covered 
and f low co m prom ised for any reason, a bare meta l ba l loon
expandab le  ste nt shou ld be dep loyed i n  a " kiss i n g "  m a n n e r. 
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ENDOVASCULAR COMMON ILIAC 

ARTERY ANEURYSM REPAIR WITH 

INTERNAL ILIAC PRESERVATION 

• 

• 

• 

These tech n i q ues specif ica l ly  perta i n  to common i l i ac  
a n e u rysms without a n  associated i ps i latera l i nterna l  
i l i ac  a n e u rysm .  I n  cases  of a n  i ntern a l  i l iac  a n e u rysm (see 
except ion  be low), preservat ion  methods a re not poss i b l e  
a n d  se l ective b r a n c h  occ lus ion  (see a bove) a n d  endovas
c u l a r  exc lus ion  a re necessa ry. 
I n d icat ions  for i ntern a l  i l i ac  a rtery preservation may 
i nc l ude  the fo l lowi n g :  
• Routi ne revasc u l a r izat ion as p roced ura l  preference 
• The p resence of contra l atera l intern a l  i l i ac  occl us ion 
• Active patient with concern/potent ia I for buttock 

c l aud icat ion 
• D i a betic with d i seased ips i l atera l  deep femora l  

a rtery (reduced potent ia l  co l l atera l supp ly) 
• Pr ior  thorac ic  endog raft repa i r  (concern rega rd i n g  

a nter ior  s p i n a l  a rtery co l l atera l f low ar i s i ng  from 
the i ntern a l  i l i ac  c i rcu lat ion and potent ia l  for post
operative parap leg ia)  

The s i m p lest i ntern a l  i l i ac  preservat ion tech n i q u e  in
volves dep loyment of f la red o r  so-ca l led be l l -bottom de
v ices .  Altho u g h  a necdota l l y  app l ied to l a rger  a n e u rysms, 
conventi o n a l ly, th i s  tech n i q u e  is l i m ited to common i l i ac  
a rtery a n e u rysms with 24-mm or  shorter d i a m eter d is
ta l  l a n d i n g  zones. As an off- l abe l  mod if ication of th i s  
tech n i q ue, for  com mon i l i ac  a n e u rysms with  l a rger  or  
poor ly  defi ned d i sta l l and ing zones, the maxi m a l  d iam
eter  f la red i l i ac  l imb i s  i ntent iona l l y  dep loyed a p p roxi
mately 2 em p roxi m a l  to the i ntern a l  i l iac  a rtery or if ice.  
An aort ic  extens ion cuff without a p roxi m a l  u n covered 
stent (typ ica l ly 28 mm) i s  then dep loyed ha lfway i nto 
the u nsecured i l i ac  l i m b  a n d  f la red out i nto the d ista l 
a n e u rysm, essent i a l ly creat i n g  a larger  l a n d i n g  zone than  
that  conventio n a l ly ava i la b l e  (FIG 7) .  Although  strictly 

FIG 7 • In this i n stance, the patient had b i l atera l common 
i l i ac  a n e u rysms. The r ight  s ide  was l a rge  a n d  left was s m a l l e r. 
The r ight i nterna l  i l i ac  a rtery was occ luded a n d  the i l i ac  
l i m b  extended to the externa l  i l iac  a rtery. The be l l -bottom 
tech n i q u e  was a b l e  to be used for the sma l l e r  l eft common 
i l i ac  a n e u rysm because it was on ly  24 mm. 

• 

• 

• 

spea k ing ,  cuff dep loyment is essent i a l ly i n  the aneu
rysm itself; l ate outcomes f rom these  proce d u res appear  
favo ra b l e, with  a l ow reported i nc idence of m i g rat ion o r  
type l b  endo leak .  
D i rect i ntern a l  i l iac  a rtery revascu la r izat ion can a l so be 
acco m p l ished by s u rg ica l  bypass from or  tra nsposit ion to 
the ip s i l atera l externa l  i l i ac  a rtery d i sta l  to the ips i l atera l 
endog raft l i m b .  L ike a l l  open vasc u l a r  p roced u res, expo
s u re i s  the m ost cr it ica l req u i rement for techn ica l  success. 
Proper inc i s ion  p lacement and entry i nto the retroper i 
tonea l space i s  tanta m o u nt to g a i n i n g  adequate a n d  
safe i l iac  b ifurcation exposure and  m i n i m iz ing  post
operative d i scomfort. For these exposu res, the pr imary 
s u rgeon sta nds  on opposite s ide  of the ta b le .  The inc i 
s ion  is  centered over e ither  l ower q u a d rant  a n d  sta rts 
at a para m e d i a n  location at l evel of the u m b i l i cus a n d  
gent ly cu rves toward the m i d l i ne over the fi rst t h i rd of 
the d i stance from the u m b i l icus to the sym p hysis pub i s  
(FIG 8) .  Exposu re p roceeds through the a nter ior rectus 
sheath fo l l owing  the hockey-st ick shape of the skin inc i 
s ion .  Care i s  taken not to d iv ide the rectus m usc le-th i s  i s  
a com p l ete " m uscle-spa r i n g "  tech n i q u e .  The sheath itse lf 
i s  i n c ised at least 3 to 5 em med ia l  to the se m i l u n a r  l i n e .  
Keep ing  the rectus m usc le i ntact red u ces i n ci s iona l  her
n i a  r i sk a n d  decreases postoperative p a i n .  
The rectus m usc le is  d issected away from the sheath 
and retracted med ia l ly. The retroper itonea l  space is  
deve loped below the a rcuate l i ne ( l inea semic i rcu la ris) 
j ust super ior  to the i nfer ior  ep igastric vesse ls, wh ich  a re 

Lateral border of 
rectus sheath � 

I 
I 
I 
I 
\ 
\ 

, _  

FIG 8 • I n  some patients, t h e  d ista nce between the 
u m b i l i cus a n d  the sym p hysis pub i s  may be q u ite short .  If so, 
the l o n g itud i n a l  segment of the inc i s ion  i s  extended more 
i nfer ior ly than dep icted i n  this d iagram.  The m ost i m portant 
techn ica l  po int  of th i s  exposure i s  to p lace the inc i s ion  
suffic ient ly med ia l ly as the late ra l  border  of the rectus sheath 
i s  not pa lpab le  and there a re no obvious su rface l a n d m a rks. 
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preserved a n d  gently swept i nfer ior ly. In women without 
pr ior  hysterectomy, the rou n d  l i gament of the uterus i s  
often encou ntered as a f ibrous cord dur ing th i s  exposure 
and is  d iv ided between t ies .  The per itonea l  sac i s  swept 
b l u nt ly med ia l l y  unt i l  the externa l  i l i ac  a rtery a n d  the 
d ista l h a lf of the  com m o n  i l iac  a n e u rysm a re exposed .  
The u reter i s  v i sua l ized cross ing  the i l i ac  a rtery a n d  
shou ld  be l eft u n d istu rbed . Se lf- reta i n i n g  retractors (e .g . ,  
Bookwalter®) a re p laced at th i s  poi nt. 

• Choice of retractors a n d  proper p lacement a re essent ia l  
for proced u ra l  success. The retractor post  i s  p l aced on 
the opposite s ide  a bout the leve l  of the costa l m a rg i n, 
a n d  a sma l l  round r ing  is fixed a n d  centered d i rectly over 
the inc i s ion .  A B a lfour® b lade  i s  p laced over the i n g u i n a l  Intraluminal stent 
l i g a ment, a n d  a med i u m  Kel ly® b lade or iented toward 
the opposite shou lder. A na rrow m a l leab le  b lade  i s  or i -
e nted med i a l ly to retract the b ladder. Fol lowi ng retrac-
tor p lacement, if  the inc i s ion  was sited proper ly, the i l i ac  
b ifurcation shou ld  be posit ioned d i rectly i n  the center  of  
the surg ica l  f ie ld .  

• The m idsegment of the exter n a l  i l i ac  a rtery is exposed 
and contro l led .  The i nterna l  i l iac  a rtery i s  next i so lated 

• 

from the sur ro u n d i n g  t issue, from its or ig i n  to the b ifur
cat ion of the a nter ior  a n d  poster ior  d iv is ions, which a re 
i n d iv idua l l y  contro l led .  No attem pt shou ld  be made to 
expose anyt h i n g  more than  a s m a l l  a nter ior  aspect of the 
d i sta l  common i l i ac  a n e u rysm d u ri n g  th i s  m a n euver. 
The i ntern a l  i l iac  a rtery or ig i n  is l igated with a-polypro
pylene  sutu re, and the a nter ior and poster ior  d iv is ions 
of the i nterna l  i l i ac  a rtery a re contro l led i ndependently. 
Ad d it io n a l  s m a l l  branches ar i s i ng  from the m a i n  tru n k  
a re c l i pped for hemostas is .  T h e  i ntern a l  i l i ac  a rtery i s  
d iv ided as  proxi m a l ly as  poss i b le,  a n d  t h e  stu m p  c losure 
is rei nforced a n d  i m br icated with a 5-0 polypropy lene 
sutu re (FIG 9) .  The d i sta l i ntern a l  i l i ac  a rtery i s  then 

FIG 10 • An 8-mm g raft i s  a n asto mosed to the  d i sta l end 
of the  i ntern a l  i l i a c  a rtery fi rst. D u e  to the  deep  nature 
of t h i s  a rte ry, t h i s  a n asto mos i s  ca n be d iffi cu l t .  An open  
( " p a rach ute ")  a n asto mot ic  tech n i q u e can  be h e l pf u l  i n  
v i su a l i z i n g  the  suture l i ne  t h r o u g h o u t  p l acement .  The 
d i st a l  a n asto mos i s  i s  tested for h e m ostas i s  and a n y  l e a ks 
com p l ete ly repa i red before the  p roxi m a l  a n a sto mos i s  i s  
performed,  as  the  fo r m e r  may be d iffi c u lt to see once 
the  l atter i s  comp l eted . The exte r n a l  i l i a c  a n asto m os i s  
i s  pe rfo rmed at l east 5 em d i sta l  to i t s  o r i g i n  a long  its 
poste romed i a l  aspect.  

mob i l ized from the s u bjacent i ntern a l  i l i ac  ve i n .  • A segment of the i ps i latera l ,  adjacent externa l  i l ia c  
• The patient is system ica l ly a nt icoa g u l ated at th i s  poi nt.  

An 8-mm x 1 0-cm g raft kn itted, co l lagen- impregnated 
polyester g raft i s  anastomosed to the d ista l  stu m p  of the 
i nterna l  i l i ac  a rtery in a n  end-to-end m a n n e r. The g raft 
i s  occ luded at its open end a n d  d i sta l control re leased to 
test a nastomotic leaks .  The g raft i s  then recontro l l ed j u st 
prox ima l  to the d ista l a nastomosis .  

FIG 9 • When the inc is ion i s  proper ly posit ioned,  the i l i ac  
b ifurcat ion shou ld  be located d i rectly i n  the center  of the  
wou n d .  The common i l i ac  a n e u rysm is  m i n i m a l ly exposed to  
a l low the stu m p  of the d iv ided i nterna l  i l i ac  a rtery to be safe ly 
oversewn .  

a rtery, at least 5 em d ista l t o  its o r i g i n ,  i s  next m o b i l ized 
and contro l l e d .  Fo l lowing  creat ion of a posterome
dia l  a rter iotomy, the g raft i s  t r immed and beve led to 
length and a nastomosed to the externa l  i l i ac  a rtery i n  
a n  end-to-s ide  m a n n e r. T h e  g raft i s  f lushed rout ine ly a n d  
flow restored t o  t h e  i ntern a l  a n d  externa l  i l iac  a rter ies 
(FIG 1 0) .3 

• A l a rge  c l i p  is sewn tra nsversely at the hee l  of the  
externa l  i l iac  a rtery a nastomosis to esta b l i sh a f iduc ia l  
point for the i ntern a l  i l i ac  bypass. After hemostas i s  i s  
confi rmed, the retracto r system is  removed a n d  retro
peritonea l  contents a l l owed to co l l a pse back i nto the 
wou n d .  The endovascu l a r  port ion of the p roced u re com
p leted through femora l a rtery access s i tes  i n  a sta n d a rd 
fash ion .  

• 

• 

After endog raft dep loyment a n d  satisfactory comple
t ion  aortography, the retroper itoneum is  re inspected for  
hem ostas i s  fo l lowi n g  reversa l of a nticoa g u lat i o n .  The 
a nter ior  rectus sheath i s  c l osed with a r u n n i n g  1 -0 PDS 
sutu re, fo l l owed by c losure of Sca rpa's layer and sk in .  
[Alternate tech n i q ue]  Occas iona l ly, the com m o n  tru n k  of  
the i ntern a l  i l i ac  a rtery i s  long  a n d  runs  para l l e l  to the 
cou rse of the exter n a l  i l i ac  a rtery for some d ista nce.  I f  
suffic ient length i s  p resent, the i ntern a l  i l i ac  a rtery may 
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FIG 11 • Note that a n  endovasc u l a r  externa l -to-interna l  i l i ac  
bypass has  been created on the r i g ht s ide  wh ich  a lso exc ludes 
the common i l i ac  a n e u rysm .  The d u ra b i l ity of th i s  bypass i s  
comprom ised g iven its  re l i a nce o n  retrograde perfus ion 
through the femora l-femora l  bypass g raft, the a n g u lated 
nature of the g raft posit ion,  and the propens ity for one or  
both ends  to " back out" of  the or ig i n  a n d  ta rget a rter ies, 
g iven suffic ient t i me, pressu re, a n d  movem ent. 

• 

be tra nsposed to the externa l  i l iac  a rtery, as long  as the 
a nastomosis i s  tens ion-free. 
[Alternate tech n i q ue]  Another hybrid a p p roach i s  ava i l 
a b l e  t o  preserve i nterna l  i l i ac  fl ow. I n  th i s  method, a cov
ered se lf-exp a n d i n g  stent (e .g . ,  V iabah n®, W. L.  Gore, 
F lagstaff, AZ) is  dep loyed to prov ide retrograde f low 
from the externa l  to i nterna l i l i ac  a rtery, i ps i late ra l  to the 

• 

common i l i ac  a n e u rysm to be excl uded .  An aorto u n i i l i ac  • 

endog raft is then dep loyed from the contra latera l s ide, 
a n d  the p roce d u re com p l eted with a femora l-femora l  
bypass g raft (FIG 1 1 ) .  Severa l  c i rcumstances l i m it the 

A B 

genera l  a p p l i ca b i l ity of th i s  tech n i q ue, i n c l u d i n g  a n  
acute externa l-interna l  i l iac  bifu rcat ion  a n g l e  a n d  s ig
n if icant d i a m eter d i screpancy (>2 mm)  between the two 
a rter ies .  Al so, the d u ra b i l ity of th i s  tech n i q u e  is  not we l l  
esta b l i shed a n d  may be l i m ited by  the propens ity of the 
covered stent to back out of e ither  the or ig in  or  dest ina
t ion a rtery or  k ink .  Th i s  tech n i q u e  a lso req u i res advanced 
catheter and g u idewire sk i l l s  and a l a rge  device i nven
tory to re l ia b ly com plete the proced u re .  
[Alternate tech n i q ue]  More recently, a va r iat ion of the 
c h i m n ey (pa ra l le l )  stenti n g  tec h n i q u e  has  been de
scr ibed for com p l ete endovascu l a r  repa i r  of common 
i l i ac  a n e u rysms • I n  th i s  tech n i q ue, the p roxi m a l  brach i a l  
a rtery i s  exposed t h r o u g h  a n  axi l l a ry inc i s ion  to a l l ow 
safe i ntroduction of a long  (90 em) bra ided 9-Fr sheath.  
B r iefly, after the bifu rcated main body endog raft i s  de
p l oyed, the  long 9-Fr sheath i s  a dvanced from the left 
b rach i a l  a rtery, th ro u g h  the m a i n  body, a n d  posit ioned 
i nto the ips i l atera l common i l i ac  a rte ry. The i ntern a l  
i l iac  a rtery is  catheterized, fo l l owed b y  w i re excha n g e  
f o r  a stiff w i r e .  A covered se lf-expand ing  stent g raft 
(e .g ., V iabah n®), s ized for the ta rget i nterna l  i l i ac  a rtery 
d i a m eter, is dep loyed from the i ps i latera l i l i ac  g ate to the 
i nterna l  i l i ac  a rtery land ing zone.  A second covered self
expa n d i n g  stent g raft is adva nced from the ip s i l atera l 
femora l  a rtery access retrog rade i nto the a n e u rysm a n d  
p roxi m a l  externa l  i l i ac  a rtery a n d  dep loyed at the s a m e  
level  as p r i o r  i ntern a l  i l i ac  a rtery stent g raft. B o t h  stent 
g rafts a re expa nded with i n  the i ps i latera l  i l i ac  l i m b  of 
the aort ic  endog raft us ing  a kiss i ng-ba l l oon tec h n i q u e .  
Th i s  p roced u re can be repeated f o r  the contra latera l  s i d e  
i n  cases o f  b i l atera l com m o n  i l i ac  a n e u rysms (FIG 1 2) .  

Care s h o u l d  be taken d u r i n g  t h i s  m a n e uver to dep loy 
each stent g raft seq uent ia l ly, rather  than  s i m u lta neous ly, 
i n  order to posit ion the covered stents accu rate ly rel ative 
to each other. 
[Alternate tech n i q ue]  Although  o n ly ava i la b l e  u nder  
a n  i nvest igat iona l  device exe m pt ion ( ID E), U .S .  Food 
and Drug Ad m i n i strat ion (FDA)-a pproved c l i n ica l  t r ia l  
at the cu rrent t i me, a n  i l iac  branch device ( I B D) i s  u nder  

FIG 12 • Like a l l  " c h i m ney" tech n i q ues, the p roxi m a l  sea l  i s  dependent  o n  the length of the para l l e l  seg ment. I n  th i s  i nsta nce, 
it shou ld  be more than 5 em to promote t h rom bosis of the " g utters" between the para l le l  stents. It  i s  not u ncommon for a sma l l  
type I l l  endo leak  t o  b e  seen o n  t h e  com p l et ion a n g i og ra m  with t h e  patient a nticoa g u l ated.  
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deve lopment for tota l endovasc u l a r  repa i r  of com m o n  
i l i ac  a n e u rysms (FIG 1 3) .  B r iefly, th i s  b ifu rcated d evice i s  
i n serted ips i latera l to the common i l i ac  a n e u rysm pr ior  to 
main body dep loyment.  It  i s  des igned to be used i n  con
j u nction with a sta ndard bifu rcated aortic endog raft. The 
part ia l ly constra ined  branch i n  the i nvest igat io n a l  device 
and adjacent i nterna l  i l i ac  a rtery a re catheterized from 
the contra latera l  s ide e m ployi ng a pre loaded catheter i n  
t h e  de l ivery system a n d  cross-femora l  g u i dewire access. 
A br idg i n g  covered stent i s  adva nced from the branch to 
the i ntern a l  i l i ac  a rtery. Fo l lowing th is, a sta n d a rd b ifur
cated endovascu l a r  a n e u rysm rep a i r  is com p l eted i n  the 
usua l  m a n n e r s 

FIG 1 3  • Th i s  f ig u re dep icts the I B D  used i n  the repa i r  of a l eft 
com m o n  i l iac  a n e u rysm .  A covered stent is req u i red to br idge the 
i l i ac  branch to the nat ive i ntern a l  i l iac  a rtery. Although  th i s  br idg i n g  
stent i s  typica l ly de l ivered from the contra latera l s ide, it m a y  a lso b e  
i ntrod uced t h r o u g h  the left brach i a l  a rtery. 

PEARLS AND PITFALLS 
Choose the r ight 
p roced u re for the 
r ight  patient.  

Externa l -to- i ntern a l  
i l i ac  bypass exposure 

Use a cross-over i ntro
ducer  sheath for i nter
n a l  i l iac  embo l izatio n .  

Pelv ic b l eed i n g  

I nf low t o  the i nterna l  
i l i ac  bypass 

• Although  perfus ion i s  opti m a l ly m a i nta ined to at least one interna l  i l iac  a rtery, p reservat ion shou ld  be 
attem pted se l ectively, weig h i n g  the r isks and benefits of potent ia l  ische m i c  com p l icat ions  associated 
with i ntentio n a l  occ lus ion  vs. the add iti o n a l  com p l exity and long-term d u ra b i l ity issues associated with 
preservat ion tech n i q ues.  

• M a ke sure the l o n g itud i n a l  segment of the sk in  inc is ion i s  suffic ient ly med ia l  to the l atera l edge of the 
rectus to accommodate a s ing le  layer  fasc i a l  c losure .  The p reserved rectus m usc le p rovides a natura l  
barr ier  a g a i nst postoperative abdom i n a l  wa l l  hern ia  format ion .  

• The cross-over sheath a l l ows for  i nterm ittent contrast i nject ion a n d  sta b i l izat ion of the embo l i zat ion 
catheter. I nterna l  i l i ac  sheath access a lso m i n i m izes the  proba b i l ity that dep loyed co i l s  may refl ux retro
g rade i nto the ax ia l  i l i ac  c i rcu lat ion,  req u i r i ng  often pro longed and frustrat ing  attem pts at retrieva l .  

• T h e  i ntern a l  i l iac  ve i n  i s  poster ior  a n d  a d h e rent t o  the  a rtery a n d  may be the sou rce s ign ifica nt, 
u n a nt ic i pated hemorrhage if i nj u red d u r i n g  c i rcumferent i a l  a rter ia l  d issect ion .  

• Choose a s i te  on the externa l  i l i ac a rtery suffic iently d i sta l to i t s  or ig in  so that  the stent g raft ca n l and  i n  
a seg ment free from k i n k i n g  and  prevent subsequent deve lopment o f  a n  i ps i latera l type l b  endoleak .  

POSTOPERATIVE CARE typically associated with a clinically significant ileus, and the 
muscle-sparing exposure is well tolerated.  Patients may be 
discharged typically on the second postoperative day. • Postoperative care is similar to a standard endovascular 

aneurysm repair. A complete blood count and a basic meta
bolic panel are checked the following morning. 

• If the procedure was performed entirely using endovascular 
techniques, oral intake is started immediately, Foley catheter 
is removed, and patient is encouraged to ambulate and dis
charged on following postoperative day. 

• If the procedure involved a surgical internal iliac revas
cularization, the patient is started on clear liquids and 
advanced as tolerated.  The retroperitoneal approach is not 

OUTCOMES 

• Ipsilateral hip and buttock claudication develops in as 
many as 40% of patients following acute internal iliac ar
tery occlusion. Fortunately, more severe forms of postpro
cedural pelvic ischemia, although potentially lethal, occur 
extremely rarely. Although claudication symptoms, when 
present, are reported to improve within 6 months following 
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the procedure, this improvement may be attributable to  life
style alteration (e .g . ,  walking less) rather than collateral ves
sel formation. It is generally agreed, however, that complete 
symptom resolution rarely occurs . 

• Internal iliac bypass grafting (surgical or endovascular) 
effectively maintains pelvic perfusion, with excellent long
term patency. Most patients enjoy a symptom-free postop
erative course in perpetuity. Thus, in active individuals, as a 
general recommendation, internal iliac circulation should be 
preserved whenever possible. 

COMPLICATIONS 

• Complications for management of common iliac aneurysms 
can be a result of internal iliac revascularization or occlusion 
techniques. 

• The main complication associated with revascularization 
is bleeding. This can occur intraoperatively from venous 
injury and/or postoperative anastomotic or other arterial 
sources. Other less common complications include ureteral 
injury, bowel injury, ipsilateral leg ischemia, and early graft 
thrombosis. 

• Complications associated with acute occlusion of internal 
iliac artery include the spectrum of ischemic symptoms 
ranging from hip and buttock claudication to more severe 

forms such as perineal necrosis, ischemic sacral plexopathy, 
and vasculogenic impotence. 

• The internal iliac artery serves as an important outflow 
branch in maintaining patency of the iliac limb after 
endovascular aneurysm repair. Iliac limbs whose distal land
ing zone is placed in the external iliac artery may have an 
increased risk of thrombosis. However, this is not an indica
tion for any additional antiplatelet or anticoagulation treat
ments beyond what is customary. 
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DEFINITION 

• Aortoiliac occlusive disease falls under the umbrella of pe
ripheral artery disease where atherosclerosis and chronic 
plaque accumulation leads to diminished blood supply to 
distal arterial beds. 

• The aortic bifurcation near the level of the L4 disc space is 
one of many areas of decreased shear stress and is an area of 
early atherosclerosis. 

• Peripheral arterial disease (PAD ) is usually classified into in
flow and outflow disease. 

• The infrarenal aorta and iliac vessels are of larger caliber 
and are classified as inflow vessels. 

• The infrainguinal outflow from the common femoral ar
tery is via the profunda femoral and superficial femoral 
arteries .  

• The patterns of  arterial stenosis and occlusion can be broken 
up into five types (Table 1 ) .  When a combination of both 
inflow and outflow disease exists, treatment is focused on 
the aortoiliac system first or femoral artery occlusive disease. 
Outflow occlusive disease is addressed in Part 6, Chapters 
26-28 ,  3 1-33 .  

Table 1: Type of Lower Extremity Disease 
Patterns 

Distribution 

Type 1 Confined to the d ista l infrarena l  
aorta and  common i l iac 
arteries 

Type 2 Found  with in i nfra rena l  aorta, 
common and  externa l  i l i acs 

Type 3 Occl usive d isease in the 
aorto i l iac segment 
is  combined with 
femoropopl iteal  or t ib ia l  
d isease. 

Type 4 Iso lated superficia l  femora l  a n d  
popl itea l a rtery 

Type 5 D iffuse d isease in the femoral  
pop l itea l and  t ib ia l  vessels 

2024 

Notes 

1 0 %  of d isease patterns
found  in younger fema le  
patients. Long-term patency 
after bypass is lower when 
done i n  patients <50 years 
of age. 

Most common presentation of 
aorto i l i ac  d isease 

Found  com mon ly  i n  critica l l imb  
ischemia  

DIFFERENTIAL DIAGNOSIS 

• Neurogenic claudication is frequently confused for arterial 
claudication. Neurogenic claudication is variable-some 
good days, some bad-whereas arterial claudication is very 
consistent. Neurogenic claudication can be relieved by the 
use of spinal support while walking, such as a shopping cart, 
or wheeled walker. These aids do not influence arterial clau
dication symptoms.  

• Osteoarthritis of the hips can be frequently confused with 
arterial claudication. Like arterial claudication, pain is 
brought on by activity and relieved by rest and is more com
mon with increasing age. 

• Venous claudication from chronic venous outflow obstruc
tion is described as a bursting type pain, comes on at longer 
distances, requires a longer rest period that requires leg el
evation, and is frequently associated with leg swelling and 
discoloration. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• The diagnosis of aortoiliac occlusive disease can readily be 
made from a patient's clinical history and physical examination. 

• Patient's with aortoiliac disease have up to a 50% risk of 
concomitant coronary artery disease with the same risk fac
tors of smoking, hypertension, lipid abnormalities, diabetes 
mellitus, male gender, increased age, and family history. 

• The disease burden in the internal and external iliac blood 
supply leads to a variety of clinical presentations which is 
most notable for Leriche syndrome which comprises the 
symptoms of buttock claudication, impotence in men, mus
cle atrophy, and absent or diminished femoral pulses. 

Claudication is the most common presenting symptom 
and is not limited to the buttocks but can occur in the hip, 
thigh, and, rarely, in the calf muscles. 
Impotence as an isolated symptom in men should be eval
uated for other possible causes. Impotence is only seen 
in 3 0 %  of men with decreased hypogastric perfusion as 
there are abundant collaterals from the mesenteric, pro
funda, and lumbar arteries. 
Ankle-brachial indices (ABI) are usually diminished but 
rarely lower than 0.5 in isolated aortoiliac occlusive dis
ease for the same reason cited earlier. It is rare to see criti
cal limb ischemia, which encompasses rest pain and/or 

-
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tissue loss, in  the setting of  isolated aortoiliac disease a s  
there are multiple collaterals through the ilioprofunda 
system. 
Severe common femoral disease, with both superficial 
femoral and profunda femoral artery high-grade stenosis 
or occlusion, can mimic aortoiliac occlusive disease. 

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Ultrasound studies available in noninvasive vascular labora
tories can help aid in diagnosis and assess the degree of PAD.  

• ABI measurements can be supplemented by  exercise, where 
a decrease in 1 5 %  of the ABI is considered significant as 
a decrease in peripheral resistance during exercise leads 
to diminished blood flow distal to the point of stenosis or 
obstruction. 

• Duplex ultrasound for the aortoiliac system is difficult and is 
limited by body habitus and bowel gas. With an experienced 
technician, arterial disease of the intraabdominal vessels can 
be detected with greater sensitivity. 

• For vascular surgeons, computed tomography angiography 
(CTA) is the noninvasive imaging study of choice for pre
operative planning. Considerations for kidney disease and 
contrast dye allergies need to be taken into account. The 
evaluation usually involves the abdomen pelvis and runoff 
to the feet. It is difficult, especially in tall patients, to evalu
ate the thoracic aorta during one contrast bolus due to tim
ing of the contrast injection. A CTA study provides accurate 
estimation of luminal flow and with good visualization of 
degree of calcification. 

• Magnetic resonance (MR) angiography is also useful but is 
found to, at times, overestimate the degree of stenosis, and 
motion artifacts may limit the quality of the study. 

• Direct arteriography under fluoroscopy is considered the 
gold standard, but improvements in CTA approach this 
accuracy in evaluating PAD.  

• Arteriography may be difficult in the setting of an  iliac occlu
sion and may need to be performed through the descending 
thoracic artery using a radial or brachial artery approach. 

• Some surgeons may forego computed tomography (CT) 
studies and proceed with a contrast digital subtraction angio
gram in the setting of a reliable history and physical and/or 
noninvasive ultrasound testing. This may limit the amount of 
contrast dye the patient is exposed to by proceeding directly 
with endovascular intervention. Like CTA, catheter-based 
arteriographic studies should include infrainguinal outflow 

of the femoral, popliteal, and tibial vessels, in addition to the 
abdominal and pelvic views. 

• Although rarely used, pressure catheters can also be used 
during arteriography to identify significant lesions with a 
mean arterial pressure drop of 5 to 1 0  mm Hg across the 
stenosis considered significant. 

• Preoperative imaging is essential in preoperative planning. 
The degree of aortoiliac disease in combination with infrain
guinal and tibial occlusive disease needs to be considered in 
choosing the appropriate intervention for the patient. 

• Graft selection, location of cross-clamping, and enlarged 
collaterals need to be accounted for prior to surgery. 

• Identifying the degree and extent of arterial occlusive disease 
also enlightens the decision between an open or endovascu
lar approach. 

• The Trans-Atlantic Inter-Society Consensus (TASC)  Classi
fication ( FIG 1 ) is a multispecialty consensus approach to 
managing aortoiliac occlusive disease. Routinely, TASC A 
and B lesions are treated with endovascular approaches with 
balloon angioplasty and/or scenting. TASC C and D lesions 
have a better outcome with an open approach. 

SURGICAL MANAGEMENT 

• Before surgical management is pursued, medical manage
ment should be initiated due to the high incidence of coro
nary artery disease with peripheral artery disease. 

• Patients should be advised to quit smoking; placed on a 
regular walking program, ideally supervised; and started on 
statin therapy and aspirin when appropriate and tolerated. 

• Preoperative anesthesia visits should include inquiries into 
cardiac, lung, and renal systems to evaluate overall opera
tive risk. 

• Age and comorbidities should be factored into decisions re
garding an open versus endovascular approach, as should 
procedural durability and invasiveness of the intervention. 

• The aims of therapy in aortoiliac occlusive disease are to 
relieve symptoms and, in cases of critical limb ischemia, 
prevent limb loss. Revascularization of the aortoiliac sys
tem can be done in a variety of endovascular and open ap
proaches. The choice of procedure depends on the disease 
pattern, patient risk factors, available resources, and sur
geon experience. 

• We describe three common operative interventions for inflow 
disease: aortobifemoral bypass, femoral-femoral bypass, and 
femoral endarterectomy. 
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TYPE A Lesions 

A • Uni lateral or b i lateral stenosis of CIA 

• Uni lateral or b i lateral single short (<3 em) stenosis of EIA 

TYPE B Lesions 

• Short (<3 em) stenosis of infrarenal aorta 
• Uni lateral CIA occlusion 
• Single or mult ip le stenoses total ing 3-1 Ocm involving 
the EIA not extend ing into the CFA 

• Uni lateral E IA occlusion not involving the origins of 
internal i l iac of CFA 

TYPE C Lesions 

• Bi lateral CIA occlusions 
• Bi lateral EIA stenoses 3-1 Ocm long not extend ing 
into the CFA A A A  
• Uni lateral E IA stenosis extend ing into the CFA 

• Uni lateral E IA occlusion that involves the origins of 
internal i l iac and/or CFA 

• Heavi ly calcified un i lateral EIA occlustion with or 
without involvement of orig ins of internal i l iac 
and/or CFA 

TYPE D Lesions 

• l nfrarenal aortoi l iac occlusion 

• Diffuse d isease involving the aorta and both i l iac 
arteries requir ing treatment 

• Diffuse mult ip le stenoses involving the unlateral 
C IA, E IA, and CFA 

• Un i lateral occlusions of both CIA and EIA 

• Bi lateral occlusions of EIA 

• I l iac stenoses in patients with AAA requ iring treatment 
and not amenable to endograft placement or other 
lesions requ iring open aortic or i l iac surgery 

FIG 1 • TASC I I  C lass if icat ion scheme for i l i ac  d isease. (Ada pted from Norgren L, H i att WR, Dormandy JA, et a l .  I nter-Society Consensus 
for the M a n agement of Per i phera l  Arter ia l  D i sease [TASC I I ] .  J Vase Surg.  2007;45 [su pp l  5 ] : 55-567 .) 

ISOLATED FEMORAL RECONSTRUCTION 

FOR LIMB SALVAGE WITH POSSIBLE 

ENDOVASCULAR INTERVENTION 

First Step-Landmarks 

• The patient is p l aced prone on the o perati n g  ta b l e, with 
a soft b u m p  under the knee and the leg s l i g ht ly abd ucted 
and externa l ly rotated . The i n g u i n a l  l i g a ment ma rks the 
trans i t ion  p o i nt f rom the exter n a l  i l i ac  a rtery to the com
mon femora l  a rtery a n d  i s  identif ied by con n ect i n g  the 
a nter ior  super ior  i l i ac  sp ine  to the pub i c  sym p hysis .  The 
common femora l a rtery i s  usua l ly located over the  me
dia l  t h i rd of the femora l  head but may be d ifficu l t  to pal
pate i n  aorto i l i ac  occ l us ive d i sease. Pre- o r  i ntraoperative 
u ltrasound  can be used to identify the com man femora I 

as we l l  as the b ifurcat ion i nto the su perfi c i a l  a n d  p ro
funda a rter ies .  

Second Step-Incision and Exposure 

• Two types of inc i s ions  can be made to expose the com
mon femora l  a rte ry. A vertica l i n ci s ion  a bove the com
mon femora l  a rtery and b ifurcation a l l ows for g reater 
access to the p roxi m a l  and d i sta l vesse ls  in extens ive 
d i sease. An o b l i q u e  i nc i s ion is better for cosmes is  a n d  i s  
made cepha lad  to the gro in  crease a n d  i s  accepta b le  in  
foca l i so lated les ions  a n d  i n  obese patients. 

• After a sk in  inc i s ion  is made,  the su bcuta neous t issue i s  
then  d i ssected with e lectroca utery with ca refu l atte nt ion 
to l i g ate su perfi c i a l  cross i n g  vesse l s  to control b leed ing  
a n d  l i gat ing  lym phat ics  to prevent seroma format ion .  



A self-reta i n i n g  retractor is used to h e l p  expose the 
t i ssues  a n d  is  reposit ioned as the d i ssect ion p roceeds 
deeper. Once the femora l  sheath is  i dentif ied and en
tered the  femora l a rtery l i es l atera l to the femora l  ve i n .  
T h e  d ista l externa l  i l iac  a rtery, t h e  common femora l a r
tery, the p roxi m a l  profu nda femora l a n d  su perfic i a l  fem
ora l  a rter ies a re c i rcu mferent ia l ly d issected with scissors 
and tagged with a vesse l loop or  moist u m b i l i ca l  tape 
us ing  a right a n g l e .  Other  a rter ia l  s ide branches may be 
identif ied and a re contro l l e d  with vesse l loops o r  tem po
rary c l i ps but rarely l i g ated in occ l usive d isease. 

T hird Step-Clamping 

• Before c l a m p i n g  of the a rter ies, hepar in  is g iven i ntra
venous ly  as a weig ht-based bolus at 1 00 u n its/kg a n d  
a l l owed t o  c i rcu late f o r  3 m i n utes. H e p a r i n  has a ha lf
l ife of approxi mately 90 m i n utes and i s  checked per iod i 
ca l ly with activated c lott i n g  t ime (ACT) measurements. A 
range of 250 to 350 is des i ra b l e  a n d  1 ,000 to 3,000 u n its 
bo luses can be g iven per iod ica l ly to m a i nta i n  th i s  l evel 
of a nticoa g u lat ion .  G a i n i n g  p roxi m a l  and d i sta l  control 
of the femora l  a rter ies can be done with a var iety of 
c l a m ps. An ang led  N ova re c l a m p  or  femora l  C-c l a m p  can 
be used at the proxi m a l  common femora l  a rte ry. N ext, 
a profu nda c l a m p  is used to c l a m p  the p rofu nda  femo
ra l a rtery and the su perfi c i a l  femora l  a rtery. C l a m ps a re 
p l aced on soft a reas of the a rtery past the a rea of the 
h igh p laque b u rd e n .  S ide  branches can be contro l l ed  
w ith  vessel loops  p u l led t i g ht ly around the a rtery a n d  
c l a m ped w i t h  a hem ostat o r  tempora r i ly c l a m ped w i t h  a 
med i u m  or l a rge  c l i p .  

Fourth Step-Endarterectomy, Tacking sutures 

• A long itud i n a l  i nc i s ion  is made a l o n g  the exposed com
mon femora l  a rtery us ing  a no .  1 1  b lade sca lpe l  fo l l owed 
by Potts scissors. The adventitia i s  g rasped with vasc u l a r  
forceps a n d  a freer e levator is  u s e d  to d i ssect the p l aque  
away f rom the adventit ia .  The p laque  i s  removed with 
b l u nt d i ssect ion u n less sharp d i ssect ion i s  needed to 

FIG 2 • A s i n g l e  7-0 Pro lene  U-stitch is 
a p p l ied through the e n d a rterectomy/ 
int ima i nterface (A), then l i gated (B), with 
the sutu res typica l ly p l aced at 4 o'c lock 
and 8 o'c lock posit ions  (C) . 
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d i ssect the p laque  off the poster ior  wa l l .  Tack ing sutures 
with 7-0 Pro lene  a re used to secu re the rema i n i n g  p laque  
to  the poster ior  wa l l  to avo id  a d i ssect ion p l a n e  a n d  em
bo l i  (FIG 2) .  

Fifth Step-Patch Angioplasty 

• Rarely is the common femora l  a rtery c losed pr imar i ly 
after endarterectomy as th i s  decreases the a rtery d i a m 
eter. Patch a n g iop lasty w i t h  bov ine  perica rd i u m ,  po lyes
ter (Dacron), or  sa phenous  ve i n  i s  used. A patch i s  cut out 
to match the length of the endarterectomy i n ci s ion with 
taper i ng at the proxi m a l  and d i sta l edges to fac i l itate a 
cu rved end of the e l l i pse. The patch is secu red with 6-0 
Pro lene  suture .  A parach ute tech n i q u e  or  th ree knots is  
used to a nchor  the patch at the p roxi m a l  o r  d i sta l  end .  
The patch i s  then sewn with  a runn ing  sutu re l i ne .  Be
fore the patch i s  com p l etely sewn in, back-b leed i n g  is  
performed from the p rofu nda  a rtery, superfi c i a l  femora l  
a rtery, a n d  common femora l  a rtery. Repa i r  sutures with 
6-0 o r  7-0 sutu res can be made i n  the case of suture l i n e  
b leed i n g .  Once the patch i s  i n  p lace, a m icropu nctu re kit 
can be used to access the com m o n  femora l  a rtery if  en
dovasc u l a r  therap ies  i n  a retrograde fash ion  a re p l a n ned 
for the i l iac  a rter ies (FIG 3) .  In the case of extens ive 
profu nda  femora l  a rter ia l  occ l us ive d isease, th i s  a rtery 
shou ld  be exposed beyon d  the extent of any pa lpab le  
p laq ue, a n d  a sepa rate a rter iotomy, enda rterectomy, 
a n d  patch ang iop lasty of the  su perfi c i a l  femora l  a n d  the 
profu nda  femora l  a rteries a re performed (FIG 4) .  I n  the 
s ituat ion where extens ive endarterectomy y ie lds  a n  ad
vent it ia  that i s  too t h i n, the femora l  b i furcat ion can be 
reconstructed with prosthetic g raft mater ia l  (FIG 5) .  

Sixth Step-Closure 

• If an endovascu l a r  tech n i q u e  is performed i n  the same 
operat ion,  s imp le  Pro lene  stitches can be used to c lose 
the sheath access site. Ca refu l attent ion i s  then made to 
ensure hemostas is .  The femora l  sheath may or  may n ot 
be c losed ove r the vessels, but ca refu l attent ion m u st 
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Common femoral 
artery 

--Abdominal aorta 

Profunda femoral artery 

Superficial femoral artery 

FIG 3 • A common femora l  patch a n g i o p l asty exte n d i n g  
from the i l iofemora l  j u nct ion  o n t o  the or ig in  o f  the superfi c i a l  
femora l  a rtery (SFA), be low a common i l i ac  a rtery (CIA) stent. 

Profunda 
femoral artery 

Superficial femoral artery 

FIG 4 • An extended femora l  endarterectomy. The patch 
exte nds  form the externa l  i l i ac  a rtery (E IA), across the ent i re 
com m o n  femora l  a rtery (CFA) onto the proxi m a l  superfi c i a l  
femora l  a rtery (SFA) . A sepa rate endarterectomy a n d  patch 
ang iop lasty of the p rofu nda  femora l  a rtery (PFA) i s  a l so 
dep icted .  

FIG S • Femora l  a rtery reconstruct ion with externa l  i l iac  
to deep femora l  bypass with 8-mm Dacron a n d  femora l  to 
superfi c i a l  femora l  bypass with 6-mm Dacro n .  The i n g u i n a l  
l i g a ment is  m o b i l ized cepha lad  f o r  expos u re .  



be made to approxi mate t issues to c lose dead space to 
prevent seroma fo rmation .  Usua l ly, a th ree- l ayer c losure 
is used.  At the end  of the operat ion,  femora l  a n d  d ista l 
f low shou ld  be checked with pu lse pa l pat ion a n d  co nt in
uous  wave Doppler  i nsonatio n .  We do not rout ine ly em
p loy com p l et ion a n g i og raphy or  d u p l ex u ltrasonography. 

AORTOFEMORAL OPEN 

RECONSTRUCTION 

Positioning 

• The patient is s u p i ne, with a soft b u m p  u nder  the l eft 
h i p  for a retroperitonea l  expos u re a n d  the tab le  s l i g ht ly 
f lexed, or  stra ight  sup ine  on a f lat ta b le  for a transab
d o m i n a l  a p p roach .  The ent i re abdomen; the per i n e u m, 
b l ocked with a ster i l e  d ra pe; and  the gro ins  and  both 
legs a re c i rcumferentia l ly prepped and d ra ped i nto the 
ster i l e  f ie ld .  

First Step-Exposure of Femoral Vessels 

• The femora l vesse l s  a re typ ica l ly exposed fi rst through  
b i l atera l long i tu d i n a l  or  ob l ique  i n c i s ions  to m i n i m ize 
the t i m e  wh ich the a bdomen i s  open .  The cross i n g  ve i n  
off the  femora l ve i n  beneath t h e  i n g u i n a l  l i g a ment m u st 
be l i g ated or ca refu l ly avo ided as th i s  may be i n j u red 
when the  g raft i s  t u n ne led  from the  abdomen later in  
the  operat ion .  After a soft spot i s  i dent if ied for anasto
mosis in the com m o n  femora l a rtery, o r  the p rofu nda  
femora l a rtery when the  superfic i a l  femora l  a rtery i s  
occl uded,  a n d  adequate c i rcu mferent i a l  exposure i s  
a c h i eved, the  com m o n  femora l a rtery a long with su per
f i c ia l  femora l a n d  p rofu nda  a rtery a re tagged with ves
sel loops or  mo i st u m b i l i ca l  tape .  The g r o i n  i n c i s ion  is 
then packed with an a nt i bacte r i a l  sa l i n e-soaked ga uze 
to avo id  des iccat ion .  

Second Step-Exposure of the Aorta 

• A transper itonea l  approach is rout ine ly  used to expose 
the i nfra ren a l  aorta, a l though a retroper itonea l  approach 
may a lso be used.  A long itud i n a l  m i d l i n e  inc is ion i s  made 
from j ust be low the x ipho id  p rocess to a few centi m eters 
be low the u m b i l i cus or  d own to the sym physis pub i s  when 
i l iac  a rter ia l  exposu re wi l l  be req u i red .  Su bcuta neous t i s 
sue i s  d i ssected and  the abdomen i s  entered between 
the rectus m u scles .  With routi ne  CTA p reoperative ly, a 
thorough  abdom i n a l  exploration is d i scouraged, wh ich  
w i l l  m i n i m ize postoperative i l eus .  The tra nsverse co lon i s  
retracted cepha lad ,  a n d  the sma l l  bowel i s  sh i fted to the 
patient's r ight s ide  a n d  packed i n  soft, mo ist l a p  sponges 
to the r ig ht. The l igament of Tre itz i s  taken down and 
the duodenum i s  m o b i l ized to the r ig ht. A self-reta i n i n g  
retractor i s  t h e n  p laced t o  sweep the bowel t o  the r ight 
with a moist lapa rotomy pad .  The retroperitonea l  t issue 
over ly ing the aorta is d i ssected, a n d  the aorta i s  exposed 
super io r ly to the l evel of the l eft re n a l  ve i n .  Extra retrac
tors a re used as  needed for expos u re .  D i sta l  control of 
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Prota m i n e  m a y  be g iven, depen d i n g  o n  the t ime  o f  last 
hepar in  bo lus  or accord i n g  to the i ntraoperative ACT 
rea d i n g .  Approximately 1 0  mg i s  g iven for every 1 ,000 
u n its of hepar in  g iven, adj u sted for t ime  decay and the  
hepar in  ha lf- l ife o r  can be est imated off the last ACT 
measurem ent.  

the i nfra ren a l  aorta wi l l  be necessa ry if a n  end-to-s ide  
aort ic  a nastomosis  i s  p l a n ned .  Preoperative imag ing a n d  
m a n u a l  pa l pation o f  the aorta ident ify a soft spot f o r  t h e  
prox ima l  a nastomosis .  Accessory r e n a l  a rter ies a n d  t h e  
i nfer ior  mesenter ic a rtery shou ld  be identif ied a n d  b e  
eva l uated if  re i m p l a ntat ion i s  necessa ry. E n d a rterectomy 
of the or ig in  of the re i m p l a nted viscera l vesse l s  i s  recom
mended ,  a n d  extra aort ic  t i s sue  i s  used  as  a Car re l  patch .  
Lumbar  a rter ies shou ld  a lso be identif ied and  contro l led 
with suture l igat ion or  a vesse l loop with ca re to avo id  ex
cessive b l eed i n g .  Depend ing  on the type of aort ic  occ lu 
s ive  d i sease, a n  end-to-s ide  or  a n  end-to-end a nastomosis 
wi l l  be fash ioned and the d issect ion necessa ry i s  d i ctated 
by th i s  decis ion .  In genera l ,  an end-to-en d  a nastomosis  
i s  more favora b le  hemodyn a m ica l ly, yet with p reserved 
i nfe r ior  mesenter ic  or  i l i ac  a rter ies, an end-to-s ide anas
tomosis may be more feas ib le .  

T hird Step-Tunneling 

• After adequate exposure of the aorta is ach ieved, focus 
turns to mak ing  tunne l s  for the femora l  l i m bs of the 
bypass. Tu nne l s  shou ld  track d i rect ly  a long  the a nter ior  
aspect of the exter n a l  i l i ac  a rtery a n d  by e l evat i n g  soft 
t issues a n d  ensur ing  u reters rem a i n  a nter ior. M o ist um
b i l i ca l  tapes  o r  Pen rose dra ins  a re passed w i th  a smooth 
aort ic  c l amp to m a rk the t u n n e ls .  

• G raft se lect ion  can a lso be made at th i s  t ime  with an 1 8  
x 9-mm o r  a 1 6  x 8-mm g raft used for m a les a n d  a 1 4  x 

7-mm or 1 2  x 6-mm g raft typica l l y  used for fem a les .  Typ i 
ca l ly, a po lyester (Dacron) g raft i s  used,  a lthough others 
prefer polytetrafl uoroethy lene (PTFE) .  Pr ior  to aort ic  
c l a m p i ng, hepa r i n  i s  g iven i ntravenous ly, as exp l a i ned 
ear l i e r  with a ta rget ACT range of 250 to 3 50.  

Fourth Step-Clamp Placement 

• The cho ice of c l a m p  depends on the a pproach if end-to
side a nastomosis  o r  an end-to-end i s  chose n .  The patency 
is s i m i l a r  for both approaches and ,  i n  most cases, is made 
by s u rgeon preference. For a n  end-to-en d  a nastom os is, 
the p roxi m a l  c l a m p  is p laced j ust be low the ren a l  a rter
ies if the d i sease pattern does n ot o b l igate suprare n a l  
c l a m p i ng, w i t h  as l itt le  d i ssect ion  o f  the ren a l  a rtery or i 
g i ns as poss ib le .  The d ista l  i nfra rena l  aorta i s  then d iv ided 
a n d  oversewn i n  two l ayers with 4-0 Pro lene  suture.  The 
prox ima l  aort ic  cuff may req u i re enda rterectomy, which 
i s  performed u p  to the proxi m a l  c lamp.  For a n  end-to
side anastomosis, two aort ic  c l a m ps a re used or  a s ide
b it ing  Sat insky c lamp is  used to obta i n  p roxi m a l  a n d  
d i sta l contro l .  With f l u s h  occ lus ion  o f  the aorta at t h e  
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FIG 6 • CTA identify ing  f lush  aort ic  occl us ion at the l evel 
of the ren a l  a rter ies, ju st deep to the left ren a l  ve in ,  with 
reconstitut ion of both com m o n  femora l  a rter ies .  N ote the 
co l l atera l n etwork from the s u per ior  mesenter ic a rtery (SMA), 
through the meander ing  a rtery to the i nfer ior  mesenter ic 
a rtery ( I MA), and i nto the pe lv is, which has  no hypogastr ic 
a rter ia I f l ow. 

l eve l of the ren a l  a rter ies (FIG 6), suprare n a l  d i ssect ion 
i s  req u i red, with m o b i l izat ion a n d  control of  the or ig i n s  
of  the rena l  a rter ies, wh ich  a re contro l led w i th  doub ly  
passed s i l astic loops so that  they may be occl uded d u r
i n g  e n d a rterectomy to p revent atheroma embo l izat ion .  
A suprare n a l  c l a m p  i s  p laced to a l low thromboendarter
ectomy of the i nfrare n a l  aort ic  cuff, then the c l a m p  is  
moved ca u d a l ly pr ior  to g raft a nastomosis .  

Fifth Step-Proximal Anastomosis 

• I n  the case of the end-to-en d  a nastomosis, the tech
n i q u e  i s  stra ight  forward and the g raft d i a m eter shou ld  
match the rema i n i n g  aort ic  d i a m eter. I n  the s ide-to-s ide  
a nastomosis, the g raft i s  cut at a beve l to max imize the 
a m o u nt of b lood flow a n d  the a rter iotomy i s  l atera l ly 
p l aced to a l low the g raft to enjoy a more retroper itonea l  
posit ion to m i n i m ize the cha nce for deve lopment of a n  
aortoenter ic  f istu l a  (FIG 7) .  The g raft i s  sewn i n  p lace 
with ru n n i n g  3-0 o r  4-0 Pro lene  sutures us ing  a para
ch ute tech n i q u e  or  secur ing  the suture with th ree knots, 
sta rt ing  from the poster ior  wa l l  to v i sua l ize the p l ace
ment of each st itch . The g raft l i m bs a re then c lam ped 
and the proxi m a l  c l a m p  is  then re leased to check for su
t u re l ine b leed i n g .  Repa i r  sutu res ca n be used for any 
sutu re l ine  b leed i n g  with 4-0  o r  5-0  sutu res on a p led
get as needed.  The abdomen is  then packed a n d  atten
t ion  i s  then turned to the femora l  anastomoses. I n  some 
i n stances, where a s i n g l e  i nterna l  i l i ac  a rtery i s  patent, 
but the d i sta l aorta or p roxi m a l  common i l iac  a rtery is 

FIG 7 • With a patent i nfra re n a l  aorta a n d  i nfer ior  mesenter ic 
a rtery ( IMA), a n  end-to-s ide  aort ic  a nastomosis  is  dep icted, 
pos it ioned latera l ly as  ment ioned.  With i l i ac  occ lus ions, an 
end-to-end femora l a nastomosis  i s  dep icted b i l atera l ly. 

d iseased, we w i l l  d i rect ly revasc u l a r ize the i nterna l  i l i ac  
a rtery with the bifu rcated g raft l imb a n d  then jump g raft 
down to the femora l  posit ion  (FIG 8) .  

Sixth Step-Graft Tunneling 

• Us ing  the u m b i l ica l  tape or Pen rose d ra i n  as a g u ide, a 
smooth aort ic  c l a m p  is then used to t u n n e l  each g raft 
l i m b  from the abdomen i nto the femora l inc i s ion .  The 
g raft i s  then p u l led gently through the t u n n e l  a bove the 
externa l  i l iac  vesse l s  a n d  be low the u reter. Care m u st be 
taken to m i n i m ize k ink ing  and red u n d a ncy i n  the g raft 
tunne l s .  Once tun ne led the g raft l i m bs a re f lushed to 
confi rm adequate i nfl ow, rec lam ped in the abdomen 
a n d  f lush  with  hepar in ized sa l i n e  so lut ion .  

Seventh Step-Distal Anastomosis 

• C l a m p i n g  of the femora l  a rtery is then performed as 
descr ibed ear l i e r  so that the common femora l  a rtery, 
su perfi c i a l  femora l  a rtery, a n d  p rofu nda femora l  a rtery 
a re contro l led .  A long itud i n a l  i nc i s ion is then made with 



a no .  1 1  b lade  fo l lowed by Potts scissors to approxi mate 
the g raft l i m b .  The g raft is  then cut on a taper to a l l ow 
a natu ra l  re i m p l a ntation a n g l e  i nto the common femo
ra l  a rtery with m i n i m a l  tens i on .  The a nastomos is  i s  then 
com p l eted as  a n  end-to-s ide  fash i o n  with  5 -0  o r  6-0 
Pro lene  suture in a r u n n i n g  fash i o n .  In some s ituat ions, 
where retrog rade externa l  i l i ac  f low is n ot poss ib le,  a n  
end-to-end femora l  a nastomosis i s  p referred t o  e ither  
the common femora l  or  the p rofu nda  femora l  a rtery 

AORTOILIAC RECONSTRUCTION WITH 

FEMORAL CROSSOVER 

• This  tech n i q u e  can be used to restore b lood f low to a 
l ower l i m b  when one of the i l iac  a rter ies is obstructed 
and the contra l atera l i l i ac  a rteries a re patent. The surg i 
ca l  proced u re can a l so be used i n  conj unct ion  with  a n  
endovasc u l a r  p roce d u re, f o r  exa m p l e, a n g iop lasty a n d/or 
stenti n g  of the nonoccl uded i l i ac  vesse l s .  G ro i n  i n c i s ions  
a re made i n  a n  ob l ique or  l o n g itud i n a l  fash ion .  Control 
of the common, superfi c i a l  femora l ,  and profunda femo
ra l  a rter ies a re performed as  previous ly descri bed.  E n d a r
terectomy of the common femora l  a rtery is performed as  
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(FIG 8) .  T h e  s a m e  proce d u re i s  com p l eted f o r  the contra
l atera l l i m b .  

Eight Step-Closure 

• After hemostas i s  is ach ieved, ca refu l attent ion is made 
to ensure the  anastomoses a re secure ly  done and 
dead space i s  c l osed to p revent seroma format ion and 
m i n i m ize gro in  i nfect ions .  Prota m i n e  may be g iven as 
descr ibed ear l i e r. 

FIG 8 • An end-to-en d  aort ic  a n astomosis  is dep icted.  In th i s  
case, a n  i so lated i ntern a l  i l i ac  a rtery ( I IA) was  p resent a n d  
p reserved w i t h  end-to-en d  a nastomos is  from the r ight l i m b  of 
the bifu rcated g raft. A j u m p  g raft i s  then brought off th i s  l i m b  
t o  t h e  r ight common femora l  a rtery (CFA) . With occ lus ion  o f  the 
left superfi c i a l  femora l  a rtery (SFA), the left l imb is  performed in  
end-to-end fash ion  to the p rofu nda femora l  a rtery (PFA) . 

necessary if there is s ign if icant p l aque  b u rden .  The supra
pub ic  tunnel  i s  made with b l u nt d issect ion  us ing  a b l u nt
ended hem ostat o r  one's f ingers.  The key i s  to create 
the t u n n e l  j u st a nter ior  to the abdom i n a l  fasc ia .  E ither  
a b l u nt t u n n e l i n g  dev ice or  a long  aort ic  c l a m p  can be 
used to pass  the g raft from one s ide to the other i n  the 
s u bcuta neous t i ssue,  avo i d i n g  entry i nto the peritonea l  
cavity. The a nastomosis i s  performed so the g raft s i t s  i n  a 
cu rved config u rat ion over the supra p u b i c  t issue (FIG 9) .  

Meticu lous  attent ion i s  g iven to c losu re to avo id  k i n k i n g  
or  compress ion o f  the g raft a n d  to avoid dead space that 
can lead to prob lematic  seromas and the  poss i b i l ity of 
soft t issue i nfect ion,  with s u bsequent g raft i nfect ion .  
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Su perficial 
femoral artery 

PEARLS AND PITFALLS 

FIG 9 • A r ight  to left common femora l  a rtery 
to common fe mora l  a rtery (CFA) is dep icted .  
Idea l ly, the g raft extends  over the or ig i n  of the 
profu nda femora l  a rtery (PFA) onto the or ig i n  of  
the superfic i a l  femora l  a rtery (SFA) . 

I so lated femora l  recon struct ion • Care m u st be taken to be certa i n  that p rox i m a l  a n d  d ista l atherosc le rotic p laque i s  n ot 
ca us ing  res i d u a l  stenos is .  

• Patch a n g i o p l asty i s  cr it ica l to the success of th i s  proced u re .  
• Dista l  tacki n g  sutu res shou ld  be e m p l oyed generous ly. 

Aortofemora l  reconstruct ion  • Adequate exposure is  cr it ica l to success. 
• Loca l ized endarterectomy at both p roxi m a l  and d i sta l  anastomotic sites is  genera l ly req u i red .  
• Tu n n e l i n g  errors can lead to late  com p l icat ions  a n d  ear ly  g raft fa i l u re .  

Femora l-femora l  crossover • Adequate inf low and outflow m ust be assu red for success. 
• Concom itant femora l  endarterectomy shou ld  be used freely. 
• Tu n n e l i n g  a n d  c losure e rrors freq uently ca use ear ly g raft fa i l u re .  

POSTOPERATIVE CARE 

• Patients are admitted to a cardiac monitored floor postop
eratively as patients are at high risk for or have documented 
coronary artery disease. Immediately, postoperative vascu
lar checks are performed with high frequency to assess early 
graft thrombosis requiring reintervention or initiation of 
anticoagulation. Patients are encouraged to ambulate 4 to 
6 hours after the operation, with adequate pain control a 
point of focus. When the abdomen is entered, in the case 
of aortobifemoral grafting, patients are kept from an oral 
diet until bowel function returns. While anticoagulation is 
not routinely used for graft patency, aspirin is standard, and 
subcutaneous heparin is given for secondary prevention of 
deep vein thrombosis (DVT) .  

OUTCOMES 

• See Table 2 .  

Table 2: Long-term Outcomes for Aortoiliac Disease 

Type of Operation 

Femoral endarterectomy 
with i l i a c  stent ing 

Aortobifemora l  bypass 

Femora l-femoral  bypass 

COMPLICATIONS 

• Early 
Hemorrhage 
Early thrombosis 

Patency Rates 

5-year patency-i l iac  stent ing without femoral  
enda rterectomy-56%;  i l i ac  stent ing without 
femora l  endarterectomy-88% 

5-year  p r imary patency, 90 %-93 %;  S·year  sec
ondary patency, 87%-97%; 1 0-year  patency, 
72 %-94%;  1 5-year  patency, 63 %-82% 

5-year patency rate, 42% to 88%; weighted 
average, 66% 



Infections 
Colon ischemia 
Femoral nerve injury 

• Late 
Aortoenteric fistula 
Restenosis, thrombosis of graft 
Anastomotic pseudoaneurysm 
Sexual dysfunction 
Spinal cord ischemia 
Graft infection 
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Occlusive Disease 
Management: I liac Angioplasty 
and Femoral Endarterectomy 
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Venita Chandra 

DEFINITION 

• Multilevel atherosclerotic occlusive disease involving the 
distal aorta, iliac vessels, and common femoral arteries is 
a common occurring pathology seen often by vascular 
surgeons. Traditional approaches to this disease process 
involved open surgical reconstruction with an aortobifemo
ral bypass or iliofemoral bypass. Recently, however, there 
has been a paradigm shift toward endovascular and hybrid 
approaches. Combining femoral endarterectomy with endo
vascular iliac stenting is an increasingly common minimally 
invasive approach to this problem, providing an effective 
alternative to open strategies with the potential of shorter 
hospitalizations and decreased morbidity. Compared to iliac 
stenting alone, proper evaluation of femoral disease and, if 
indicated, a hybrid approach with concomitant femoral end
arterectomy have been associated with increased durability 
of endovascular aortoiliac interventions. 1 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Aortoiliac and femoral occlusive disease can present, as with 
all peripheral arterial diseases (PADs) ,  in a variety of ways. 

• The typical presentation of aortoiliac occlusive disease in
cludes claudication of the buttock and upper thigh and erec
tile dysfunction. When multilevel vascular disease occurs, 
as in the case of combined aortoiliac and femoral occlusive 

llGit u:n 
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FIG 1 • Arter i a l  waveforms and ABis for a patient with aorto i l i ac  
d isease. Note the monophas ic  waveforms on the r ig ht. 
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disease, distal lower extremity symptoms such as calf claudi
cation, rest pain, and tissue loss may ensue. 

• Typical physical exam includes the absence or diminution of 
femoral pulses. Other than the peripheral pulse assessment, 
the physical exam can demonstrate other signs of PAD such 
as cool digits and active wounds. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• The initial evaluation of a patient with PAD should involve 
noninvasive evaluation of peripheral blood flow with arte
rial waveforms and ankle-brachial indices (ABis ) ( FIG 1 ) .  
These studies provide objective data regarding the extent of 
occlusive disease; however, they do not provide adequate 
anatomic data for preoperative planning. 

• Once the degree and physiologic impact of the disease are 
determined by noninvasive testing, high-resolution anatomic 
imaging via either computed tomographic angiography 
(CTA) or magnetic resonance angiography (MRA) should 
be obtained for surgical planning. 

• CTAs are currently the gold standard for preoperative 
planning. They have the advantage of providing information 
regarding the degree and location of stenosis as well as the 
anatomy of the arterial wall ( including degree of calcification 
and presence of aneurysms) .  Three-dimensional reformatting 
can provide additional valuable information ( FIG 2 ) .  CTAs, 
however, are limited by the fact that they involve the use of 
contrast as well as radiation exposure. MRAs avoid radiation 
exposure and contrast often, however, at the risk of reduced 
anatomic precision. Gadolinium magnetic resonance (MR) 
contrast also entails risk of long-term renal dysfunction. 

FIG 2 • CTA with 3-D reconstruct ion demonstrati n g  d iffuse 
aorto i l i ac  as wel l  as  femora l  occ l us ive d isease. 

-
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• Catheter-based diagnostic aortography also provides ana
tomic data; however, this study has a number of limitations 
including the fact that it is an invasive procedure with po
tential complications. In addition, arteriograms only provide 
an understanding of the luminal anatomy, occasionally ob
scuring features such as aneurysms, inclusion cysts, or peri
arterial inflammation. Particularly for aorto-iliac-femoral 
disease, preprocedural CTA has the ability to identify sig
nificant common femoral disease that may benefit from con
comitant open endarterectomy at the time of catheter-based 
intervention. Alternatively, relying on catheter-based arte
riography as the primary diagnostic modality may reduce 
overall contrast burden, radiation exposure, and need for 
additional procedures if common femoral level intervention 
is not required. In general, careful preprocedural physical 
examination and duplex imaging may suffice to help deter
mine whether the additional cost, risk, and inconvenience 
of CTA are justified prior to catheter-based intervention for 
aortoiliac arterial occlusive disease. 

SURGICAL MANAGEMENT 

• As with all patients with PAD, initial treatment approach 
should include comprehensive assessment and management 
of concomitant cardiovascular disease risk factors . Details 
regarding maximal medical management of PAD are beyond 
the scope or purpose of this chapter; at a minimum, how
ever, consideration should be given to beginning statin and 
antiplatelet therapy prior to intervention, along with consid
eration of beta blockade and angiotensin receptor blocker or 
converting enzyme inhibitor therapy in selected patients. 

• Regardless of medical or anesthetic risk, however, all 
patients with critical limb ischemia should be considered 
candidates for revascularization when limb loss is a distinct 
possibility. Despite platitudes to the contrary, major limb 
amputation above or below the knee is not necessarily a 
"safer"  surgical alternative to multilevel hybrid revascular
ization. Indications for intervention for intermittent claudi
cation are somewhat more complicated, however. The risks 
of a procedure are weighed against the potential gain; typi
cally, only patients with severe lifestyle-limiting claudication 
who have failed nonoperative strategies are offered surgical 
revascularization. 

Preoperative Planning 

• Determining the anatomic distribution of disease is essential 
to obtaining optimal results. The imperative for precision 

imaging cannot be emphasized enough-if you cannot ap
preciate the full extent of disease, you cannot expect to com
prehensively address it. As in all aspects of vascular surgery, 
the biggest disappointments, both during and after the pro
cedure, usually arise from underestimating the extent of un
derlying disease. 

• The Trans-Atlantic Inter-Society Consensus (TASC) II guide
lines provide a classification scheme based on anatomic pat
terns of disease { FIG 3 ) .2 The recommendations of the TASC II 
guidelines is an endovascular management for TASC A and 
B iliac lesions, whereas open surgical reconstruction is rec
ommended for TASC C and D lesions in good-risk patients. 
Frequently, however, patients with multilevel disease as seen 
in TASC C and D lesions have more virulent atherosclerotic 
processes that often make them poorer surgical candidates. 
In addition, the development of an increasingly sophisti
cated armamentarium of endovascular tools and strategies 
are leading more and more vascular surgeons to attempt 
endovascular revascularization, even for patients with TASC 
C or D lesions. Further updates of the TASC classification 
guidelines are under review and will likely be published in 
the near future, highlighting the dynamic nature of surgical 
management of this challenging condition. 

• Targeted perioperative risk assessment should be undertaken 
in appropriate patients, particularly those with reduced 
exercise tolerance, known or suspected congestive heart 
failure, clinically significant pulmonary disease, exercise
induced angina, arrhythmias, or those with recent history of 
myocardial infarction. The presence of additional relevant 
comorbidities, including diabetes, reduced glomerular fil
tration rate, iodinated contrast allergies, thrombophilia or 
coagulopathic disorders, concomitant bacterial infection, 
or liver disease should also be identified and, when present, 
evaluated. 

Positioning 

• Patients are generally placed in the supine position, either in 
a hybrid operating suite with fixed imaging capabilities or 
on a radiolucent table with a mobile imaging unit (C-arm) in 
a traditional operating room environment. 

• Positioning should be arranged in such as way as to ensure 
adequate exposure of the entire aortoiliac and femoral vas
culature, with room on either side of the patient to rotate the 
imaging unit to various angles in order to obtain appropriate 
oblique images. In angiographic parlance, in many important 
circumstances (such as identifying and protecting the origin 
of the ipsilateral internal iliac artery) ,  "one view is no view. " 
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TYPE A Lesions 

• Uni lateral or b i lateral stenosis of CIA 

• Uni lateral or b i lateral s ing le short (<3 em) stenosis of EIA 

TYPE B Lesions 

• Short (<3 em) stenosis of infrarenal aorta 
• Uni lateral CIA occlusion 
• Single or mu lt ip le stenoses total ing 3-1 Ocm involving 
the EIA not extending into the CFA 

• Uni lateral EIA occlusion not involving the origins of 
internal i l iac of CFA 

A 

TYPE C Lesions 

• Bi lateral CIA occlusions 

• Bi lateral EIA stenoses 3-1 Ocm long not extend ing 
into the CFA A A A  
• Uni lateral EIA stenosis extending into the CFA 

• Uni lateral EIA occlusion that involves the orig ins of 
internal i l iac and/or CFA 

• Heavi ly calcified un i lateral EIA occlustion with or 
without involvement of origins of internal i l iac 
and/or CFA 

TYPE D Lesions 

• l nfrarenal aortoi l iac occlusion 

• Diffuse d isease involving the aorta and both i l iac 
arteries requir ing treatment 

• Diffuse mult ip le stenoses involving the unlateral 
C IA, EIA, and CFA 

• Uni lateral occlusions of both CIA and EIA 

• Bi lateral occlusions of EIA 

• I l iac stenoses in patients with AAA requir ing treatment 
and not amenable to endograft placement or other 
lesions requ iring open aortic or i l iac surgery 

FIG 3 • TASC I I  C lass if icat ion scheme for i l i ac  d i sease. (Ada pted from Norgren L, H i att WR, Dormandy JA, et a l .  I nter-Society Consensus 
for the M a n agement of Per i phera l  Arter ia l  D isease [TASC I I ] .  J Vase Surg.  2007;45 [su pp l  5 ] : 55-567.)  

FEMORAL ENDARTERECTOMY 

First Step 

• For exte nded femora l  enda rterectomy (often req u i r i ng  
exposu re of  the proxi m a l  deep  femora l  a rtery as we l l  as 
the ent i re l ength of common femora l  a rtery), opti m a l  
exposure i s  obta i n ed v ia  a long itud i n a l  i n c i s i o n  p laced 
d i rectly over the femora l a rtery (FIG 4) .  The i n g u i n a l  
l i gament s h o u l d  be identif ied b y  p a l pat ion o f  the p u b i c  
tu berc le a n d  a nter ior  s u per ior  i l i ac  sp ine  (a n o b l i q u e  
l i n e  between these two structu res i s  the typ ica l  cou rse 
of the i n g u i n a l  l i g a ment) a n d  used as a g u i d e  for femo
ra l loca l izat ion .  Typ ica l ly, the femora l  a rtery i s  located 
a pp rox i mately one-t h i rd the d i stance from the pub i c  
tu berc le to a nter ior  super ior  i l iac  crest. Even  when no 
p u lse i s  pa lpab le,  a f i rm ca lc i f ied  l i near  mass can usu a l ly 

• 

be pa l pated i n  th i s  a rea .  Alternatively, d u p l ex u ltrasound  
o r  f luoroscopic  i m a g i n g  may be used  to ensure accu rate 
p lacement of the i nc i s ion .  Fa i l u re to i nc ise d i rectly over 
the common femora l  a rtery may i ncrease r isk for chron ic  
lym phat ic  d ra i nage, de layed o r  com p l i cated wound 
hea l i ng,  a n d  femora l  nerve or  venous  i nj u ry. A lthough 
ob l ique femora l  i nc i s ions  h ave g a i ned i n  popu la r ity, es
peci a l ly when used to o bta i n  femora l  access for proxi m a l  
a n e u rysm repa i r, these often d o  n ot prov ide exposu re 
suff ic ient for co mprehens ive endarterectomy as previ
ously d eta i led .  
The su bcuta neous t i s sues  a re d iv ided,  l igat ing any lym
phat ic  channe l s  that a re encou ntered . The i nfer ior  edge 
of the i n g u i n a l  l i g a ment i s  identif ied a n d  the common 
femora l  a rtery i s  exposed through the femora l  sheath as 
it exits u n d e rneath the i n g u i n a l  l i g a ment. 
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• F u l l  c i rcumferent i a l  d issect ion  of the d i sta l  externa l  
i l i ac  a rtery (under  the i n g u i n a l  l i g a ment), the common 
femora l  a rtery, the su perfi c i a l  femora l  a rtery, a n d  the or i 
g in  of the deep femora l  a rtery a n d  its  i n it i a l  branches a re 
obta ined seq uent ia l ly (FIG 4) .  

• 

FIG 4 • Typica l  long itud i n a l  femora l  a rtery exposure a n d  
a natomy. CFA, c o m m o n  femora l  a rtery; E IA, externa l  i l i ac  
a rtery; E IV, externa l  i l i ac  ve in ;  GSV, g reater saphenous  
ve in ;  DCIV, deep c i rcu mflex i l i ac  ve in ;  SFA, superfic i a l  
femora l  a rtery. 

shou ld  be cons idered to prevent acc identa l  tea r i n g  of 
the vesse l d u r i n g  c l a m p i n g .  
Externa l  i l iac col l atera ls, l i ke t h e  epigastric a rtery or c ircum
f lex i l iac a rtery, should be preserved during d i ssection and 
endarterectomy whenever poss ib le  to ensure optima l  long
term outcome. 

• The i n d iv idua l  a rteries shou ld  be assessed for a reas of 
ca lc if icat ion  a n d  extens ive p laque  b u rden .  Soft sect ions  
with m i n i m a l  ca lc if icat ion, or  p laque l i m ited to the pos
ter ior  a rter ia l  wa l l ,  shou ld  be identif ied for cons ider
at ion of c l a m p  p l acement as a p p ropr iate for the p l a n ned 
proced u re .  

T hird Step 

• 

• 

A 

• Once exposure is com p l ete, the common femora l  a rtery 

The i n g u i n a l  l igament  may be d iv ided fo r adeq u ate • 

exposure of the d i sta l externa l  i l i ac  a rtery when neces
sa ry to ensure adequate endarterectomy When cons ider-
i n g  the re lative marg in  of d i sta l  enda rterectomy versus 
prox ima l  stent p l acement, it i s  i m portant to avo id  stent • 

placement across the i n g u i n a l  l i g a m e nt, as th i s  may 
g reatly reduce long-term patency of the proced u re as  
we l l  as com p l icate stent de l ivery through a n  ips i latera l  
retrograde sheath.  I n  genera l ,  operators shou ld  err  of  
the s ide  of  more extens ive p roxi m a l  endarterectom ies as  
opposed to d ista l extens ion of exte rna l  i l i ac  ste nts. 
Ca refu l l igat ion of the c i rcumflex i l i ac  ve i n  as it crosses 
over the externa l  i l i ac  a rtery u n d e r  the i n g u i n a l  l i g a ment 

B D 

can be p u n ctu red under  d i rect v is ion with adva ncement 
of a wi re under  f luoroscop ic  g u ida nce across the i l i ac  
les ion (FIG 5) .  

This  e l i m i nates the poss i b i l ity o f  creat i n g  a retrograde 
d issect ion  when a w i re i s  passed after the endarterec
tomy is  performed, as we l l  as the need to p u n ct u re the 
endarterectomy patch to ga in  access. 
If the d i sease b u rden i s  confi ned to the com m o n  i l i ac  
a rtery o r  o n ly the p rox i m a l  externa l  i l i ac  a rtery, then 
i l i ac  stenti n g  can p roceed at th i s  poi nt, pr ior  to p roceed
ing with the  e n d a rterectomy. Occas iona l ly, however, 
the a m o u nt of femora l  d isease b u rden is so g reat that 
the  sheath wi l l  be occ l usive or  otherwise i m p a i r  run off, 
wh ich  may l i m it the a b i l ity to obta i n  d i g ita l su btrac
tion a n g i og raphy (DSA) i m ages d u r i n g  o r  after stent 
p lacement .  So cons iderat ion shou ld  be g iven to i n it i a l  

F IG 5 • Tech n i q u e  f o r  concu rrent femora l  endarterectomy 
and i l iac  stent i n g .  A. D i rect puncture of common femora l  
a rtery a n d  advancement of w i re u n d e r  f l uoroscop ic  
g u i d a nce. B. With wi re across i l i ac  les ion ,  c l a m p  prox i m a l  
a n d  d i sta l a n d  p roceed w i t h  a rter iotomy. C. After 
enda rterectomy, patch i s  sewn in.  Pr ior  to com p l et ion  of 
patch center, the d ista l port ion of the patch is  p u n ctu red 
with an 1 8-gauge need l e  and the wi re i s  passed through 
the patch .  D. After com p l et ion  of the patch, f low is  
restored a n d  a sheath can be adva nced over the wi re and 
i l iac  stent ing can p roceed. For patients with d i sta l  externa l  
i l iac  d i sease, the i l i ac  stents can be carr ied down i nto the 
p roxi m a l  port ion of the endarterectomy a n d  patch .  
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e n d a rterectomy depen d i n g  on i n d iv i d u a l  a n atomic  c i r
cumstances.  
When retrog rade wi re passage  i s  not poss ib le  due to 
extens ive proxi m a l  p l aque  b u rden,  tortuosity, or  other  
a natomic  cons iderat ions, antegrade passage f rom the 
contra latera l  i l i ofemora l  system (obta i n ed v ia  e ither  • 

percuta neous or open femora l  access) or l eft axi l l a ry 
or brach i a l  access may be attem pted. Obvious ly, longer  
sheath/catheter/g u idewire com b i n at ions  w i l l  be needed 
for these p roced u res and posit ion ing  cons iderat ions w i l l  
be affected as we l l  (e .g . ,  a rm w i l l  n e e d  t o  be exposed a n d  
prepped on a rad i o l ucent su rface). Once a nteg rade wi re 
is acco m p l ished,  th i s  may be used to de l iver treatment 
devices d i rect ly or  snared and externa l ized through the 
i ps i latera l femora l  access for retrograde i ntervent ion as  
or ig i n a l ly p l a n n e d .  

extensive forefoot g a n g rene  i s  present as  a conseq uence 
of m u lt i l eve l a rter ia l  occ l us ive d i sease. Extended deep 
femora l  endarterectomy is  h i g h l y  effective i n  ach iev ing 
su ita b l e  runoff when few other revasc u l a r izat ion options  
may be ava i la b l e  (FIG 4) .  

The a rter iotomy can exten d  onto e ither  the su perfi c ia l  
or  deep femora l  a rtery. Occas iona l ly, a n  evers ion  endar
terectomy of the deep femora l  a rtery can be performed 
when the a rter iotomy extends  o nto the su perfi c ia l  
femora l  a rtery. Alternative ly, the a rter iotomy may be 
extended down the deep femora l  a rtery when the su
perfic i a l  femora l  a rtery is  ch ro n ica l ly occ luded .  Se lec
t ion  of the reconstruct ion tech n i q u e  i s  i nf luenced by 
the occ lus ive pathol ogy, l evel  of d e b i l ity, i n d icat ions  for 
revascu la r izat ion,  a n d  o pt i m a l  revasc u l a r izat ion strategy 
(FIG 6) .  

Fourth Step Fifth Step 

• 

• 

Leav i n g  t h e  w i re i n  p l ace,  syste m i c  a nt icoa g u lat ion  i s  • 

acco m p l i shed  with suffi c ient  d oses of u nfract i o n ated 
i n t rave n o u s  h e p a r i n  a d m i n i strat i o n  and prox i m a l  a n d  
d i sta l fe m o r a l  contro l  i s  o bta i n ed with vasc u l a r  c l a m ps .  
Espec i a l l y  prox i m a l ly, a padded  c lamp shou ld  be cho-
sen  to a l l ow the  exte r n a l  i l i a c  a rtery to be c l a m ped 
ove r t h e  ex i st i n g  w i re to p revent o r  m i n i m i ze wi re
re l ated i nj u ry. 
A l o n g itud i n a l  common femora l  a rter iotomy is per
formed to expose the fu l l  extent of femora l  d isease that 
needs to be add ressed to ensure adequate runoff from 
the i l i ac  intervent ion .  Th i s  ca n a l m ost a lways be accom
p l i shed with i n  the femora l  inc is ion itse l f  without need 
for a d d it iona l  d i sta l  femora l  bypass p roced u res, u n less 

B 

Ca refu l ly, an endarterectomy p l a n e  is deve loped be
tween the p laque  and rem a i n i n g  m u ra l  med ia  or  
adventit ia us ing  a Penfi e ld  d i ssector o r  Beaver  b lade .  The 
p lane m ost typica l ly i s  deve loped with i n  or  exter ior  to 
the media ,  leavi n g  the advent it ia  i ntact. Fa i l u re to appre
ciate the a p p ropriate endarterectomy p l a n e  may weaken 
the adventit ia,  l ead ing  to b leed ing  or  postoperative 
hematoma or  pseudoaneurysm formatio n .  Care shou ld  
be taken  to d i ssect the p laque  away f rom the rema i n i n g  
a rter ia l  wa l l ,  n o t  vice versa. T h e  endarterectomy p l a n e  i s  
deve loped o n  e a c h  s i d e  o f  the vessel a n d  advanced pos
ter ior ly unt i l  the p la nes meet i n  the m i d l i n e .  Fo l l owing  
th i s  m a n euver, the p laque  i s  transected f lush  with the 
a rter ia l wa l l .  Care shou ld  be taken to ach ieve good 

FIG 6 • Va r ious femora l  endarterectomy 
closure strateg ies .  A. Typica l  a natomy; 
occas iona l ly, p r imary repa i r  can be 
cons idered if common femora l  a rtery i s  of 
adeq uate s ize .  B. Arter iotomy a n d  patch 
extended onto superfic i a l  femora l  a rtery; 
deep femora l  a rtery endarterectomy can 
be performed us ing  a n  evers ion tech n i q u e .  
C. Arter iotomy a n d  patch extended onto 
deep femora l  a rtery. Part i cu la r ly usefu l  in 
ch ro n ica l ly occ luded su perfic i a l  femora l  
a rtery (SFA) . D. I nterposit ion  repa i r  of  
com m o n  femora l  a rtery; can syndacty l ize  
deep femora l  a rtery a n d  SFA if needed.  
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• 

q u a l ity a n d  m i n i m a l ly d i seased e n d poi nts in both the su
perfic i a l  a n d  deep femora l  a rter ies as necessa ry (FIG 7) .  

Tack ing  sutu res, as com m o n ly e m p l oyed d u ri n g  ca rot id  
enda rterectomy, may a l so be necessary i n  the femora l  
a rtery to ensure adequate endpo i nts. Part i cu la r ly i n  the 
case of the deep femora l a rtery, care shou ld be taken to 
extend the endarterectomy we l l  past the mass of com
mon femora l  a rtery-re l ated p laque .  Th i s  may req u i re 
expos i n g  the deep femora l  a rtery we l l  beyo nd its i n it i a l  
branches, d iv id i n g  cross ing  branches  of  the deep femora l  
ve in ,  a n d  avo i d i n g  excess ively deep p lacement of se lf
reta i n i n g  retractors to l i m it the poss i b i l ity of tract ion 
i n ju ry to femora l  ne rve branches .  
Often, s ign if icant poster ior  p laque extends  proxi m a l l y  
we l l  i nto the externa l  i l iac  a rter ies .  A s  p revious ly d i s
cussed, care shou ld  be taken in deci d i n g  at which point  
the enda rterectomy shou ld end versus  d i sta l extens ion of 
i l i ac  stents (FIG S) .  

A 

FIG 7 • Femora l  endarterectomy tech n i q u e .  A. Lon g itu d i n a l  
a rter iotomy a n d  deve lopment o f  endarterectomy p l a n e .  
B. Ensure adequate e n d po i nts on e ither  e n d .  C.  Patch c losu re. 

COMMON ILIAC STENTING 

First Step 

• 

• 

Typica l ly, a 6- or 7-Fr sheath is adequate for i l iac  stent ing . 
Once the sheath is p laced after com p l et ion  of the patch, 
a p p ropr iate a rter iogram images  a re obta i ned .  
For d i sta l  aorta a n d  proxi m a l  common i l i ac  d i sease, often 
the best a p p roach i s  passage of a f lush catheter i nto the 
aorta a n d  a power-i njected aortogra m .  

Sixth Step 

• 

• 

Once the fu l l  extent of p laque has been removed and  su it
ab le  i rr igation performed to identify and  e l i m i nate remain
ing  mobi le  fragments of  res idua l  med ia ,  patch ang iop lasty 
shou ld be performed typica l ly us ing runn ing  5-0 polypro
pylene sutu re i n itiated at both the prox ima l  and d i sta l  
endpoints and t ied i n  the middle .  Bovi ne pericard i u m, 
extruded polytetrafluoroethylene (ePTFE), and  po lyester 
or  a utogenous vei n  seg ments a l l  may represent reasonab le  
patch options, depend ing  on i nd iv idua l  c i rcumstances. 
I n  genera l ,  a utogenous ve i n  is more resista nt to infection, 
whereas prosthetic patch options a re ava i lab le  off the 
shelf i n  a va riety of config u rations. ePTFE patches tend to 
b leed more through their  suture holes fo l lowing p lace
ment, a lthough this tendency may be tem pered by use of 
ePTFE patches. Cu rrently, our  p reference is to use bovi ne 
pericard i a !  patch as the defa u lt choice i n  the a bsence of 
i nfection or  other  contra ind icat ion (e .g. ,  patient objection 
due to re l ig ious  reasons) (FIG 6) .  

Rarely, when a rter ia l  wa l l  i nteg rity appears compro
m ised fo l lowi ng enda rterectomy, femora l  i nterposit ion 
g raft ing  may be performed i n  l i e u  of patch a n g iop lasty. 
I nterposit ion g rafti ng may a l so be a good cho ice when 
the femora l  p laque b u rden i s  so g reat that e n d a rterec
tomy is  i m p ractica l ;  in th i s  case, an i nterposit ion  g raft 
(ePTFE or kn itted polyester) ca n be p laced in stead of a 
patch .  Th i s  can be confi g u red i n  any n u m be r  of ways: 
• D ista l a nastomosis to d i sta l  com m o n  femora l  a rtery 
• D ista l a nastomosis  to syndactyl ized superfi c i a l  a n d  

deep femora l a rter ies (FIG 6) 
• 

• 

• 

D ista l anastomosis  to su perfic ia l femora l  a rtery with 
rei m p l a ntat ion  of the deep femora l  a rtery 
D ista l a nastomosis to the  deep fe mora l  a rtery with 
re i m p l a ntat ion  of superfi c i a l  femora l  a rtery 
D ista l a nastomosis to the deep femora l  a rtery 
on ly, when the superfi c ia l  femoral  a rtery is a l ready 
occ luded 

Seventh Step 

• 

• 

• 

Before com p l et ion  of patch c losu re, the m i d d l e  or d i s
tal port ion of the patch i s  punctu red with an 1 8-gauge 
need l e  a n d  the back of the p revious ly  p l aced wi re 
is routed through the need le .  Patch c losure is then 
com p l eted a n d  the c l a m ps removed; at th i s  poi nt, an 
a p p ropr iately s ized sheath can be adva nced over the 
wi re, through the patch,  i n  preparat ion for i l iac  stent i ng .  

For p r imar i ly i l i ac  d isease, retrograde a rter iography 
through the femora l  sheath i s  usua l ly suff ic ient to o bta i n  
adeq uate i l i ac  opacif icat ion .  
Contra latera l a nter ior ob l ique  ( 1 5- to 30-deg ree) p rojec
t ions  a re typica l ly chosen for v i sua l izat ion of the respec
tive i l iac  systems to ensure identif ication of the or ig in  of 
the i ps i latera l i nterna l  i l i ac  a rteries.  A l so, the fu l l  extent 
of d i sease b u rden may be most adequately add ressed by 
m u lt ip l e  o b l i q u it ies  in any c i rcumstance.  
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• A m a r k i n g  catheter may be used to ass i st i n  l e n g t h  
m e a s u re m e nts a n d  " b u d d y "  w i res  may a l s o  be p l aced 
from contra late ra l  fe m o r a l  access .  Every effo rt s h o u l d  
be m a d e  to m a i nta i n  perfus i o n  to t h e  hypogastr ic  
a rter ies .  

Second Step 

• 

• 

• 

Sel ect ion of the appropr iate ba l loon a n d  stent d i a m eter 
i s  of g reat i m porta nce. S l ig ht overs iz ing of 5 %  to 1 0 % 
is reco m mended, except i n  the case of heavi ly  ca lc if ied 
les ions, where overs i z ing  may predi spose to a rter ia l  
rupt u re .  
O pt i m a l  ta rget vesse l d i a m eter may be est imated p re
operatively by measurements from the CTA, part ic u l a r ly 
looking at the d i a m eter of adjacent o r  contra latera l  
norma l  a rter i a l  seg ments. S i m i l a r ly, d i a m eter a n d  length 
measurements may a lso be obta ined d u r i ng  the hybr id  
proced u re itself. Genera l ly spea k ing ,  com mon i l i ac  a rtery 
ta rget d i a m eters may range from 7 to 1 0  mm,  depen d i n g  
on gender, body h a b itus, a n d  b u r d e n  o f  d i sease. Externa l  
i l i ac  a rtery d i a m eters range f rom 5 to 8 m m  u n d e r  s i m i l a r  
q u a l if icat ions .  
B a l loon " pred i lati o n "  may fac i l itate stent p lacement and 

Altern at ive ly, exte r n a l  i l i a c  les ions a re often best 
treated with  se lf-expa n d i n g  stents ,  which by t h e i r  
natu re a re m o re f lex i b l e  a n d  com p l i a nt w i t h  t h e  
ra d i u s  of c u rvat u re p resent i n  t h i s  a rte ry. Except i o n s  
exist for b o t h  i n d icat io ns,  h oweve r, a n d  device p l ace
m e n t  s h o u l d  be  i n d iv id u a l i zed to spec if ic  a n at o m i c  a n d  
c l i n i ca l req u i reme nts .  

T hird Step 

• I n  the sett i n g  of b i l atera l  or even u n i l atera l p roxi m a l  
c o m m o n  i l iac  a rtery d i sease or  d i sta l aort ic  d isease, 
b i l atera l aort ic  b ifurcat ion ba l loon d i lat ion and stent
ing shou ld  be com p l eted s i m u lta neous ly to protect the 
contra latera l  com mon i l i ac  a rtery from d i ssect ion,  p l aque  
d is lodgement, o r  s u bseq uent embo l izat ion .  Th i s  i s  gener
a l ly refe rred to as " k i ss i n g "  ste nts. 

• B a l loon-expa ndab le  stents a re typica l ly used for these 
prox ima l  common i l i ac  les ions and they may be dep loyed 
we l l  i nto the d i sta l  aorta, essent ia l ly "advanc ing  the  
aort ic  b i furcatio n . "  

Fourth Step 

assist with stent s i z ing .  • For com m o n  i l i ac  les ions  i m m ed i ately adjacent to the 
aort ic  b ifurcat ion,  after prec i se  a rter iogra p h i c  loca l i za
t ion  of the aort ic  a n d  i l i ac  b ifurcations a n d  extent of 
p laque  b u rden,  a ppropr iately sized stents a re se lected .  
U n i- or  b i latera l sheaths  of suffic ient d i a m eter for the 
se lected stents a re advanced i nto the d i sta l  aorta.  When 
common i l i ac  l es ions  a re not str ict ly "or if ic i a l , "  concomi 
tant  contra latera l  stent ing i s  genera l ly not  req u i red .  
Ag a i n ,  ca refu l a n g iogra p h i c  assessment shou ld be made 
to determ i n e  the extent of p l aque  b u rden p resent at  
the or ig i n  of the common i l iac  a rter ies to m a ke th i s  
determi natio n .  

• 

• 

M i l d  p a i n  d u r i n g  d i lat ion is to be a nt ic i pated a n d  i n d i 
cates stretc h i n g  o f  the  adventit ia ;  excessive or  pers i s
tent pa in ,  h owever, may i n d icate a rte r i a l  comprom ise 
o r  r u pt u re .  In the  l atte r c i rcu m stance, cons iderat ion 
should be g iven to add i t iona l  p lacement of a covered 
stent when contrast extravasat ion  i s  p resent o n  a rter i 
ography and not i m m ed i ately contro l led with extended 
b a l loon dep loyment .  I n  the  retroperito neum,  u n l i ke the 
lower extrem it ies, ta mponade wi l l  not l i ke ly  l i m it fu r
ther  b leed i n g  a n d  extended b a l l oo n  dep loyment may 
n ot be advisa b le  as  defi n itive treatment .  When genera l  
a n esthes ia  i s  req u i red for  the concomitant e n d a rte rec- • 

tomy, t h i s  wa r n i n g  s i g n  may n ot be present a n d  com
p l et ion  a rter iography s h o u l d  be ca refu l ly scrut i n ized 
for i n d icat ions of i l i ac  a rtery compromise o r  contrast 
extravasati o n .  

Appropr iately s ized ba l loon-expa ndab le  stents a re a d 
va nced with i n  the sheaths a n d  posit ioned across t h e  
respective les ions .  T h e  sheaths a re t h e n  p u l led b a c k  to 
expose the ent i re stent; th i s  seq uence prevents acc iden
ta l d is lodgement of the stent off the ba l loon,  atte m pt ing  
to cross the le s ion ,  a n d  l i m its the r isk of p l aque  embo l iza-
t ion  d u r i ng  stent passage .  

There a re n u merous  com merc i a l l y  ava i la b l e  stents to 
choose from,  m a ny of which a re specif ica l l y  i n d icated 
for i l i ac  a rter ia l  i ntervent ion (e .g . ,  "on l abe l " ) .  Appropr i 
ate d i a meter and length stents genera l ly fa l l  i nto two 
categor ies, ba l loon-expa ndab le  or se lf-expa n d i n g  a n d  

• Once both stents a re posit ioned a p p ropr iately, they a re 
i nf lated s i m u lta neous ly to ach ieve the  k iss i n g  confi g u ra
t ion  (FIG 8) .  

• 

can be covered or uncovered (e .g . ,  with a d herent g raft 
mater ia l ) .  
The length of the ba l loon or  stent shou ld  cover the en-

Fifth Step 

t i re l ength of the d i seased a rea .  • 

• B a l l oo n-expa n d a b l e  stents h ave t h e  advantage of 
h i g h e r  prec i s ion  of p l acement  a n d  g reater ra d i a l  
stre ngth ;  h oweve r, they a re l ess f lex i b l e  t h a n  se lf
expa n d i n g  stents. As a g e n e r a l  r u l e  of t h u m b, b a l loon
expa n d a b l e  stents a re best s u ited for co m m o n  i l i ac  
a rtery l e s i o n s  w h e re " k i ss i n g "  stents i n  the  contra l at- • 

e r a l  i l i a c  a rtery may be needed to d e a l  with  excess ive 
p l a q u e  b u rd e n  o r  ca l c if icat i o n  o r  the  a o rt i c  b i f u rcat i o n  
may need to be  " a dvanced " i nto the  d i sta l  a o rta t o  
co m p l ete ly  ensure  a d e q u ate l u m i n a l  reca n a l i zat i o n .  

Com p l et i o n  a rte r i o g r a p hy, typica l l y  t h r o u g h  a pres
s u re i nject i o n  in the d i st a l  a o rta t h r o u g h  " s i d e-ho l e "  
o r  fl u s h  cath ete rs, i s  obta i n ed to confi r m  ste nt p l ace
m e nt, eva l u ate deg ree of res i d u a l  stenos i s, and r u l e  
out  co m p l i cat ions  such  as  d i ssect i o n  o r  t h r o m b u s/ 
e m b o l izat i o n .  
W h e n  pressu re measurement a re req u i red, p u l l -back 
p ress u res a re obta i n ed with the  goa l  of e l i m i nati n g  
p ress u re g ra d i e nts across the treated l e s i o n  at rest o r  
l i m it i n g  to l e s s  than  1 5  m m H g  fo l l owi n g  i nject ion  of a 
d ista l vaso d i l ator such as pa paver ine .  
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FIG 8 • B i latera l co mmon i l i ac  a rtery stenosis  treated with k iss i n g  stent tech n i q u e .  A. I n it i a l  aortogram demonstrati ng 
h i g h-grade b i l atera l p roxi m a l  common i l i ac  stenos is .  B. B a l loon d i l at ion demonstrat ing  waist i n  ba l loon at locat ion  of stenos is .  
C. Co m p l et ion aortogram with b i l atera l k iss i ng  i l i ac  stents, ra i s ing  the aort ic  bifu rcat ion  by a few cent imeters. 

EXTERNAL ILIAC ARTERY STENTING 

First Step 

• When the exter n a l  i l i ac  a rtery is d iseased, part i cu l a r ly the 
d i sta l seg m ent, se lf-expa n d i n g  stents a re typica l ly used 
d u e  to the i n creased tortuosity of these vesse l s  and  the 
i ncreased f lexi b i l ity of se lf-exp a n d i n g  stents as o pposed 
to ba l loon-expa ndab le  stents. 

• The same p r i n c i p les  exist i n  terms of s i z ing ,  a lthough  
for se lf-expa n d i n g  stents, 1 0 % to 20% overs i z i ng  i s  
typica l ly reco m m e nded i n  the  respective i n struct ions  for 
use ( I FU) .  

Second Step 

• Deployment of se lf-expa n d i n g  stents d oes n ot req u i re 
adva ncement of the i ntrod ucer sheath past the les io n .  
T h e  se lf-expa n d i n g  stents usua l ly a re mou nted on a ca r
r ier  a n d  constra ined .  The stents shou ld  be posit ioned 
across the les ion a n d  dep loyed .  

• Cl ose f luoroscop ic  mon itor ing  shou ld  occur  d u r i n g  
dep loyment, as se lf-expa n d i n g  stents t e n d  to be fa r 
l ess p recise i n  posit i o n i n g  i n  compar ison to ba l loon
expa ndab le  stents a n d  typ ica l ly may advance across the 
les ion d u ri n g  dep loyment.  

PEARLS AND PITFALLS 
Occ luded i l i ac  a rtery strateg ies  

T hird Step 

• Pred i lat ion a n d  postd i lat ion may be performed as neces
sa ry with a p p ropr iately s ized ba l loons before and after 
stent dep loyment.  

• I n  the sett i n g  of very d i sta l  externa l  i l i ac  a rtery d is
ease or  i ncomp lete d ista l externa l  i l i ac  endarterectomy 
(as descr ibed ear l i e r), the d i sta l end of the stent may be 
carr ied down to the l evel of the enda rterectomy, a g a i n  
w i t h  c a r e  to be t a k e n  to avo id  cross ing  the i n g u i n a l  l iga
ment as  p revi ous ly descr ibed (FIG 5) .  

Fourth Step 

• J ust as i n  com m o n  i l i ac  stent ing,  com p l et ion a rter ia
grams should be performed, and p ress u re g rad ients may 
be obta i n ed as necessa ry to confi rm suffic ient reso l ut ion  
of the stenos is .  

Fifth Step 

• 

• 

Usua l ly, a s i n g le-repa i r  stitch can be used to c lose the 
patch sheath access s i te ,  regard less of the d i a m eter of 
the sheath used for stent dep loyment.  
Once hemostas is  i s  ach ieved, the sheaths removed, a n d  
a nticoag u lat ion reversed with prota m i n e  i nject ion ,  t h e  
femora l exposu re s h o u l d  be c l osed with a m u lt i l ayer, 
a nato m i c  c losure with a bsorba b le  sutu re. 
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Reentry devices • When attem pt ing  to cross a n  occ luded segment with catheter-g u i d ew i re combi nat ions, a s u b i nt i m a l  
p l a n e  m a y  be deve loped.  Th i s  sub int ima l  tech n i q u e  i s  a ppropr iate as  long  as the t r u e  l u m e n  ca n 
once a g a i n  be reg a i ned pr ior  to enter ing  the aorta.  I n  some c i rcumstances, th i s  reentry may be cha l 
l e n g i n g .  I n  these  s ituat ions, reentry devices can be e m p l oyed. These devices have  n i t ino l  ca n n u l a  
that c a n  be adva nced thro u g h  t h e  device a n d  used t o  p u n cture i nto t h e  t r u e  l u men;  a 0 .0 1 4- i n  w i re 
is then advanced.  Free passage of the w i re i n d i cates true l u men access, wh ich  is conf irmed by con
trast i nject ion .  The passage can then be d i l ated a n d  stented i n  a convent iona l  m a n n e r  (FIG 9) .  Care 
shou ld  be taken to attem pt reentry before the d issect ion p l a n e  i s  advanced too fa r proxi m a l ly i nto 
the d i sta l aorta, as  th i s  may com p rom ise the a b i l ity to proper ly dep loy ba l l oon-expa ndab le  stents 
a n d/or comprom ise i nfer ior  mesenter ic a rter ia l  fl ow. S i m i l a r ly, reentry systems shou ld  be used with 
caut ion i n  the i l i ac  a rter ia l  system to avoid perforat ion  and  retroper itonea l  b leed i n g .  
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FIG 9 • Use of an O utback® reentry catheter (Cord is Corporat ion ,  
H i a leah ,  FL) i n  treatment of a chron i c  tota l i l i ac  occ lus ion .  A. 
Aortogram showing  com p l ete occ lus ion  of the left i l i ac  a rter ia l  
system .  B. The major ity of the occ lus ion  was  crossed; however, 
reentry i nto the true aort ic  l u m e n  was unsuccessfu l us ing  trad i t iona l  
tech n i q ues .  The Outback® reentry catheter was advanced a n d  
posit ioned .  C. After adva ncement o f  the reentry need le, a 0 .0 1 4- i n  
w i re was  a b l e  to be passed i nto the aorta .  D. Retrog rade k iss i n g  
ba l loon expa ndab le  stent p lacement i nto b i latera l com m o n  i l iac  
a rter ies .  E.  Com p l et ion  aortogram demonstrat ing  reconst itut ion of 
f low i n  l eft i l i ac  system .  

Alternative a p p roach • Antegrade a p p roach from either a b rac h i a l  o r  contra latera l  femora l  access somet i mes provides more 
" pusha b i l ity" across reca lc itrant les ions  a n d  may be more successfu l  at obta i n i n g  w i re access. Th i s  
i s  part i cu la r ly true when a sma l l  i nvag i nat ion i s  apparent a n g iogra p h ica l ly i n  the ips i late ra l com
mon i l iac  a rtery (when tota l ly occl uded) .  Once the occ lus ion  o r  stenos is  i s  traversed, the w i re can 
be snared from the ips i l atera l femora l  a n d  a n  ip s i l atera l sheath can sti l l  be advanced to com p l ete 
the proce d u re as  p revious ly  descr ibed from the ip s i l atera l femora l  access. This i s  genera l ly advisa b le  
as  compa red to attem pted stent p lacement f rom left b rac h i a l  access, d u e  to p roxi m ity a n d  control 
issues, as wel l  as the ava i l a b i l ity of su ita b ly s ized stents on long de l ivery catheters. 

Severe ca lc if ied d i sease 
strateg ies  

• I n  pat ients with s i g n if icant atherosc lerotic b u rden,  ca re shou ld be taken d u ri n g  the i ntervent ion 
to m i n i m ize atheroembo l izat ion .  Use of cove red stent g rafts ca n be cons idered i n  these scenar ios. 
Add it iona l ly, as a n  added benefit of the hybrid a p p roach, f l u sh ing  m a n euvers of the patch 
a n g iop l asty site may be performed to e l i m i nate embo l i c  debr i s .  

Arter ia l  rupt u re • Cover with stent g raft. Cons ider  proxi m a l  ba l l oon occ lus ion .  

Arter ia l  d i ssect ion  • Extend stent if  f low l i m it ing  d i ssect ion .  

POSTOPERATIVE CARE 

• Following femoral endarterectomy and iliac stems, patients 
are usually monitored in the hospital for 1 to 2 days. 

• Postoperative antithrombotic management is not well stud
ied in this population; however, most surgeons treat patients 
with dual antiplatelet therapy such as aspirin and clopi
dogrel, with a loading dose of clopidogrel followed by a 
daily dose, for the first 6 weeks following the procedure . 
Long-term anti platelet management is usually achieved with 
acetylsalicylic acid (ASA) alone, except in circumstances of 
aspirin allergy. 

• Routine follow-up with arterial duplex and ABis is impor
tant to monitor for continued patency and potential need for 
secondary intervention. 

OUTCOMES 

• Early and long-term results of concomitant common femoral 
artery endarterectomy and iliac stenting have been excellent. 

One-year primary patency and primary-assisted patency rates 
have been reported to be 84% and 97%, respectively.3 Five
year primary, primary-assisted, and secondary patency rates 
were 60%, 97%, and 9 8 %  in a recent report of 1 7 1  patients.4 

• There is some evidence that covered stem grafts may have 
improved patency compared to bare metal stems, particu
larly in TASC C and D lesions .4•5 

• Iliac artery stenting combined with open femoral endarter
ectomy also appears to be equally effective as open surgi
cal revascularization. Piazza and colleagues6 found similar 
30-day morbidity and mortality as well as primary patency 
at 3 years when comparing a 10-year cohort of patients 
treated in both manners. These similarities were maintained 
even after stratification for TASC group. 

COMPLICATIONS 

• Contrast nephropathy 
• Wound complications, including infection, dehiscence, seroma 

formation, and nerve entrapment 
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• Arterial rupture 
• Arterial dissection 
• Embolization 
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Chapter 27 Management of the Infected 
Femoral Graft 
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PATIENT HISTORY AND PHYSICAL 

FINDINGS 

Ma tthew Mel/ 

• The symptoms of an infected femoral graft can vary widely, 
from a chronically draining wound to sepsis and hemody
namic collapse. 

• Symptoms may have been present from hours to weeks. 
• Physical examination should include inspection of the surgi

cal wounds and graft tunnels for induration, erythema, ten
derness, open wounds, aneurysmal degeneration of the graft 
or anastomosis, or drainage . 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• When possible, causative organisms should be identified 
prior to surgery to aid in choosing appropriate systemic 
antibiotics and the optimal surgical approach. 

• Prior to surgery, detailed imaging with computed tomo
graphic angiography (CTA) can provide critical information 
for developing a cohesive plan for surgical exploration and 
graft removal and replacement. 

• Computed tomography (CT) can accurately identify anatomic 
signs of infection, including abscess or anastomotic aneurysm. 
CT can also provide clues to the extent of infection. 

• CTA provides high-resolution imaging of the aorta and run
off vessels, which will aid in determining the options for 
revascularization, including in situ reconstruction, obturator 
bypass, or ilioprofunda bypass. 

• Radionuclide scans may provide evidence for graft infection 
when other imaging studies are nondiagnostic. 

SURGICAL MANAGEMENT 

• Aggressive and wide debridement of devitalized or infected 
tissue must accompany graft excision and replacement in the 
setting of infection. 

• Partial or complete excision of infected prosthetic grafts is 
generally required to eliminate the infection. 

• Excision of infected autogenous graft infections may be nec
essary when associated with sepsis caused by Escherichia 
coli, Pseudomonas, Klebsiella, or Proteus spp. 

• Graft excision without reconstruction: Infected thrombosed 
grafts with adequate collateral circulation may require only 
excision without reconstruction. 

• Excision and extraanatomic bypass is preferred with pres
ence of severe sepsis and/or hemorrhage. Examples of 
extraanatomic bypasses include axillary-to-femoral bypass 
{ FIG 1 ), obturator bypass, or cross-femoral bypass. 

• In situ replacement: Low-grade infections without sepsis 
or invasive infection and those with distal occlusive disease 
may be best treated with in situ graft replacement. 
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• Graft replacement material 
• Graft material should be considered prior to surgery to 

ensure availability. 
• Potential options for graft material include the following: 

Autogenous vein (saphenous vein, cephalic vein, basilic 
vein, superficial femoral vein [SFV] ) 
Cryopreserved tissue (aorto-iliac-femoral artery, femoral 
vein, saphenous vein) 
Prosthetic graft (rifampin-soaked Dacron™, polytetra
fluoroethylene [PTFE] ) 

• Consider the need for wound coverage: 
Debridement of an infected groin wound may result in a 
large defect that either cannot be covered or closed. Muscle 
flaps can provide coverage of healthy well-vascularized 
tissue to protect the repair. 
Small to medium defects can be covered with a sartorius 
muscle flap, which is divided from its attachment to the 
anterior superior iliac spine and mobilized medially to 
cover the wound. 
A pedicled flap from the leg or abdominal wall may 
be required for larger wounds. These flaps include rec
tus femoris, rectus abdominis, tensor fasciae latae, or 
gracilis .  

FIG 1 • F i g u re 1 :  Axi l l o-femora l  bypass .  N ote that the proxi m a l  
g raft i s  p l aced b e h i n d  the pectora l i s  m i nor  m usc le .  

-
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GENERAL CONSIDERATIONS 

• It is des i ra b l e  when consider ing  an extraanatom i c  recon
struct ion to revascu la r ize before exc i s ing  the infected 
g raft. Th is  can be acco m p l ished with a bypass and t u n n e l  
perfo rmed across c lean t issue p la nes.  Once the bypass i s  
com p l eted a n d  wou nds c losed, the gro in can be exp lored 
and the infected g raft removed. With this a p p roach, the 
cont i n u ity between the superfi c i a l  femora l  and deep 
femora l  a rter ies shou ld  be m a i nta i ned by either over
sewing  the d i sta l common femora l  a rtery or  a nastomos
ing the p rofu nda  femor is  a rtery (PFA) to the superfi c i a l  
femora l  a rtery with  p rox ima l  l igat ion (FIG 2) .  

Deep Superficial 
femoral femoral 
artery artery 

/ I nfected graft Excised 

• 

• 

Debr idement of the i nfected site m u st i nc l ude  remova l 
of i nfected or necrotic  t issue a n d  com p l ete exc is ion of 
the a nastomosis .  D i ssect ion may be a ided by lack of 
i n corporation of the infected g raft but a lso may p rove 
ch a l le n g i n g  from extens ive sca rr ing in the reoperative 
f ie ld .  Sharp  d i ssect ion tech n i q ues a re cr it ica l to m i n i m iz
ing the risk of i n advertent i n ju ry to vesse l s  o r  adjacent 
structu res. 
It i s  i m porta nt to send cu ltures of the perig raft f lu id,  tissue, 
and g raft ' Instruct ions shou ld  be g iven to the m icrobio l 
ogy l ab  to perform son ication of the g raft to sepa rate 
b iofi l m  from g raft and maxim ize the bacter io logy y ie ld .  

Oversew Syndactalize Re-implant 

FIG 2 • Surg ica l  opt ions fo r m a i nta i n i n g  
cont i n u ity o f  a rter ia l f low to the profunda femor is  
a rtery after obtu rator bypass a n d  common 
femora l  a rtery l i gat ion 

OBTURATOR BYPASS 

• Us ing  the obtu rator fora men may be a usefu l  a pproach 
for bypass ing  a n  i nfected g ro i n  through a ster i l e  fie l d .2 A 
re inforced PTFE g raft is best su ited for th i s  tech n i q u e  a n d  
can be used if sepsis has b e e n  contro l l ed a n d  the bypass • 
can be performed without v io lat i n g  the infected f ie ld .  

• The p roxi m a l  a nastomosis  can be performed to the 
com m o n  i l i ac  a rtery, externa l  i l i ac  a rtery ( ips i l atera l o r  
contra l ateral) ,  o r  p revious  g raft if n o t  infected (FIG 3) .  

Exposu re can be obta i n ed through a sta n d a rd retro
peritonea l  i n ci s ion ,  by d iv id ing  the exter n a l  a n d  i nterna l  
o b l i q u e  a n d  tra nsversus abdom i n is m uscl es, identifyi ng 

the preperitonea l  space, a n d  retract ing  the peritoneum 
med i a l ly w i th  b l u nt d i ssect ion tech n i q ues.  The obtu rator 
fora men  i s  ju st poster ior  to the a nter ior ra m u s  of the 
pelv is, a l though it may not be easi ly pa l pated due to the 
over ly ing obtu rator mem brane .  
D i sta l  a nastomosis ca n be performed to the d i sta l  superfi
c ia l  femora l  a rtery, the m i d po rt ion of the PFA (see the fo l 
lowi ng sect ion,  l atera l approach to the Latera l Profu nda 
Femor i s  Artery Exposu re), or  the popl itea l a rtery. Dur ing 
th i s  d i ssect ion,  the add uctor longus  and  magnus  can be 
identif ied with the leg abducted and extern a l ly rotated . 
The tunne l  w i l l  be p laced deep to these m usc les, which 
i n sert on the externa l  su rface of the obtu rator foramen .  

2045 
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• 

·. 
··-

Common i l iac 
artery and vein 

The t u n n e l  shou ld  be performed in a cra n i a l  d i rect ion 
with a long aort ic  c lamp or  t u n n e l i n g  i n strument (FIG 4) .  

T h e  i nstrument i s  passed d e e p  to the adductor m a g - • 

nus  w h i l e  a hand  is p l aced over the  obturator fora men  
f rom the retroper itonea l  i nc i s ion .  The i nstru ment can  
be d i rected th rough  the obtu rator fora men .  The tun-
ne l  shou ld  be made through the latera l  port ion  of  the  

Superficial 
femoral 

artery 
and vein 

Adductor Anterior 

FIG 3 • Operative i nc is ion for retroperito-
artery and neal exposu re of t he  i l iac  a rtery. Peritoneum 
vein and its contents a re retracted med i a l ly to 

a i d  in exposu re.  

o btu rator fora men to avo id  the obtu rator a rtery and 
nerve, which traverse a nteromed ia l ly. 
Once the t u n n e l  is made, the g raft can be p laced a n d  the  
bypass performed.  Once com p l eted, the i nc i s ions  shou ld  
be c losed a n d  protected before proceed ing  with  exc is ion 
of the i nfected g raft. 

Sartorius 
muscle ---1-1 

mag nus 
muscle 

i l iac spine� 

Adductor 
mag nus 

canal 

Pubic 
tubercle 

Inguinal 
l igament 

Ligament \ 
of Cooper 

Lacunar 
\ 

l igament� �\ 

Obturator nerve 

Obtu rator artery 
and vein 

FIG 4 • Exposure of the su perfi c i a l  femora l  
a rtery and  t u n n e l i n g  for a n  obtu rator 
bypass. Left : creat ing  the tunne l  beh ind  the 
add uctor magnus  m uscle .  R ig ht: p lacement 
of the tunne l  through the obtu rator 
mem brane.  
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LATERAL PROFUNDA FEMORIS ARTERY 

EXPOSURE 

• Anoth e r  o p t i o n  for  r e m ote revasc u l a r i z a t i o n  is to use  
t h e  seco n d  port i o n  of t h e  P FA, exposed t h r o u g h  a 
l atera l i n c i s i o n 3 T h i s  a p p roach  may be usef u l  if t h e  
s u perf i c i a l  f e m o r a l  a rtery i s  occ l u d ed a n d  t h e  g o a l  i s  
to esta b l i s h  f low f r o m  t h e  ax i l l a ry a rte ry v ia  a t u n n e l  

A C 

• 

m e d i a l  to t h e  a n t e r i o r  i l i a c  s p i n e  a n d  latera l to t h e  
femora l i nfect i o n .  
T h e  PFA is  exposed through a n  inc i s ion  p l aced a l o n g  the 
latera l  border of the sartor ius  m usc le 4 to 6 em be low 
the a nter ior s u per ior  i l ia c  sp ine  (FIG 5) .  The sartor ius  
a n d  su perfic ia l  femora l  vesse ls  ca n be retracted med i 
a l ly to expose the adductor longus .  I t s  over ly i n g  fascia i s  
d iv ided,  a n d  with med ia l  retract ion,  the PFA is  exposed.  

_,:a__ Sartorius """"'Tft""U'I -

Lateral 

SUPERFICIAL FEMORAL VEIN H ARVEST 

• SFV can be a s u itab le  g raft for reconstruct ion,  with a l ow 
i nc idence of recurrent or u n contro l l e d  i nfect ion .• Pre
operative eva l uat ion shou ld  i nc lude  d u p lex i m a g i n g  of 
the SFV to exc lude  deep venous  throm bosis and to deter- • 
m i n e  the vesse l d i a m eter. 

• Dissect ion can be performed through a sta ndard a ntero
med ia l  leg i ncis ion, or  p laced over the latera l border of 
the sartor ius  (FIG 6) .  The ve i n  shou ld  be d i ssected from 
its conf luence with the profu nda femoris  ve i n  d i sta l ly to 
obta i n  suffic ient length for reconstruct ion .  Care shou ld  be 

Adductor 
longus 

FIG 5 • Latera l  exposu re of the profu nda 
femor is  a rtery. A. I nc i s ion  a long the latera l 
border of the sa rtor ius  m usc le .  B. Med ia l  
retract ion of  the su perfic ia l  femora l  a rtery 
a n d  ve i n  to expose the add ucto r longus .  
C. Fasc i a l  inc i s ion  a n d  med ia l  retract ion 
of the add ucto r longus  to expose the 
p rofu nda  femor i s  vesse ls .  

taken to preserve the profu nda femoris  ve i n  and  the com
mon femora l vei n  and  to stop the d i ssect ion at the add uc
tor ca n a l .  These l i m its w i l l  preserve i m porta nt co l l ateral 
c i rcu lat ion between the profunda femoris  and the popl i 
tea l ve in ,  which w i l l  m i n i m ize postoperative leg edema.  
Once h a rvested, branches of the SFV should be doub ly 
l igated or suture l igated a d i stance 2 mm from the i r  
j u nction with  the SFV to p revent s l i ppage of the l iga
t u re once the con d u it is  p ressu r ized.  The SFV can be used 
i n  a reversed m a n n e r  or  non reversed after d i s rupt i n g  
the va lves. 
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B 

CRYOPRESERVED GRAFTS 

• 

• 

Some stu d ies have shown favora b le  resu lts for cryo
preserved a l log rafts with regard to l i m b  l oss, recur
rent i nfect ion,  a n d  s u rviva l compa red with other in s itu 
rep lacements. 5 

When cons ider ing an a l lograft, g reater than  24 h o u rs 
may be req u i red to locate su ita b l e  g raft mater ia l  a n d  
length if there i s  no on-site i nventory. 

• 

• 

• 

FIG 6 • Exposu re of the su perfi c i a l  femora l  
ve i n .  A .  I nc i s ion a long  t h e  sartor ius  m usc le .  
B. media l  retract ion of the  sartor ius  to expose 
the superfi c i a l  femora l  ve i n .  

G rafts should b e  prepared im mediately before imp lantation. 
The thaw-and-rinse process takes approximately 45 m in utes. 
L igated b raches shou ld  be tested fo r hemostas i s  a n d  
suture l i g atu res p laced if  necessa ry. If us ing  a n  aorto i l i ac  
homog raft, it i s  eas ier  to confirm hemostas i s  if the  g raft 
is p l aced with the l u m b a r  branches faci n g  a nter ior. 
G raft length shou ld  a l l ow for a tens ion-free anastomosis . 
When poss ib le,  avo id  a l log raft-to-a l l og raft anastomoses. 

PEARLS AND PITFALLS 
Preoperative cons iderat ions 

Prox i m a l  a n d  d i sta l  
vessel control 

I ntraoperative cu ltures 

Tu n n e l s  

System i c  ant ib iotic treatment 

• When poss ib le,  cons iderat ion shou ld  be made prior to su rgery for the best opt ion(s) of g raft 
mater ia l ,  a l lowing t ime to obta i n  it if req u i red .  For a utogenous  ve in ,  preoperative d u p lex i s  
essentia l  to determ i n e  the s ize a n d  q u a l ity of the proposed con d u it. 

• When poss ib le, prox ima l  and d ista l vessel control shou ld  be obta i ned through  extens ion of the 
or ig i n a l  inc i s ion or  through  sepa rate i nc is ions before d i ssect ing the infected vessels .  Remote 
bypass with su bseq uent remova l of infected mater ia l  may be prefera b le  to in situ repa i r. 

• It is i m portant to obta i n  G ra m  sta in ,  aerob ic, a n d  anaerob ic  cu ltu res of the per ig raft f lu id ,  
per ig raft t issue, a n d  g raft. The y ie ld  of the g raft w i l l  be i ncreased if son icat ion of the g raft i s  
perfo rmed i n  the m icrob io logy l a b  pr ior  to i n cu bation .  

• Tu n n e ls, when poss ib le,  shou ld  be p laced i n  ster i l e  f ie lds .  

• B road-spectrum ant ib iotics shou ld  be i n it i a l ly considered for  patients with severe sepsis. For those 
without sepsis, blood and wound cu ltu res shou ld  be performed prior to sta rti ng ant ib iotics. 
I n it ia l  ant ib iotics shou ld inc lude coverage for methic i l l i n-resista nt Staphylococcus au reus (M RSA) . 
After surgery, parenteral ant ib iotics shou ld be considered for 4-6 weeks, especia l ly for i nvasive 
i nfections or in situ repa i r. 



C h a p t e r  27 MANAG EMENT OF THE I N FECTED FEMORAL G RAFT 2049 

POSTOPERATIVE CARE 

• Antibiotics should be continued for at least 2 to 6 weeks, 
depending on the type of organism, and should be chosen 
based on antimicrobial sensitivity when available. 

• Patients should be inspected daily for signs of infection, 
which may include fever, leukocytosis, erythema or drainage 
from the wound, or wound breakdown. Persistent infection 
should trigger consideration of wound exploration and re
evaluation of the antibiotic regimen. 

• Drains, if placed, should be removed as soon as possible, 
based on quantity and appearance of fluid. Ongoing pu
rulent drainage or continued fever and leukocytosis may 
indicate lack of source control, which may require wound 
exploration and washout. 

• Arterial surveillance should be performed prior to discharge 
to confirm the integrity of the repair and establish a baseline 
for future surveillance examinations. 

COMPLICATIONS 

• Bleeding from the wound should raise immediate concerns 
of arterial disruption from persistent infection leading to 

tissue destruction. If present, patients should undergo arte
rial duplex and be considered for reexploration. Under these 
circumstances, complete evaluation of the arterial recon
struction (even if remote) is advisable as vascular resection 
and reconstruction may be required. At times, arterial liga
tion may be the only option for local control of sepsis. 

• If not already performed, patients requiring reexploration 
and debridement for persistent infection will most often ben
efit from muscle flap coverage of the defect. 

REFERENCES 

1. Bandyk OF, Bergamini TM, Kinney EV, et al. In situ replacement of 
vascular prostheses infected by bacterial biofilms. ] Vase Surg. 1991; 

13(5):575-583. 

2. Pearce WH, Ricco JB, Yao JS, et al. Modified technique of obturator 
bypass in failed or infected grafts. Ann Surg. 1983;197(3):344-347. 

3. Bridges R, Gewertz BL. Lateral incision for exposure of femoral 

vessels. Surg Gynecol Obstet. 1980;150(5):732-733. 

4. Smith ST, Clagett GP. Femoral vein harvest for vascular reconstruc
tions: pitfalls and tips for success. Semin Vase Surg. 2008;21(1):35-40. 

5. Kieffer E, Gomes D, Chiche L, et al. Allograft replacement for infrare

nal aortic graft infection: early and late results in 179 patients . ]  Vase 

Surg. 2004;39(5):1009-1017. 



Chapter 28 
r 
r 

Surgical Exposure of the Lower 
Extremity Arteries 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -+ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
t Luke X. Zhan Joseph L. Mills, Sr. 

DEFINITION 

• Chronic lower extremity ischemia, also known as peripheral 
artery disease (PAD ) ,  is a common condition managed by 
vascular specialists . The primary etiology is atherosclerosis. 
Atherosclerotic stenosis or occlusion of the peripheral arte
rial tree results in arterial insufficiency and end-organ (limb) 
ischemia. PAD is a major contributor to morbidity, reduced 
quality of life (QOL),  and mortality in an increasing elderly 
demographic in the Western world. 

DIFFERENTIAL DIAGNOSIS 

• The challenge for the vascular specialist is to determine 
whether the nature and severity of presenting symptoms cor
relate with the degree of chronic arterial insufficiency present 
or whether alternative etiologies, such as neuropathy, inflam
mation, infection, lymphatic or venous disease, and repeti
tive trauma, are more likely responsible. Definitive diagnosis 
is derived from detailed historic and physical examination 
findings correlated with appropriately directed noninvasive 
vascular laboratory and adjunctive imaging studies. 

PATIENT IDSTORY AND PHYSICAL FINDINGS 

• Patients with PAD may present with a spectrum of symptoms 
ranging in severity from none to varying degrees of claudica
tion to severe or "critical" limb ischemia ( " CLI" = ischemic 
rest pain, ulceration, and gangrene) .  Pulse palpation is an 
integral component of the physical examination. Femoral, 
popliteal, posterior tibial, and dorsal pedal pulses should be 
noted and graded (0  = absent; 1 = present but diminished; 
2 = normal; 3 = enlarged, aneurysmal ) .  Claudication is de
fined as muscular pain, cramping, aching, or discomfort in 
the lower limb, reproducibly elicited by exercise and relieved 
within 10 minutes of cessation. CLI has been traditionally 
defined as ( 1 )  persistent, recurring ischemic rest pain reg uir
ing opiate analgesia for more than 2 weeks and (2 )  ankle 
systolic pressure less than 50 mmHg or toe systolic pressure 
less than 30 mmHg (or absent pedal pulse in patients with 
diabetes ) . 1 Ischemic rest pain typically is nocturnal, worsens 
with elevation, and is relieved by dependency. Pedal pulses 
are absent; dependent rubor, elevation pallor, and calf mus
cle atrophy are frequent accompaniments . CLI also includes 
ischemic foot ulceration and gangrene in the setting of ankle 
systolic pressure less than 50 to 70 mmHg or toe systolic 
pressure less than 40 mmHg in patients without diabetes 
(<50  mmHg in diabetics ) .  

SURGICAL MANAGEMENT 

Indication 

• All patients with PAD require comprehensive medical man
agement and risk factor modification. Revascularization 
(either open bypass or endovascular intervention) is indicated 
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in patients who remain symptomatic and significantly lim
ited despite adequate risk factor modification, exercise, and 
medical management. The primary goal of intervention, in 
patients with lifestyle-limiting claudication, is to improve 
exercise tolerance and hence QOL. Patients with rest pain, 
tissue loss, and gangrene are at greater risk for limb loss and 
cardiovascular mortality (stroke, myocardial infarction) as
sociated with systemic atherosclerosis than those who present 
with claudication alone. Revascularization in the CLI cohort 
is focused on wound healing and functional limb salvage as 
well as symptomatic relief and improvement in QOL.2•3 

Preoperative Planning: Imaging and Risk Assessment/ 
Mitigation 

• The vascular specialist must first determine, given the un
derlying disease burden, the severity of ischemic and infec
tious complications as well as the patient's comorbidities, 
functional status, and anticipated longevity. Once it is 
decided that revascularization will improve the patient's 
functional status and QOL, these same variables, in con
cert with anatomic assessment of the location, extent, and 
severity of occlusive arterial lesions will determine whether 
endovascular, open, or hybrid revascularization options are 
indicated.  When bypass is selected as the preferred revascu
larization option, the goals of preoperative planning involve 
delineation of diseased arterial segment(s ) ,  identification 
of the most appropriate arterial inflow source, selection of 
the optimal bypass target for maximal outflow and target 
bed perfusion, and selection of the best available conduit. 
In practice, conduit availability is almost always a critical, 
rate-limiting factor because good quality, autogenous vein 
conduit is preferred in almost every circumstance. 

• Adequate preoperative planning depends on a thorough his
tory and detailed physical examination. 

• The delineation of the relevant arterial anatomy on the index 
limb is facilitated by high quality, noninvasive vascular labo
ratory studies (ankle-brachial index and toe pressure mea
surements) .  These are supplemented by arterial color duplex 
ultrasound imaging. Arterial duplex is extremely accurate in 
the assessment of iliofemoral and femoropopliteal arterial oc
clusive disease but less so for infrageniculate (tibial-peroneal) 
lesions . Duplex enables differentiation of stenosis from oc
clusion and determination of lesion length and degree of cal
cification. Cross-sectional imaging studies such as computed 
tomography angiography (CTA) or magnetic resonance arte
riography (MRA) may add complementary information, but 
most experienced operators prefer the precision and resolu
tion inherent in catheter-based, intraarterial contrast arteri
ography for definitive preoperative planning, especially when 
bypass will be required to distal calf or pedal targets . 

• PAD is a coronary artery disease equivalent. Therefore, pre
operative risk evaluation for overall cardiovascular-related 
mortality represents a component of preoperative planning. 

-
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I n  most patients with stable o r  minimally symptomatic coro
nary disease, preoperative risk-reduction efforts are best 
focused on optimizing medical management. Frequently, 
this includes statin and antiplatelet therapy, 13-blockade, and 
optimization of hypertension management. 

• The surgical plan should be tailored to each patient's needs 
based on extent of disease, conduit availability, and realistic 

• Refer to references 4 through 9 for th i s  sect ion .  

FEMORAL VESSEL EXPOSURE 

Positioning • 

• The patient is p l aced i n  s u p i n e  posit ion .  A Fo ley catheter 
i s  i n serted .  Arms may be tucked to fac i l itate i ntraopera
tive prebypass and com p l et ion  ang iogra phy. 

Placement of Incision 

• The common femora l a rtery (CFA) is located on a l i n e  
between the p u b i c  tu bercle a n d  a nter ior i l iac  sp ine, two 
f ingerbreadths latera l to pub i c  tu berc le .  Pa l pation of the 
i n g u i n a l  l i ga ment a n d  femora l  pu l se or  d i rect a rter ia l  
v i sua l izat ion with  d u p lex i m a g i n g  can loca l ize the CFA 
b ifurcat ion a n d  g u ide opti m a l  i nc i s ion p lacement. Even 
when pu l se less due to excessive calc if icat ion or  occ lus ive 
d i sease, the CFA may be loca l i zed by re l i a nce on anatomic 

• 

long-term functional potential. Infrainguinal bypass may 
originate from the common, superficial, or deep femoral 
artery or the popliteal artery with a bypass target of the 
popliteal, tibial, or pedal/plantar arteries. The positioning, 
choice of incisions, and surgical techniques are dictated by 
type of bypass procedure deemed most appropriate under 
the circumstances. 

l a n d m a rks and  d i rect pa l pation, recogn ized as a f irm tu
bular  structure positioned with i n  the femora l  sheath.  
The vertica l groin i ncis ion is most commonly employed to 
provide opti ma l  access to the entire length of the CFA. This 
should be created coaxi a l ly a long the artery itse lf, contin
ued from the ingu ina l  l igament d i sta l ly, and a imed at the 
medial aspect of the knee. The i ncis ion ca n be extended 
su periorly or inferiorly to increase arter ia l  exposure as nec-
essary to achieve opti ma l  inf low (FIG 1 , dashed line A). 
Alternative ly, especi a l ly i n  obese patients with su bsta ntia l  
abdom ina l  pannus, a cu rvi l i near i ncis ion can be p laced 1 
em below and para l le l  to the ingu ina l  l i gament to avoid 
potentia l  sk in maceration and wound compl i cations that 
may accompany vertical i ncis ions i n  th is  s ituation (FIG 1 , 

dashed line B). Although the prox ima l  superf ic ia l  femoral  
and deep femoral  a rteries can be exposed via th is  i ncis ion, 
such a cu rvi l i near or ob l ique i ncis ion l i m its further d i stal  a r
ter ia l  exposure. It therefore would not be selected if an ex
tensive common and deep femoral  a rtery endarterectomy 
is a ntic ipated as potentia l ly necessa ry to opti m ize inf low. 

• The inc i s ion  is carr ied sharp ly through the s u bcuta neous 
t issue a n d  superfi c i a l  fasc ia .  

Popliteal artery 

FIG 1 • Placement of incis ions for i nfra ingu ina l  arter ia l  exposure. 
I ncis ions (A) and (B): Femoral vessel exposure at proxima l  th igh .  
I ncis ions (C-F): Exposure of mid- and d ista l superficia l  and deep 
femoral arteries. Incis ions (G) and (H): Latera l and med ia l  exposure 
of popl iteal artery above the knee. 

Dissection and Control of the Common, Superficial, 
and Proximal Deep Femoral Arteries 

• 

• 

• 

Deep to the subcutaneous tissue and superfic ia l  fascia, the 
d issection is extended longitud ina l ly, even when us ing an 
obl ique i ncis ion, to opt imize the length of femora l expo
sure. Depending on the depth of d issection and subcu
taneous ad iposity, self-reta in ing  Weitlaner or cerebe l la r  
retractors a re carefu l ly p laced to opt im ize exposu re wh i le  
avoid ing traction injury to  femoral nerve branches or the  
common femoral vein .  Further d issection through the femo
ral sheath exposes the anterior surface of the femoral a rtery. 
The d i ssection p lane should rema in  centered d i rectly over 
the femoral  a rtery. Encou nter ing venous structures ind i 
cates media l  deviat ion from the opti ma l  p la ne; exposure 
of the i l iopsoas m uscle, femora l  nerve f ibers, or lymphatic 
vessels  is a n  ind ication of l ateral deviation .  An increas ing 
inc idence of femoral inc is ional  com pl ications, inc lud ing 
wound edge necrosis and separation, lymphatic leaks, fem
oral neuropraxia, and venous i njur ies a re associated with 
incorrectly p laced ingu ina l  inc is ions for femoral  exposu re.  
D i ssect d i rectly a long the CFA both proxi m a l ly a n d  
d i sta l ly. P lacement o f  s i l astic vesse l loops a r o u n d  the 
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femora l  a rtery a n d  its l a rger  branches a i d s  in retract ion ,  
d issect ion,  a n d  m o b i l izat ion .  
Prox ima l  d i ssect ion  i s  conti nued a long  the CFA to the i n 
g u i n a l  l i gament. The i n g u i n a l  l i ga ment may be d iv ided 
to a i d  i n  exposu re or  to enable extended endarterec
tomy. Caut ion i s  necessary in th i s  a rea, as  a pro m i n e nt 
femora l  ve i n  t r ibuta ry crosses a nter ior ly over the CFA i n  
th i s  a rea a n d  i s  prone t o  i nj u ry if n o t  identif ied, l i g ated, 
and d iv ided early in the d issect ion .  I n advertent i n j u ry 
to th i s  "ve i n  of pa i n "  p rod uces retract ion a n d  tro u b l e-
some b leed i n g .  The med ia l  a n d  l atera l femora l  c i rcum- • 

flex a rter ies, i m porta nt co l l atera l s  i n  i l iofemora l  a rter ia l  
occ lus ive d i sease, a re identif ied at l evel of the i n g u i n a l  
l i gament a n d  i n d iv idua l l y  contro l l ed  with remova b le  
c l i ps or  s i l astic vesse l loops .  Use of the former red uces 
c l utter i n  the  wound d u ri n g  e n d a rterectomy o r  creat ion  
of  the proxi m a l  a nastomosis .  
As the d i ssection proceeds d ista l ly, a n  abrupt change i n  ca l i 
ber ma rks the femoral  bifurcation and the or ig ins  of  the 

Lateral femoral 
circumflex artery 

Medial femoral 
circumflex artery 

deep (a lso known as " profunda femoris" in Latin) and su
perf ic ia l  femoral  a rteries (SFA) . The l atter conti nues d i sta l ly  
i n  the same p lane; the former usua l ly  cou rses posterior ly 
and l atera l ly  away from the femoral  bifurcat ion.  After s i l as
t ic loops a re p laced on each vesse l, gentle u pward traction 
on the CFA or SFA may he lp  br ing the deep femoral  a rtery 
i nto view. The latera l c i rcumflex i l iac  vei n  may course a nte
riorly over the or ig in  of the deep femoral  artery and shou ld 
be l igated and d ivided to optim ize exposure and control of 
the fi rst segment of th is  vessel (FIG 2A) .  
Media l  a n d  d i sta l  d i ssect ion p rovides extended exposu re 
of the prox ima l  SFA (FIG 1, dashed line F). Th i s  vesse l o n ly 
occas iona l ly has  s m a l l  branches i n  its p roxi m a l  seg ment .  
A sensory branch of the femora l  ne rve may be p resent 
cross i n g  the SFA from latera l to med ia l .  Tra nsect ion  may 
resu lt i n  media l  th igh d i scomfort .  Even extended femora l  
b ifurcation d issect ions  rare ly  req u i re d iv is ion of femora l  
nerve branches, which shou ld be avoided to m i n i m ize 
postoperative pa resthes ias and dysesthes ias .  

::=-==----- Common femoral artery 

::;;;ilt:f---- Common femoral vein 

Rectus femoris muscle 

Lateral 

CO:II�f--- Great saphenous 
vein 

Femoral vein 

Lateral circumflex 
femoral vein 

Superficial femoral 
artery 
Profunda femoris 
artery 

, Incision D and E 
I ! Sartorius muscle : 

I 
I : 

.
>···· Incision F 

�t:�;;;���:-- Adductor longus muscle 

Graci l is muscle 

�4...u- Profunda femoral vessels 

�'-:,.-- Adductor magnus muscle 

r'i";. -:,.,......:._--rr--- Semitendinosus muscle 

Medial  

FIG 2 • A. Exposure of femora l  
vesse l s  a t  g ro i n .  B .  Anteromed i a l  
a n d  posterol atera l a p p roaches 
to expose m i d d l e  a n d  d i sta l 
seg ments of the superfi c i a l  a n d  
deep femora l  a rter ies .  I nc i s ions  
(C-F) correspond to FIG 1 . 
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Exposure of  the Middle and Distal Segments of  Deep 
Femoral Artery 

• Exposure of the d i sta l port ions  of the deep femora l a r
tery often enab les use of shorter ve i n  cond u it i n  d i sta l  
leg bypass or  may i m p rove outflow from p roxi m a l  re
vascu la r izat ion proce d u res ( i l i ac  a n g i o p l asty a n d  stent
ing or  aortofemora l bypass) . These seg ments a re eas i ly  
exposed from e ither  posteromed i a l  or  a nteromed ia l  ap
proaches (FIG 1 , dashed line C-F). The a pp roach shou ld  
be d i ctated by  the i n d icat ion ( i nf low sou rces or  outflow 
ta rget); a n  add i t iona l  cons iderat ion i s  the necess ity to 
obta i n  exposu re in a n ative f ie ld ,  e ither  in the sett ing  of 
pr ior  d i ssect ion or femora l  g raft i nfect ion .  

• I nc i s ions  a re p l aced a long  e ither  the m e d i a l  (anterome
d i a l  a p p roach; dashed line C and F i n FIG 1 ) or  latera l  
borders (posterolatera l approach) of the sartor ius  m us
cle (FIG 1 , dashed line D and E) .  The d i ssect ion p lane  is 
deve loped through the s u bcuta neous tissue and fascia, 

POPLITEAL ARTERY EXPOSURE 

Medial Exposure of the Above-Knee Popliteal 
Artery 

• P lace patient i n  s u p i n e  posit ion .  Rotate leg l atera l ly, f lex 
the leg,  and p l ace a b u m p  u nderneath the knee j o i nt .  

Patel la -----
Femoral condyle � 

A 

• 

• 

• 

• 

pass i n g  latera l or med ia l  to the  sartor ius, respective ly. 
Mob i l ize a n d  retract sa rtor ius  m usc le latera l ly or med i 
a l ly, depe n d i n g  on a p p roach.  
The d i ssect ion is cont in ued posterior ly, pass ing latera l to 
the superfic ia l  femora l  vesse ls  and accompanying nerve, 
to the space between the add uctor longus m uscle (medi
a l ly) and vastus media l is  ( l atera l ly) (FIG 28, inc is ions C-E). 
The deep femoral  artery and vei n  pass d i rectly underneath. 
D issect ion between adductor longus and  vastus med ia l i s  
m uscle exposes the m idd le  seg ments of the deep femo
ra l a rtery. Cross ing  venous tr ibutaries shou ld  be l i gated 
and d iv ided as necessa ry to provide opt ima l  exposu re.  
The more d ista l seg ments of deep femora l a rtery beg i n  to 
cou rse poster ior to the fem u r  beyond th i s  point and a re 
therefore less usefu l  for bypass or ig i nat ion or desti nat ion.  
Alternative ly, exposure between the adductor longus  
(a nter ior ly) a n d  g rac i l i s  m usc le (posteromed ia l ly) enab les 
med ia l  exposure of the deep femora l  a rtery i n  the d ista l 
t h i g h  (FIG 1 , dashed line F; FIG 28, i n ci s ion  F) .  

P lace a 1 0- t o  1 2-cm l o n g itu d i n a l  i nc i s ion  a long  t h e  
g roove formed betwee n  the edges o f  the vastus m e d i a l i s  
(anter ior ly) a n d  the sa rtor ius  m u sc les (posteromed i a l ly) 
(dashed line A in FIG 3A) . The inc i s ion  i s  carr ied through 
the s u bcuta neous  t i s sue  a n d  fasc ia .  P lace se lf-reta i n i n g  
retractor. Ta ke care n o t  t o  t r a p  a n d  i nj u re the g reat 
saphenous  ve i n  and the sa phenous  nerve. The g reat 

------ Rectus femoris 

B 

��115;��===== Vastus medial is 

"'
"--"''--------

Adductor longus 
• Sartorius 

Saphenous nerve 

'-------- Venae comitantes 
"-------- Popl iteal artery 

'-------- Popl iteal vein 

FIG 3 • A. I ncis ions for media l  approaches 
to exposu re of the supra- ( incis ion A) and 
i nfragenicu late ( incis ion B) popl itea l a rtery. 
B. Media l  approach for exposure of the 
supragenicu late popl itea l artery. (continued) 
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� Sartorius 

--------------- Graci l is 

FIG 3 • (continued) C. M e d i a l  
approach f o r  exposu re o f  t h e  
i nfragen i cu late popl itea l a rtery 
a n d  its branches.  D. Poster ior  
exposu re of the pop l itea l  a rtery. 

Soleus (partial ly d ivided) ,:-_..:.... __ ..:::..._ _____ Popliteal artery 
::----:----------- Anterior tibial artery 

Popl iteal vein 

'--------- Posterior tibial artery 
'--------- Peroneal artery 

c 

Sartorius -------�� ...... -:!.. 

Graci l is ------�� 
Sem itend inosus -------7:.:, 
Sem imembranosus ----;.;
Biceps femoris ----�'-11� 
Popl iteal vein -----�-..:. 

Popliteal artery ----�.._=::.._;j� 
Tibial nerve ---------=-J-'---•� 

Common peroneal nerve ----;.:._¥-/ 
Gastrocnemius : 
Lateral head ------.;..,..�� 
Medial head ---------;c..;,-:,_,-';-�•-f!-� 

D 

• 

• 

Left leg 

saphenous  ve in  i s  l i ke ly  to be encou ntered more postero
med ia l l y  to the inc i s ion  in the s u bcuta neous t issue.  The 
saphenous  nerve may be encou ntered at d i sta l end of 
the i n ci s ion  as it jo in s  the saphenous  ve i n  near  the med ia l  
aspect of  the knee.  
I nc ise the deep fasc ia  l o n g itu d i n a l ly a n d  above the sa r
tor ius  m usc le  to enter the popl itea l  fossa .  The popl itea l 
a rtery can be pa l pated up a g a i nst the poster ior  s u rface 
of the fem u r  (FIG 38) .  

T h e  popl itea l a rtery i s  often surrounded b y  m u lt ip le  ve
nous col l atera l s, or  "venae com itantes" in Lat in ;  the pop
l iteal vei n  is usua l ly posterolatera l to the a rtery i n  th i s  
locat ion .  The popl itea l and/or su perfic ia l femoral  ve ins  
may be d u p l icated throughout the popl itea l fossa and  
d ista l th igh .  Isolat ion and  control of  the a rtery usua l l y  re
q u i res l igation and d iv is ion of surround ing  co l l atera l vei ns.  

Popliteal artery 

Right leg 

Lateral Exposure of the Above-Knee Popliteal Artery 

• 

• 

• 

• 

• 

Lateral exposu re of the a bove-knee (AK) popl itea l  artery is 
usefu l i n  a variety of c i rcumstances-for insta nce, axi l lopop
l itea l  bypass or when the med ia l  approach has previously 
been developed or is compl icated by infect ion or i nj u ry. 
P lace patient i n  s u p i n e  posit ion .  Rotate leg med ia l ly, f lex 
the knee, a n d  p lace a b u m p  u n d erneath the knee jo i nt. 
P l ace 1 0- to 1 2-cm long itud i n a l  inc i s ion  between the vas
tus l atera l i s  and the biceps femor is  m uscles (dashed line 
A in FIG 4A) .  The inc i s ion is carr ied through the su bcuta
neous tissue and fasc ia .  
M a ke a generous ly cruc iate i n c i s ion ("T-ed")  at both ends  
on the fasc ia  l ata  to prevent bypass g raft i m p i ngement 
by i ts  dense fi bers .  
P lace retractor a n d  enter the popl itea l  space. Sc iat ic  
nerve then pop l itea l ve i n  wi l l  be encou ntered fi rst before 
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A muscle 

B 

c 

Popl iteal artery 
and venae com itantes 

Biceps femoris 
muscle 

Soleus 
(divided) 

Tibioperoneal 
trunk muscle 

FIG 4 • A. I ncis ions for latera l exposu re of supra- and infragenicu late popl itea l a rtery and its 
trifu rcation.  B. Lateral exposure of supragenicu late popl itea l a rtery. C. Latera l  exposure of 
i nfrag en i cu l ate pop l itea l a rtery a n d  its tr ifu rcat ion .  

pop l itea l a rtery. Gently retract sc iat ic nerve d ownwa rd.  
Then m o b i l ize and retract popl itea l ve i n  to expose and 
control  the popl itea l a rtery. 

• 

• 

Posterior Exposure of the Popliteal Vessels 

The i nc is ion is 5-sha ped, across the poster ior  crease of the 
knee jo i nt, with its  super ior  extent beg i n n i n g  med ia l ly. 
The inc i s ion  i s  ca rr ied a nter ior ly through the su bcutane
ous  t issue and superfi c i a l  fascia to enter the pop l itea l  
fossa . Exposure i s  max im ized by m o b i l i z i n g  the  popl i 
tea l a rtery betwee n  the two heads of the gastrocnemius  
m uscl e  i nfer ior ly a n d  between sem i mem branosus a n d  
b iceps femor is  m usc le s u per ior ly. 

• 

• 

Poster ior  exposure may be the p referred approach for 
management of popl itea l a rtery entra pment, pop l itea l 
cyst, foca l pop l itea l a rtery a n e u rysm, or a rter ia l  i nj u ry • 

fo l l owing  tra u matic poster ior  knee d i s locat ion .  Although  
d i rect a n d  re l ative ly uncompl icated, poster ior  access i s  
l i m ited by  the  heads of the gastrocnemius  m usc le d i sta l ly 
a n d  the biceps femor is/" hamstr i n g "  m u sc les p roxi m a l ly; 
o n ly foca l ,  l i m ited pop l itea l  a rtery access i s  ach ieva b l e  • 

through th i s  i n ci s ion .  
Pat ient i s  p laced i n  prone posit ion  with p i l low to prop up  
the lower  leg a n d  foot. 

The m uscles a re gently retracted to expose the ent i re 
popl itea l fossa . The t ib i a l  a n d  common peronea l  ne rves 
a re encou ntered superfic ia l ly in th i s  exposure .  The pop l i 
tea l a rtery is  a nter ior, or  deep to the ve in ,  i n  the depths 
of the wou n d .  
It m a y  be necessa ry t o  mobi l ize t h e  popl itea l vei n  with l iga
t ion and d ivis ion of popl itea l venous tr ibutaries to fu l ly ex
pose the a rtery. Once the appropriate seg ment is exposed, 
s i lastic vessel loops a re p laced proxi m a l ly and d ista l ly. 

2055 
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INFRAGENICULAR EXPOSURE 

Medial Exposure of the Infragenicular Popliteal 
Artery and Its Branches 

• The most common a p p roach is a m e d i a l  one  (FIG 3A) .  
• P lace patient i n  sup ine  posit ion .  Rotate leg l atera l ly, f lex 

the leg,  and p lace a b u m p  u nderneath the  knee jo i nt. 
• M a ke a l o n g itud i n a l  inc i s ion  from be low the edge of 

the t ib ia  a l o n g  the cou rse of the g reat saphenous  ve in  
(dashed line 8 i n  FIG 3A) .  

• Carry the  i nc i s ion  t h r o u g h  su bcuta neous  t i ssue a n d  fas
cia i nto the deep poste r ior  co m p a rtment .  The be low
knee ( B K) pop l itea l  vesse l s  reside deep in the wo u n d  
a n d  a re p a rt ia l ly cove red b y  the  o r i g i n  o f  the  so leus  
m usc le .  

• D iv i s ion  of the  so leus  o r i g i n  m e d i a l l y  (FIG 3C) w i l l  fa
c i l itate expos u re of the t i b i o pe ro n e a l  t ru n k, and or ig i n  
o f  t h e  a nter ior  t i b i a l  a rte ry, b u t  i s  n o t  rea l ly n ecessa ry 
for expos u re of t h e  p o p l itea l a rtery itse lf .  As was de
scr ibed for the  poste r i o r  a p p roach,  the  a rtery l i es  i n  
c l ose p rox i m ity t o  t h e  pop l itea l ve i n  a n d  t i b i a l  n e rve.  
M o b i l i zat ion  of the  pop l itea l ve i n  from the  adjacent 
a rtery i s  n ecessa ry for suffic i ent  exposu re of a l l  re l 
eva nt structu res, i n c l u d i n g  the  a nter io r  t i b i a l  a rte ry, 
t i b i operonea l t ru n k, a n d  der ivat ive branches  (poste r i o r  
t i b i a l  a n d  p e r o n e a l  a rter i es) . I t  i s  u s u a l l y  necessary t o  
l i g ate a n d  d iv ide  t h e  a nter ior  t i b i a l  ve i n  at i t s  conf l u 
ence with the  (often p a i red) pop l itea l ve i n  to ga in  s uf
f i c ient  exposu re to i so late  a n d  m o b i l i ze  t h e  m o re d i st a l  
b ranches .  

• Dissect ion  m ust proceed d e l i berate ly to avoid i n ju ry to 
the n e i g h bor ing  t ib i a l  nerve a n d  its d i sta l  branches .  

Lateral Exposure of the Infragenicular Popliteal 
Artery and Its Trifurcation 

• The latera l approach is rarely req u i red but may be par
t i cu la r ly usefu l to avo id  sca rr ing  from a p revious  med ia l  
a p p roach.  

• P lace the inc i s ion poster ior  to the head of the f ibu la  
a n d  exten d  a l o n g  the cou rse of  the fi b u l a .  D i ssect d i 
rect ly onto  f ibu la  ( i nc i s ion  i s  ma rked as dashed line 8 
i n  FIG 4A) .  Note the location of the common peronea l  
nerve, which  cou rses f rom poster ior  to a nter ior  around 
the neck of the u p per  f ibu la  just be low i t s  head ,  before i t  
branches i nto the superfic i a l  a n d  deep peronea l  nerves. 

• Ci rcu mferent i a l ly e levate the per iosteum of the f ibu la  
a n d  excise the exposed segment  of the f ibu la  w ith  a saw. 
The popl itea l vesse ls  a n d  branches a re fou n d  d i rectly 
beneath the f i b u l a r  per iosteum,  with the a rtery usua l ly 
located a nter ior  to the poster ior  t ib i a l  nerve a n d  the 
popl itea l ve i n .  

• Exte n d i n g  the d issect ion d i sta l ly a l l ows expos u re a n d  
control o f  d i sta l pop l itea l a rtery, as we l l  as the or ig in s  of 
the a nter ior  t ib i a l  a n d  the t ib ioperonea l  t runk .  

Exposure of the Anterior Tibial Artery 

• Proximal  segment 
• The proxi m a l  seg ment of the a nter ior  t i b i a l  a rtery i s  

exposed i n  a fash ion  s i m i l a r  to the exposure for the 
i nfragen i cu l a r  pop l itea l a rtery a n d  i ts  branches. 

• M iddle segment 
• The m i d d l e  segment exposu re of the anter ior  t i b i a l  

a rtery is  usefu l  when there i s  l i m ited length o f  au 
togenous  ve i n .  

Tibial is anterior 
muscle 

Extensor dig itorum 
longus muscle 

Tibial is posterior muscle 
Flexor hal lucis Posterior tibial 

vessels and 
tibial nerve Extensor hal lucis 

longus muscle 
Flexor dig itorum 
longus muscle 

--'-7''--�Y..:..� Soleus 
""'�...\----.....,�� muscle 

Gastrocnemius 
muscle (medial) 

Gastrocnemius 
muscle (lateral) 

Fibu laris longus muscle 

Right Left 

Transected 
segment 
of fibula 

Peroneal 
vessels 

FIG 5 • Exposure of a nter ior  t ib i a l ,  poster ior  t ib i a l ,  and peroneal a rteries at m id- lower leg .  
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• P lace an ax ia l  inc i s ion in a vertica l p l a n e  a bout two 
f ingerbreadths latera l  to the anter ior  edge of the 
t ib i a  (FIG SA) .  

• Deepen the inc i s ion  between the t i b i a l i s  a nter ior 
a n d  the extensor h a l l uc i s  longus m u sc les .  

• The a nter ior t ib i a l  a rtery is su perfi c i a l  to the i nteros
seus mem brane between the c left formed by these 
two m u sc les .  

• Dissecti n g  away the over ly ing co l l atera l ve in s  a l l ows 
exposu re a n d  control of the m i d d l e  segment of the 
a nter ior  t ib ia l  a rtery. Use of a prox ima l  ster i l e  tou r
n i q uet d u r i n g  expos u re of a l l  the crura l  a rter ies may 
s i g n if icantly acce le rate the d i ssect ion  w h i l e  l i m it i n g  
b leed i n g  f r o m  the n u merous  a n d  red u n d a nt co l l at
era l  ve ins .  

Exposure of the Posterior Tibial Artery 

• Proximal  segment 
• The p roxi m a l  seg ment of the poster ior  t ib i a l  a rtery i s  

approached i n  a s i m i l a r  fash ion  to the exposu re for 
the i nfrage n i cu l a r  popl itea l a rtery a n d  its  branches 
a n d  req u i res ta k ing  down the so leus  m usc le  from 
the t ib i a .  

• M iddle segment 
• The m i d d l e  segment exposure of the poster ior  t ib i a l  

a rtery i s  usefu l when there  i s  l i m ited length of  ve i n  
g raft t o  bypass t o  t h e  poster ior  t i b i a l  a rtery. 

• I nc i s ion is made j ust a nter ior  to the so leus  m usc le .  
D iv ide the over ly ing so leus  to expose the u nder lyi n g  
vesse ls  (FIG 58) .  

EXPOSURE OF PEDAL VESSELS 

Exposure of the Inframalleolar Posterior Tibial 
Artery 

• Dista l  poster ior  t i b i a l  exposu re enab les ped a l  bypass at 
or be low the a n kle,  wh ich  may be espec ia l l y  usefu l i n  
patients with adva nced d i a betes. 

• M a ke a long itud i n a l  inc i s ion  through sk in  a n d  fascia 
at the m i d po i nt between the med ia l  m a l leo lus  a n d  
the Ach i l les  tendon .  If th i s  exposu re i s  used f o r  a n  i n  
s itu bypass procedu re, t h e  inc i s ion  shou ld  be s ig hted 
s l i g ht ly more a nter ior ly to accommodate the a nter ior 
cou rse of the  g reat saphenous ve i n  as  it crosses the me
dia l  m a l leo lus .  

• I dentify a n d  d iv ide the fl exor reti nacu l u m  as needed to 
prov ide opti m a l  exposu re .  The poster ior  t ib i a l  vesse l s  
a re located between the f lexor d i g itorum longus  a n d  
flexor h a l l uc i s  longus  m uscles/tendons .  

• P lace a s m a l l  Weit l aner  se lf- reta i n i n g  retractor. The 
neu rovascu l a r  b u n d l e  i s  usua l ly envelo ped by fatty t is
sue  be low the fasc ia .  

• Dissect ion  proceeds a l o n g  the neu rovascu l a r  b u n d l e .  
T h e  poster ior  t i b i a l  a rtery i s  usu a l ly a nter ior  to t h e  
t ib i a l  nerve. There i s  typica l l y  a r i c h  n etwork of venous  

• 

• The poster ior  t i b i a l  a rtery l ies  a nter ior  to so leus  
m usc le with the peroneal  a rtery l ocated latera l ly, in  
the  same p la ne, between the so leus  a n d  t i b i a l i s  pos
terior m uscles.  

• Avo id  i nj u ry to the t ib i a l  nerve, which  com mo n ly 
runs  between the poster ior  t i b i a l  a n d  peroneal  
vesse ls .  

Exposure of the Peroneal Artery 

• Proximal  and middle segments 
• Exposure of the p roxi m a l  seg ment of the peronea l 

t i b i a l  a rtery is v ia d i sta l extens ion of the i nfragen ic
u l a r  popl itea l a rtery a p p roach.  

• M iddle segment 
• The m i d d l e  segment may a lso be a p p roached a n 

terolatera l ly. The fo l lowi n g  descri pt ion  relates to 
l atera l exposure req u i ri n g  f ibu lectomy. 

• P lace a vertica l i nc i s ion  over the f ibu l a  at the des i red 
l evel  (FIG SC) . 

• Carry down the inc i s ion  through the over ly ing m u s
c le  down to the f i b u l a .  E l evate the per i osteu m  of 
the fi b u l a  c i rcu mfere nt ia l ly. 

• Tra n sect the over ly ing seg ment of fi b u l a .  I nc ise the 
inner per iostea l  mem brane .  The peronea l  vesse l s  
a re fou n d  i m mediately beneath .  The a rtery usua l ly 
is a nter ior  to fl exor h a l l uc i s  longus  a n d  poster ior  to 
the t i b i a l i s  poster ior  m uscles.  

• The peronea l  a rtery is exposed a n d  contro l led after 
m o b i l izat ion from c i rcumferent ia l  co l l atera l ve i n s  
a n d  the m a i n  peroneal  ve i n .  

co l l atera l s  p resent. These m a y  e ither  be m o b i l ized or  
(more com mon ly) d iv ided to fac i l itate d ista l poster ior  
t ib ia l  a rtery expos u re .  
W h e n  m o re d i sta l  bypass ta rg ets a re needed (e . g . ,  
p ro h i b it ive b u rd e n  of d i sease i n  t h e  poste r i o r  t i b i a l  a r
tery itse l f) ,  the  d i ssect i o n  may be cont i n ued  a l o n g  t h e  
poste r i o r  t i b i a l  a rtery d i sta l l y  to the  b ifu rcat i o n  of the  
med i a l  a n d  l atera l p l a nta r a rter ies .  I n  a l l  such  cases, 
h oweve r, preoperat ive i m a g i n g  i s  p a ra m o u nt to i m m e
d i ate a n d  l o n g -term s u rg i ca l s u ccess, a n d  o n l y  i n  rare 
c i rcu m sta nces s h o u l d  t h e  ope rative p lan be  c h a n g ed 
by u n expected fi n d i n g s  at t h e  t i m e  of s u r g e ry. The  
p resence of l u m i n a l  ca l c if icat i o n  a l o ne,  without  s u b 
sta nt i a l  comprom ise to the  ta rget l u m e n  d i a m eter, i s  
n ot a contra i n d icat i o n  to bypass  construct i o n .  W h e n  
u ncert a i nty i s  p r e s e n t  reg a r d i n g  t h e  opt i m a l  bypass 
target despite a d e q u ate preoperat ive i m a g i n g ,  con
s i d e rat ion  s h o u l d  be g iven to o n -ta b l e, i nt raoperat ive 
a rter iography  to g u i d e  s u r g i c a l  dec i s ion  m a k i n g  a n d  
confi rm o utco m e .  To t h i s  e n d ,  we perform a l l  o p e n  by
pass p roce d u res in a hybr id  o p e rat i n g  room env i ron
m e n t  with h i g h-q u a l ity i m a g i n g  ca p a b i l i t ies  to e n s u re 
the  o pt i m a l  o utco m e  of a l l  p roced u res, reg a r d l ess of 
the  i n it i a l  ope rative p l a n .  

2 0 5 7  
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B 

Exposure of the Supramalleolar Anterior Tibial 
Artery 

• The d i sta l  a nter ior  t i b i a l  a rtery may serve as a su ita b l e  
d i sta l  bypass ta rget, espec ia l ly when su bsta ntia l  d i sease 
i s  p resent more proxi m a l ly. It  may a lso be prefera b le  to 
bypass to th i s  seg ment in the presence of a dorsa l  foot 
wou n d .  

• The inc i s ion  is p laced between the t i b i a l i s  a nter ior  med i 
a l ly a n d  extensor h a l l uc i s  longus  a n d  the extensor d i g  ito-

FIG 6 • A. Exposure of infra m a l leo lar  poster ior 
t ib ia l  a rtery and  its  branches .  B. Exposu re of 
suprama l leo lar  a nter ior t ib ia l  and  dorsa l pedal  
a rteries. 

Exposure of the Dorsal Pedal Artery 

• The dorsa l  ped a l  a rtery (or "dorsa l i s  ped is"  i n  Lat i n) i s  
the extens ion  of the a nter ior  t i b i a l  a rtery as  it passes be
neath the extensor reti nacu l u m .  It can serve as  a su ita b l e  
d i sta l  bypass ta rg et, espec ia l l y  i n  patients w i t h  d i a betes. 

• The a rtery is best exposed beyon d  the i nfer ior  extensor 
reti nacu l u m .  P lace a n  inc is ion between the 1 st and 2nd 
metata rsa l shafts a n d  d i sta l to the extensor reti nacu l u m  
(FIG 68) .  

rum longus  latera l l y  (FIG 68) .  • The dorsa l i s  ped is  a rtery resides i n  the g roove between 
the 1 st a n d  2nd  metata rsa l heads, usua l ly just latera l  
to the extensor h a l l uc i s  longus tendon,  wh ich  i s  rea d i ly 
identif ied by dors if lex ion of the g reat toe, a n d  med ia l  to 
extensor h a l l uc i s  b revis .  

• 

• 

Anter ior  t ib i a l  a rtery a n d  peroneal  nerve usua l ly cou rse 
through the g roove betwee n  them.  
D i ssect between these  tendons a n d  retract them to 
expose the supra m a l leo la r  segment  of a nter ior  t i b i a l  
a rtery. • Carry down dissection through subcutaneous tissue and lon

g itud ina l ly d ivide the fascia to expose and control the a rtery. 
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PEARLS AND PITFALLS 
• Preoperative u ltraso u n d  d u p lex m a p p i n g  a i d s  the  se lect ion a n d  p l acement of the inc i s ion .  D i ssect ion  can be g u ided by pa l pa

t ion  of the u n d e rly i ng a rter ia l  p u lse.  I n  most cases, beca use d ista l p u l ses a re freq uently a bsent or  d iffi cu lt  to pa l pate, use of an 
i ntraoperative Doppler  probe wi l l  a i d  the loca l i zat ion a n d  d i ssect ion of vesse l .  Nonethe less, knowledge of a p p ropr iate a natomic  
l a n d m a rks w i l l  g reatly fac i l itate carefu l a n d  exped it ious exposure .  I n  a l l  c i rcu msta nces, d i ssect ion  shou ld  be d i rect ly targeted o n  
a n d  around the a rtery. Th is  g u ida nce i s  s i m i l a r  i n  m a ny ways to the  orthopedic  a x i o m  to " stay o n  the bone" d u ri n g  d i ssect ion
kee p i n g  exposure centered on the ta rget a rtery m i n i m izes venous  b leed i n g  a n d  damage to sur ro u n d i n g  struct u res. P lacement of 
an enc i rc l i n g  s i l astic vesse l  loop w i l l  a i d  in further  m o b i l izat ion .  

• I n  the exposu res of  the t h i g h  a rter ies, the sartor ius  m usc le serves as a n  i m porta nt l a n d m a rk for  the exposu re of the common,  
su perfic ia l ,  a n d  p rofunda femora l  a rter ies .  

• I n  the sett ing of reoperation, a lternative surg ica l  exposu res a l low operation i n  a v i rg i n  f ie ld that is unscarred by previous operation .  

COMPLICATIONS 

• Bleeding complication: Aim to achieve satisfactory hemosta
sis for surgical bleeding prior to skin closure. Full antico
agulation from heparin can be reversed with protamine to 
reduce the risk of postoperative bleeding. 

• Vessel injury: Vascular clamps or silastic loops can lift ath
erosclerotic plaques and create dissection and arterial injury 
in the presence of arterial calcification. The vascular clamp 
should be placed at a relatively soft, disease-free segment. 
Occasionally, this requires lateral positioning of a clamp to 
provide anterior/posterior rather than lateral compression of 
a vessel. In the CFA, the accumulation of significant pos
terior plaque often mandates modification of " atraumatic" 
clamp placement. In the tibial vessels, care should be taken 
to obtain control in the least traumatic fashion possible to 
limit compression of inelastic runoff vessels and the potential 
for clamp injury and restenosis. Often, alternative devices 
such as "flow arresters " or intraarterial no. 2 embolectomy 
catheters attached to stopcocks may provide sufficient con
trol to maintain a hemostatic field during completion of the 
distal anastomosis without exerting undue force on the tar
get artery. In any extent, pressure is reduced to begin with 
in distal tibial arteries, so the amount of force exerted to ob
tain control should be modified accordingly. As previously 
mentioned, strategic use of proximal thigh tourniquets and 
Esmarch bandage, deployed following creation of the proxi
mal anastomosis and graft tunneling, may also be useful in 
limiting bleeding and the risk of clamp injury and dissection 
in diseased tibial vessels. 

• Distal embolization: Most frequently, periprocedural em
bolization is due to fragmentation of atherosclerotic plaque 
fragments or thrombus during dissection or clamping. Full 
systemic anticoagulation with intravenous (IV) heparin prior 
to clamping the vessel and intraoperative monitoring of ac
tive coagulation time (ACT) will minimize the risk of graft 
or native vessel thrombosis. Prior to closure of arteriotomy 
and clamp release, all involved arteries must be meticulously 
and repeatedly flushed and back-bled to remove residual 
thrombus or loosen plaque fragments . Attention to this 
portion of the procedure, as well as to the precise course 
of graft tunneling, will optimize outcome and eliminate the 
need for reanticoagulation, embolectomy, and revision at the 
end of an often long procedure. 

• Nerve injury: Nerves and vessels are often intimately asso
ciated. Nerve injury can be caused by dissection, a poorly 

placed retractor, injudicious spreading and clamp place
ment, and thermal energy from the electrocautery. These in
juries can be reduced by knowledge of appropriate anatomic 
landmarks, accurate incision placement, and meticulous 
sharp dissection directly down to and immediately around 
the intended artery. Importantly, excessively deep placement 
of self-retaining retractors in an extended common or deep 
femoral artery exposure can cause traction injuries to motor 
branches of the femoral nerve, significantly limiting the abil
ity of patients to stand or bear weight for weeks following 
the procedure. In general, to avoid nerve injury, retractors 
should be placed in the most superficial plane possible to 
obtain sufficient exposure of target vessels. In all circum
stances, retractors should be removed immediately as soon 
as they are no longer needed or if attention is turned to 
alternative sites or other portions of the procedure that do 
not require continuous exposure. 

• Lymphatic leakage: Lymphatic vessels usually course close 
to the arteries and veins. Avoid transection of lymph nodes. 
If necessary, cauterize the divided end of lymphatics. Visible 
lymphatic vessels should be suture ligated. Careful dissec
tion respecting tissue planes allows layered closure to elimi
nate dead space and lymphatic accumulation, formation of 
seroma, or hematoma. When lymph nodes are injured, extra 
time should be taken to control, ligate, and divide afferent 
and efferent vessels and remove the node completely. 

POSTOPERATIVE CARE 

• Following bypass, patients should be maintained on a com
prehensive medical regimen to optimize their cardiopulmo
nary status. Lower extremity bypass operations are often 
performed on patients with diabetes and debilitating symp
toms of claudication or CLI. Postoperative care should also 
aim to optimize nutritional status, functional status, and 
control of blood sugar level . 

• Most surgeons routinely employ routine antiplatelet and 
selective anticoagulation therapy to improve graft patency 
in lower extremity bypass patients . The Dutch Bypass Oral 
Anticoagulants or Aspirin (BOA) trial suggested that oral 
anticoagulation improved vein graft patency compared 
with aspirin, whereas aspirin improved prosthetic graft 
patency compared with anticoagulation. The antiplatelet 
and/or anticoagulation regimen must be tailored to indi
vidual patient with lower extremity bypass considering 
their risk for graft failure and risk of bleeding. We routinely 
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administer aspirin to bypass patients and reserve warfarin 
for high-risk situations (redo bypass, marginal or alterna
tive vein conduits, spliced vein grafts, poor outflow, prior 
graft thrombosis) due to the increased bleeding risk associ
ated with anticoagulation. 

• Wound care: Considerable efforts on wound care are re
quired to achieve wound healing after lower extremity 
revascularization in patients with CLI with tissue loss. Me
ticulous nursing care and early ambulation are also crucial 
to prevent decubitus ulcer in the lower extremities and the 
sacrum, creating new wounds in patients with lower extrem
ity ischemia. 

OUTCOMES 

• Outcomes of revascularization should be reported and inter
preted through the reporting standards created and updated 
by the Society for Vascular Surgery. 

• In general, autogenous vein conduits are superior to all 
others for infrainguinal bypass, even for the AK popliteal 
insertion site, where vein has proven superior to polytetra
fluoroethylene (PTFE) beyond 2 to 3 years. Ipsilateral and 
contralateral greater saphenous vein (GSV) conduits exhibit 
patency rates superior to alternative veins such as small sa
phenous vein, arm vein, and spliced veins . Vein graft pri
mary patency rates for femoral BK popliteal bypasses are 
approximately 70 % to 75 % at 5 years, and assisted primary 
patency can be improved even further by a duplex vein graft 
surveillance protocol. Infrapopliteal vein graft primary pa
tency rates range from 60% to 70% at 5 years. Multiple 
randomized trials have shown no benefit of reversed versus 
in situ vein configurations. PTFE grafts have acceptable 
short- and intermediate-term patency rates only in the AK 
popliteal position and therefore should only be used in limb 
salvage situations if autologous vein is truly unavailable. 

When PTFE must be used, an adjunctive venous Miller cuff 
or Taylor patch may improve results . The primary factors 
influencing graft patency are indication, conduit type, and 
conduit quality. Poor runoff adversely impacts prosthetic 
graft patency. 

• The reader is further referred to standard textbook sources 
such as Cronenwett et al . 's Rutherford's Vascular Surgery, 
7th edition, Chapter 109 for a more detailed discussion of 
the expected outcomes after surgical revascularization for 
infrainguinal disease. 
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DEFINITION 

• Reentry devices facilitate true lumen reentry after subinti
mal recanalization for endovascular treatment of complex 
lesion morphologies and occlusions in the femoral-popliteal 
segment. 

• Subintimal recanalization and reconstruction of the femo
ral and popliteal arteries have diminished reliance upon 
femoral-popliteal bypass. Reentry into the true lumen can 
be challenging and is often the rate-limiting factor for the 
success of this procedure . Improved wires and support cath
eters, and also reentry devices, have been developed for 
crossing chronic total occlusions (CTOs) .  

• Tools for managing CTOs are listed i n  Table 1 .  CTO support 
catheters may be used to support the guidewire that is being 
used to cross the occlusion. These typically have lubricious 
surface and a stiff tip . Distal access may be used to recanalize 
infrainguinal occlusions from a retrograde direction. Reen
try catheters may be used to reenter the true lumen. CTO 
crossing catheters are not discussed in the chapter. These are 
relatively new and use either mechanized or hand power to 
manipulate through an occlusion in hopes of remaining in 
the true lumen. 

• Planning and performing subintimal recanalization and 
reentry into the true lumen of the femoral and popliteal 
arteries are described herein. 

Table 1: Tools for Managing Chronic Total 
Occlusions in the Lower Extremity 

Tool for 
Managing CTO Purpose 

CTO support catheters Support dur i ng  wi re 
cross ing  

D i s ta l  access Access for b id i rec-
t iona l  approach 

Reentry catheters E nter true l umen  
from sub int ima l  
space 

CTO cross i ng  devices True l umen  cross i ng  

Examples 

CXITM (Cook Medica l )  
Qu ick-C rossrM (Spectranetics) 
Tra i l B lazer (Covid ien)  
Gopher  (Vascu l a r  So l ut ions) 
Retrograde puncture of 
SFA-popl iteal 
Ti b ia l-peda l  
OutbackTM (Cordis) 
P ioneerrM (M edtron ic) 
Enteer (Covid ien )  
OffRoad (Boston Scientific) 

C rosser (Bard)  
Frontrunne r  (Cordis) 
Laser (Spectra netics) 
TruePath (Boston Scientific) 
Wi ldcat (Avinger) 
Viance (Covid ien)  

CTO, chronic total occlusion; SFA, superficial femoral artery 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• Patients with clinical symptoms and signs of lower extremity 
ischemia may benefit from subintimal recanalization and the 
use of reentry techniques in the course of their clinical care, 

• Patients present with claudication, rest pain, nonhealing 
ischemic ulcers, or gangrene. The history and physical ex
amination is consistent with these lower extremity presenta
tions and is described elsewhere in this atlas .  

IMAGING AND OTHER DIAGNOSTIC STUDIES 

• Patients who might benefit from subintimal recanalization 
and reentry typically have complex lesion morphology, such 
as arterial occlusion, that may be managed by creating a new 
channel outside of the potential space offered by the subinti
mal area. Imaging studies that define the anatomy and lesion 
morphology are useful prior to revascularization. This may 
include duplex scanning, magnetic resonance angiography, 
or computerized tomographic angiography. We usually per
form duplex mapping prior to any lower extremity inter
vention. Long lesions, occlusions, and complex lesions are 
typically identifiable with preoperative imaging. 

• Patients with lower extremity ischemia should have objective 
physiologic confirmation of the degree to which perfusion is 
diminished, This may be accomplished by ankle-brachial in
dices or toe pressures. 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Preoperative planning includes identifying the best access site 
for arterial entry. Subintimal recanalization of the femoral
popliteal segment may be performed using an up and over 
approach, from the contralateral common femoral artery, or 
using an antegrade approach from the ipsilateral common 
femoral artery. A reentry catheter may be used through either 
of these access choices. Preoperative noninvasive imaging is 
very helpful in making this plan for approach. 

• The location of lesion helps determine access site and 
approach. Many patients with superficial femoral artery (SFA) 
and/or popliteal artery disease are treated with an up and over 
approach. If the patient has inflow iliac artery disease or has 
an SFA lesion that begins near the origin of the SFA, an up and 
over approach is warranted. Reentry devices require place
ment of a 6-Fr sheath. If an up and over approach is antici
pated, the aortic bifurcation should also be assessed to make 
sure that the reentry device can be passed. 

• Patients with extensive disease below the knee and without 
iliac or proximal SFA disease and who are not obese can be 
treated using an antegrade approach. 
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RECANALIZATION STRATEGY reca n a l izat ion is us ing  a loop of hyd ro p h i l ic w i re to d is
sect the s u b i nt i m a l  space and the loop can a lso be used 
to reenter the true l u me n .  • 

• 

I n  m a n a g i n g  com p l ex les ions  of the femora l  a n d  pop l i -
tea l a rter ies, it i s  q u ite com m o n  to attem pt to reca n a l ize • 
the true l u m e n .  Stenos is  ca n a l m ost a lways be crossed 
trans l u m i n a l ly us ing  a w i re supported by a catheter. 
A steera b le ,  hyd roph i l i c, low-profi l e  w i re is best. Long 
les ions, espec ia l ly if occ luded, may not be possi b le  to • 
cross i n  the true l u m e n .  I n  th i s  case, sub int ima l  reca n a l i 
zat ion a n d  reentry i s  the  best opt ion .  
Strategy i s  based on se lection  of a reentry s i te  where  the 
a rtery has  a n  accepta b l e  l u men,  co l latera ls  ca n be pre-
served, ca lc if icat ion i s  avo ided,  and potentia l  bypass sites • 
rem a i n  i ntact. Stay ing i n  the true l u m e n  when poss i b l e  
offers the shortest reconstruct ion  a n d  preservation  of 
m ost co l l atera ls .  When s u b i nt i m a l  passage i s  req u i red, 
reenter the true l u men as c lose to the d i sta l reconstitu
tion as poss ib le .  The m ost common method of s u b i nt i m a l  

There i s  typ ica l ly a l a rge incoming  co l l atera l  feed i n g  t h e  
reconstituted segment.  If the reentry site i s  ca lc if ied,  t h e  
success rate f o r  l o o p  passage  i s  lower a n d  u s e  o f  a reentry 
catheter is more l i ke ly to be i n d i cated .  
If there is a su bsta ntia l  p laque at the i ntended reentry 
site, cons ider a site more d i sta l than the i n it ia l  reconsti
tution s ite. If there i s  another lesion d i sta l to but near  
the reentry site, th i s  can pose a cha l lenge for pass ing  the 
g u i dewire d ista l ly after it has popped i nto the true l u m e n .  
T h e  operator m u st dec ide i n  th i s  case whether it wou ld  b e  
appropr iate to reenter d i sta l to a l l  the les ions, g iven that 
it m i g ht negatively affect bypass options.  If the reentry 
fa i l s  a n d  the patient needs a bypass, ta rget s ites for d ista l 
a nastomosis shou ld  be a ntic i pated, a l though fa i l ed reen
try usua l ly does not result i n  throm bosis of that seg ment. 

TREATMENT PLATFORM a n g i op lasty a n d  stent ing ,  usua l ly 7 Fr. Th i s  perm its 
contrast a d m i n istrat ion  even if a reentry device i s  be ing  
posit ioned (FIG 1 ) .  Sheath Placement 

• Place sheath t i p  c lose to the  o n g m  of the  occ lu s ion  . 
Contrast a d m i n istered through sheath fi l l s  the  d ista l 
reconst itut io n  s ite through  co l l atera l s .  For a n  SFA oc
c lus ion ,  the tip of the sheath i s  usua l ly pos it ioned near  
the  femora l  b ifu rcat ion  a n d  the  d ista l a rtery i s  v i sua l 
ized with contrast f lowing  through  profunda  col  l atera ls .  
Use a sheath that i s  one  s ize l a rger  than  that used for 

A 

Entering the Subintimal Space 

• P lace an a n g led t ip  catheter po int ing towa rd the a rtery 
wa l l  at the or ig i n  of the occl us ion .  Point it opposite the 
l ocat ion where the l a rgest runoff col latera l i s  located .  
Adva nce a G l idewi reTM i nto the wa l l .  Push it a n d  the t ip  
w i l l  catch a n d  a loop  w i l l  fo rm (FIG 2) .  

B 

FIG 1 • Sheath p lacement.  A. There is a stu m p  of prox ima l  SFA that is patent. The sheath was p laced u p  a n d  over the aort ic  
b ifu rcat ion .  The t ip  of the  sheath i s  i n  the com m o n  femora l  a rtery a n d  ca n be recog n i zed by a rad iopaque t i p .  The catheter i s  
used to d i rect the g u idewire i nto the b l ind sac of the occ luded p roxi m a l  SFA. B. Th i s  a rter iogram shows a short popl itea l  a rtery 
occ lus ion .  The t i p  of the  sheath is p l aced d i rect ly i nto the proxi m a l  pop l itea l a rtery to support the reca n a l izatio n .  There is a 
l a rge  per igen i cu l a r  co l latera l that or ig i n ates from the pop l itea l  a rtery at the l ocat ion where the a rtery occ l udes .  Typ ica l ly, the 
sub int ima l  space i s  entered by d i rect i n g  the catheter t ip  a n d  the g u idewire to the a rter ia l  wa l l  on  the  s ide  opposite the or ig i n  
o f  t h e  l a rge  col l atera l .  
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FIG 2 • Enter the s u b i nt i m a l  space. A. After sheath t ip  p l acement near  the or ig in  of the occ lus ion  a n d  where the a d m i n istered 
contrast w i l l  opacify the locat ion where the a rtery reconstitutes. An a n g led tip catheter i s  used (arrow) to d i rect the w i re 
towa rd the superfi c i a l  femora l a rtery or ig i n .  B. I n  the popl itea l a rtery, the catheter is poi nted to the i nterface between the 
a rtery a n d  the occ lus ion  on the s ide  op posite the la rgest exit i n g  co l latera l (arrow). C. The t ip  of the catheter i s  poi nted aga i nst 
the a rtery wa l l  at the l ocat ion  where the occ lus ion  starts. D. The hyd ro p h i l ic g u idewire i s  pushed i nto the wa l l  unt i l  the t ip  
of  the w i re catches a n d  a loop forms. The loop usua l ly forms at the trans it ion zone a long  the w i re between the soft, f loppy t ip  
of  the hyd ro p h i l i c w i re a n d  the stiffe r shaft of  the w i re .  E. After the wi re loop is  em bedded with i n  the  occl us ion,  the suppo rt ing  
catheter is  advanced.  

LOOP MANAGEMENT 

Loop Advancement 

• Visua l ization, loop ma nagement, and  assessment of the 
reentry s ite are the maneuvers that enha nce success. The 
looped hyd roph i l ic wi re is  advanced past the les ion (FIG 3) .  

The loop is kept na rrow and  is opti m a l  if less  than the 
d ia meter of the a rtery l u men,  a n d  th is  i s  done by closely 
fo l lowi ng the loop with a support ing catheter. Beca use 

• 

the loop is i n  the sub int ima l  space, keep ing  the loop nar
row keeps the sub int ima l  space t ig ht. Th is  he lps to d i rect 
the wire in a stra ig hter trajectory toward its ta rget and  
a lso makes the knuck le  of  the wi re  loop  a more effective 
tool for p ierc i ng tissue to get i nto the true l umen .  
The sta n d a rd G l idewi rerM (Teru mo) has  a d i rect iona l  
t i p  w i th  a soft sh aft. If s u b i nt i m a l  passage i s  be ing  per
formed past a heav i ly  ca lc if ied les ion ,  the a rtery wa l l  
m a y  b e  m o re a d h e rent t o  t h e  ca lc if ied segme nt, m a k i n g  
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FIG 3 • Loop adva ncement. A. After enter ing the s u b i nt i m a l  space, the loop is advanced with the sup port of 
the catheter. The loop works best when it is m a i nta i n ed i n  a n a rrow confi g u rat ion .  Th i s  is e n h a nced by c lose ly 
fo l lowi ng the loop with the supporti ng catheter. If the loop encou nters a heavi ly ca lc if ied seg ment, it tends to 
widen or  to spira l  around the ca lc if ic  segment.  B. The loop i s  adva nced to the a rteri a l  segment where the true 
lumen i s  reconstituted . Q u ite com m o n ly, the loop of w i re wi l l  pass  i nto the true l u m e n .  The l ocat ion  where 
the a rtery reconstitutes is v isu a l ized by a d m i n ister ing  contrast i nto the sheath.  C. After the loop passes i nto 
the true l u men,  advance the catheter i nto the true l u m e n .  Always confirm l ocat ion  in the true l u m e n  before 
sta rt ing  reconstruct ion .  Th i s  i s  usua l ly done  by removi ng the wi re and a d m i n i ster ing  contrast i nto the catheter. 
The g u idewi re of choice for use d u r i n g  treatment can then be p laced.  

w i re passage  a lone m o re d ifficu l t .  Catheter  s u p po rt i s  
req u i red, a n d  somet i mes a low-p rofi l e  ba l l oon m ust be 
used to create space i n  the  s u b i nt i m a l  p l a n e .  Typ i ca l ly, a 
sta n d a rd G l i dewi reTM is used, but when pass i n g  a ve ry 
ca lc if ied les ion,  a stiff G l idewireTM s h o u l d  be cons idered .  
A ny lon catheter, 4 o r  5 Fr, with a n  ang led t i p  and a • 

hydro p h i l i c  coat i n g  is best. 
A recent deve lopment i s  the ava i l a b i l ity of CTO support 
catheters, such as the Qu ick-CrossTM (Spectra netics) or  
the CXITM  (Cook Medica l )  offer ing  more support a n d  l ow 
profi le .  The loop usua l ly seeks the wea kest po int  i n  the 

t i ssue a n d  b reaks across the mem brane from s u b i nt i m a l  
potentia l  space to t r u e  l u m e n  m o r e  than  70% o f  the t ime  
i n  o u r  exper ience.  O rthogona l  v iews a re h e l pfu l  i n  assess
ing the trajectory of the loop and whether it i s  p rog ress
i n g  toward the reentry s ite.  
Even if  the reentry site i s  ca l c if ied, a w i re loop o r  a stiff 
w i re with catheter suppo rt may reenter the true l u m e n  
a n d  it i s  worth a n  attem pt.  If th i s  a pp roach i s  unsuccess
fu l ,  se lect a reentry catheter as the next step .  Th i s  saves 
t ime  and the reentry site is  best for success before too 
m uch m a n i p u lat ion has taken p lace .  

REENTRY DEVICE Reentry into True Lumen 

Reentry Device Placement 

• 

• 

The s u b i nt i m a l  w i re is exchanged for a stiff 0.0 1 4- in  
g u idewire.  
The ree ntry device i s  adva nced . 
• If the proxi m a l  part of the s u b i nt i m a l  space is too 

t ight  to a l low passage of a 6-Fr reentry catheter (ap
proxi mately 2 m m), a long,  l ow-ca l i ber  ba l loon may 
be used to s l i g ht ly e n l a rge  the sub int ima l  space. 
Do not d i l ate the a rea i ntended for reentry. If the 
sub int ima l  space at the reentry site i s  e n l a rged,  it 
p revents the reentry need le  from havi n g  adequate 
support to p u nctu re the true l u me n .  

• After the catheter is i n  p l ace, a need le  in the t ip  of the 
catheter i s  advanced i nto the true l u m e n .  

• 

• 

A 0 .0 1 4- i n  g u idewi re is adva nced from the reentry cath
eter i nto the true l u m e n .  
• The d i rect ion of the need le  is or iented us ing  

f luoroscopy. 
• O rthogona l  v iews a re obta i ned to l ocate the juxta

position of the true and fa lse l u mens .  
• The image  i ntens if ier  is posit ioned so that the cath

eter and a n  accepta b l e  ta rget vesse l seg ment a re 
viewed s ide-by-s ide .  

Rotate the catheter unt i l  the " L "  shape appears at the t ip  . 
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FIG 4 • Use of a reentry catheter. A. If the wi re loop does not pass i nto the true l u men,  
cons ider  a reentry dev ice .  I n  th i s  exa m ple, the O utbackTM (Cord i s) dev ice i s  used.  Th i s  is  a 
6-Fr catheter that is adva nced in the s u b i nt i m a l  space, a long the same cou rse where the 
channe l  was created by the catheter a n d  g u idewire.  The reentry catheter is  or iented s ide
by-s ide  with the true l u m e n .  The catheter i s  rotated so that the " L " shape at the t ip  of the 
reentry catheter i s  po int ing toward the true lumen.  B. The need le  is  advanced.  I n  th i s  case, 
the tip of the need le  had passed beyond the true l u m e n  and the w i re i s  outs ide the a rtery. 
C. The need le  is passed aga in ,  th i s  t ime n ot q u ite so deep ly, a n d  the w i re passes i nto the true 
l u m e n .  After each th row of the need le, if  it appears to be going i n  the correct d i rect ion i nto 
the true l u men,  the w i re is  passed to exp lore and see if the tip prog resses i nto the correct 
locat ion in the true l u m e n .  

• Adva nce the need le  i nto the  true l u m e n  I V U S  image a n d  the catheter i s  rotated t o  face the true 
l u m e n .  Us ing  co lor  u ltrasound ,  the true a n d  false l u mens 
can be d isti n g u ished a n d  the w i re passed i nto true l u m e n .  
After pass ing  the wi re, the need le  i s  retracted a n d  t h e  
reentry catheter i s  removed over the wire .  

• 

• M u lt ip le  need le  passes may be req u i red .  The r i sk of 
a need le  pass is l ow. 

• The need l e  may o n ly req u i re a part ia l  adva ncement • 

to get i nto the true l u me n .  A fu l l  adva ncement may 
go through the true l u m e n  a n d  i nto the wa l l  on  the • 

opposite s ide .  
• M u lt ip le  sma l l  adjustments a re often req u i red be

fore the true l u men i s  reentered, espec ia l l y  if the 
reentry site i s  d i seased . 

The need le  th row is or iented with i ntravasc u l a r  u ltra
sou n d  ( IVUS) when using the P ioneerrM catheter 
(Medtronic) .  The need le  i s  at 12 o'c lock posit ion on the 

ALTERNATIVE REENTRY OPTIONS 

Reentry Device Cannot Be Used • 

Some co m m e rc i a l ly ava i l a b l e  reentry cath eters a re 
l i sted i n  Ta b l e  1 .  Ree ntry cath eters may be g u ided  by 
f l u o roscopy or IVUS,  a n d  reentry is a c h i eved by passage 
of a n e e d l e, st iff w i re t i p, o r  d r i l l .  O rth o g o n a l  v i ews a re 
o bta i n ed to locate the  j uxta pos it i o n  of the  t rue  a n d  
fa l se  l u m e n s  a n d  the  i m a g e  i ntens i f ie r  i s  pos it i o n e d  s o  
t h a t  the  catheter a n d  a n  acce pta b l e  ta rget vesse l seg
m e n t  a re v i ewed s i d e-by-s i d e  (FIG 4) .  

to p rovide leverage f o r  the need le  passage  i nto the  
true l u m e n .  
Another option i s  t o  cons ider  a stra ight  0 .035- in  
G l i dewi rerM o r  a stra ight  0.0 1 4  i n ,  o r  0 .0 1 8  i n  CTO w i re 
a n d  push on the locat ion  des i red for reentry a n d  see if it 
can be d r i l led i nto p l ace.  

• Use a catheter with a stiff t ip  to b l u nt ly push on the re
entry site o r  use low-prof i le  ba l loon ang iop lasty to break 
u p  the t issue mem brane i n  hopes of ach ievi ng a fenestra
t ion as shown by active b l ood return .  

• This  approach is sometimes successfu l but it e n l a rges 
Retrograde Approach 

a n d  occas iona l ly perforates the sub int ima l  space at the • 

reentry site a n d  w i l l  render the reentry catheters l ess 
efficac ious beca use they rely on a t ight  sub i nti m a l  space 

Retrograde puncture can be performed o n  a d i sta l  a rtery, 
such as a t i b i a l  o r  ped a l  a rtery. Retrograde passage of 
a w i re is often poss i b l e, even when a ntegrade passage  
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FIG S • Retrog rade pu nctu re us ing  peda l  access. A. This  patient has  a peda l  g a n g rene  i n  an a n g iosome that is perfused 
by the a nter ior t i b i a l  a rtery. Revascu la r izat ion of the a nter ior  t i b i a l  a rtery us ing  a trad it i o n a l  a ntegrade approach was not 
successfu l .  B. A road map of the d i sta l  anter ior  t i b i a l  a rtery was performed.  The a rter ia l  access need le  is  adva nced i nto the 
d ista l a nter ior  t ib i a l  a rtery u n d e r  roa d m a p p i n g .  C. After retrograde access, the g u idewire i s  passed i nto the a nteg rade sheath.  
The ang iop lasty ba l loon is  then i ntrod uced through the a ntegrade sheath.  D. After a n g iop lasty, the a nter ior  t ib ia l  a rtery 
is patent. 

across the same lesion was not. This i s  especia l ly the case • 

for occl us ions  of the  pop l itea l a n d  proxi m a l  t i b i a l  level 
where there a re col  laterals that a n  a ntegrade wi re tends 
to fo l l ow b l i n d ly a long and  where reentry devices a re 
n ot as app l i cab le .  
• Contrast is a d m i n istered through the proxi m a l  ac- • 

cess to obta i n  a road m a p  of the d ista l p u n cture site 
o r  u ltraso u n d  used to g u i d e  the access. 

• A 4-cm 2 1 -gauge m icropu ncture need le  is used.  

A V1 8 w i re (Boston Sc ient if ic) i s  i ntrod uced.  
• Sheath p lacement is avo ided if poss i b l e  to keep the 

a rter iotomy sma l l .  
• If the retrograde w i re ca n n ot break i nto the  true 

l u men,  a coronary ba l loon catheter i s  passed over it .  
A ba l loon i ntroduced from the a ntegrade d i rect ion  a n d  
the b a l l o o n  i ntroduced retrograde a re juxta posed a n d  
i nf lated a n d  a re usua l l y  a b l e  to s p l it the d i ssect ion f l a p  
to open the t r u e  l u m e n  (FIG 5) .  

PEARLS AND PITFALLS 
Stayi n g  in true l u men 

S u b i nt i m a l  passage 

O pt i m a l  reentry site 

Col l atera l s  

Reentry catheters more l i ke ly  

• Shortest reconstruct ion 
• Preservation  of most co l l atera ls  
• May i ncrease r isk of embo l izat ion at t ime of reca n a l izat ion 

• I nt ra l u m i n a l  contents a re exc luded .  
• The sub i nti m a l  space  often can be converted to a smooth, l a rge  d i a m eter con d u it .  Usua l ly, 

the  entry a n d  reentry sites req u i re extra ang iop lasty or mech a n ica l  support from i m p l a nts. 

• M i n i m a l  ca lc if icat ions  
• Hea lthy true l u m e n  
• Shortest s u b i nt i m a l  c h a n n e l  

• Reenter as c lose to d i sta l  reconstitut ion as possi b l e  
• Typ ica l ly l a rge  i n c o m i n g  col latera l feed i n g  reconstituted segment 
• Sub int ima l  space (f low c h a n nel)-no co l  latera l s  a n d  ca n fa i l  sudden ly 

• Calc if ied reentry site 
• Worse d i sease morpho logy 
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POSTOPERATIVE CARE 

• Postoperative care involves standard care after endovascu
lar procedures . True lumen recanalizations have collaterals, 
whereas subintimal passages do not. The subintimal recana
lization should be monitored with duplex because they may 
fail suddenly in a manner similar to a bypass. We typically 
perform duplex surveillance every 6 months . 

OUTCOMES 

• Loop reentry using standard technique is successful in about 
70% to 80% of cases. 1 •2 

• Patients that failed loop reentry were treated with reentry 
catheters and approximately 80% of these were successful.2 

• Reentry success was 90% successful in a study using the 
OutbackTM (Cordis) reentry catheter for all-comers .3  

COMPLICATIONS 

• Complications are similar to other endovascular proce
dures.  

• Access site complications are the most common and include 
bleeding, hematoma, pseudoaneurysm, and arteriovenous 
fistulae. 

• Embolism to the runoff may be slightly more common in this 
patient population because it involves treatment of the most 
complex infrainguinal lesions. 

• Perforation may also occur with greater frequency because 
angioplasty and manipulation in the subintimal space are 
key maneuvers in this procedure. However, when perfora
tion occurs, it is only rarely clinically significant. 
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DEFINITION 

• Overview: Femoral-popliteal revascularization, for indi
cations of limb salvage or claudication, is performed using 
open, endovascular, or hybrid approaches .  Advanced open 
surgical techniques are detailed elsewhere. Guidewire
catheter combinations are particularly effective and 
widely used to cross femoral-popliteal stenoses or occlu
sions. Once across, reconstructions are performed with 
any combination of angioplasty, stenting, stent grafting, 
or atherectomy. 

• Basic procedural goals: Improve functional status, quality 
of life, and, in the setting of ischemic tissue loss, augment 
wound healing and limb preservation. 

• Challenges influencing long-term clinical success: ( 1 )  superfi
cial femoral and popliteal artery movement during activities 
of daily living, including flexion, compression, torsion, and 
stretching; (2 )  compromised runoff; ( 3 )  the generally diffuse 
nature of femoral-popliteal disease, requiring angioplasty of 
long segments of diseased and stiffened artery; (4) complex 
pathology, including ostial lesions, luminal thrombus accu
mulation, and mural calcification. 

• Indications for intervention: 
Rutherford class 1, 2, and 3 ischemia-exercise ther
apy and medical management are pursued as primary 
intervention. 1 
Rutherford class 4, 5, and 6 ischemia-rest pain, ischemic 
ulcer, and gangrene warrant revascularization as initial 
therapy. 

• Technical approach: Utilization patterns are trending toward 
percutaneous-first approaches to management of lnter-Societal 
Consensus for the Management of Peripheral Arterial Disease 
(TASC II) type A, B, and C lesions.2 Full consideration of cur
rent indications for open versus percutaneous interventions 
is beyond the scope of this text; reference should be made to 
most recent TASC updates.3 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• History includes a detailed description of ischemic symp
toms pertaining to claudication, rest pain, or tissue loss. 
The progression of symptoms and timeframe are helpful in 
determining the urgency of therapy. 

• The presence and severity of cardiovascular disease risk 
factors should be assessed and managed to ensure opti
mal perioperative and long-term clinical results, including 
tobacco use, diabetes, hypertension, hyperlipidemia, renal 
dysfunction, and sedentary lifestyle .  

• Previous vascular or endovascular surgery procedures should 
be reviewed in detail, including obtaining operative notes, 
prior imaging and surveillance studies, and prior physiologic 
testing results whenever possible. 
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• For claudicants, the potential presence and contribution of 
nonvascular causes of leg pain with exercise should be con
sidered; for example, neurologic claudication secondary to 
lumbar radiculopathy and other degenerative spine diseases.4 

• Physical examination should document peripheral pulses 
at all levels, both lower extremities, including the strength 
and quality of femoral pulses and skin integrity at potential 
access sites. 

• The severity and extent of ischemia, degree of existing tissue 
damage, and presence of infection are documented prior to 
initiating intervention. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Physiologic vascular testing provides objective determina
tion of the location and severity of disease, assists in pro
cedural planning, and provides documentation of baseline 
conditions. 

Ankle-brachial index (ABI ) :  ratio of the continuous wave 
Doppler-determined blood pressure in the anterior or 
posterior tibial arteries (whichever is higher) to the blood 
pressure in the brachial artery (>0 .9  = normal; 0.5 to 
0 .9  = usually consistent with mild to severe claudication; 
<0 .5  = present in patients with very short distance clau
dication, rest pain, or tissue loss) 
Toe pressures: The ABI may be artifactually elevated in 
diabetic patients with calcified tibial arteries .  Toe pres
sures may provide more reliable assessment of pedal 
and forefoot perfusion when the ABI is greater than 1 .2 .  
Hallux pressure less than 50  mmHg may predict delayed 
or inadequate wound resolution, 50 to 80 mmHg is 
indeterminant, and greater than 80  mmHg is generally 
sufficient to promote healing. 
Duplex arterial imaging: Direct insonation provides 
insight into the location and severity of disease. The ratio 
of the peak systolic velocities (PSV) obtained from the 
most compromised location divided by PSV from the most 
adjacent, proximal noninvolved segment provides addi
tional guidance regarding the severity of disease; greater 
than or equal to 2 .5 : 1  usually identifies a stenosis greater 
than 50% (FIG 1 ) .  

• Computed tomographic arteriography (CTA) :  CTA has 
assumed an increasing role in guiding peripheral vascular 
intervention, particularly in regard to choosing appropriate 
devices and optimal interventional approach (e .g. ,  ipsilateral 
antegrade vs. contralateral retrograde ) .  This additional guid
ance, however, comes at the cost of substantially more iodin
ated contrast and radiation exposure than that provided by 
catheter-directed, intraarterial contrast arteriography, aug
mented by direct ultrasonic visualization and physiologic 
testing ( FIG 2 ) .  

-
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FIG 1 • D u p lex eva luat ion of lower extrem ity a rteries.  A. D u p lex m a p p i n g  was performed on a pat ient with very severe left lower 
extrem ity c l aud icat ion .  There i s  a l eft SFA occ lus ion  with reconstitut ion  of the d ista l SFA. B. D u p l ex image  of p roxi m a l  l eft SFA shows some 
plaque formation and a peak velocity of 95 em per  seco n d .  C. Th i s  d u p l ex image demonstrates no f low i n  the  occ luded segment of the 
SFA. D. The l eft d ista l SFA d u p lex image  shows the po int  of reconst itut ion of the a rtery with a patent d ista l a rtery a n d  low velocity fl ow. 
E. The more d ista l SFA is  a hea lth ier  a rtery with a reasonab le  l u men,  but it has a l ow peak vel ocity of 32 em per  secon d .  F. The a rter iogram 
performed on the left lower extrem ity of th i s  pat ient at the t ime  of i ntervent ion showed a patent but d iseased proxi m a l  SFA. The CFA and 
p rofu nda femor i s  a rtery do not have s ign if icant occ l usive d isease. G.  There is  a m id-SFA occl us ion as  demonstrated by d u p lex eva l uat ion .  
H. There i s  reconst itut ion of the left d i sta l SFA as i n d i cated by d u p lex m a p p i n g .  

• Magnetic resonance arteriography (MRA) : MRA may also 
assist preoperative planning. Although MRA does not expose 
patients to ionizing radiation, artifactual overestimation of 
disease severity is common in low flow conditions. Also, 
gadolinium contrast administration is contraindicated in 
patients with a glomerular filtration rate of less than 30 mL 
per minute due to risk of contrast-associated glomerulo
sclerosis ( FIG 3 ) .  

SURGICAL MANAGEMENT 

• Overview-Success in percutaneous management of femoral
popliteal occlusive disease has catalyzed a reciprocal decline 
in the use of open bypass for definitive revascularization. 

Key features of percutaneous management include detailed 
preoperative planning, choice of access site and closure tech
niques, and familiarity and facility with a wide range of com
plementary intraluminal wire-guided devices.4 

Preoperative Planning 

• The operative plan includes access site selection, planned 
method of crossing, and options for arterial reconstruction. 

• Endovascular inventory: An essential element of endovas
cular success is a robust and redundant device inventory. In 
contrast to open reconstruction techniques, where similar 
instruments will suffice for all lower extremity bypass con
figurations, regardless of routing, a unique and task-specific 
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FIG 2 • CT a n g iography for i nfra i n g u i n a l  occ lu s ive d isease. Vo l u m e  render ing tech n ique .  Preoperative study of p u nctu re zones in the 
CFA i n  a pat ient  with a long  r i g ht SFA occ lu s ion .  A. Eva l uat ion of i l i ac  a rtery i nf low. B. Lon g  r ight SFA occ lus ion  with reconst itut ion of 
the above-the-knee popl itea l a rtery. C. CT eva l uat ion of the CFAs a n d  femora l  b ifurcat ions  pr ior  to access. D. Center l i n e  measurements 
performed to measure d i a meters and p l a n  for stent g raft p l acement in the r ight  SFA. 

repertoire is required for almost every endovascular ap
proach. Procedural success requires that the necessary de
vices, including guidewires, sheaths, catheters, angioplasty 
balloons, stems, reentry devices, stem grafts, and atherec
tomy catheters are identified and available before interven
tion is attempted. 

• Appropriate radiation protection must be available for all 
individuals involved in interventional procedures. All team 
members must conscientiously wear a radiation dosimeter, 
submitted monthly for aggregate exposure documentation. 

FIG 3 • M a g n et ic  resona nce a n g iography as p reoperative 
assessment of les ion locat ion and severity. This patient has  
extens ive i l i ac  a n d  femora l  a rtery occ lus ive d isease. Both femora l  
a rtery p u nctu re sites a re compromised . There a re long les ions  i n  
both su perfic i a l  femora l  a rter ies .  

Leadership ensures that all team members adhere to basic 
radiation safety tenants, including limiting the length and 
intensity of exposure to the minimum required for precision 
imaging and intervention (the "as low as reasonably achiev
able" [ALARA] principle ) .  Safety principles, including dis
tance from the radiation source, appropriate shielding and 
optimal table height, and source-image intensifier distance, 
must be understood and applied during every procedure. 

• Antibiotic prophylaxis is administered prior to the initia
tion of the procedure, whenever permanent implants are 
considered. 

• Percutaneous procedures are performed under local anes
thesia with appropriate sedation. Care should be taken to 
avoid oversedation to ensure that patients can cooperate 
with instructions and imaging requirements during the 
procedure. When hybrid open endovascular procedures 
are contemplated, general anesthesia may facilitate more 
rapid and accurate device deployment, with reciprocally 
less radiation exposure for the patient, cath lab team, and 
operator. 

• An important initial consideration is the approach and 
optimal puncture site . The common femoral artery ( CFA) 
is the most frequent access site . The approach is typi
cally either up and over the aortic bifurcation from the 
contralateral femoral artery or ipsilateral antegrade femo
ral puncture. The transbrachial, transthoracic approach 
may also provide optimal antegrade access under certain 
circumstances. 

Positioning 

• Surgeon position should provide forehand access, whenever 
possible ( FIG 4) .  

• Retrograde femoral puncture: This i s  the most common 
type of access for all endovascular procedures, including 
femoral-popliteal revascularization ( FIG S) .  The needle is 
placed in the CFA and the guidewire is advanced retrograde 
into the iliac artery. 

• The femoral area is examined prior to puncture of the 
artery. The inguinal ligament extends from the anterior su
perior iliac spine to the pubic tubercle. The best puncture 



C h a p t e r  30 PERCUTANEOUS FEMORAL-POPLITEAL RECONSTRUCTION TECH N I QUES 2071 

= 

i l 

FIG 4 • Pat ient  posit io n i n g .  The operator works forehand  when 
poss ib le .  The r ight-handed operator sta nds o n  the patient's 
r ight  s ide  for a retrog rade femora l  p u nctu re of e ither  g ro in .  The 
r ig ht-handed operator sta nds  at the i nfer ior  aspect of the left 
arm when perform ing  a left b rach i a l  pu ncture.  The mon itors a re 
p l aced so that they can be comforta b ly  observed by the operator. 

site is inferior to the inguinal ligament and at least a cen
timeter superior to the femoral bifurcation. Ultrasound 
provides useful guidance for arterial puncture ( FIG 6 ) .  

Following needle insertion, spot fluoroscopy from a n  ipsi
lateral oblique angle is obtained to confirm position. If ar
terial insertion is determined to be proximal to the femoral 
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head, the access attempt is aborted before larger devices 
are inserted to minimize the risk of retroperitoneal hema
toma formation due to inadequate compression or control 
following the procedure. Common femoral access also en
ables closure devices to be employed with confidence when 
necessary. 

• Closure devices :  recommended for retrograde femoral access 
site management following insertion of greater than or equal 
to 6-French (Fr) sheaths. Sheath puncture less than 6 Fr is 
best managed by compression for 10 to 15 minutes, with or 
without adjuncts such as a thrombin-impregnated dressing 
(e .g . ,  D-stat® patch) .  

• When pulses are not palpable a t  the desired access site, 
ultrasound or fluoroscopic guidance ( assisted by mural 
femoral artery calcification) may provide valuable assis
tance. Under these circumstances, bilateral femoral access 
and ipsilateral iliac intervention may be required for proce
dural success. Ideally, this eventuality is anticipated based 
on the results of preprocedural examination and physi
ologic testing. Fortunately, the pulseless femoral artery is 
often palpable based on mural calcification alone. Patience 
and spot fluoroscopic images to confirm needle and ar
tery position following failed needle passes often ensures 
ultimate success. 

• Secondary puncture of the postoperative groin presents spe
cial challenges. Whenever possible, scar tissue and anasto
moses should be avoided. Access in native artery is preferable 
to prosthetic or autogenous grafts. Considerable force may 
be required for needle and micropuncture set access; consid
eration should be given to using " stiff" 0 .01 8-in wires and 

FIG 5 • Retrograde femora l  puncture. A. The anatomic  relationsh i ps a re eva l uated. The left hand may be used to he lp  g u ide the needle .  B. 
The access need le  is p laced i n  the CFA i nfer ior to the i ngu ina l  l igament and superior to the femoral  bifu rcat ion .  C. The need le is advanced i nto 
the CFA unt i l  a rter ia l  b lood return is apparent. D. In the image a prolongation of the g u ide ins ide the retrograde femora l  shou ld  be inc luded, 
i n  order to understa nd that with this a pproach and these needle angu lation the gu ide  shou ld never go to the SFA, or profunda a rtery. 
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micropuncture sets specifically manufactured to facilitate 
difficult groin access. 

• Antegrade femoral puncture: The femoral pulse and inguinal 
ligament are carefully marked (FIG 7 ) .  Needle placement is 
directed proximal to the femoral artery bifurcation under 
real-time ultrasound guidance. 

• Guidewire placement into the superficial femoral artery 
( SFA) requires patience and practice. Ultrasound imaging 
in a longitudinal view may facilitate SFA wire intubation. 
When using a micropuncture set with a " steerable " 0 .01 8 -in 
wire (e .g . ,  one with a slight curve placed at the tip ) ,  fluoro
scopic control may also be employed. If repeated attempts 
result in deep femoral artery placement, the micropuncture 
set should be exchanged for an 1 1  em 4- or 5-Fr sheath 
over a standard multipurpose (e .g . ,  Bentsen) wire. Once 
safe antegrade deep femoral access is obtained, the 5 -Fr 
sheath may be gradually withdrawn with sequential fluo
roscopic contrast "puffs " of 1 mL or less performed until 
the femoral bifurcation is imaged (but while the sheath 
tip is still in the CFA ) .  At this juncture, roadmapping or 
last-image-hold digital subtraction angiography from an 
ipsilateral oblique angle is performed to outline femoral 
bifurcation anatomy, after which a steerable hydrophilic 
guidewire and, ultimately, the 5 -Fr sheath is directed under 
fluoroscopic imaging into the SFA. 

• Antegrade femoral access should be avoided in the obese,  
in patients with a short CFA, or in patients with extreme 
proximal or orificial SFA disease. Although antegrade 
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FIG 6 • U ltrasound-g u ided puncture .  A. In th i s  case, the 
operator i s  eva l uat ing the left CFA us ing the u ltrasound 
probe with  a long itu d i n a l  or ientat ion .  The m o n itor i s  
p laced i n  a locat ion where the operator can v i sua l ize 
the a rter ia l  pu ncture rea l  t ime. B. I n  the d rawing,  the 
operator i s  prepa r ing  for a n  a ntegrade femora l pu ncture 
with u ltrasound g u i d a nce. C. I n  this render ing of an 
u ltrasound  image that is  seen d u ri ng  common femora l 
a rter ia l  punctu re, the common femora l ve i n  is typica l ly 
much larger in d i ameter, l i es s ide-by-s ide  to the a rtery, 
and  the ve i n  is typica l ly eas i ly  com press ib le .  The entry 
need le  ca n be v i sua l ized as it enters the a rtery to ensure 
the correct location of the pu nctu re. 

access improves " pushability" across total occlusions and 
enables usage of a wider inventory of guidewire-catheter 
combinations, there is no option for inflow disease man
agement using this approach. Also, the safety of cur
rent generation closure device placement is uncertain in 
antegrade approaches and should be avoided whenever 
possible.  

• Brachial puncture and transaortic sheath placement may 
provide an alternative option for " antegrade" femoral ac
cess. Upper extremity arteries are smaller, less forgiving, 
more prone to spasm, and less predictably managed with 
compression following access. Notoriously, small amounts 
of arterial extravasation may catalyze debilitating and per
manent neurapraxia, even when brachial access is obtained 
well distal to the axillary fossa. Debilitating nerve injury 
from " axillary" sheath hematomas may occur at any location 
proximal to the antecubitum. In our practice, we minimize 
this risk by defaulting to surgical exposure and direct arte
rial puncture with suture closure for essentially all brachial 
artery access procedures. Exposure is easily obtained with 
local anesthetic in most patients. 

• The longer guidewires and catheters required to access the 
femoral and popliteal arteries are also less responsive to sur
geon manipulation from a brachial approach and also limit 
the available inventory of appropriate devices for femoral or 
popliteal intervention. 

• When brachial access is required, the level of access is 
determined by the diameter of the largest sheath required 
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FIG 7 • Anteg rade pu ncture. A. The needle pu nctu res the sk in  at the level of the i n g u i n a l  l i gament or just su perior to that leve l .  The a n g l e  
o f  trajectory o f  the need le  wi l l  permit the a rtery puncture to be p roxi m a l  to the femoral  bifu rcat ion .  B. T h e  further proxi ma l  t o  the femoral 
b ifurcat ion the a rtery pu nctu re i s  located, the eas ier it is  to steer the wire i nto the SFA. The best locat ion for need le  p lacement is i nfer ior to 
the i n g u i n a l  l igament but wel l  p roxi ma l  to the femora l bifu rcation .  C. The need le enters the CFA and when a rter ia l  return is ach ieved, the 
f loppy-t ip  g u i dewire i s  advanced i nto the a rtery. D. The a rtery and  the anatomic boundaries a re pa l pated.  E. A c lamp is used to assist with 
f luoroscopic  identif ication of the desi red puncture locat ion .  F. The need l e  is p laced. G. Arter ia l  return is ach ieved. H. A g u i dewire is  p laced . 
I. A sheath is adva nced. 

to complete the procedure. For 6- or 7-Fr sheaths, the 
segment immediately proximal to the antecubital fossa is 
sufficient. For larger sheaths, access should be obtained 
in the distal axillary artery, proximal to the bifurcation 
of the deep brachial artery. The left arm should be used 
whenever possible to minimize risk for embolic iatro
genic stroke. During micropuncture access, even under 
direct vision, back-bleeding may not be pulsatile due to 

• Percutaneous femora l-pop l itea l revascula rization tech
n iques inc lude bal loon ang ioplasty a lone, or se lf-expand ing 
stent g raft imp lantation as a n  adju nct to angiop lasty. These 
techniques req u i re p lacement of i nterventiona l-grade 
sheaths, bra ided when req u i red to cross the aortic arch or 

SHEATH PLACEMENT 

• E n s u re that  the  a p p ro p r i ate sheath is se l ected a n d  
t h a t  a ltern atives a re ava i l a b l e  s h o u l d  p l a n s  o r  needs  
c h a n g e .  

• 

the smaller caliber of the brachial artery. Sheaths should 
be managed with frequent flushing with 1 0 0  units/mL 
heparin, as well as systemic anticoagulation once defini
tive interventional sheaths (6 to 7 Fr, 55 to 90 em from 
the arm) are positioned in the target artery, or whenever 
sheaths appear to be occlusive. Intraarterial nitroglycerine 
inj ection may reduce arterial vasospasm to the distal 
extremity when necessary. 

bifurcation to prevent k ink ing as wel l  as sufficient length to 
reach the treatment site without l i m it ing device selection .  
Sheath access a lso perm its seria l  ang iographic  imaging to 
gu ide device position ing, deployment, and confirm proce
dura l  success. 

Dec ide on opt i m a l  sheath posit i o n i n g .  Usua l ly, p lacement 
i m m ed i ately adjacent to the ta rget les ion maxi m izes the 
a b i l ity to cross the les ion,  control the procedu re, a n d  
m i n i m ize contrast usage.  I n  m a n y  c i rcu mstances, it may 
n ot be poss ib le  or  practica l to advance the sheath past 
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the  femora l  b i furcat ion when a pproac h i n g  from the con- • 

tra l atera l femora l  a rtery. 

Up and Over Approach 

• Cross i n g  the aort ic  b i furcat ion  ( FIG 8 ) :  Thro u g h  a con-
tra latera l  retrograde p u nctu re, a n  i nfrare n a l  aortogram • 

is perfo rmed to eva l uate aort ic  b i furcat ion  a natomy 
and locat i o n .  U s u a l l y  located at the  level  of the i l i ac  
crest, vasc u l a r  ca lc if icat ions  may out l i n e  the  b i furcat ion  
a n d  g u i d e  posit i o n i n g .  The aort ic  b i furcat ion  m u st be  
f ree  of occ l us ive o r  a n e u rysma l  d i sease to ensure  safe 
sheath passage .  Occas iona l ly, i l i ac  a rtery les ions  m u st be 

Se l ective cath ete r izat ion  of the a o rt i c  b i furcat ion  i s  
performed,  fo l l owed by a ntegrade cath ete r izat ion of  
the  contra latera l i l i a c  a rtery system,  e i ther  with the  
f l u sh  o r  p i gta i l  catheter  used for the  a o rtog ram o r  an  
excha n g e  catheter  advanced at l east to t h e  fe mora l  
b i f u rcat i o n .  
T h e  sheath t ip  is  p l aced somewhere between m id - i l i a c  
a rtery a n d  the m id - to d i sta l SFA, depend i n g  on les ion 
l ocat ion a n d  i ntervent iona l  i ntentio n .  A 6-Fr sheath may 
be adequate for this  pu rpose, but 7 F r  may be req u i red 
for m a ny devices (read the package i nsert) .  The a n g i o
p lasty catheter l ength for prox i m a l  SFA les ions is 7 5  to 
80 em; for more d i sta l les ions, 90 to 1 1 0 em .  

treated pr ior  to femora l  i nte rve nt ion to e n s u re o pt i m a l  • Access to t h e  d e e p  femora l  a rtery may be req u i red to 
outcom e .  s a f e l y  advance  t h e  " u p  a n d  ove r "  sheath  ove r a st iff 

exc h a n g e  w i re (e .g . ,  Rosen®) .  After  f l u s h i n g  a n d  d i l a 
tor  p l a c e m e nt, e n s u r e  that  t h e  s h e a t h  s i d e a rm stop

A 

B 

c 

FIG 8 • Sheath access. A. An excha n g e  g u i dewire is p l aced 
over the  a o rt i c  b ifu rcat i o n .  The t ip of the  g u i dewi re i s  
p l aced i n  a l a rge,  safe branch .  I n  t h i s  exa m p le, the  p rofu n d a  
f e m o r i s  a rtery i s  u s e d  to a n c h o r  the  w i re .  B. The s h e a t h  i s  
advanced over the  stiff g u i d ewire .  The a dva ncement of the  
sheath i s  observed under  fl u o roscop ic  contro l  to e n s u re that 
it  i s  be ing  passed safe ly. C. After  sheath p lacement over 
the aort ic  b i furcat ion ,  the stiff w i re i s  rem oved and the  
d i rect i o n a l  w i re i s  adva n ced across the  les ion  i n  preparat ion 
for treatment.  

cock i s  t u r n e d  to t h e  " off" pos it i o n .  The sk in i n c i s i o n  
may need to be  e n l a rged  to fa c i l itate p l a ce m e nt .  C o n 
s i d e r  s e r i a l  d i l ator  exch a n ges  w h e n  u p s i z i n g  a s h e a t h  
by t w o  o r  m o re F rench  s i z e s .  Occa s i o n a l ly, d e p e n d 
i n g  o n  t h e  a n g l e  of t h e  a o rt i c  b i f u rcat i o n ,  sheath  
p l a cement  may be  fa c i l itated by passa g e  ove r a st iff, 
exc h a n g e  l e n gt h  hydro p h i l i c  w i r e .  W h e n  u s i n g  hy
d ro p h i l i c  w i res for  t h i s  p u rpose,  care  s h o u l d  a l ways 
be taken  to keep the tip of the w i re in the i m a g e  
screen f i e l d  to p revent i n a dve rtent  a rte r i a l  p u n ct u re 
a n d  extravasat i o n  from w i r e  i nj u ry. S i m i l a r ly, w h e n  
confronted by extreme tortuos ity i n  the  i l i a c  a rte r i a l  
system,  i nte rva l advancement  of t h e  s h e a t h  i nto t h e  
i nte r n a l  i l i a c  a rtery may be req u i red to g a i n  a ccess t o  
t h e  contra l atera l i l i a c  a rtery w i t h  a seco n d  o r  " b u d d y "  
w i re, fo l l ow i n g  w h i c h ,  sta n d a rd catheter a n d  g u ide
w i r e  tech n i q ues  may be  used to advance t h e  s h eath to 
its u lt i mate des i red locat i o n .  

• Reg a rd l ess of p roced u re or access a p p roach, it is a lways 
a dvisa b le  to keep the w i re tip in the i m a g i n g  f ie ld  when
ever sheaths a re exchanged o r  adva nced-a rter i a l  perfo
rat ion a n d  extravasat ion may l i m it proced ura l  opt ions, 
or the a b i l ity to i n it iate system i c  a nticoa g u lat ion,  a n d  
may i ncrease compartment p ressu res to the p o i n t  of re
q u i r i n g  s u rg ica l release if  not recog n i zed and ma naged 
prom ptly. 

Ipsilateral Approach 

• See pr ior  recommendat ions  for secur ing  access (Ta b l e  1 ) .  

• 

• 

Obes ity a n d  excessive abdom i n a l  pannus  may s i g n if i 
cantly l i m it the use of this approach.  Before i n it iat
i n g  treatment, o bta i n  a n g iogra p h i c  documentat ion of 
exist ing  ips i l atera l a natomy, i n c l u d i n g  i nfra popl itea l 
runoff. 
Shorter g u idewi res a n d  devices i m p rove the eff ic iency of 
the i ps i latera l a ntegrade approach.  
If  ba l loon a n g i o p l asty a lone is  p l a n ned,  4- o r  5-Fr  sheath 
can be used to treat ips i late ra l  SFA les ions .  M o re com
p l ex reco nstruct ions  req u i re 6 F r  and occas iona l l y  
7 - F r  sheaths .  
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Table 1: Approach: U p  and Over o r  Ipsilateral Antegrade 

Approach Antegrade Up and Over Brachial 

Puncture More cha l l eng ing  S imp le  retrograde femora l  Retrog rade brach ia l  
Catheterization Prox ima l  femora l  pu ncture and selective C h a l leng i ng  with tortuous a rter ies, Cha l l eng ing ,  long d i stance, d iseased aorta 

catheters d i seased bifurcation 
Easy to catheterize S FA 

Catheter control Exce l lent  Fa i r  Fa i r  
Catheter i nventory M i n i m a l  M o r e  supp l ies, long catheters Specific materia l ,  long sheaths, catheters 

U p  and over sheaths 
I nd i cat ions l nfrapop l itea l ,  femoropopl itea l  d isease Prox ima l  S FA disease Proxi ma l  S FA, femoropopl iteal  disease 
L im itations Obesity, C FA d i sease, proxi ma l  S FA d isease Contra l atera l d i sease, bifurcation d isease Aortic d i sease, i nfrapop l iteal d isease 

SFA, superficial femoral artery; CFA, common femoral artery. 

CROSSING OCCLUSIVE LESIONS 

• G u idewire-catheter ski l l s  form the basis of a l l  endovascu
lar proced u res. Successfu l  g u idewire position ing  req u i res 
fa m i l i a rity with a ra nge of devices and gu idewi re-catheter 
pa i r ings .  The gu idewire req u i red for cross ing  the les ion 
cou l d  not be adequate for worki ng or  deploying a stent 
or  a stent g raft. Fa m i l i a rity with and access to a wide se lec
t ion of wi res (depend i n g  on length, d i ameter, tip pressu re, 
and hydroph i l i c  q u a l it ies) i s  essent ia l  for success (FIG 9) .  

• G u idewire featu res to be co ns idered:  
• Length :  M ust be adequate to cover the  c u m u l ative 

d ista nce, both ins ide  and outs ide the patient, to 
perform the proced u re a n d  support the catheter. 

A B c 

G u i dewire lengths va ry from 1 45 to 300 em.  For 
a n  i ps i latera l a ntegrade approach, 1 45- to 1 80-cm 
g u i d ewi res a re adequate, but for contra latera l  or 
brach i a l  access, 260- to 300-cm lengths a re neces
sa ry. As a genera l  r u l e  of t h u m b, g u idewire l ength 
m ust be at least twice that of the coax ia l  device to 
be posit ioned over the wire .  

• Diameter:  M ost femora l-pop l itea l p roced u res a re 
pe rformed with 0 .035- in  g u idewi res, but s m a l l e r  
ca l i ber  ang iop lasty is  genera l ly performed with 
0 .0 1 8- in or  0 .0 1 4- i n  g u idewires.  

• Stiffness: An i n n e r  stee l  core confers d i fferent mag
n itudes of stiffness on the shaft of the wire .  A stiffer 
w i re may h e l p  to cross a ca lc if ied les ion,  but it is  

D 

FIG 9 • Cross i n g  the  les ion .  A. I n  th i s  case, a cr it ica l stenos is  is crossed.  The i mage intens if ier  is a n g u l ated to get the best v iew of 
the pathway through the les ion .  B. Typica l ly, a hyd ro p h i l i c  w i re with a d i rect iona l  t i p  is used a n d  the w i re t ip  is steered through 
the les ion .  C. I n  th i s  case, a n  occ lus ion  i s  crossed us ing  sub int ima l  tech n i q u e .  The g u idewire i s  advanced a n d  i s  supported by a 
catheter with an a n g led t ip .  D. The g u idewi re is po i nted toward the a rter ia l  wa l l  at the beg i n n i n g  of the les ion a n d  is poi nted 
away from the co l l atera l  that fi l l s  the segment and i s  near the l ocat ion where the les ion beg ins .  The w i re i s  pushed unt i l  an 
e l bow forms and enters the sub int ima l  space. (continued) 
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a l so eas ier  to i nj u re the vesse ls .  I n  wi res specifi ca l ly 
des igned to cross femora l-pop l itea l  les ions, t ip  p res
s u re may a lso vary across wi res with s i m i l a r  stiffness 
a long  the major ity of the i r  length .  

• Coat ing :  Hydrop h i l i c  g u i dewi res may reduce the co
effic ient of fr ict ion .  Typ ica l ly, they a re passed in con
j u nction with p u rpose-specific cross i n g  catheters. 

• Cross i n g  catheters support g u idewire passage  and ,  de
pend i n g  o n  des ign,  confer va ry ing  degrees of support 

BALLOON ANGIOPLASTY 

• The ang iop lasty process e n l a rges the l u men by com
press ing  a n d  ruptu r ing  the p laq ue, as  we l l  as  stretc h i n g  
and ,  i n  s o m e  cases, d a m a g i n g  the med ia  a n d  adventit ia 
(FIG 1 0) .  

• Hepar in  is typ i ca l ly a d m i n istered, 50 to 1 00 u n its/kg fo l 
lowing  sheath p lacement a n d  p r i o r  to i ntervent ion .  

• The ba l loon l ength a n d  d i a m eter a re typica l ly se lected 
to treat the ent i re les ion,  with m i n i m a l  p roxi m a l  or  d i sta l 
over lap, to restore o r i g i n a l  d i a m eter as determined by 
proxi m a l  or d i sta l measurement.  The ba l loon catheter i s  
posit ioned over the  g u idewire a n d  i nflated to n o m i n a l  
p ress u re t o  ach ieve the specif ied d i a m eter. Occas ion
a l ly, h igher  p ressu res may be req u i red to reduce les ion 
"waist i n g . "  

• I nf late s lowly. B a l l oon i nf lat ion i s  m a i nta i n ed for 
2 m i n utes. 

• 

• 

• 

• 

FIG 9 • (continued) E. The loop is adva nced.  The loop 
is  m a i nta i ned i n  a nar row confi g u rat ion by support ing  it 
c losely with the catheter. F. After the loop pops i nto the 
patent d ista l seg ment, the catheter i s  adva nced.  The wi re 
is removed a n d  contrast is a d m i n i stered to confirm the  
locat ion  of  the catheter t ip  i n  the true l u m e n .  

a n d  d i rect iona l ity. After the g u idewire i s  used t o  cross 
the les ion,  the catheter may be advanced so that the 
cho ice work ing w i re may be p l aced . Cross i n g  catheter 
tech n o l ogy has a dvanced cons iderably in the last 5 to 
1 0  yea rs. Opt ions abound  for tors iona l ity (bra ided or 
u n b ra i d ed), tip taper, tip sha pe, l ength,  and d i a m eter. 
Exa m p les i nc l ude  the Q u ick-Cross® a n d  CTX® catheter 
fa m i l ies.  Some exper ience i s  req u i red to learn how to use 
these catheters opti m a l l y  i n  most s ituat ions .  

Defl ate s lowly, a n d  ensure fu l l  def lat ion f luoroscop ica l ly 
before withd rawa l .  
T h e  b a l l o o n  a n g i o p lasty catheter m a y  be used repeat
ed ly  d u r i n g  the same proced u re; however, its capacity to 
recover the p rede p loyment d i a m eter fo l l owing  def lat ion 
degrades with seq uent ia l  use.  
B a l loon d i a meters range from 4 to 7 m m  for the SFA and 
3 to 6 m m  i n  the popl itea l a rtery. 
Conventiona l  ang iop lasty is l i m ited somewhat by ta rget 
a rtery d i ssect ion .  Not a l l  d i ssect ions  need fu rth er  treat
ment. In genera l ,  o n ly f low- l i m it ing  d i ssect ions  as judged 
by seq uent ia l  contrast i nject ions  through the i nterven
t iona l  sheath need addit iona l  treatment .  D i ssect ions  
may be m a naged by pro longed per iods of  i nf lat ion fo l 
l owed by gradua l  def lat ion to "tack"  the p laque  u p  to 
the a rter ia l  wa l l .  Pers istent f low obstruction fo l l owing  
a n g i o p lasty i s  the most com m o n  i n d icat ion  for su bse
q u e nt secondary stenti ng .  
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FIG 1 0  • B a l loon a n g i o p l asty. A. The ba l loon catheter is adva nced over the g u idewire a n d  i nto the  les io n .  If poss i b l e, a n  
a n g i o p lasty ba l loon is  se lected that i s  a b l e  t o  treat t h e  w h o l e  les ion length with a s i n g l e  i nf lat ion .  B. T h e  ba l l oon i s  i nfl ated a n d  
th i s  i s  observed us ing  f luoroscopy. A t  very l ow p ressu re, the ba l loon w i l l  inf late freely i n  the l ocat ions  w h e r e  there is  m i n i m a l  
o r  no i m p i ngement o f  the les ion on the ba l loon .  C .  U s u a l l y  with 2 a t m  o f  pressu re, the waist on the ba l loon becomes apparent 
and the les ion beg i n s  to y ie ld  to the outward force exerted by the ba l loon .  D. The ba l loon is  i nfl ated gradua l ly. Th i s  h e l ps 
to avo id  de l iver ing  more pressure to the a rtery than  is req u i red .  Th is  a lso a l l ows the  les ion to g ra d u a l ly g ive way. At h i g h e r  
p ressu re, the waist becomes sma l l e r. E. Press u re i n  the ba l loon is  g ra d u a l ly i ncreased unt i l  the ba l l oon reaches its fu l l  d i a m eter. 
The ba l l oon is typ i ca l ly i nflated for 2 to 3 m i n utes in s ituations  where the operator is hop ing  to use a n g i o p l asty as stand-a lone  
thera py. 

STENTS 

• Although  a l l  vascu la r-compatib le, s ize-a ppropriate, self
expa nd ing  (n it ino l )  stents may be dep loyed in the super-
f ic ia l  femora l or popl itea l a rteries as c l i n ica l ly  ind icated, • 

select devices have obta i ned specific i nd icat ions for th i s  
app l icat ion from the U .S .  Food and  Drug Ad m i n istrat ion .  
The operator i s  encouraged to fa m i l i a rize h i mself or  her-
self with th i s  des ignat ion and  to use app l i cation-a pproved 
devices whenever appropriate to ensure opti ma l  outcome.  

• Mater ia l  a n d  cha racter i st ics of per i phera l  stents have 
evolved in recent yea rs. Se lf-exp a n d i n g  n it i no l  stents a re • 

most a p p ropr iate for SFA a n d  pop l itea l  a p p l i cat ions .  The 
ideal  stent should have the  a b i l ity to adapt to the vesse l 
with a precise dep loyment a n d  without k i n king ,  co l l a ps-
ing ,  or  fractur i ng  as we l l  as l i m it long-term a rter ia l  i nj u ry 
a n d  restenos is .  More recently, drug-e lut ing  stents have 
been deve loped and a re approved for use in the U n ited 
States to l i m it chron ic  restenos is  of the stent a rter ia l  
segment  fo l l owing  dep loyment.  The potentia l  c l i n ica l  

benefits derived from these dev ices  a re offset to a s ig
n if icant deg ree by the i r  su bsta nti a l  i ncrease i n  cost over 
" ba re meta l "  stents. 
Femora l-popl itea l stents may be p laced routi ne ly  o r  se
lectively. Se lective stent p l acement may be cons idered 
for s i g n if icant posta ng iop lasty d issect ion,  long les ions 
(> 1 5  em), res i d u a l  stenos is  posta ng iop lasty, p ress u re g ra
d ient (> 10 m m Hg) after a n g iop lasty, recurrent stenos is, 
occl us ion,  or to prevent or l i m it posta ng iop l asty embo l i 
zation of p laque .  
Loca l izatio n :  A stent i s  typ ica l ly dep loyed to span the 
d i stance between relatively hea lthy a rtery proxi m a l  and 
d ista l to the ta rget les ion .  " Hea lthy" i s  a re lative term 
i n  th i s  sense,  a n d  care shou ld  be taken to l i m it stent 
coverage to the m i n i m a l  d i stance req u i red to ach ieve an 
opti m a l  resu lt. Long les ions in the SFA a re the most com
m o n ly stented seg ment, but be aware that stents in the 
d i sta l  su perfic i a l  femora l and popl itea l a rter ies may be 
d a m aged by stress from knee f lexion (FIG 1 1 ) .  Excessive 
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FIG 1 1  • Stent p lacement.  A. The patient represented by these 
a rter iograms p resented with a r ight foot Rutherford 5 g a n g rene .  
Arter iography demonstrated severa l  m id-SFA stenoses. B. The d i sta l SFA 
a n d  p roxi m a l  to m id-popl itea l a rter ies were occ luded .  C. The SFA stenoses 
were treated with ba l loon a n g iop lasty and the sheath was adva nced 
d i sta l ly so that its t ip was c lose to the occl us ion .  D. A chron ic  tota l 
occ lus ion  (CTO) catheter is used to support the g u idew i re in cross ing  the 
les ion a n d  the l ocat ion  i n  the true lumen i s  confi rmed.  E. After ba l l oon 
a n g iop lasty, there was  a s ign if icant d issect ion  a n d  resid u a l  stenos is .  F. A 
self-expa n d i n g  n i t ino l  stent was p laced for mech a n ica l  suppo rt of the 
a rter ia l  wa l l  a n d  to e n h a nce i m m ed i ate patency of the reconstruct ion .  

• 

stent coverage may acce lerate long-term restenos is  a n d  
l u m i n a l  comprom ise, regard l ess o f  the degree of i n it i a l  
success o r  the type o r  s ize of dep loyed stent. 
Sheath s ize :  M ost stents for i nfra i n g u i n a l  dep loyment 
req u i re a 6- or  7-Fr sheath.  Refer to the i n d iv idua l  i n struc- • 

t ions  for use for each i n d iv idua l  device. 
• Deployment: M ost infra i n g u i n a l  n i t ino l  stents a re de

p loyed using a pin and p u l l  maneuver that retracts the 
cover from the constra ined stent and  the u nder ly ing man
dre l .  A ratchet ing  mech a n ism may a lso be i nteg rated i nto 

STENT GRAFTS 

• N it ino l -based, f lexi b le  stent g rafts may be dep loyed over 
long  a n d  ca lc if ied SFA les ions as an a lternative to bare 
meta l o r  drug-e l ut i n g  stents. As a general  ru le of t h u m b, 
the longer  a n d  more com p l ex the ta rget les ion(s) a n d  
length o f  req u i red coverage, the more su ita b l e  the i n d i - • 
cat ion for covered stent p l acement.  

• Stent g raft ing may req u i re exchange of a 0 .035- in wire 
system for sma l l e r  g u i d ewi res (e.g. ,  0 .025 i n  or  0.0 1 8  i n); 
the operator is aga in  cautioned to refer to the i nstruc
tions for use for each device cons idered for p lacement. 
Stent g rafts m ust be dep loyed over the specific g u ide
wi re adequate for the stent g raft. Sheath u ps iz ing may 
a lso be req u i red, depend ing  on the d ia meter selected .  
Choos ing  a l a rger  sheath a t  t h e  outset w i l l  m i n i m ize the 
need for awkwa rd or  i n effic ient sheath exchange after 

the dep loyment process. Typ ica l ly, these may be removed 
for basic p in/p u l l  dep loyment if the ratchet becomes 
jam med or  d isab led .  After dep loyment, comp letion 
ang iop lasty is performed to br ing the stent to profi le .  
Com p l icat ions  of stent dep loyment: 
• Acute: a rter ia l  d i ssect ion ,  occ lus ion ,  ruptu re, stent 

m i g rat ion or  embol izat ion,  embo l i zat ion of athero
sc lerotic mater ia l ,  th rom bosis 

• Chron ic :  i n t ima l  hyperplas ia ,  recu rrent sten os i s, 
i nfect ion,  stent damage,  t h rom bosis 

the procedure is we l l  underway. Agg ressive pred i l ata
tion i s  a lso often necessa ry in order to create suffic ient 
space for bulk ier covered stent to pass the les ion pr ior  to 
dep loyment. S i m i l a r  to ba re metal stents, covered stent 
dep loyment i s  usua l ly  fo l l owed by comp let ion ang iop lasty 
to br ing the covered l u m e n  to prof i le  (FIG 1 2) .  

Relative advantages o f  stent g raft ing ,  compa red to bare 
meta l stents, i nc lude  the a b i l ity to create an ent i re ly  
new l i n i n g  for a d isease a rter ia l  segment.  Th i s  cover
age obviates the poss i b i l ity of i n -stent stenos is  with i n  
t h e  g raft. H owever, experience has  shown t h a t  u n l i ke 
surg ica l ly p l aced p rosthetic bypass g rafts, covered stents 
in the superfi c i a l  femora l  and pop l itea l a rter ies tend to 
i n cite restenos is  at the p roxi m a l  e n d .  Th us, p lacement 
usua l l y  req u i res coverage u p  to the or ig i n  of the SFA. Any 
u n covered a rtery i n  this reg ion i s  l i ke ly  to deve lop  cr it ica l 
restenosis .  D i sadvantages i nc lude  the necessa ry coverage 
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FIG 1 2  • Stent g raft. A. This  patient has  a long  SFA occ lus ion  that was re l i ned with Viabahn® stent g raft. An aorto i l i ac  
a rte r iogram was performed us ing  contra l atera l access. B. The l eft SFA is  occ luded .  There i s  a patent prox ima l  stu m p  of SFA.  
C. The point  of reconst itut ion is  the a bove-the-knee pop l itea l a rtery. D. The proxi m a l  pop l itea l a rtery, exte n d i n g  to the knee, 
i s  d iffusely d iseased .  E,F. After reca n a l izat ion and  agg ressive ba l l oon a ng iop lasty, the a rtery is  reconstructed with Viabahn® 
stent g raft p lacement .  G,H.  The d ista l end of  the g raft i s  fu l ly d i l ated a n d  without f low l i m itat ion i n  the stra ight  leg a n d  bent 
knee posit ions .  

of a l l  co l l atera l vesse l s  encom passed i n  the covered seg
ment, as we l l  as the i ncreased r isk for g raft i nfect ion  
i n herent i n  fa br ic-cove red meta l stents. Al so, a l though 
some stent g rafts a re hepar i n-bonded,  the t h rom boge
n ic ity of covered stents va r ies d i rect ly with the  length of 
seg ment covered, such that com p l ete SFA coverage from 
the ori g i n  to the adductor ca n a l  necessitates long-term 

PEARLS AND PITFALLS 

ora l  a nticoa g u lat ion thera py i n  pat ients treated i n  o u r  
practice. Anticoa g u lat ion i n  th i s  c i rcumstance i s  des igned 
to l i m it thrombus  extens ion fo l l owing  future g raft oc
c lus ion  rather  than  i n creas ing  long-term g raft patency. 
Anticoagu lat ion does n ot typica l ly extend prosthetic 
g raft patency i n  the lower extremity, regard less of open 
or  endovasc u l a r  p lacement .  

2079 

I n d icat ions  A com p l ete vascu l a r  h i story is  essent ia l  to accu rate ly co nfirm the d i a g nos is .  O bjective ev idence of  ische m i a  i s  
req u i red to just ify i ntervent ion a n d  to prov ide a base l i n e  for future com p a ri son .  

Artery p u nctu re 

Specif ic mater ia l  

Cross ing  the les ion 

C losure 

Fo l low-u p  

T h e  p u nctu re is  p l a n ned pr ior  to the  p roced u re .  Access s ite issues a re t h e  most com m o n  type of 
com p l icat ion .  A wel l -performed access w i l l  set the p roced u re up for success. 

In p lann ing  the procedu re, check to make sure that all the necessa ry i nventory is ava i lab le  prior to the proced u re .  

Do n ot force the wi re across the les ion .  

C losure devices can s i m p l ify the proced u re a n d  a l l ow for more patient comfort a n d  ear l ier  d i scha rge, but 
accu rate CFA access should be co nfirmed, typica l l y  at the outset of the proced u re, before therapeut ic  
sheaths a re p l aced . 

The patient is eva luated after the procedure at 1 week and  1 month and  then 6-month i nterva ls  after that. We 
typica l ly obta i n  some assessment of perfus ion (AB I ) .  D u p lex mapp ing  may a lso be performed for surve i l l a nce. 
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POSTOPERATIVE CARE 

• The patient should remain at bedrest for at least 6 hours 
after the procedure . After use of a closure device, usually 
2 hours of bedrest is required. 

• Puncture site management: Obtaining hemostasis is made 
safer and simpler when the arteriotomy site is carefully man
aged during the procedure. Ensure the patient is comfortable 
prior to removing the sheath. 

• Holding pressure: After ipsilateral antegrade puncture, use 
two hands to hold pressure, one is placed proximal to the 
inguinal ligament to apply pressure over distal external 
iliac artery to decrease the pressure flowing through the 
puncture. The other hand applies pressure over the area of 
arterial puncture just distal to the inguinal ligament. There 
are no approved closure devices for antegrade puncture. 
Following a retrograde puncture, digital pressure is held 
at the location of arteriotomy, proximal to the skin punc
ture site . 

• Closure devices: Closure devices are used whenever possible 
to reduce risk of access site complications and limit patient 
immobility following the procedure. Newer generations of 
closure devices are easier to use and are considered a good 
option for closing the arteriotomy in puncture procedures 
for 6 Fr and larger. 

• The patient should be encouraged to 
Avoid smoking 
Walk daily 
Follow best medical treatment 
Follow-up with the vascular clinic 

OUTCOMES 

• Patients with peripheral artery disease (PAD ) and critical 
limb ischemia ( CLI) have a shorter life expectancy than the 
general population. The most effective method of revascu
larization that returns patients to their premorbid func
tional state in the shortest period of time, with the least 
amount of surgical risk, is considered ideal. In this regard, 
most centers have adopted a percutaneous-first approach 
to lower extremity revascularization, when intervention is 
indicated.5 This rubric reserves open surgical reconstruc
tion for patients who fail percutaneous intervention. More 
recently, controversy has arisen as to how many unsuc
cessful secondary interventions constitute " failure . "  

• Successful percutaneous revascularization i s  considered 
equivalent to traditional standard management strat
egy-that is,  bypass surgery-in providing freedom from 
major and minor amputation, in patients with severe limb 
ischemia, up to 2 years following revascularization. To 
date, the Bypass versus Angioplasty in Severe Ischemia 
of the Leg ( BASIL) trial remains the only randomized 
prospective trial comparing the success of open surgical 
bypass versus endovascular therapy for CLI. When life 
expectancy extends beyond 2 years, bypass patency is 
superior. 6  

• Although percutaneous transluminal angioplasty (PTA) 
provides superior limb salvage rate and assisted patency 
rates than prosthetic bypass, care should be taken to avoid 
outcomes that limit future bypass options (e .g . ,  injury or 
occlusion of significant infrageniculate arteries that could 
serve as future bypass targets ) .  Modern surgical practice 

FIG 13 • Co m p l icat ions .  Hematoma is  the more com mon access 
site com p l i cat ion and most com mon com p l icat ion of endovasc u l a r  
proced u res. 

should incorporate a full range of postprocedural out
comes, beyond arterial patency alone, in the assessment 
of procedural success .  As such, consideration to postop
erative ambulatory status, potential for independent liv
ing, wound care requirements, and pain management is 
essential and comparable to the impact on graft patency 
on long-term patient satisfaction and quality of life? 

• A comparison of self-expandable stents versus femoral
popliteal above-the-knee bypass had been published by 
Kedora et a!., reporting similar limb salvage, with compara
ble primary ( 73 . 5 %  vs. 74.2 % )  and secondary patency rates 
( 8 3 . 9 %  vs. 8 3 . 7 % )  at 1 year with both techniques.8  

• Others studies reported that despite the reduced primary 
patency, limb salvage rates remain comparable to surgi
cal bypass and range from 74% at 5 years to 84 .7% at 
8 years. 9 

• Lower limb revascularization of diabetic patients affected by 
intermittent claudication, in addition to improved walking 
performance, is associated with a reduction in the incidence 
of future major cardiovascular events when accompanied by 
increased physical exercise and improved glucose manage
ment and weight control. 10 

COMPLICATIONS 

• Artery puncture: hematoma, occlusion, dissection, pseudo
aneurysm, arteriovenous fistula ( FIG 1 3 ) 

• Failure of recanalization: intimal dissection, branch oc
clusion, thrombosis,  embolization, vessel rupture, remote 
hemorrhage 

• Stent/stent graft complications : stent embolization, stent will 
not expand lesion, stent kink, stent thrombosis 

• Infection 
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Maximizing Vein Conduit for 
Autogenous Bypass 
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t Gregory J. Landry 

DEFINITION 

• Autogenous conduit is preferred for all lower extremity by
passes when available. The greater saphenous vein (GSV) is 
the most frequently used conduit. Other options for native 
conduit include the short saphenous vein, arm vein (basilic, 
cephalic, brachial ) ,  and femoral vein. 

DIFFERENTIAL DIAGNOSIS 

• The majority of patients for whom autogenous vein bypass 
is necessary will have atherosclerotic peripheral vascular 
disease. 

• Other conditions for which autogenous vein bypass may 
be necessary include aneurysms (e .g. ,  femoral, popliteal ) ,  
trauma, and vasculitis. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• A history of cardiovascular risk factors should be elicited 
in all patients undergoing lower extremity bypass, including 
smoking history and history of cardiac and cerebrovascular 
disease and history of diabetes, chronic kidney disease, hy
perlipidemia, and chronic obstructive pulmonary disease. 

• Upper and lower extremity pulse exam should be performed. 
Because atherosclerosis is a systemic disorder, the following 
pulses should be assessed bilaterally: carotid, brachial, ra
dial, femoral, popliteal, dorsalis pedis, and posterior tibial. 
Both the presence and strength of pulses should be recorded. 

• If lower extremity pulses are absent, which is usually the case 
in patients undergoing surgery for peripheral vascular dis
ease, ankle-brachial indices should be measured. The high
est ankle pressure is divided by the highest brachial pressure . 

• Lower extremities should be evaluated for the presence of 
ulcerations or gangrene. 

• A history of prior vein use or removal should be elicited. Veins 
may have previously been used for prior lower extremity or 
coronary artery bypass. Patients with varicose veins may have 
undergone prior vein stripping or ablation. Patients with 
chronic kidney disease may have had prior upper extremity 
arteriovenous fistula placement. In dialysis-dependent 
patients, upper extremity veins should be used judiciously as 
they may be necessary for future arteriovenous access.  

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• All patients considered for lower extremity bypass should 
undergo arteriography to define the proximal ( inflow) and 
distal (outflow) targets. 

Digital subtraction angiography remains the gold stan
dard and provides the greatest anatomic detail for opera
tive planning. 
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Alternative imaging modalities include computed tomog
raphy ( CT) and magnetic resonance (MR) angiography or 
duplex ultrasonography. 

• Duplex ultrasonography should be used for preopera
tive vein mapping to identify suitable autogenous conduit 
( FIG 1 ) .  If the patient has good-quality GSV, no further vein 
mapping is typically necessary. If the GSV is of poor qual
ity or absent, small saphenous vein and arm vein should be 
mapped ( FIG 2 ) .  

Ideal conduit diameter i s  3 . 5  m m  o r  greater. 
Vein should be easily compressible.  Thick-walled 
or noncompressible vein indicates prior superficial 
venous thrombosis and vein is likely not suitable for 
bypass .  
Mapping should ideally immediately precede surgery with 
vein course marked with an indelible marker on the skin. 
This allows precise placement of incisions, which avoids 
the creation of skin and tissue flaps that might impede 
wound healing. 

SURGICAL MANAGEMENT 

• Preoperative planning 
If not previously marked or if marks have faded, it is 
useful to remark the intended venous conduit with ultra
sound guidance prior to surgery (FIGS 3 and 4) .  

Open foot lesions o r  gangrene should be covered with 
sterile adhesive to prevent contamination of sterile 
incisions. 
Prophylactic intravenous antibiotics should be adminis
tered to reduce risk of perioperative infection. 

Deep femoral 
vein 

G iacomin i  vein 

Common femoral vein 

Small saphenous vein 

Greater saphenous 
vein 

FIG 1 • Lower extrem ity venous a natomy. 

-
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Cephal ic vein 

FIG 2 • U pper extremity venous  a natomy. 

• Open ve in  h a rvest: GSV 
• A long itud i n a l  inc i s ion  is made d i rectly over the 

ma rked ve i n .  E ither  a s ing le  inc i s ion  or  m u lt i p l e  sk ip  
inc i s ions  can be used,  with some ev idence of fewer 
wou n d  i nfect ions with the l atter a pproach (FIG S) .  • 

• The necessary length of ve i n  is u n roofed .  Us i ng  
b l u nt a n d  sharp d i ssect ion w i th  M etze n b a u m  scis
sors, the ve i n  i s  freed from su rrou n d i n g  structu res. 
Side branches a re l i g ated and d iv ided with s i l k  l iga
tu res a n d  hemocl i ps .  

• The GSV is d iv ided proxi m a l ly at the saphenofemo
ra l j u nction (FIG 6), d i sta l ly accord i n g  to the le ngth 
of ve in  needed. 

FIG 3 • Lower extrem ity ve i n  mapp ing  with m a rk ing  of GSV. 

If arm vein is to be harvested, it is important to avoid 
blood draws or intravenous lines in the intended arm(s ) .  If 
veins from both arms are necessary, central venous access 
may be necessary. 

• Positioning 
The majority of the procedures are performed with the pa
tient supine. If small saphenous vein is the intended con
duit, it is often easier to perform this part of the procedure 
with the patient prone and then to reprepare and drape 
with the patient supine. 
If arm vein is to be harvested, the arms should be abducted 
and placed on arm boards. 

FIG 4 • U pper extrem ity ve i n  mapp ing  with m a rk ing  of the 
cep h a l i c  and bas i l i c  ve ins .  

• It is h e l pfu l  d ista l ly to identify a branch po int  i n  the 
ve i n  that ca n su bsequent ly be used for the p roxi m a l  
a nastomosis  if the g raft i s  p laced i n  reversed con
f ig u rat ion (FIG 7A,B) .  

Open ve i n  h a rvest: sma l l  sa phenous  ve i n  
• The same tech n i q u e  is used as for the GSV, except 

typ ica l ly with the patient prone.  
• Prox ima l ly, the ve i n  is typica l l y  d iv ided at the saphe

nopopl itea l j u nct io n .  Some patients w i l l  have con
t i n uat ion of the sma l l  sa phenous  ve in  i n  the t h i g h  
(G iacom i n i  ve in )  w h i c h  a l l ows h a rvest ing  add it iona l  
length of ve i n  i n  the t h i g h .  

F IG S • Open G S V  ha rvest t h r o u g h  sk ip  i nc i s ions .  T h e  ve i n  i s  
enc i rc led w ith  s i l ast i c  vesse l loops.  

FIG 6 • GSV mob i l ized proxi ma l l y  to saphenofemora l  j u nction .  
S ide branches l igated with  s i l k  l i gatu res. 
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A 

B • 

FIG 7 • A.B. D ista l GSV d iv ided at branch po int  to provide  
sta rt ing  spot  for  prox ima l  a nastomosis  of reversed ve i n  g raft. 

• 

A 

Open ve i n  ha rvest: arm ve i n  
• Both the  ceph a l ic a n d  basi l i c  ve ins  can be h a rvested 

through long itud i n a l  arm i nc i s ions .  The same tech
n i q u e  is  used as  for leg ve in ;  however, care m u st be 
taken as the arm ve in s  tend to be more thin wa l l ed 
and fra g i l e  than  leg ve i n .  

• 

• 

The cep h a l i c  ve i n  ca n freq uent ly be ha rvested as a 
s i n g l e  con d u it from the wrist to the de ltopectora l  
g roove (FIG SA-C) .  A s i n g l e  segment is  freq uent ly 
adequate for a femora l-pop l itea l o r  femora l  to • 

p roxi m a l  t i b i a l  bypass. 
The basi l i c  vei n  tends to be larger i n  d i a meter than the 
cepha l i c  ve in ,  a lthough often, only a short segment 
i n  the u pper a rm is  ava i lab le .  The basi l i c  ve i n  i s  wel l 

FIG 8 • A. Ceph a l ic ve in  ha rvested the 
fu l l  l ength of the a rm with sk in  br idge at  
a ntecub ita l  fossa . B. Upper  arm cepha l i c  
ve i n .  C. Cepha l i c  ve i n  ha rvested med ia l l y  t o  
de ltopectora l  g roove. B 

• 

• 

• 

su ited for use as an extens ion g raft when revis ion of 
a previously p laced bypass i s  necessa ry. When used as 
a new bypass, a com posite g raft com posed of two or  
more vei n  seg ments is freq uently necessa ry. 
The basi l i c  vei n  often has l a rge branches that commu
n i cate med ia l ly  w ith  the brach ia l  vei n .  These branches 
a re often broad based and a re better l igated with a 
runn ing  monofi l a ment sutu re than s imp le  l igat ion .  
The med ian  a ntebrach ia l  cutaneous nerve freq uently 
i nterd ig itates with the basi l i c  ve i n .  With meticu lous  
d i ssect ion,  th is  nerve ca n be preserved (FIG 9) .  

B rach i a l  ve i n  i s  i nt i mately associated w i t h  both the  
brach i a l  a rtery a n d  med ian  nerve. Th i s  ve i n  can a l so 
be h a rvested as con d u it, but g reat care needs to be 
taken to avo id  i nj u ry to adjacent structu res (FIG 1 0) .  

Open ha rvest: femora l  ve i n  
• Although  typica l ly used for l a rger  vesse l reconstruc

tion, femora l  vein ca n be used for a utogenous lower 
extrem ity bypass if necessa ry. 

• Proxi m a l  femora l  ve i n  is h a rvested med ia l  to Sarto-
r ius  m usc le .  Ve i n  i s  adjacent to su perfi c i a l  femora l  
a rtery. Ve i n  can be ha rvested p roxi m a l ly u p  to the 
p rofu nda  femora l  ve i n .  

• Dista l l y, the femora l  ve i n  is eas ier  to h a rvest with 
the Sartor ius  m usc le ref lected poster ior ly. The ve i n  
c a n  eas i ly  be h a rvested as fa r as t h e  adductor ca n a l .  

• If a longer segment is needed, the ve in  can be further 
harvested cauda l  to the add uctor tendon i nto the 
popl itea l  fossa . 

E ndoscop ic  h a rvest: GSV 
• E n d oscop ic  h a rvest works best for ve in s  with i n  

the sa phenous  fasc i a l  envelope (FIG 1 1 A) .  I t  i s  
tech n ica l l y  more d ifficu lt  i n  cases where the  ve in  
l eaves th i s  fascia l  envelope a n d  i s  s ituated more 

c 
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FIG 9 • Bas i l i c  ve i n  ha rvested i n  u p per  arm. Med ian  
a ntebrach i a l  cuta neous nerve adjacent to a n d  i nterd ig itati ng 
with ve i n .  

F I G  1 0  • B rach i a l  ve i n  ha rvest with ve i n  adjacent t o  med ian  
nerve. B rach i a l  a rtery deep to nerve. 

su perfi c ia l ly o r  i n  the  s u bcuta neous fatty t issue 
(FIG 1 1 B) .  

• Avai lab le  harvest ing systems a re described in Tab le 1 .  
• A 2-cm inc i s ion  is made at the level of the knee a n d  

the GSV d issected free at th i s  s ite a n d  enc i rc led with 
a s i l astic vesse l loop (FIG 1 2) .  

• 

• 

The vei n  is d issected from the knee to the saphenofem
oral ju nction using a conica l  d issect ing tip (FIG 13) .  C02 
i nsufflation is performed through an i nflatab le  trocar. 
The ve i n  is he ld  i n  p lace with the C-r ing  or V- lock 
mecha n ism a n d  s ide  branches a re d iv ided with b i 
polar  e l ectroca utery o r  h a rmon i c  scissors depend i n g  
on the  m a n ufacturer  (FIG 14) .  

• Harvest ing can a lso be performed in the calf; however, 
th is  is more techn ica l ly cha l leng ing  due to m u lt ip le  
genicu late venous branches, subcutaneous posit ion of 
vein ,  and c lose approxi mation with sa phenous nerve. 

• If an inc i s ion  i n  the g ro i n  is g o i n g  to be made for 
the p roxi m a l  a nastomosis  of the g raft, the inc i s ion  
can be made at th i s  po int  to com p l ete the prox ima l  
ha rvest. If a n  i nc i s ion  i s  n ot go ing  to be made i n  the 
gro in ,  a sta b inc i s ion  i s  made i n  the gro in  a n d  the 
ve i n  g rasped under  d i rect v is ion with a tons i l c l amp .  

Table 1:  Endoscopic Vein Harvesting Systems 

A 

B 

FIG 1 1  • A. GSV (ma rked by cursors) with i n  the  sa phenous  
fasc i a l  enve lope s u ita b l e  for  endoscopic  ve i n  ha rvest. 
B. Su bcuta neous GSV outs ide of sa phenous  fasc i a l  enve l o pe, 
less su ita b l e  for endoscopic ha rvest. 

FIG 12 • A 2-cm inc is ion at the level of the knee through 
which GSV (enci rcled with s i l astic loop) d i ssected for endoscopic  
ha rvest. 

FIG 13 • Conica l  d i ssect ing  tool mou nted on camera used 
to i so late GSV. Operator sta n d i n g  opposite screen dep ict i n g  
endoscop ic  i m a g e .  

Manufacturer Device Dissecting Tool Vein Securing Side Branch Ligation 

Maq uet Vasoview 
Maq uet Vasoview Hemopro 
Terumo Vi rtuoSaph 

Con ica l  t ip C·r ing 
Con ica l  t ip C·r ing 
Con ica l  t ip V- lock 

B ipolar l i gat ing forceps 
Thermostatic cut and seal  
B ipolar cut and  coagu lat ion 
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FIG 1 4  • GSV he ld  in p lastic cra d l e  w h i l e  s ide branch l igated 
and d ivided with b ipo la r  e lectroca utery. 

The ve i n  is then p u l led through the inc i s ion a n d  
l igated a n d  d iv ided w i t h  s i l k  l i gatures. 

• After p rox i m a l  d iv is ion,  the ve i n  can be p u l led  out 

FIG 1 S • Back-ta b le  prepa rat ion of ha rvested ve i n .  

o f  t h e  t u n n e l  through t h e  k n e e  i nc i s ion .  • Com posite g raft creat ion 
• A be low-knee inc i s ion  can be made to h a rvest the 

d ista l ve i n  if th i s  inc i s ion  i s  a l ready i ntended for the 
d ista l anastomotic s ite .  

• Back-ta b le  ve i n  preparat ion 
• Ha rvested ve i n s  a re prepared on a back ta b le  

(FIG 1 5) .  Veins  a re d i stended with  the s u rgeon's 
so lut ion of choice .  The a uthor  p refers us ing  c h i l l ed, 
hepar in ized a uto logous b lood, a lthough hepar in -
ized sa l i n e  is  a lso suffic ient .  • 

• Any s ide  branches not l i g ated d u r i n g  the i n it i a l  h a r
vest a re l i g ated with s i l k  l i g atures or, if too s m a l l  or  
short, with 7-0  polypropy lene suture .  

• For  e ndoscop i ca l l y  h a rvested ve i n s, beca u se the  
s ide  branches  a re not l i g ated dur ing  the  i n it i a l  
h a rvest, they a re l ig ated at a b a c k  ta b l e  w i t h  s i l k  
l i gatures o r  7 - 0  po lypropyl e n e  suture after ve i n  
remova l .  

A 

• A venovenostomy can be performed with two (or 
more) venous  seg ments to create a s i n g l e  condu i t  of 
adeq uate length .  The ve i n  of larger  d i a m eter shou ld  
be p laced p roxi m a l ly. The ve i n s  a re spatu lated a n d  
sewn end-to-en d  w i t h  r u n n i n g  7 - 0  polypropy lene 
suture  (FIG 1 6A-E) .  Addit i o n a l  ve i n  seg ments can 
be added as  necessa ry with the same tech n i q u e  to 
create a condu i t  of adequate length .  

G raft t u n n e l i n g  
• G rafts a re best t u n n e led us ing  a ho l low tube tun

ne le r, such as a Sca n l a n  tunne le r, i n  order to avo id  
u n necessa ry tens ion  on the ve i n  as it is  p u l led 
through the s u bcuta neous t issue.  Th i s  i s  part i cu la r ly 
i m portant i n  a com posite g raft where suture l i n e  
d isrupt ion can potent i a l l y  occur. 

• Tu n n e l i n g  performed after the proxi m a l  anasto
mosis  a l l ows the g raft to be passed under  p ressu re, 

B 

c 

FIG 1 6  • A. D i a g ra m  dep ict i ng ve i n  sp l i c i ng .  B. Sp l i c ing  of 
a rm ve i n s  to create s i n g l e  cond u it.  Ve i n s  spatu lated with Potts 
scissors. C. A 7-0 polypropy lene suture p laced to approxi mate 
the heel and toe of the two ve ins .  D. Ven ovenostomy performed 
with ru n n i n g  sutu re. E. F i n a l  spat u l ated venovenostomy. 

D 

E 
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FIG 17 • Anato m i c  tunnel  through popl itea l fossa for 
femora l  to be low-knee popl itea l a rtery bypass. 

• 

which lessens the l i ke l i h ood of twist ing  or k i n k i n g  
d u ri n g  t u n n e l i n g .  

• In a fi rst-t ime bypass, tunne l i ng  anatomica l ly  through 
the popl itea l fossa for be low-knee ta rgets provides 
the most d i rect route to maxi m ize ve i n  length 
(FIG 1 7) .  I n  redo procedu res i n  which previous g rafts 
were tunne led through the popl itea l  fossa, a subcu
taneously tunneled g raft may be necessa ry. 

• Two options exist for g rafts tunne led  to the a nte
rior t ib i a l  a rtery. For g rafts based on the common 
femora l  a rtery, a l atera l ,  su bcuta neous ly t u n ne led 
g raft i s  the most stra ig htfo rwa rd.  For g rafts based 
further  d i sta l ly on the superfi c i a l  fe mora l  o r  p ro
funda femora l  a rter ies, an a nato m i c  t u n n e l  through 
the pop l itea l fossa a n d  i nterosseous mem brane i s  
more d i rect a n d  maxi m i zes ve i n  length .  The i nteros
seous mem brane shou ld  be d i rect ly v i sua l ized a n d  
a cruc iate inc i s ion  made t o  p revent g raft str icture .  
G rafts to the poster ior  t ib ia l  or  peronea l  a rtery a re 
t u n n e led e ither  through the popl itea l fossa or med i 
a l ly a n d  su bcuta neous ly (FIG 1 8) .  

Choice o f  p roxi m a l  a nastomotic site 
• The cho ice of p roxi m a l  anastomotic site depends on 

the a n atomy a n d  ve i n  length a n d  q u a l ity. 
If adequate ve i n  length is  p resent, an anasto
mosis to the com m o n  femora l  a rtery i s  gener
a l ly preferred. 
If ve i n  length i s  i n suffic ient, the g raft ca n be 
based on either the su perfi c ia l  o r  profu nda  
femora l  a rtery. For patients w ith  atherosc le
rot ic  lower extrem ity a rter ia l  occ lus ive d isease, 
the profu nda femora l  a rtery i s  more l i ke ly to 
be better p reserved than  the superfi c i a l  femo-
ra l a rtery, which i s  more l i ke ly to be affected by 
atherosclerosis (FIG 1 9A,B) .  

I n  the presence o f  c o m m o n  femora l  o r  proxi
mal p rofu nda femora l  a rtery stenos is, a com
mon a n d/or profu nda femora l  e n d a rterectomy 
with p lacement of a ve i n  or  p rosthetic patch 
(Linton patch) can prov ide adeq u ate inf low for 
the g raft, with the p rox i m a l  a nastomosis  to the 
d i sta l  end of the patch (FIG 20) .  

Profunda 
femoral 

artery 

Profunda 
femoral 

to peroneal 
artery 

Common 
femoral 
artery 

H"''l .l-------- Superficial 

bypass ---7----+-1.11 
femoral 
artery 

Lateral ly 
tunneled 

graft to 
anterior t ibial 

1'-----;---- Medial ly 

artery ----�-� 

tunneled 
graft to 
anterior 
tibial artery 

;:1--.U...-7------ Popl iteal 
artery 

Anterior 
tibial artery ------:-------cCII 

II--'----- Posterior 
tibial artery 

Fibula -----

FIG 1 8  • Diagra m  dep ict ing  t u n n e l i n g  options  for t i b i a l  
g rafts. 

For patients req u i r i n g  t i b i a l  or  peda l  bypasses 
with i nsuff ic ient ve i n  length,  the superfi c i a l  
femora l  a rtery can be treated with  a n g i o p l asty 
with or without stent ing to p rovide i nf low for 
a g raft based o n  the a bove- o r  be low-knee 
popl itea l a rtery. This is  idea l ly performed e ither  
i n  a hybr id operat ing  room (OR) su ite o r  i n  a 
sta n d a rd OR with C-a rm f luoroscopy. 

• Choice of d ista l a nastomotic s ite 
• In genera l ,  the shortest bypass confi g u rat ion that 

provides adequate d ista l f low is  chose n .  
I f  d i rect runoff to the foot can b e  achieved through 
a bypass to the popl itea l artery, this is preferred . 
If the pop l itea l  a rtery is occ luded a n d  a t ib i a l  
a rtery serves as the d ista l ta rget, a d i rect a n g io
some revascu la r izat ion shou ld  be chosen if  pos
s ib le i n  cases of foot u l cers or  isch e m i a .  For rest 
p a i n  or  c l aud icat ion, the d o m i n a nt t i b i a l  vessel 
shou ld  be chose n .  

I n  pat ients w i t h  patent su perfi c ia l  femora l  • Prox ima l  a nastomosis  

a rter ies a n d  more d i sta l t i b i a l  a rtery d i sease, as 
is  often seen i n  patients with d i a betes, g rafts 
may be based on e ither  the a bove- or  be low
knee popl itea l a rtery. 

• Proxi m a l  a n d  d i sta l  a rte r i a l contro l  is o bta i n ed 
with atra u m at i c  vasc u l a r  c l a m ps, s i l ast i c  loo ps, o r  
Foga rty cath eters a s  needed a n d  per  s u rg e o n 's 
cho ice .  
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B 

A 

FIG 1 9  • A. Common, superfic ia l ,  and  profu nda 
femora l a rteries d i ssected for proxi m a l  a nastomosis .  
Vessels enc i rcled with s i lastic loops. B. Proxi m a l  
a nastomosis t o  p rofu nda femora l a rtery i n  patient 
with inadequate vei n  length to base g raft on 
common femora l a rtery. Note tunne l ing  device i n  
subsartor ia l  posit ion .  

• The a n astomotic a rter iotomy is made with a no .  1 1  
sca l pe l  a n d  extended with Potts scissors. The a rte
r iotomy length shou ld  be a bout 1 . 5 to 2 t imes the 
d i a m eter of the ve i n .  

• The p roxi m a l  a nastomosis  is i dea l ly performed us ing  
a ve i n  branch  as the hee l  i n  order to avo id  hee l  stric
t u re (FIG 21 ) .  The ve i n  i s  spatu lated thro u g h  the 
heel (FIG 22A-C) .  

Occluded 
superficial 

femoral • 

• The a nastomos i s  is pe rformed with ru n n i n g  po ly
propy lene  r u l e .  As a r u l e  of t h u m b, suture d i a meter 
i s  4-0 i n  the  i l i ac  a rtery, 5-0 femora l ,  6-0 pop l itea l ,  
a n d  7 -0  t ib ia l  (FIG 23) .  

Dista l  anastomosis  

artery ---lit-": 

FIG 20 • D i a g ra m  of Li nton patch on com m o n  a n d  p rofu nda 
femora l  a rter ies f rom which  proxi m a l  anastomosis  of bypass 
i s  based.  

• 

• Th i s  is performed in s i m i l a r  fash ion  to the p roxi m a l  
anastomosis, a lthough spatu lat ion t h r o u g h  a s ide  
branch i s  genera l ly n ot possi b le  a n d  less  necessa ry as 
for the proxi m a l  a n asto mosis, beca use the g raft toe 
geometry i s  more i m porta nt for patency than the 
hee l  geometry i n  the outflow (FIG 24) .  

I ntraoperative assessment 
• Augmentati on of Dopp ler  s i gna l s  at the a n k l e  with 

the g raft open compa red to the g raft occ luded 
genera l ly i n d i cates g raft patency with  i m p roved 
a rter ia l  perfus ion .  I ntraoperative d u p lex or 
a rter iography shou ld  a lso be cons idered to ru le  out 
tech n ica l  problems with the g raft. 
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! 

Spatulate 
without 
branch point 

Relative 
anastomotic 
stenosis 

FIG 22 • A. Preparat ion of ve i n  for 
prox ima l  anastomosis .  If poss ib le, s ide  
branch  i s  chosen  for hee l  of p roxi m a l  
a nastomosis  t o  p revent a nastomotic 
str ict u re .  B. Vei n  spatu l ated with 
Potts sc issors through branch po i nt. 
C. Spat u l ated ve i n  p repa red for 
prox ima l  a n asto mosis .  B 

! 

Spatulate 
through 
branch point 

No 
anastomotic 
stenosis 

c 

FIG 21 • The ve in  is spatu l ated 
through a branch point to avoid 
a str icture at the heel of the 
proxi m a l  anastom osis, which can 
occur  if a s ide branch i s  not used. 

FIG 23 • Diagra m  demonstrati ng proxi m a l  
g raft anastomosis .  
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FIG 24 • Dista l  anastomosis  to be low-knee popl itea l a rtery. 

PEARLS AND PITFALLS 
Open ve i n  h a rvest 

E ndoscop ic  ve i n  ha rvest 

Ve i n  preparat ion 

G raft t u n n e l i n g  

Anastomotic p lacement 

• Preoperative ve in  m a p p i n g  i s  i m portant to loca l i ze  the site of the i nc i s ion to avo id  t issue f laps that 
can lead to poor wound hea l i n g .  

• Vei n  branches s h o u l d  n o t  be l i g ated f l u s h  with the ve i n  as " d i m p l i n g "  c a n  occur  w h e n  the ve i n  i s  
d i stended.  It i s  g o o d  t o  l i g ate the ve i n  branch at least 1 m m  away from the  v e i n  t o  a l low proper 
ve i n  expa ns ion (FIG 2S) .  

• A r m  v e i n s  t e n d  to be more frag i l e  than  leg ve i ns, req u i r i n g  g e n t l e r  h a n d l i n g  d u ri n g  ha rvest. 

• Avoid  h a rvest ing  ve in s  that a re su bcuta neous or  not enc losed with i n  a fasc ia l  envelope as these a re 
tech n ica l ly more d ifficu lt  to h a rvest a n d  therefore more prone to i nj u ry. 

• Avoid  overd isten d i n g  the ve i n  d u ri n g  preparat ion .  A good tech n i q u e  is to i nject a sma l l  a m o u nt of 
f l u i d  i nto the ve i n  a n d  then m a n u a l ly d i ste n d i n g  the ve i n  i n  segments rather  than  tryi ng to i nflate 
the vein with the syri nge .  

• Pass ing  the g raft whi le  d istended red uces the r isk of twist ing  o r  k i n k i n g .  
• Us ing  a ster i l e  m a rk ing  p e n ,  a l i n e  can be d rawn o n  the a nter ior  su rface o f  the ve i n  to h e l p  or ient 

the g raft d ista l ly a n d  prevent twist i n g .  

• Severely d i seased vesse l s  t e n d  to d e l a m i n ate when hand led .  G reat c a r e  m ust be taken to i nc l ude  
a l l  layers i n  the a nastomos is  to p revent d i ssect ion .  

• I n  seve re ly  ca l c i f ied vess e l s, vesse l loops  may n ot p rovi d e  a d e q u ate contro l  and vasc u l a r  
c l a m ps may cause  a c r u s h  i n j u ry. I n  these cases, Fogarty b a l l o o n s  may be needed f o r  a rte r i a l  
contro l .  

Nond istended vein 

Tie at 
appropriate 

distance 
from vein 

Distended vein 

Tie too 
close to vein 

FIG 25 • " D i m p l i n g "  ca n occu r with g raft d istent ion if s ide  
branch t ie  i s  too c lose to ve i n .  
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POSTOPERATIVE CARE 

• Patients should be monitored postoperatively in either an in
tensive care unit or a surgical ward. Hourly vascular checks 
should be performed with continuous wave Doppler. 

• Early ambulation, generally on the first postoperative day, 
is encouraged, particularly in patients with claudication or 
rest pain. Patients with ulcers or gangrene may require a lon
ger period of non-weight bearing if lesions are on a weight
bearing surface. 

OUTCOMES 

• Anticipated 3-year primary patency rates for reversed saphe
nous vein grafts are 70 % to 80% for femoral-popliteal and 
60% to 75 % for femoral-tibial. Comparable patency rates 
for arm vein bypasses are 60% to 70 % and 50% to 60%,  
respectively, and for prosthetic grafts, 45 % to  65 % and 
20% to 3 0 % ,  respectively. Anticipated 5-year limb salvage 
in patients with critical limb ischemia is 80% to 90%,  with 
5-year survival in 40% to 70 % . 1-5 

• Reversed and in situ vein grafts have been shown to have 
comparable patency rates in multiple studies . 6  

• Ambulatory function and independent living status is pre
served in the majority of patients who undergo successful 
revascularization. 

• Quality of life measures are improved in the majority of 
patients who undergo successful revascularization.7 

• Up to 20% of patients will develop vein graft stenoses 
requiring either open or endovascular revision during 
follow-up. 

• Data on patency rates of open versus endoscopically har
vested vein grafts are mixed, making definitive recommenda
tions on the preferred approach difficult. 

COMPLICATIONS 

• Wound infection 
• Seroma 
• Hematoma 
• Graft occlusion 
• Myocardial infarction 
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DEFINITION 

• Endovascular tibial intervention is a minimally invasive, 
endoluminal revascularization of the infrapopliteal vessels. 
It is an accepted treatment of critical limb ischemia (CLI) in 
patients with tibial occlusive disease . It is usually performed 
from a transfemoral access (antegrade approach) and, in 
selected cases, from transpedal or tibial access (retrograde 
approach) .  

• Therapeutic interventions performed i n  tibial arteries include 
balloon angioplasty, drug-eluting balloon angioplasty, stent
ing, and atherectomy. 

• Procedures are most commonly performed under local anes
thesia with moderate conscious sedation in a fixed-imaging 
hybrid operating room or in the interventional angiography 
suite. Portable imaging systems may also provide sufficient 
resolution for precise, image-guided intervention depending 
on circumstances. 

DIFFERENTIAL DIAGNOSIS 

• Neuropathic pain is commonly described as burning sen
sation, stabbing, or aching pain that is commonly accom
panied by numbness or hypoesthesia. Diabetic neuropathy 
is probably most common and is frequently nocturnal as 
well. The symptom complex of diabetic neuropathy may 
be confused with ischemic rest pain or metatarsalgia, given 
the similar dermatomal distribution and overlapping risk 
factors . 

• Venous ulcers are associated with skin pigmentation, indura
tion from chronic venous hypertension, and inflammation. 
They develop primarily in the perimalleolar region of the 
ankle and usually do not involve the forefoot. 

• Musculoskeletal pain resulting from mechanical etiology, 
stress fracture, arthritis, and plantar fasciitis 

• Soft tissue infection and malperforans ulcers in diabetic 
patients with advanced sensory neuropathy and/or Charcot 
deformity of the foot 

• Chronic, nondiabetic peripheral neuropathies such as dorsal 
foot paresthesias and dysesthesias following long saphenous 
vein harvest 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with infrainguinal occlusive disease present with 
symptoms of claudication (Rutherford ischemia classifica
tion categories 1, 2, and 3 ), ischemic rest pain, or tissue 
loss (Rutherford categories 4, 5, and 6 ) .  When the ath
erosclerotic disease is limited to the infrapopliteal arterial 
segments, pain is mainly located in the forefoot. Advanced 
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FIG 1 • A. Patient with t i b i a l  occ lus ive d i sease a n d  i schemic  
r ight  fi rst toe  u lcerat ion .  Rutherford c lass 5 .  B. Patient with 
severe m u l t i l evel  occl us ive d i sease with g a n g rene of the  left fi rst 
toe a n d  u l cerat ions on the dorsum of the foot. Rutherford c lass 6 .  

arterial insufficiency can also lead to ischemic ulceration, 
gangrenous changes, and nonhealing wounds. This constel
lation of symptoms represents CLI and typically occurs when 
the ankle pressure is less than 50 mmHg, the ankle-brachial 
index (ABI) is less than 0.4, and the great toe pressure is less 
than 30  mmHg ( FIG 1A,B) .  

• CLI with tissue loss often occurs i n  the setting o f  multilevel 
arterial occlusive disease. In the case of isolated diabetic tibial 
occlusive disease, femoral, and frequently popliteal, pulses 
remain palpable. In either circumstance, limb-threatening 
ischemia may ensue. In the latter circumstance, multilevel 
approaches to complete revascularization, either staged or 
simultaneous, should be pursued. 

• Neurovascular exam, with particular focus on the wound 
location and the extent of tissue loss, should be evaluated 
and documented.  Probably, the most deterministic variable 
is the extent of tissue loss-Wagner wound classification, the 
presence and severity of osteomyelitis, exposure or involve
ment of the calcaneus bone, residual intact skin on either the 
dorsal or plantar foot. These conditions all impact decision 
making and clinical outcome. 

• Patient functional capacity also plays an important role 
in the therapeutic strategy. Options and outcome goals 
vary substantially between ambulatory and nonambulatory 
patients . 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• Pulse volume recordings (PVRs) ( FIG 2 ) 
• Duplex ( FIG 3 ) 

-
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FIG 3 • A. Dup lex 8-mode image shows the calc if ied t ib ioperoneal  
tru n k  bifurcat ion i nto the poster ior t ib ia l  a rtery and peroneal  
a rtery. B. Dup lex of the t ib ioperoneal trun k  bifurcation shows f low 
i nto the poster ior t ib ia l  a rtery. C. Dup lex of the proxi ma l  poster ior 
t ib ia l  a rtery shows normal  tr iphas ic Doppler waveform. 
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FIG 2 • PVR on a pat ient  with severe r ight  t ib ia l  
occ lus ive d isease a n d  n o n h ea l i n g  toe u l cer. The 
trac ings  a re pu lsati l e  at the ca lf  l evel cons istent 
with adequate femoropop l itea l f l ow; however, 
the  waveforms a re f lat, d ista l ly suggestive of 
t i b i a l  occ lus ive d i sease. 

• Computed tomography (CT) and magnetic resonance (MR) 
angiograms can be obtained; however, their diagnostic use 
in planning tibial interventions is frequently limited by the 
imprecision of bolus timing with distal extremity cross
sectional imaging techniques, heavy medial calcification 
frequently present in target arteries, and the diminutive size 
of reconstituted target arteries, which may be present in the 
peri- and inframalleolar regions . 

• Catheter-directed, intraarterial angiography remains the gold 
standard imaging study for tibial occlusive disease for both 
diagnostic and therapeutic purposes ( FIG 4) .  

SURGICAL MANAGEMENT 

• Technical skills, careful planning, and knowledge of the rel
evant arterial anatomy determine tibial revascularization 
strategies for limb salvage. Current controversies include the 
potential value of restoring patency in more than one tibial 
vessel to optimize blood flow and maximize the chances of 

-

FIG 4 • Se lective left leg a n g iogram shows patent pop l itea l 
a rtery, patent t ib ioperonea l  tru n k, com p l ete occl us ion of the 
a nter ior  t ib ia l  a rtery, a n d  com p l ete occ lus ion  of the  peronea l 
a rtery. 
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wound healing. Proponents of this approach reference the 
"angiosome" concept of the foot or the idea that specific skin 
regions derive primary perfusion from end-arterioles arising 
primarily from either the dorsal pedal or posterior tibial arter
ies as they cross the ankle. This practice is pursued in marked 
contradistinction to the open surgical imperative to restore 
in-line flow to the foot in the single largest, most continuous 
crural artery. The many advantages of endovascular recon
struction techniques in tibial reconstruction include restoring 
partial flow in multiple target arteries as compared to a single 
artery following surgical bypass, as well as opportunities to re
peat procedures with relatively simple outpatient interventions 
as needed, to maintain patency and skin integrity. Treatment 
decisions regarding revascularization strategy in individual 
circumstances should be guided by patient-specific anatomic 
considerations, arterial runoff into the foot, patient habitus 
and ambulatory status as well as patency and feasibility con
siderations related to either open or endovascular options. 

• Currently available endovascular technology facilitates suc
cessful treatment of complex occlusive lesions at and below 
the malleolar level. Technical limitations remain, however, 
highlighted by risks of arterial perforation ( FIG 5 ) ,  difficulty 
in true lumen reentry in complete occlusions ( FIG 6) ,  proce
dure-related distal arterial embolization, and limited pedal 
vessel outflow in certain circumstance.  

• The retrograde or SAFARI ( SubintimAl Flossing with 
Antegrade-Retrograde Intervention) tibial intervention tech
nique may improve technical results in challenging lesions, 
particularly those resistant to ipsilateral antegrade access, 
including flush occlusions at the origin of the target artery or 
with large collateral arteries adjacent to the occluded origin. 
In nearly every circumstance, even chronic and recalcitrant 
occlusions may be crossed more easily from the retrograde 
rather than antegrade approach; this is true regardless of the 
chronicity of the lesion in question, degree of calcification, 
or length of occlusion. 

FIG 5 • Angiogram shows extravasat ion  from d i sta l  poster ior  
t ib ia l  a rtery i n  a n  attem pt to cross a tota l occ lus ion  with a 
catheter a n d  w i re .  

FIG 6 • Angiogram from sheath shows the catheter i n  the 
s u b i nt i m a l  p lane after reca n a l izat ion of poster ior  t ib ia l  (PT) with 
reconstitut ion  of d i sta l PT away from the catheter. 

Preoperative Planning 

• Preoperative vein mapping prior to the diagnostic angiogram 
is helpful in handicapping potential surgical alternatives and 
determining the extent to which interventional alternatives 
to be pursued. 

• Patients should be medically optimized prior to their proce
dure : Preventive strategies are advised to reduce the risk of 
kidney injury in patients at risk for contrast nephropathy; 
smoking cessation is encouraged as well as antiplatelet and 
sta tin therapy. 

• Tibial interventions can entail significant radiation expo
sure. Protective shields, lead glasses, and judicious use of 
fluoroscopy are recommended to protect all participants in 
the procedure. Ultrasound-guided access can minimize radi
ation exposure, particularly for pedal access; needle extend
ers allow the operator to puncture remotely and minimize 
hand exposure. 

• Micropuncture and pedal access kits are essential access tools. 
• Sheaths: 5 and 6 Fr, braided, 90 em or 1 1 0 em from contra

lateral femoral access; 45- to 55-cm sheath from the ipsilat
eral transfemoral access 

• Wires :  300-cm, 0 .014-in or 0 . 0 1 8 -in wires; 260-cm, 0 .035-
in floppy Glidewire™ 

• Catheters: 1 50- to 1 70-cm catheters and balloons 
• Medications: heparin (or other anticoagulant) ,  clopidogrel, 

nitroglycerin, papaverine, alteplase, and calcium channel 
blockers . Consider preprocedural perioperative antibiotics 
prior to procedures potentially requiring prosthetic implants. 

Positioning 

• The patient is placed supine on the angiographic table with 
both groins prepped and draped. Consider preparing the 
foot and the leg in anticipation for retrograde approach if 
needed. Stockinette can be placed over the involved foot and 
the leg is covered with the angiographic drape ( FIG 7 ) .  
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F IG 7 • Patient i s  p laced i n  the s u p i n e  posit ion o n  the a n g iogra p h i c  
ta b le; the g ro i n s  a n d  l ower extrem ity a re prepped a n d  d ra ped i n  
a nt ic i pat ion o f  a nteg rade a n d  retrog rade a p p roaches.  

ANTEGRADE TIBIAL REVASCULARIZATION 

First Step: Femoral Access and Anticoagulation 

• Contra latera l femora l  access with sta ndard up a n d  over 
tech n i q u e  is o u r  rout ine  approach for d i a g n ost ic  a rter ia
grams a n d  most t i b i a l  i ntervent ions .  

• Antegrade femora l  a p p roach has d i st inct advantages for 
t i b i a l  or  pedal i ntervent ions, espec i a l ly in the sett ing  of 
a host i l e  a n d  n a rrow aort ic  b ifu rcat ion  or  occ luded or 
severely d i seased contra latera l i l iofemora l  system.  An
teg rade access genera l ly provides eas ier  pusha b i l ity a n d  
red u ced rad iat ion t o  the patient a n d  proced ura l  tea m .  

• U ltraso u n d-g u ided access may m i n i m ize r isk for access 
s ite com p l icat ions .  

• Diagnostic a rter iogram to image the i nf low is performed.  
• A 5- or 6-Fr sheath is adva nced over a stiff w i re to the 

pop l itea l  a rtery, posit ioned as c lose as possi b le  to the 
t ib ia l  tr ifu rcat ion .  (Sheath :  90 to 1 1 0  em from the contra
l atera l femora l  access and 45 to 5 5  em from the ips i l at
era l  femora l  access) (FIG 8) .  

• 

• 

Sheath t ip  posit i o n i n g  c lose to the ta rget vesse l maxi
m izes pusha b i l ity across tota l occ lus ions .  A l so, i m p roved 
v i sua l izat ion of t i b i a l  vesse l s  i s  ach ieved with reduced 
contrast vo l u mes.  
Anticoag u l at ion is esta b l i shed us ing u nfract ionated hep
a r i n  or  other  a lternatives to ach ieve a n  activated c lott i n g  
t ime (ACT) o f  more than  250 seconds .  

Second Step: Selective Angiogram 

• Imag ing of the t ib ia l  outflow is obta ined from sheath 
i nject ions or  through d iagnostic catheters (5- to 1 0-ml 
power or  hand i njection) .  To reduce contrast load ,  contrast 
may be d i l uted 50% for a l l  but the most d i sta l  arter ia l  beds. 

• 

• 

Anteroposter ior  or ips i l atera l a nter ior  o b l i q u e  project ions  
a re obta ined to visu a l ize the popl itea l "tr ifu rcat ion"  and 
sepa rate the t ib ia  a n d  f ibu la .  True  l atera l ob l ique projec
t ions  a re obta ined to v i sua l ize peda l  outfl ow. 
Arter iogra p h i c  images  m ust be ca refu l ly exa m i ned to 

FIG 8 • After obta i n i n g  femora l  access, the sheath i s  
advanced to the pop l itea l a rtery for  the i ntervent ion .  It  a l l ows 
better v isua l izat ion of the t i b i a l  vesse l s  a n d  faci l itates the 
pusha b i l ity a n d  the a b i l ity to cross tota l occ lus ions .  

espec ia l ly d i sta l  to exte nded o r  seri a l  occl us ions .  De layed 
v iews (pro longed d i g ita l  subtract ion a n g iography [DSA] 
t ime) may i m p rove o pacif icat ion of patent t i b i a l  or  peda l  
vesse ls  d i sta l  to occ luded segments (FIG 9) .  Withd raw
ing the sheath to the femora l b ifurcat ion may u ncover 
reconst itut ion of d i sta l t i b i a l  a rtery seg ments through 
extended deep femora l  a rtery co l l atera l pathways. 

T hird Step: Crossing the Occlusion 

• Angled catheters a n d  g u i d ewi res a re typ i ca l ly used to 
se lect the respective t i b i a l  a rter ies .  

• The catheter/g u i dewire com b i nat ion is advanced i nto the 
opt im ize o utcome; m u lt ip l e  project ions  may be req u i red ta rget t i b i a l  a rtery p roxi m a l  to the occ lus ion  or  stenos is .  
to suffic ient ly opac ify t ib ia l  and ped a l  vascu l a r  a n atomy, • Anatomy is confirmed with magn ified a rteriograph ic  views. 
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" Road m a p p i n g "  may i m p rove g u ida nce across occ lu 
s ions .  The w i re leads through the occl us ion,  fo l l owed by 
the cross ing  catheter (e .g ., Q u ick-Cross1M or  Cook CXI1M, 
0 .0 1 4  in o r  O.D 1 8  in) (FIG 1 0) .  

Tra n s l u m i n a l  passage  i s  preferred to s u b i nt i m a l  access, 
because reentry i nto the  true l u m e n  may be u n p red ict
a b l e  a n d  cha l l e n g i n g .  
Soft-t i p ped hydrop h i l i c  g u i dewi res a re used to negotiate 
and traverse t i b i a l  stenos is  with the support of cross i ng  
catheters under  m a g n if ied road  m a p  g u i d a nce. 
Heavier weig hted t i p, ch ro n i c  tota l occ lus ions  (CTO) 
g u idewi res (e ither  0.0 1 4- i n  or  0 .0 1 8- in p latforms) a re 
des igned to p rovide i m p roved performa nce a n d  penetra
tion across tota l occl us ions .  

j ' 
r � 
t \ 

FIG 1 0  • Reca n a l i zat ion of occ luded PT. U n d e r  road m a p  
g u i d a nce, the P T  w a s  se lected, a n d  us ing  a w i re a n d  support 
catheter, the occ lus ion  was crossed.  

FIG 9 • A. Diagnostic a n g iogram from the popl itea l  
sheath demonstrates patent r ight  popl itea l a rtery, 
occ luded a nter ior t i b i a l  a rtery, a n d  occ lu ded d i sta l 
t ib i operonea l  tru n k  with reconstitut ion  of peronea l  
a rtery. The poster ior  t ib i a l  a rtery a p pears to be 
occ luded .  B. Angiogram with de layed DSA t ime  
identif ies a patent d iseased poster ior  t i b i a l  a rtery 
d ista l to the occ luded t i b ioperonea l  tru n k  a n d  patent 
peroneal a rtery. 

• For longer  occ lus ions, l ead ing  with a 2-mm percuta neous 
trans l u m i n a l  a n g i o p lasty (PTA) ba l loon as  a n  a lternative 
to l ow-profi l e  cross ing  catheters (e .g . ,  Qu i ck-Cross1M or  
CXI1M) ca n i m p rove access by exte n d i n g  o r  reesta b l i s h i n g  
the reca n a l izat ion p l a n e  d u r i n g  trans it .  

Fourth Step: Reentry into the True Lumen 

• 

• 

• 

Reenter i nto the true l u m e n  u n d e r  road m a p  g u id a nce 
(FIG 1 1 ) .  

Adva nce the cath eter over the wi re i nto the true l u m e n  
beyond the ta rget l e s i o n  a n d  remove the wire .  
Aspi rate to check for back-bleed i n g  and s u bsequent ly 
perform a se lective a n g iogram through the catheter to 
confi rm the  proper i ntra l u m i n a l  posit ion  (FIG 1 2) .  

-
cath 

PT -

FIG 1 1  • Angiogram from catheter in PT dur ing recana l ization 
of occluded PT. 
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F IG 12  • Ang iogram f rom catheter i n  the p l a ntar  a rtery to  
confirm the proper i ntra l u m i n a l  posit ion after reca n a l izat ion 
of PT. 

FIG 1 3  • Placement of w i re i nto the p l a ntar  a rtery pr ior  to 
a n g i o p l asty of the  occ luded PT. 

Fifth Step: Treatment with Balloon Angioplasty 

• Adva nce a stiff wi re with long,  soft t ip  i nto the ta rget • 

vesse l as d ista l as possi b le  (FIG 1 3) .  
• Remove the catheter carefu l ly  under f luoroscopic g u idance 

wh i le  ma inta in ing  wire access i nto the d ista l patent a rtery. 
• Reentry devices ca n be used to se lect the true l u m e n  from 

a d i ssect ion p l ane .  Alternatively, if  fa i l u re to reenter the • 

true l u me n  pers ists desp ite the use of reentry devices or  
ba l loon a n g iop lasty to d i s rupt the d issect ion mem brane, 
access i nto the d i sta l true l u m e n  ca n be reattem pted in a 
staged futu re sett i n g .  

A 

The p roxi m a l  a n d  d ista l ends  of the les ion a re demar
cated by a repeat contrast i nject ion through the sheath.  
The use of radiopaque a d h esive r u lers app l ied on the 
affected leg may help with measurement a n d  device 
se lecti on .  
De l iver the appropr iate s i ze  ba l loon (typica l ly 2 to  3 . 5  m m  
i n  d i a meter) t o  t h e  ta rget les ion and  perform t h e  ba l loon 
ang iop lasty for 2- to 3-m i n ute inf lat ion t ime (FIG 14) .  

B 

FIG 1 4  • A. B a l l oon a n g i o p l asty of d ista l PT with 2-mm ba l loon for 2-m i n ute i nf lat ion t ime .  B. B a l loon a ng iop lasty of PT with 
3-mm ba l l oon for 2-m i n ute i nf lat ion t ime .  
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FIG 1 5  • Ang iop lasty of PT with long ba l loon .  

• S i n g l e  i nf lat ion  u s i n g  a l o n g  b a l l o o n  decreases t h e  
p roced u r a l  t i m e  a n d  red u ces t h e  r i sk  of posta n g io
p l a sty d i ssect i o n  req u i r i n g  re i ntervent ion  (FIG 1 5) .  

Ta pered b a l l o o n s  can  h e l p  treat l e s i o n s  ac ross vess e l s  
of va r i a b l e  s i ze .  

• Hepar in  fl ush,  conti nuous  or i nterm ittent, through the 
sheath i s  recom mended d u r i n g  ba l loon i nf lat ion a n d  
throughout the p roced u re .  

• Sel ective i nject ion  of i ntraarter ia l  n itrog lycer in  through 
the sheath wi l l  m i n i m ize the effects of spasm at or  d i sta l  
to the i ntervent ion .  

Sixth Step: Angiogram Post-Balloon Angioplasty 

• The treatment ba l loon is retracted back over the wi re to 
the pop l itea l a rtery leve l .  

• The com p let ion a rter iogram is performed from a sheath 
i nject ion to assess the  a n g i o p l asty outcome and pedal  
runoff (FIG 1 6) .  

• Reco i l  or d issect ions  a re treated with susta ined re inf la
t ion  of the ba l loon for 3 to 5 m i n utes o r  by ups iz ing the 
ba l loon,  fo l lowed by more g rad u a l  defl at ion .  

• F low- l i m it i n g  d i ssect ions  in the proxi m a l  t ib ioperonea l  
tru n k  a n d  prox ima l  t ib ia l  a rter ies may be resolved with 

• 

• 

stent p lacement when n ecessa ry. 
D ista l  embol ization can be ma naged by asp iration through 
the exist ing catheter or asp iration with a pu rpose-specific 
catheter such as the ExportrM 
Other moda l it ies may be usefu l  in restor ing  patency, such 
as atherectomy d evices a n d  can be used as  sta nd-a lone 
thera py o r  as adj u n cts to ba l loon a n g i o p lasty. 

• The rout i n e  use of t i b i a l  ste nt i n g  is not a dvocated at 
t h i s  stage .  Alth o u g h  there is some evidence to sugg est 

PT ----

Plantar 

--- -

FIG 1 6  • Angiogram from sheath postreca n a l izat ion a n d  
a n g i o p lasty o f  P T  shows g o o d  f low without any f low- l i m it i n g  
d i ssect ion .  

that d rug-e lut ing  stents may resu l t  i n  i m p roved d u ra 
b i l ity, these  are s u bject to cost restr i ct ions, reg u l atory 
a p p rova l s, a n d  ava i l a b i l ity d e p e n d i n g  on the  cou ntry of 
pract ice.  

Seventh Step: Reconstruction of Another 
Tibial Vessel 

• The u lt imate goa l  is to reesta b l i sh  d i rect, i n - l i n e  a rte
rial f low to the ische m i c  part of the foot. A secondary 
goa l  is to opt im ize f low by reconstruct ing  more than  one 
occ luded t i b i a l  a rtery, when poss ib le .  

• The w i re is redi rected i nto a nother  t ib i a l  vessel a n d  
reca n a l izat ion i s  performed as  descr ibed e a r l i e r  (FIG 1 7) .  

• When the peronea l  a rtery is the so le  outflow vesse l ,  
revascu la r izat ion to the level of the peronea l  col  latera l s  
at a n kle  i s  needed .  

• Ostia l  les ions at the b ifurcat ion of a nter ior t i b i a l  a rtery 
a n d  t i b ioperonea l tru n k  can be treated with kiss i ng  
ba l loon  tech n i q u e  to p revent p laque  sh ifti ng .  

Eighth Step: Completion Angiogram and 
Hemostasis 

• 

• 

If the com p l et ion  a n g iography is satisfactory (FIG 1 8), 

the sheath i s  p u l led back to the com m o n  femora l a rtery 
a n d  i nject ion from that level is reco m m ended to ru le  
out any com p l icat ions  i n  the femoropop l itea l segment 
re lated to sheath posit i on .  
The  sheath i s  removed a n d  h e m osta s i s  i s  o bta i n ed 
at the  a ccess s i te  e it h e r  by u s i n g  c losure  device o r  
m a n u a l  com p ress i o n  without  h e p a r i n  reve rsa l u n l ess 
necessa ry. 
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F IG 17  • A. Ang iogram f rom the sheath at  
the t ime  of  reca n a l izat ion of  a nter ior t i b i a l  (AT) 
a rtery with a w i re a n d  catheter. The peronea l  
a rtery is  patent a n d  reconstitutes a d ista l a nter ior  
t ib ia l  a rtery. B. Angiogram from the sheath 
posta ng iop l asty of the  AT with 3-mm ba l l oon,  
shows patent AT without any d issect ion o r  fl ow
l i m it i n g  stenosis .  

FIG 1 8  • A. Com p l et ion a n g i og ra m  from the 
sheath postreca n a l izat ion of occ luded AT a n d  PT 
shows patent vesse l s  with good flow m a i n ly in the 
AT without any s ign if icant d i ssect ion .  The peronea l  
a rtery reconstituted i n  a retrograde fash ion  from the 
AT. B. Patent d i sta l  AT a n d  PT runoff i nto the foot. 

RETROGRADE TIBIAL RECANALIZATION • Access to the poster ior  t ib i a l  a rtery is o bta i n ed i n  the 

First Step: Retrograde Access 

• Antegrade access is obta i ned fi rst as descr ibed ear l i e r. • 

Th i s  is used for i n it i a l  i m a g i n g  a n d  de l ivery of treatment 
devices. 

• Retrog rade t i b i a l  a rter i a l  access is performed u n d e r  
u ltraso u n d  o r  f luoroscopic  g u ida nce us ing  a m icropu nc- • 

t u re 2 1 -gauge needle;  a 300-cm, 0 .01 8-i n or 0 .0 1 4- i n  
wi re; a n d  ba l l oon or  support catheter. An i ntrod ucer d i - • 

l ator, a l though potent ia l ly usefu l ,  is not essent ia l .  
• Sedation shou ld  be managed to m i n i m ize movement 

when road mapp ing  i s  used to identify ta rget a rter ies .  • 

• Local  anesthesia is i nfi ltrated at the i ntended puncture site. 

reg ion  of the med ia l  m a l leo lus .  Dorsif l exion a n d/or ever· 
sian of the foot may fac i l itate access. 
Access to the a nter ior  t ib i a l  a rtery i s  obta i ned on the 
dorsum of the foot or  the d i sta l  aspect of the leg a nter i·  
or ly, where the ta rget a rtery may be l a rger. Dorsa l i s  pedis 
access i s  fac i l itated by p l a ntar  f lex ion of the foot. 
The peroneal  a rtery shou ld  be a p proached l atera l ly 
thro u g h  the i nterosseous membrane .  
M o re proxi m a l  access to the poster ior  or  anter ior  t i b i a l  
a rter ies m a y  be obta ined w i t h  r o a d  m a p  g u ida nce w h e n  
necessa ry. 
I n advertent venous p u n ct u re may occur  d u r i n g  attem pts 
at retrog rade access, and when it does, cons ider  l eavi n g  
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FIG 1 9  • Retrograde a p p roach :  access to PT under  u ltrasound  
(US )  g u i d a nce. 

• 

the  w i re in p lace to h e l p  g u i d e  further  attem pts at a rte
rial access. 
U ltraso u n d-assisted retrograde access, as an adju nct to 
road map g u i da nce a lone,  may h e l p  to defi n e  the th ree
d i mens iona l  or ientat ion of the need le  in re lat ion to the  

A 

FIG 20 • A. Retrograde access to AT with adequate a rter ia l  
back-b leed i n g  f rom the m icropu nctu re need le .  B. Need le  i n  AT 
a n d  w i re adva nced proxi m a l ly u n d e r  f luoroscop ic  g u i d a nce . 

ta rget a rtery (FIG 1 9) .  T hird Step: Recanalization of  Tibial Occlusion 
• 

• 

• 

I mage q u a l ity is opt im ized by i n corporat ing  a suff ic ient 
de lay fo l lowing  contrast i nject ion  to maxi m i ze opac i 
ficat ion  of the ta rget a rtery. Se lective use of i ntra a rte
r i a l  vasod i l ators through the a ntegrade may reduce 
the severity of access-related vasospasm, when p resent, 
d i sta l ly. 
The C-a rm is adjusted to best a l i g n  the need le to the tar
get vessel ,  typ ica l ly  us ing an ips i l atera l ob l ique  project ion .  
Surg ica l  exposu re may become necessary to ensure 
adequate access for retrograde t ib i a l  reconstruct ion .  
Retrograde access may a l so be o bta i n ed concom itant 
with p l a n ned tra nsmetata rsa l a m p utation by identify ing  
a n d  ca n n u lat ing the open end of transected d i sta l dorsa l  
peda l  a rtery. 

Second Step: Retrograde Angiogram 

• Once good back-bleed i n g  is ach ieved, the wi re is ad
va nced u nder  f luoroscopic  g u ida nce (FIG 20), fo l l owed 
by a n  a p propr iately s ized support catheter, ba l loon,  or  
the inner  d i l ator of the 4-Fr  m icrosheath.  

• I n  most cases, retrograde sheaths a re genera l ly not de
p loyed to m i n i m ize tra u m a  to the p u n cture site a n d  d i s
ta l ta rget a rtery (FIG 21 ) .  When sheaths a re req u i red, use 
of a rad i a l  access sheath w i l l  fac i l itate atra u m at ic  access. 

• I nt ra l u m i n a l  posit ion is conf i rmed by retrograde a n g i og
ra phy through the catheter or  d i l ator (FIG 22) .  

• 

• 

• 

• 

Antegrade sheath a rter iography is used to d e l i neate the 
extent of the ta rget les ion .  
The occ lus ion  i s  crossed us ing  0 .0 1 8-i n o r  0.0 1 4- i n  wi res, 
supported by a cross i n g  catheter or low-profi l e  a n g i o
p lasty ba l loon (FIG 23) .  

The wi re a n d  cross ing  catheter com b i nat ion i s  adva nced 
from d i sta l to proxi m a l  and i nto the popl itea l a rtery if  
poss ib le .  The wi re i s  removed . 
Fo l lowing  asp i rat ion to confi rm l u m i n a l  posit ion, a 
se lective a rter iogram is performed from the retrograde 
catheter. 

FIG 21 • Retrog rade access: w i re a n d  i n n e r  d i lator of the 
m icrosheath.  
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F IG 22 • Retrograde access of  the peroneal  a rtery 
a n g iogram from the i ntrod ucer confi rms the i ntra l u m i n a l  
posit ion .  

Fourth Step: Exteriorization of the Wire from the 
Femoral Access Site 

• Next, an attem pt is made to advance the g u idewire i nto 
the a ntegrade sheath . 

• When th i s  proves d iffi cu l t  on its own, a snare is dep loyed 
thro u g h  the a nteg rade sheath to capture and externa l 
ize the d i sta l  retrograde w i re (FIG 24) .  

• Fo l lowing successfu l  externa l izat ion of the retrograde 
wi re, "wi re access" i s  ava i la b l e  f rom both  ends .  

• A cross i n g  catheter is then advanced from the antegrade 
access site over the wi re to the patent t ib ia l  vesse l  d ista l 
to the occ lus ion .  

A B 

Pop 

--

TPT 

-- Wiro 
-

• 

• 

• 

Dista l  i ntra l u m i n a l  posit ion  is conf irmed with a rter iog ra
phy through the cross ing  catheter. 
Next, the through a n d  through w i re is rem oved from the 
a nteg rade sheath,  l eavi ng the cross ing  catheter across 
the les ion .  The wire i s  exchanged for a 300-cm work i n g  
wi re, adva nced d i sta l ly through the a ntegrade cross i n g  
catheter. 
The retrog rade access catheter or m icropu nctu re 4-Fr 
access d i l ator i s  su bsequent ly removed from the  d i s
ta l ta rget a rtery. Hemostas i s  is obta i ned a n d  m a i n 
ta i n ed b y  m a n u a l  pressu re at the access s i t e  (FIG 25), 

the a p p l icat ion  of a b l ood p ress u re cuff across the site 

- AT 

I 

AT 

.............. ___ .. 

c 

FIG 23 • A. Angiogram from antegrade sheath.  Wi re cross i n g  the occ l uded PT. B. Angiogram confi rm i n g  entry of the wi re 
i nto the t ib ioperonea l  tru n k  (TPT) . C. Angiogram shows the retrograde w i re a n d  catheter across the occ lus ion  i nto the popl itea l 
a rtery p roxi m a l ly. 
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FIG 24 • Snar ing  the retrograde wi re i nto the prox ima l  
sheath.  

• 

• 

(FIG 26), or a rad i a l  com p ress ion device (DstatTM Rad ia l  
Hemostat Band) .  
Remov ing  a l l  devices f rom the retrograde access s i te  as 
q u ick ly as  poss ib le  red u ces i nstrumentation  t ime a n d  
potenti a l  f o r  a rter ia l  i nj u ry a n d  d i sta l  th rom bosis .  
I nf lat i ng a ba l l oon adva nced from the a ntegrade access 
sheath across the retrograde access s ite (FIG 27) may 
affect hemostas is  but can a lso i ncrease tra u matic i nj u ry 
a n d  access site b leed i n g  a n d  is thankfu l ly rarely needed.  

Fifth Step: Treatment with Balloon Angioplasty 

• The i ntervent ion is then performed in the  sta n d a rd fash
ion  from the a ntegrade approach (FIG 28) .  

F IG  2S • Hemostas i s  w i t h  m a n u a l  compress ion postretro
g rade PT access. 

-
-

PT 
- l 

Extomal 
BP Cun 

FIG 26 • Angiogram of PT access s ite with b lood pressu re 
cuff used for hem ostas i s  ( image on the r ight  of the screen) .  

Antegrade-Retrograde Approach 

• 

• 

• 

If the retrog rade w i re is not a b l e  to cross the les ion a n d  
reg a i n  access to the t r u e  l u men,  a n  antegrade-retrog rade 
a pproach may be used to create adjacent s u b i nt i m a l  
p la nes i n  opposi ng d i rect ions  (FIG 29) .  

The d i ssect ion f lap  separat i n g  the adjacent s u b i nt i m a l  
spaces m a y  be d i sru pted b y  s i m u lta neous i nf lat ion i n  
both d i rect ions .  
Th i s  a l l ows v isu a l i zat ion a n d  reca n a l izat ion of true 
lumen from e ither  o r  both d i rect ions .  The two PTA ba l 
loons se lected for  th i s  m a n euver shou ld  be s ized appro
pr iately to m i n i m ize risk for ta rget a rter ia l  rupture .  

� 
I 

FIG 27 • Angiogram shows extravasation from retrograde 
peronea l  access s ite postreca n a l izat ion of TPT. 
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FIG 29 • Retrograde/a nteg rade PTA to d is rupt the mem brane 
between two s u b i nt i m a l  p la nes.  
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FIG 28 • A. B a l loon ang iop lasty of the occ luded PT post
retrog rade reca n a l izat ion a n d  exter ior izat ion of the w i re 
from the antegrade sheath.  B. Com p l et ion a n g iogram shows 
good f low i nto the PT without any d issect ion .  

PEARLS AND PITFALLS 
Goa l s  for percuta neous t ib i a l  
revascu la r izat ion 

Contra latera l o r  antegrade femora l  
access 

U ltraso u nd-g u i ded access 

Retrograde approach 

Sheath l ess retrograde tech n i q u e  

Cross ing  tota l occ lus ions  

B a l loon-ass isted reca n a l izat ion 

K i ss i n g  bal loon tech n i q u e  

Anticoagu lat ion 

Vasod i l ators 

• Ach i eve d i rect i n - l i n e  flow to the i schemic  foot a n d, when poss ib le, opti m i ze peda l  
perfus ion by reca n a l i z i ng  more than  one occ luded t ib ia l  a rtery. 

• Choice based on i nf low a n atomy a n d  ta rget les ion .  Advancement of the a ntegrade 
sheath t ip  i nto the popl itea l a rtery i s  key for successf u l  t i b i a l  revascu la r izat ion .  

• Can h e l p  access the a nter ior  wa l l  of the  vessel i n  a re l atively d isease-free spot  a n d  m i n i 
m ize access s ite com p l icat ions .  It i s  reco m m ended i n  a nteg rade femora l  access a n d  retro
g rade peda l  access. 

• Shou ld  not be regarded as the fi rst option for t i b i a l  i ntervent ions .  It i s  se lectively cons id
ered after fa i led attem pts at a nteg rade access a n d  i n  the sett ing  of f lush  occ lus ions  of 
the a nteg rade a rtery with l a rge, adjacent co l l atera l s .  

• I s  p referred to m i n i m ize t i b i a l  a rtery access com p l icat ions  such as d issect ion a n d  throm
bos is .  Reca n a l izat ion is  ach ieved with a w i re a n d  support catheter. Hemostas i s  with 
manua l  compress ion i s  usua l ly suffic ient .  

• The i ntra l u m i n a l  p lane i s  attem pted fi rst with a stiff w i re a n d  cross i n g  catheter. 
The proper catheter posit io n  shou ld  be confirmed with a se lective a rter iog raphy pr ior  to 
def in itive a n g i o p l asty. 

• I nf lat ion of a 2-mm ba l loon  may ass ist with the reca n a l izat ion of l o n g  ca lc if ied 
occl us ions .  

• I s  somet imes needed to treat the ost i a l  les ions  at the or ig i n  of the a nter ior  t ib ia l  or  pos
terior t i b i a l  a rtery, depend i n g  on the a m o u nt of p l aque  in the adjacent peronea l  a rtery 
or t ib ioperonea l  t runk .  

• M a i nta i n  a n  ACT of g reater than 250 seconds  throughout the intervent ion .  Cont inuous  or  
i nterm ittent f lush ing  of  the pop l itea l sheath with  hepar in ized so l ut ion i s  recom mended.  

• Are used from the a nteg rade sheath a n d  at the peda l  access s i te  to p revent vasospasm 
and to a l low better v i sua l izat ion of t ib i a l  vesse l s  d ista l to the occ lus ion  



2 1 04 P a r t 6 OPERATIVE TECHNIQUES IN VASCULAR SURGERY 

A 

POSTOPERATIVE CARE 

• Following the procedure, the patient is observed in the 
recovery unit with serial postarterial intervention, neurovas
cular exams, and intravenous and oral hydration. 

• A clopidogrel loading dose (usually 300 mg) is administered 
when the patient is not already on dual antiplatelet therapy. 
Dual anti platelet therapy is recommended for at least 3 months; 
longer when stems are used. 

• Clinical follow-up is obtained 2 to 4 weeks after the procedure 
is performed, including vascular lab studies (usually PVRs, 
segmental pressures, and Duplex arterial insonation) (FIG 30) .  

• Close follow-up is essential to  ensure optimal symptom reso
lution and limb salvage. 

OUTCOMES 

• Tibial balloon angioplasty carries a relatively low primary 
patency rate but can greatly augment long-term limb sal
vage rates. The minimally invasive nature of the procedure 
is especially advantageous in high medical risk patients . 
One year primary patency rates in experienced hands range 
from 3 0 %  to 40%;  secondary patency rates approach 60%,  
with ultimate limb salvage greater than 70 % . 1 •2 

• Use of a drug-eluting balloon may improve patency rates. 
• Primary stenting does not appear to offer any advantage over 

tibial angioplasty alone.3 There may be some patency advantage 
associated with drug eluting, as compared to bare metal stents.4 
Stenting under all circumstances should be considered as a "bail
out, " used to improve suboptimal results of angioplasty alone.5 

• Patients with significant tissue loss and gangrene should 
be followed very closely after successful tibial angioplasty. 
Lesional restenosis rates trend higher in patients at increased 
risk for limb loss.6 

• Multilevel interventions, when necessary, are associated with 
improved limb salvage rate and wound healing compared to 
isolated tibial interventions. 2 

• Postangioplasty arterial restenosis may portend less clinical 
significance once healing is achieved in the distal limb or 
forefoot. The temporary increase in blood flow following 
angioplasty is often sufficient to heal small ulcerations? 

• There is some evidence of improved patency with drug
eluting stems and drug-eluting balloons.4•8 

COMPLICATIONS 

• Access site complications (hematoma, bleeding, pseudo
aneurysm) are more common with the ipsilateral antegrade 
femoral approach. 

FIG 30 • A. D u p lex of the a nter ior t i b i a l  a rtery 
postreca n a l i zat ion a n d  ang iop lasty shows 
patent vesse l with relat ively norma l  Dopp ler  
fl ow. B. Fol low- u p  PVRs postreca n a l i zat ion a n d  
a n g i o p l asty o f  the r i g h t  a nter ior  t ib i a l  a rtery a n d  
r i g h t  poster ior  t i b i a l  a rtery demonstrates n o r m a l  
PVR waveforms i n  the foot w i t h  adequate toe 
p ress u re .  

• Contrast-induced nephropathy can be avoided by sufficient 
preoperative, intraoperative, and postoperative hydration as 
well as judicious use of contrast at all times. 

• Vessel thrombosis can be avoided by maintaining a therapeu
tic anticoagulation level throughout the procedure. The use 
of nitroglycerin can help prevent vasospasm and a low-flow 
state. Dual anti platelet therapy is recommended to avoid early 
postprocedural target artery thrombosis. 

• Outflow embolization may be successfully treated with aspi
ration embolectomy or alteplase if needed. 

• Retrograde access site bleeding, dissection, and vessel throm
bosis are described after the retrograde pedal access. Using 
ultrasound-guided access, sheathless technique and the use 
of local vasodilators may minimize the risk of retrograde 
access site complications. 

• Compartment syndrome may develop either from reper
fusion injury following successful intervention or, more 
commonly, perforation of tibial arteries in the deep compart
ments of the leg. 

• Limb loss may result from failed intervention, iatrogenic 
vessel thrombosis, distal arterial occlusion following embo
lization, and compartment syndrome. 
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Chapter 33 Perimalleolar Bypass and 
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DEFINITION 

• Perimalleolar bypasses are defined by the anatomic location 
of the distal target outflow vessel. Perimalleolar bypasses 
refer to any bypass in which the distal target vessel of re
vascularization is the posterior tibialis, anterior tibialis, or 
peroneal arteries at the level of the ankle. The pedal vessels 
(dorsalis pedis, posterior tibialis, lateral or medial plantar 
artery) are also target vessels in some patients with very 
distal disease. 

• These bypasses are performed in patients with advanced 
critical limb ischemia (CLI), which includes tissue loss, or is
chemic rest pain for which there is not a durable or feasible 
endovascular option. With the advent of advanced endovas
cular techniques, the indications for perimalleolar or tibial by
passes are evolving. The inflow vessel and conduit chosen are 
tailored to individual patients and their anatomic limitations. 

DIFFERENTIAL DIAGNOSIS 

• The three major etiologies of lower extremity ulceration in
c! ude ischemic, neuropathic, and venous stasis disease. Al
though all of these can have poor perfusion as a primary 
contributing factor, the diagnostic workup and management 
may be slightly different. Arterial ulcerations typically have 
a punched-out dry appearance and usually occur on the dis
tal forefoot and toes, whereas neuropathic ulcerations often 
occur on pressure points and are associated with calluses. 
Venous stasis ulcerations are typically located on the medial 
or lateral malleolus and have associated skin changes and 
brawny induration in addition to serous drainage. 

PATIENT HISTORY AND PHYSICAL 

FINDINGS 

• Patients with CLI typically present with ischemic rest pain 
and/or tissue loss or forefoot gangrene. Most of these pa
tients have significant comorbid conditions such as diabetes 
mellitus, coronary artery disease, hyperlipidemia, and hy
pertension that will be important for risk stratification and 
in deciding between different revascularization modalities. 
Additionally, managing and optimizing these risk factors 
are keys to successful outcomes following lower extremity 
revascularization, regardless of the technique used. As 
such, optimizing lipid profile, glycemic control, smoking 
cessation; minimizing renal dysfunction; and managing 
hypercoagulable states are all essential components to the 
perioperative medical management, in addition to manag
ing any concomitant coronary disease. The majority of pa
tients are already followed by a team of physicians for their 
comorbidities (primary care physician, cardiologist, endocri
nologist, nephrologist) ,  whereas the surgical team is evaluat
ing the peripheral vascular disease. It is imperative that these 
consultants remain actively involved in the perioperative 

period for both the short-term and long-term success of limb 
salvage and overall survival .  The age of the patient, func
tional status, and comorbidities guide the vascular surgeon's 
decision making in terms of the type of revascularization of
fered to the patient. 

• Most patients presenting as outpatients will have a history 
of symptoms of disabling claudication, rest pain, or tissue 
loss. Taking a careful history noting duration of symptoms, 
level of pain/claudication, areas of tissue loss, and history 
of traumatic neuropathic ulceration will guide the workup. 
Young patients, younger than 60 years of age, or patients 
with multiple arterial/venous thromboses should undergo a 
thrombophilia evaluation. Physical examination should in
clude a thorough peripheral vascular examination, includ
ing assessment of the potential presence of a palpable aortic 
aneurysm on abdominal exam. The quality and symmetry of 
pulses and/or handheld Doppler signals between both legs at 
the femoral, popliteal, and pedal levels assist in determining 
the anatomic level of disease. Wound documentation, when 
present, should note location, depth, presence of infection, 
bone exposure, and extent of soft tissue defects . Neuropathic 
deformities of the foot should also be taken into careful con
sideration for offloading purposes. If there is gross purulence 
or systemic signs of infection, a debridement of the affected 
area is required prior to revascularization, even if the area is 
malperfused, for source sepsis control. 

• The location and appearance of ulcerations will often as
sist in differentiating ischemic, neuropathic, or decubitus 
wounds. Location of the ischemic wound is important in 
determining which target vessel will be chosen for revascu
larization. If the history and physical examination suggest 
peripheral vascular disease as the primary diagnosis, then 
noninvasive vascular testing is the next step in determining 
need for revascularization and level of disease. 

IMAGING AND OTHER DIAGNOSTIC 

STUDIES 

• After a thorough history and physical examination, the 
diagnostic workup of patients with ischemic ulcerations, 
rest pain, or significant claudication involves noninvasive 
vascular testing. This involves calculation of ankle-brachial 
indices and pulsed volume recordings in addition to duplex 
imaging of the extremity. An ankle-brachial index (ABI) of 
less than 0.4 is typically seen in patients with CLI ( FIG 1 ) .  
Toe pressures o f  less than 40 mmHg suggest inadequate 
perfusion for wound healing. In cases of severely calcified 
vessels, it is important to obtain associated pulsed volume 
recordings and toe pressures because ABis can be falsely 
elevated due to vessel incompressibility. Transcutaneous 
oxygen tension (TcP02 ) measurement can also be used 
to determine the severity of ischemia and probability of 
wound healing. 
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F I G  1 • Severely reduced AB I  a n d  fl attened d i sta l p u l sed vo l u m e  
record ings  (PVRs) . 

• Once the history, physical examination, and noninvasive 
testing are complete, the surgeon must determine the next 
step in imaging, which may be both diagnostic and thera
peutic. The patient's functional status, cardiac risk profile, 
and other comorbidities (ambulatory status, etc . )  will all 
play an important role in determining whether any revascu
larization attempt is even feasible. If femoral pulses are not 
palpable on physical examination and noninvasive testing is 
also suggestive of inflow disease, computed tomography ar
teriography (CTA) may be instrumental in evaluating the ex
tent of aortoiliac disease, taking into account renal function 
and risk of contrast-induced nephrotoxicity. Alternatively, 
aortography obtained from contralateral femoral access or 
upper extremity arterial access may suffice. General manage
ment approaches to aortoiliac versus infrainguinal disease 
are discussed elsewhere in this book. 

• Once the clinical determination is made that the level of dis
ease is infrainguinal, digital subtraction angiography is an 
excellent diagnostic test and provides access for therapeutic 
intervention as well. This chapter focuses on patients with 
multilevel infrainguinal disease who, presumably, have either 
failed endovascular revascularization, prior open bypass, or 
who have no endovascular options for revascularization. 
Therefore, the primary goal of diagnostic angiography is to 
assess the caliber and quality of inflow vessels and bypass 
targets . 

• The contralateral femoral artery is accessed and an aorta
gram with oblique pelvic views is obtained to rule out the 
presence of inflow disease that may need treatment prior to 
evaluating the infrainguinal segment. An ipsilateral oblique 
magnified projection will be helpful in determining if there 
is any significant common femoral or profunda femoris ste
nosis, which is especially important if these vessels are to be 
chosen as the source of inflow for an open bypass ( FIG 2 ) .  

• Deciding o n  which type o f  intervention t o  perform, endovas
cular versus open, and how aggressive to be about either ap
proach is determined by multiple considerations as outlined 
earlier and elsewhere in this section. Patients requiring open 

FIG 2 • Dig ita l s u btract ion a n g iography with catheter p laced i n  
the c o m m o n  femora l  a rtery to fi l l  c o l  latera l s  from the p rofu nda  
to more d i sta l  ta rget vesse ls .  

bypass typically have multilevel disease . As such, it is criti
cally important to image the runoff with the catheter placed 
proximal to the profunda origin, as the distal runoff will 
likely be filling from profunda collaterals that are commu
nicating with geniculate collaterals. With common femoral 
or profunda disease, the catheter will need to be placed in 
the common iliac artery to evaluate internal iliac collaterals 
that are in communication with the profunda and more dis
tal collaterals. Performing magnified, time-delayed digital 
subtraction angiography will assist in revealing which tibial 
vessels are patent and filling through collateral networks. It 
is also essential to identify the primary named crural artery 
that is in continuity to the foot that will perfuse the tissue 
affected by ischemic ulceration ( FIG 3) .  

• Using full-strength contrast, magnified projections o f  the 
foot will help delineate which pedal vessels are patent, which 
fill the tarsal and plantar branches, and confirm the status of 
the plantar arch. Occasionally, there are situations in which 
no suitable target (e .g . ,  "named" artery) is identifiable and 

FIG 3 • M a g n if ied o b l i q u e  p roject ion of the foot demonstrat i n g  
a patent p l a ntar  a rch a n d  d i g ita l vesse ls .  
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exploration of a tibial vessel at the time of operative interven
tion may be required. This exercise is fraught with risk, how
ever, especially in the setting of a desperately ischemic foot, 
and should rarely be undertaken without conclusive pre- or 
intraoperative arteriography. Duplex ultrasonography may 
assist in further defining quality, caliber, and patency of 
tibial vessels in these situations. Choosing a patent posterior 
tibialis or anterior tibialis artery in direct continuity with 
the pedal arteries is preferred over a peroneal artery as a 
distal target when the former is available, especially in cases 
of forefoot wounds; however, peroneal arteries are perfectly 
suitable and serviceable in this situation in the absence of 
other alternatives . 

• The decision to proceed with open perimalleolar bypass is 
made in the context of the patient's overall clinical func
tional status, cardiopulmonary and renal comorbidities, 
presence of autogenous saphenous vein conduit, and op
tions for endovascular revascularization. Preoperative au
togenous conduit assessment is best performed by detailed 
ultrasonographic imaging along the length of the vein. 
Preference is always given to a single segment of greater sa
phenous vein (GSV) from the ipsilateral leg that is at least 
2 .5-3 mm in diameter, compressible, and free of thrombus 
throughout. Assessment of the contralateral GSV is useful 
in case ipsilateral vein is found to be of poor quality during 
operative exploration. 

• Inflow artery selection is usually based on length of available 
conduit and location of proximal disease. The common, su
perficial, or deep femoral or popliteal arteries may all serve 
as suitable inflow arteries in circumstances where minimal 
or insignificant occlusive disease is present proximally. This 
determination is best made during diagnostic angiography. 
The need for concomitant inflow endarterectomy should 
also be evaluated at this time. 

B 

SURGICAL MANAGEMENT 

Preoperative Planning 

• Type of anesthesia to be used is determined by the type of 
cardiopulmonary comorbidities and the anatomic level of 
arterial occlusive disease. Preoperative consultation with 
anesthesiology and cardiology is customary in this patient 
population to assess the appropriate amount of surgical 
risk. General anesthesia, peripheral nerve block, and spinal 
anesthesia are all potential options in this group of patients . 
Intraoperative fluid administration should be used judi
ciously and preoperative preparation should include blood 
type determination and crossmatching as necessary. It is our 
practice to hold therapeutic anticoagulation for at least a 
few days prior to the procedure, but most patients remain on 
antiplatelet agents through the day of surgery and continue 
through the perioperative period. 

Positioning 

• Any lower extremity bypass might require intraoperative 
angiography and, as such, all such procedures should be 
performed on a radiolucent table. The patient is positioned 
supine, with the leg slightly abducted and externally rotated 
to provide optimal exposure of the ipsilateral GSV harvest 
site (FIG 4) .  It is our practice to localize the GSV by ultra
sound to assist in incision planning. This also helps deter
mine whether the contralateral leg should also be prepped as 
an alternative site for vein harvesting. 

• Other items that should be available in the room include a sterile 
pneumatic tourniquet and surgical bump. Both are useful when 
the below knee popliteal artery or tibioperoneal trunk is used 
for arterial inflow for the graft. Open forefoot wounds are ex
cluded from the operative field with adhesive or Ioban drapes. 

- - - - - - - ... 

FIG 4 • A. Positi o n i n g  of the leg i n  gent le  externa l  rotat ion to fac i l itate exposure of the GSV med ia l ly. B. I dentify ing  a n d  mark ing  the 
GSV under  u ltrasonography. 
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PERIMALLEOLAR BYPASS TO THE DISTAL 

POSTERIOR TIBIALIS ARTERY 

First Step: Exposure of the Posterior Tibialis Artery 
at the Ankle 

• S imu ltaneous d i ssect ion of the i nflow and  outfl ow ta rgets 
i ncreases the effic iency of the operative approach.  The 
d i sta l  i ncis ion is ma rked by pa lpat ing poster ior to the me
dial  ma l leo l us, taking care to avo id i nj u ry to adjacent GSV 
(FIG S) .  Dissect ion i s  carried sharp ly through skin and sub
cuta neous t issues and  throug h  the f lexor ret i nacu l u m .  The 
tendons of the f lexor d i g itorum longus m uscle and  flexor 
h a l l ucis longus  pass a nteriorly and poster ior ly, respec
tively, to the neu rovascu la r  bund le  at this leve l .  The pa i red 
t ib ia l  ve ins  a re often seen fi rst as over ly ing the a rtery. The 
t ib ia l  nerve trave ls  poster ior to the a rtery and may not be 
seen c lear ly dur ing  this exposu re .  The t ib ia l  a rtery does 
not need to be d i ssected c i rcu mferent ia l ly  if a pneumat ic  
tou rn iq uet is dep loyed for prox ima l  contro l .  Use of a tou r
n iq uet m i n i m izes r isk for venous i nj u ry at the d i ssect ion 
s ite and  trauma to the a rter ia l  endoth e l i u m  from vesse l 
loops and  vascu la r  c l amps.  For exposure of the med ia l  and  
latera l p lantar a rteries, the same incis ion is  typ ica l ly ca r
r ied further d i sta l ly onto the med ia l  aspect of the foot. 

Second Step: Exposure of the Inflow Artery 

• Concu rrent d i ssect ion of the a rter ia l  i nflow shou ld  be 
performed wh i l e  the t ib ia l  ta rget is be ing exposed . If the 
common femoral  a rtery is chosen, then a long itud ina l  ver
tica l inc is ion just be low the i n g u i n a l  l igament w i l l  a l low 
for s imu ltaneous exposure of the femora l  bifu rcat ion in 
add it ion to the saphenofemoral  j u nct ion for d i ssect ion of 
the GSV (FIG 6) .  If the deep femora l a rtery i s  to be used 
as i nflow, then d iv is ion of the latera l femoral  c i rcumflex 
ve i n  may be he lpfu l  in contro l l i n g  the fi rst-order branches 
past the or ig i n .  If the deep femoral  ori g i n  is tru ly deep, the 
m uscle be l l ies of the add uctor longus and  vastus med ia l i s  

F lexor hal lucis 

FIG 6 • I nc i s ion for the exposu re of the fe mora l  b ifurcat ion 
a n d  sta rt of the GSV ha rvest inc i s ion .  

shou ld  be d ivided to l i m it the ang le  from which the g raft 
or ig i nates from the a rter ia l  a nastomosis .  If the below knee 
popl itea l a rtery i s  to be used as the inf low, which m i g ht be 
the case i n  d ia betic patients with severe t ib ia l  d i sease not 
amenab le  to endovascu la r  revascu la r ization, th i s  exposu re 
is best obta i ned through a med ia l  calf inc i s ion .  

T hird Step: Harvest and Preparation of Autogenous 
Vein 

• The cou rse of the GSV is m a rked on the sk in  pr ior  to 
pre p p i n g .  The shortest segment of s u itab le  ca l i be r  a n d  
q u a l ity G S V  is  h a rvested .  I nc i s ion p l acement is  part ia l ly 
determ ined by the location of the  a rter i a l  access i nc i s ions .  
Care shou ld be taken to avo id  creat i n g  sk in  f laps d u r i ng  

---;.--,--- Flexor digitorum longus muscle 

Soleus muscle 

a;-r.-- Posterior tibial artery 

Tibial nerve 

Flexor ret inaculum 

I plantar artery 

brevis muscle Abductor hal lucis muscle 

FIG 5 • I nc i s ion for exposure of the poster ior  t i b i a l i s  a rtery at the med ia l  m a l leo lus .  
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Completely open technique 

Saphenous vein 
harvest complete 

FIG 7 • Preparat ion of the GSV. 

ve i n  expos u re .  H a rvest i n g  ve i n  through sk ip  inc i s ions  
may h e l p  to m i n i m ize wou n d  com p l icat ions  but i s  not  
necessa ry for a good resu l t .  M i n i m a l  ve i n  m a n i p u lat ion,  
with care be ing  taken to accu rate ly l i g ate s ide  branches 

• 

with 4-0 bra ided permanent sutu re (or s i l k), is i m porta nt.  • 

M i n i m a l  d issect ion of the ve i n  is typica l l y  req u i red when 
i n  s itu bypass i n  p l an ned .  The ve i n  can be left i n  i t s  bed, 
with l i m ited d i ssect ion  of the a nastomotic segments. 
Skip inc i s ions  p rovide access to l i gate l a rge  side branches. 
After a n  adeq uate length of saphenous is exposed, it is  
removed from its bed for bypass p lacement or  transposed 
i nto position after va lve lysis for i n  s itu bypass. When 

removed and  reposit ioned, we genera l ly try to use the 
la rgest d i a meter segment for bypass. The saphenofemo
ra l j u nct ion i s  oversewn or suture l igated .  The vei n  is then 
reversed and d istended gently with hepar in ized sa l i n e  
or  p lasma lyte so lut ion.  Other ve i n  preservative solut ions 
can be used at the d i scret ion of the surgeon.  Any u ntied 
branches a re ca refu l ly  c lam ped and  t ied with s i lk suture. 
Sma l l  tears or  ho les a re oversewn i n  a longitu d i n a l  fash ion,  
ta k ing care not to na rrow the ve in ,  us ing 7-0 polypropyl
ene suture (FIG 7) .  Depend ing  on institut iona l  expertise, 
endovei n  ha rvest is an a lternative method to m i n i m ize i n 
c i s iona l length a n d  potent ia l  wound com p l icat ions .  
Once prepa red, ve in s  ca n be used i n  reversed or  nome
versed confi g u rat ions.  We genera l ly p refer reversed as to 
m i n i m a l ly d i s rupt the endothe l i u m .  If the d i sta l  portion of 
the ve i n  i s  s ign if icantly s m a l l e r  a n d  concern exists regard
ing s ize mismatch at either end,  then ve ins  may be posi
t ioned i n  a non reversed fash ion  by lys ing  the valve. To 
lyse the ve i n  va lves, a valvu lotome is gently passed u p  the 
ve i n  after the p rox ima l a nastomosis  i s  com p l ete a n d  the 
ve i n  is perfused a n d  d istended.  It  is  cr it ica l ly i m porta nt 
to have the fi rst assista nt provide  gentle cou ntertract ion 
on the ve i n  as the valvu l otome is  hooked on the va lves 
in order to lyse them (FIG SA) .  Care m u st a l so be taken 
to not hook the va lvu lotome on any l i g ated branches to 
avo id  tea r ing  the ve i n .  Other commerc ia l ly ava i l a b l e  va l 
vu lotomes ca n be used at the d i scret ion of the surgeon.  
Tu n n e l i n g  the ve i n :  The tunne l  i s  created us ing  a ho l l ow 
tunne le r  (e .g ., Gore, Sca n l a n, Jenkner) with a b l u nt ap
propr iately s ized t ip  (6 m m  at least) i n  a s u bcutaneous  
p l a n e  away from the saphenectomy i nc i s ion ,  if poss i b l e, 
to avo id  wou n d  com p l i cat ions .  The ve i n  is ca refu l ly i n 
spected at the entry a n d  exit s i t e  o f  the t u n n e l  to ensure 
it is in a l oose p l a n e  a n d  n ot constra ined  by fasc i a l  or  
m u scu l a r  bands  (FIG SB) .  

Reversed 

B 

Common 
femoral artery 

Sartorius muscle 

FIG 8 • A. A valvu l otome be ing  used to lyse va lves in a non reversed ve i n  under  d istens ion .  B. Tu n n e l i n g  with h o l l ow t u n n e l i n g  
device thro u g h  the su bcuta neous t issues away from saphenectomy site.  
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• After systemic  a nticoa g u lat ion is ach ieved with u nfrac
t ionate hepar in ,  the p roxi m a l  a nastomosis  i s  performed 
after contro l l i n g  the i nf low a rtery with vesse l loops or  
vasc u l a r  c l a m ps.  The loops or  c l a m ps a re released a n d  the 
a nastomosis  is  confi rmed to be hemostatic .  Once th i s  i s  
assu red, the ve i n  i s  perfused a n d  d i stended, the valves 
a re lysed if a p p l i ca b l e, and the vein i s  ma rked for or i 
entat ion .  It i s  then passed through the tunne le r  to exit 
the d i sta l i n ci s ion  and c l am ped proxi m a l ly with a n  atra u
matic b u l ldog c lamp or  Yasa rg i l  c l ip .  The length of ve in  
needed i s  determ ined after the ve i n  has a l ready been 
t u n n e l ed and d istended,  with the leg i n  a maxi ma l l y  ex
tended posit io n .  The leg can be m a n i p u l ated in va r ious  
pos it ions with knee f lexion to m a ke s u re any excess or  re
d u ndant  ve i n  i s  appropr iately t r immed pr ior  to emba rk
ing on the d ista l a nasto mosis .  

Fourth Step: Distal Anastomosis Creation 

• If a tou r n i q uet is to be used for d i sta l control ,  then the 
l ower leg i s  exsa n g u i nated us ing a n  Esma rch bandage .  
The tourn iq uet i s  p l aced around the th igh  if the inf low 
is at the level of the com m o n  femora l ,  profu nda femor is, 
or proxi m a l  superfi c i a l  femora l  a rter ies .  It is i nf lated to 
250 to 300 m m H g .  The ta rget is then ident if ied .  Care i s  
taken to identify the a rtery i n stead of the ve i n  beca use 
they ca n appear  deceptive ly s i m i l a r  when exsa n g u i nated 
under  tou r n i q uet hemostas is .  The d ista l a n astomosis  i s  
created us ing  a 6-0,  7-0,  o r  8-0 polypropy lene suture de
pend i n g  on the s ize of the ta rget a rte ry. Loupe magn if i
cat ion is  h e l pfu l  and genera l ly mandatory i n  this sett i n g .  
The fi rst assistant shou ld  s i t  bes ide the operati n g  s u r
geon to m a i nta i n  suture tens ion around the a nastomosis  
a n d  suct ion  away b lood a n d  debr i s  from the operative 
f ie ld  (FIG 9) .  

• If the to u r n i q uet fa i l s  to m a i nta i n  suffic ient hemostas is  
due  to m e d i a l  ca lc if icat ion i n  the l a rger  p roxi m a l  a rter
ies, other  options  for hemostas i s  i nc l ude  vessel loops a n d  
vasc u l a r  c l a m ps f o r  t ib i a l  control ,  u s e  o f  vesse l stoppers, 
or  use of a carbon d i ox ide (C02) b lower suct ion  device.  
C i rcu mferent i a l  t i b i a l  a rtery d issect ion m u st be done 
with  ca re to avo id  i nj u ry to the adjacent p a i red t ib ia l  
vei ns, or  venae com ita ntes, that  g ive off severa l  cross
ing branches above and below the ta rget a rtery. Newer 
d isso lv ing endo l u m i n a l  occ lus ion  gels a re ava i la b l e  for 
temporary hemostas i s  as we l l  and may p rovide a less 
t ra u matic  method of control in sma l l e r  a rter ies .  

• Pr ior  to com p l et ion  of the a n a stomosis, the  tourn iq uet 
i s  deflated and f lushed .  The prox i m a l  g raft c l a m p  or 
b u l ldog i s  re leased and the  a n astomos is  i s  thoro u g h l y  
f l u s h e d  pr ior  to tyi n g  d o w n  a n d  com p let i n g  the  a nas
tomosis.  To p ica l  age nts such as  t h ro m b i n/G e l foam, 
Surg i ce l®, o r  F l osea l® may be h e l pfu l  i n  obta i n i ng he
m ostas i s  fo l l owi n g  reve rsa l of a nt icoa g u lat ion with 
prota m i ne .  

• Wou n d  c losure is a key component of the operat ion .  
M ost of the morb id ity f rom these p roced u res ar i ses from 
wou n d  com p l icat ions .  The ve i n  h a rvest bed shou ld  be i r
r igated, i nspected for hemostas is, and  c l osed i n  m u lt i p l e  
l ayers o f  r u n n i n g  or  i nterru pted a bsorba b l e  sutu re. Care 

FIG 9 • Ta rget a rtery i s  identif ied and a nastomos is  is  created 
i n  an end-to-s ide tech n i q u e .  

• 

is taken to avo id  i nj u ry to the sa phenous  nerve. At the 
ank le  a n d  around po i nts of f lex ion,  such as  the knee,  i t  
is  usefu l to use vert ica l  m attress ny lon sutu re. It i s  a lso 
i m po rtant to c lose the a n k l e  inc i s ion  fi rst before reperfu
s ion  edema m a kes tens ion-free c losure cha l l e n g i n g .  It i s  
often d ifficu l t  to get more than  one  layer of su bcutane
ous  t issue over the bypass and d i sta l  a nastomos is  at the 
per i m a l leo la r  leve l  (FIG 1 0) .  

The patency o f  the bypass i s  assessed i ntraoperative ly 
by m u lt ip le  potent ia l  methods. Fee l i n g  a stron g  bypass 
p u l se in the t u n n e l  and in the ta rget vesse l d i sta l  to the 
a nastomosis  i s  reassu r i n g .  L iste n i n g  with a handhe ld  
Dopp ler  to assess the q u a l ity of  the Dopp le r  s i gna l  of 
the a rtery d ista l to the d i sta l a nastomosis  i s  a l so h e l pfu l .  
A m u lt iphas ic  strong Dopp ler  s i g n a l  that a u g m e nts s ig
n if icantly when the g raft i s  fi rst com pressed a n d  then re
leased i s  suggestive of a patent bypass. In the a bsence of 
strong c l i n i ca l  s igns  of g raft patency (e .g . ,  pa lpab le  d i sta l  

FIG 10 • C losu re of the sa phenous  ha rvest s ite .  
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p u l se), a n  i ntraoperative c o l o r  f l o w  d u p lex scan m a y  be 
used to identify potentia l  f low l i m it i n g  defects, such as  
reta ined va lves, foca l velocity e levat ions, a n d  l ow f low in  
the g raft itself. However, i ntraoperative d u p l ex sca n n i n g  
i s  n o t  ava i la b l e  i n  a l l  operat ing  rooms with suff ic ient res
o l ut ion to recog n ize these defects. F i n a l ly, on-ta b le  a rte
r iography a lso provides usefu l  d eta i l  regard i n g  potenti a l  
prob lems, i n c l u d i n g  t h e  status o f  t h e  a nastomoses, tun
n e l i n g  issues, a n d  the p resence of  reta ined va lves, if  
a ny. Comp let ion a rter iography can be performed either 
through a n  u p-and-over a p p roach from the contra late ra l  
femora l  a rtery o r  with a puncture i n  t h e  i ps i latera l  i n 
f l o w  a rtery j ust a bove the p roxi m a l  a nasta mosis  (FIG 1 1 ) .  

S o m e  deg ree o f  s p a s m  may be s e e n  at the site o f  c l a m p  
p lacement o r  vesse l l o o p  m a n i p u lat i o n .  W h e n  t u n n e l 
i n g  concerns a rise, dyn a m i c  a rte r iography w i t h  the  l e g  
f lexed a n d  extended i n  var ious pos it ions can be h e l pfu l  
to  prevent k i n k i n g  of the bypass i n  the ear ly  postopera
tive per iod .  

PERIMALLEOLAR BYPASS TO THE DISTAL 

ANTERIOR TIBIALIS ARTERY 

First Step: Exposure of the Anterior Tibialis Artery 
at the Ankle 

• S i m u lta neous d i ssect ion of the ve i n  a n d  prox ima l  i nf low 
a rtery shou ld  occur  w h i l e  the d ista l  bypass ta rget is iden
t i f ied  a n d  contro l led as descr ibed ear l i e r. The d i sta l  expo
s u re of the a nter ior  t i b i a l  a bove the a n kle  i s  performed 
by ident ify ing  the  tendon of the extensor h a l l uc is longus  
a n d  creat i n g  a n  i nc i s ion  j u st latera l to th i s  a n d  med ia l  
to  the t i b i a l i s  a nter ior  tendon .  P l a ntar  f lexi ng the ank le  
a n d  pa l pati ng the space that opens between the two 

FIG 1 1  • On-ta b le  ang iography to assess the bypass fo l lowi ng 
com plet ion of  the anastomoses. 

tendons often eas i ly  identify th i s  g roove in wh ich  the a r
tery runs .  The extensor reti nacu l u m  is d iv ided at the m a l 
leo lus  a n d  the vasc u l a r  b u n d l e  shou ld  be e a s i l y  identif ied 
at th i s  l evel ly ing a l o n g  the anter ior su rface of the t ib ia  
(FIG 1 2) .  

Second Step: Tunneling the Vein to the Anterior 
Tibialis Artery 

• The G SV is ha rvested a n d  e ither  reversed or used i n  a 
non reversed fash ion  depen d i n g  on factors descr ibed 
e a r l ie r. The t u n n e l  from the  inflow a rtery to the a nte
rior t i b i a l  can be m a i nta ined i n  a su bcuta neous  p l a n e  
across the  a nter ior  su rface o f  the  t ib i a  m e d i a l  to the  

FIG 1 2  • Expos ing  the a nter ior  
t ib i a l i s  a rtery at the a n k le .  

2 1 1 1  
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exposu re s ite.  A counter i nc i s ion  may be needed at the 
ank le  to a l low for a gent ler  c u rvature of the  ve i n  g raft 
towa rd the dorsu m of the foot. If there is concern about  
potent ia l  compress ion  of the  ve i n  g raft i n  th i s  reg ion  
because  of i t s  su perfi c i a l  natu re, the a lternative i s  to  
tunne l  through the i nte rosseus  mem b ra n e .  Th i s  t u n n e l  
i s  created h i g h e r  i n  the  c a l f  betwee n  the deep poste
rior and a nter ior  com p a rtme nts (FIG 1 3) .  Because the 
GSV h a rvest inc i s ion  i s  a l ready on the  media l  ca lf, the 
d i ssect ion  can be extended deeper  by retract i n g  the gas
troc n e m i u s  m uscles poster ior ly a n d  part ia l ly d iv i d i n g  
the  s o l e u s  to reach the  poste r ior  t i b i a l  vesse l s .  These a re 
protected a n d  gently retracted poste r ior ly  w h i l e  the f i 
bers of the  t i b i a l i s  poster ior  m usc le a re sepa rated a n d  
the  t u n n e l e r  i s  b l u nt ly passed t h r o u g h  the  i nte rosseus  
m e m b ra n e  here .  Once the  ve i n  g raft i s  i n  the  a nter ior  
com p a rtme nt, it can be tunne led i n  a s u bcuta neous  o r  
s u bfasc i a l  p l a n e  to reach the  exposed a nter ior  t i b i a l i s  
a rtery j u st a bove the  a n k le .  

T hird Step: Exposure of the Dorsalis Pedis Artery 

• If the dorsa l  peda l  a rtery is the ta rget vesse l ,  then the 
exposure d i sta l ly i s  on the dorsum of the foot a n d  the 
t u n n e l i n g  tech n i q ues rem a i n  s i m i l a r  to what i s  out l i ned  
ear l i e r  for the a nter ior  t ib i a l  a rtery at the a n k l e .  An i n -

F IG 1 3  • Tu n n e l i n g  t h r o u g h  the i nterosseus mem brane a t  
the  m i dcalf .  

c i s ion i s  created on the dorsum of the foot j ust latera l  • Care shou ld  be taken to n ot leave se lf-reta i n i n g  retrac
tors in for too long in these sma l l e r  d i sta l  inc i s ions  to 
avo id  tens ion on the wound edges and potent ia l  sk in  
necrosis .  

to the extensor h a l l uc i s  longus  tendon and carr ied down 
through the fasc ia .  The dorsa l  peda l  a rtery l i es late ra l  to 
the deep peronea I nerve here (FIG 14) .  

Superficial peroneal nerve, 
medial dorsal branch ----c:----

Lateral tarsal artery 

Deep peroneal nerve --,.--=1PI\� 

Extensor hal lucis 
brevis muscle---"�=��=��tW 

FIG 1 4  • Exposure of the dorsa l i s  ped is  a rtery. 
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EXPOSURE OF THE PERONEAL ARTERY AT 

THE ANKLE 

First Step: Peroneal Artery Anatomy 

• The peronea l  a rtery comes off the t ib ioperonea l  t runk  at 
the u p per  ca lf  and  then d i sta l ly branches i nto two per
forat i n g  branches, termed a nter ior  a n d  poster ior  perfo
rat ing  peronea l  a rter ies, which  supp ly  the a nter ior  a n d  
latera l  com p a rtments a n d  com m u n icate with the a nte
rior t ib i a l  a rtery and some ta rsa l branches .  

• 

bone cutter or power saw is that the bone d oes n ot nec
essa r i ly  have to be c i rcu mferentia l ly d i ssected .  
T h e  peronea l a rtery can a lso be exposed poster ior ly, b u t  
th i s  i s  somewhat cha l l e n g i n g  t o  do w h e n  the patient i s  
sup ine .  An inc i s ion  j u st a bove the ank le  postero l atera l ly 
between the tendons of the  flexor h a l l uc i s  longus  a n d  
the  fl exor d i g itorum l o n g u s  revea l s  the a rtery i n  its most 
d ista l seg ment (FIG 1 7) .  Th i s  approach is  favored when 
the sma l l  sa phenous  ve i n  wi l l  a l so be ha rvested for the 
g raft condu it. 

T hird Step: Additional Procedure: Spliced Vein 
Second Step: Exposure of the Distal Third of the 
Peroneal Artery 

• Because the proxi m a l  segment of the peroneal  a rtery 
can be accessed eas i ly  from a med ia l  approach, the per i 
m a l leo la r  o r  d i sta l t h i rd of the a rtery needs to be ap
proached from a latera l  approach a n d  req u i res resect ion  
of a port ion of the fi b u l a .  An inc i s ion  i s  created a long 
the l atera l border  of the f ibu la  a n d  d issect ion i s  carr ied 
down through the fasc ia to the f ibu la after which the 
per iosteu m  is  c lea red p roxi m a l ly a n d  d ista l ly (FIG 1 5) .  

• 

The peroneal  a rter ies are in c lose prox im ity to the  f ibu l a  • 

med i a l ly a n d  ca re shou ld  be taken to avo id  i n ju ry to 
the vasc u l a r  b u n d l e  when c lear ing  the bone med i a l ly 
(FIG 1 6) .  The bone can then be excised a n d  the peroneal  
a rtery i s  identif ied behind the  i nterosseus mem brane .  
The bone can be transected us ing  a G ig l i  saw o r  osc i l 
lat i ng power saw. The a dvantage o f  e i t h e r  a trad it iona l  

Desp ite  ca refu l preoperative p l a n n i n g  a n d  efforts to 
fu l ly i nterrogate adequate condu it, the g reater saphe
nous  ve i n  may prove to be unsu ita b le  for the i ntended 
pu rpose once exposed .  I f  length of ve i n  i s  a concern,  then 
ca refu l cons iderat ion should be g iven to e ither  m ovi n g  
the  inf low anastomosis  more d i sta l ly or  m ovi n g  the ta r
get a rtery more p roxi m a l ly. An add it iona l  a lternative i s  
to create a shorter tunne l ,  h a rvest the g reater saphenous  
ve i n  f rom the contra latera l  leg,  or  h a rvest arm ve i n  when 
other  options  a re not ava i l a b l e  o r  advisa b l e .  
Occas iona l ly, if  n o  su ita b l e  autogenous ve i n  condu it  
exists (espec ia l ly i n  the case of redo bypass); cons ider
at ion may be g iven to cadaveric cryo prese rved ve i n  or  
prosthetic bypass with ve i n  cuffs o r  patches d i sta l ly. 
The l i m itat ions  of these nona utogenous options m u st 
be weighed a g a i nst the known patency l i m itat ions  of 
sp l i ced ve i n  or arm ve i n  g rafts. 

FIG 1 5  • C lear ing  the f i b u l a r  a n d  resect ion for exposure of the d ista l peronea l  a rtery. 

2 1 1 3  
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Flexor dig itorum 
longus muscle 

longus muscle 

FIG 16 • Exposure of the d ista l t h i rd of 
the peroneal  a rtery. 

FIG 1 7  • Poster ior  approach to the  d ista l t h i rd of the peronea l  
a rtery. 

PEARLS AND PITFALLS 
Preoperative p l a n n i n g  

P lacement o f  inc i s ion  

Tu n n e l i n g  

I ntraoperative assessment 
of bypass 

• The bypass ta rget i s  chosen to provide  the best option for d i rect i n - l i n e  perfus ion to a rea of 
t issue loss on the forefoot. 

• Us ing  u ltraso u n d  in the operati n g  room to identify the GSV in re lat ion to the p roxi m a l  and d ista l 
inc i s ions  can h e l p  avo id  ra i s ing  f laps or creat ing  postoperative wound com p l icat ions .  

• Use of a tou r n i q uet above the knee can assist i n  avo i d i n g  u n n ecessa ry m a n i p u lat ion and 
potenti a l  i nj u ry to d ista l t ib ia l  vesse ls .  

• Tu n n e l i n g  the bypass away from the ve i n  ha rvest inc is ion can help protect the bypass from 
exposu re a n d  i nfect ion  i n  case of wou n d  com p l icat ions  a n d  wound deh iscence postoperatively. 

• M a n i p u lat ing the leg i n  s l i g ht ly d ifferent posit ions  can ass ist with eva l uati ng the cou rse of the  
ve i n  bypass i n  the tunne l  dur ing  i ntraoperative assessment with  on-ta b le  a n g i og ra p hy. 
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Wou n d  c losure • Avoid l eavi ng se lf- reta i n i n g  retractors in d i sta l inc i s ions  for pro longed per iods to avo id  sk in  edge 
necrosis .  

• Closure of d i sta l  wounds is  best acco m p l ished with ny lon suture i n  a vert ica l mattress fash ion  
i n  order  to avo id  tens ion  on the wou n d .  Wounds  over the dorsum of the foot can be c losed 
with hor izontal  mattress sutu res. Occas iona l ly, a counter inc i s ion may be necessa ry to p rovide  
adequate coverage over  the exposed a rtery at the a n k l e .  

Postoperative care • A gently p l aced soft cast can p revent s i g n if icant l ower leg edema and su bsequent wou n d  
breakdown i n  the i m med iate postoperative per iod .  

• Pred ischarge d u p l ex assessment of the g raft i s  i m portant if i ntraoperative assessment of the 
bypass was not performed with a n g i og raphy o r  d u p lex. 

POSTOPERATIVE CARE 

• Because of the length and location of incisions for inflow, 
vein harvest, and distal anastomosis, the patient will un
doubtedly have significant edema postoperatively through
out the affected leg. To prevent blistering and potential 
wound breakdown, the foot, ankle, and lower leg may be 
wrapped in a soft cast consisting of an inner layer of Webril® 
and outer layer of gently compressive Cohan®. Care needs 
to be taken to minimize external compression on the vein 
graft itself, especially in the areas around the ankle. The soft 
case is changed on postoperative day 3. The patient can am
bulate starting on postoperative day 1, but the leg should 
be elevated when the patient is sitting or in bed. Patients 
are left on anti platelet therapy perioperatively. There is some 
data supporting therapeutic anticoagulation in patients with 
high-risk vein bypasses (poor runoff, suboptimal conduit, 
etc . ) ;  however, this must balanced against the risk of bleed
ing in individual patients . 

• For perimalleolar bypass patients who did not get an intra
operative assessment of their bypass with an on-table angi
ography, a predischarge duplex is performed to document 
patency and pedal perfusion. If a significant abnormality is 
identified on duplex (significantly low flows in the bypass or 
focally high velocities ) ,  then this should be addressed prior 
to discharge with angiography or exploration of the area 
with appropriate intervention. 

• Once discharged, patients either return weekly for a change 
of their soft cast until their edema has sufficiently resolved 
or follow-up at the 1 -month interval for formal duplex inter
rogation of the bypass. Certainly, more frequent visits may 
be warranted in patients with wound concerns. 

• Surveillance duplex of vein bypasses is obtained at the 
3 -month, 6-month, 9-month, and 12-month postoperative 
time points with both ABI and graft duplex ( FIG 1 8) .  After 
the 1 -year time point, provided everything is stable clinically 
with the patient and there are no previous abnormalities 
on postoperative imaging, the surveillance can be moved to 
once a year. Occasionally, the surveillance interval is short
ened for high-risk bypasses or prosthetic tibial bypasses. 

OUTCOMES 

• Primary patency of perimalleolar vein bypasses can be as high 
as 77% at 1 year, and limb salvage rates up to 85% at 1 year as 
well. Given the significant comorbidities in many patients with 
CLI, the rate of hospital readmission and poor functional out
come can be very high. Wound healing is adversely impacted 
by the presence of diabetes mellitus and renal failure. 

FIG 18 • S u rve i l l a nce d u p lex of ve i n  bypass. 

COMPLICATIONS 

• Early complications of distal bypasses include bleeding, 
wound infection/breakdown, and graft occlusion. Late 
complications include graft stenosis, limb swelling, graft 
occlusion, and aneurysmal degeneration of the vein bypass.  
Most patients with CLI have concomitant coronary disease 
and the rate of perioperative myocardial infarction can be 
as high as 5 % .  It is very important to maintain patients on 
their cardiac medications in the perioperative period and 
manage fluids j udiciously to avoid precipitating coronary 
events . 
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DEFINITION 

• Acute iliofemoral occlusion is defined as complete or partial 
thrombosis of any part of the iliac vein and/or the common 
femoral vein (CFV), with or without associated femoropop
liteal thrombosis, in which symptoms have been present for 
14 days or less or for which imaging indicates that thrombo
sis has occurred within the past 14 days or less. 1 Acute ilio
femoral occlusion may occur de novo following unprovoked 
deep vein thrombosis (DVT) or may occur (or reoccur) in 
the setting of prior ipsilateral DVT or external compression 
(May-Thurner syndrome or neoplasia ) .  Treatment options 
include ( 1 )  systemic anticoagulation alone; (2) open surgi
cal venous thrombectomy; or ( 3 )  percutaneous intervention, 
including catheter-directed thrombolysis, pharmacomechan
ical thrombectomy, and stenting of intrinsic or extrinsic 
obstructive lesions or masses. 

DIFFERENTIAL DIAGNOSIS 

• Iliofemoral DVT most commonly presents with unilateral leg 
swelling and pain. Although patient history and simple diag
nostic testing can generally distinguish from other causes, dif
ferential diagnoses include cellulitis or worsening of chronic 
conditions such as venous insufficiency or lymphedema. 

PATIENT HISTORY AND PHYSICAL FINDINGS 

• There are three objectives in the treatment of iliofemoral 
thrombotic occlusion: ( 1 )  Prevent propagation of DVT and 
subsequent pulmonary embolism (PE), (2) provide symptom
atic relief for the patient, and ( 3 )  prevent the development of 
postthrombotic syndrome (PTS ) .  

• A thorough history must be obtained prior to  treatment be
cause decisions regarding choice of treatment modality are 
impacted by severity of symptoms as well as the patient's 
overall functional status . 

• Specific risk factors that merit individualized questioning in
clude history of trauma, current or past episodes of DVT or 
PE, history of thrombophilia, history or current diagnosis 
of cancer, and a history of tobacco or substance use. Family 
history of DVT or PE is important to ascertain. A thorough 
investigation of current medications should be undertaken, 
making note of any contraceptive therapy, hormone re
placement therapy, or use of anticoagulation ( i .e . ,  warfarin, 
enoxaparin, etc . ) .  

• Symptoms of  iliofemoral occlusion can range from nonde
script mild symptoms to severe disabling symptoms, and 
manifestations of symptoms can vary widely. Commonly 
reported symptoms of iliofemoral occlusion include limb 
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edema, heaviness, pain, lifestyle-limiting venous claudi
cation, stasis dermatitis, and in advanced cases, venous 
ulcerations.2 Duration of symptoms and consideration of in
citing events at the time of symptom development will help 
differentiate acute occlusion from exacerbation of chronic 
disease. 

• Symptom severity is an important differentiating variable 
in the management rubric of acute iliofemoral occlusion; 
severe and persistent symptoms, especially those continuing 
following the initiation of therapeutic anticoagulation, in
crease the likelihood of long-term disabling sequelae. The 
more severe and persistent the symptoms, the more justified 
the indication for aggressive thrombus removal. 

• A detailed physical examination is essential. Conditions that 
produce symptoms mimicking those associated with iliofem
oral occlusion should be excluded. A thorough abdominal 
and lower extremity pulse examination, with noninvasive 
physiologic testing if necessary, will exclude possibility of 
arterial insufficiency. Comprehensive assessment of periph
eral motor and sensory nerve function and of the spine and 
lower limb joints can rule out these confounding etiologies .  

• The affected limb(s )  should be examined for evidence of 
chronic venous insufficiency and/or stasis dermatitis, as well 
as signs and symptoms of acute DVT. Signs of acute iliofemo
ral occlusion may include pain, swelling, and bluish discol
oration. Extensive thrombus propagation throughout the 
ipsilateral venous system may lead to phlegmasia alba dolens, 
characterized by profound painful swelling and a pale, milk
like skin hue. Further thrombus propagation from the deep to 
the superficial venous system increases outflow obstruction to 
the point of impeding arterial inflow, precipitating phlegmasia 
cerulea dolens, limb threat, and tissue loss. 

• In patients with either acute or chronic venous disease, objective 
evaluation and prognostic stratification is best accomplished by 
using the CEAP (Clinical, Etiology, Anatomy, Pathophysiology) 
system and venous clinical severity score (VCSS) .3•4 

• Because multiple interventions may be required to optimize 
outcome in acute iliofemoral disease, patients' expectations 
should be managed accordingly. In addition, iliac and femoral 
venous intervention commonly requires extended periods of 
postoperative anticoagulation (warfarin and/or low-molecular
weight heparin) to ensure long-term procedural success. The 
likelihood of patient compliance thus represents an additional 
important prognostic indicator. 

• Long-term functional outcomes are discouraging for patients 
who refuse interventional management of acute iliofemoral 
occlusive disease. Forty-four percent of patients treated with 
medical therapy alone will experience venous claudication, 
and up to 60% will develop PTS within 2 years. 5-7 

-
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IMAGING AND OTIIER DIAGNOSTIC STUDIES 

• Imaging provides important prognostic and interventional 
guidance to surgical management of acute iliofemoral 
occlusive disease. Current modalities include duplex ultra
sonography; catheter-based contrast phlebography; and 
reconstructed, cross-sectional, contrast-based whole body 
(computed tomography [CT] and magnetic resonance [MR] ) 
imaging. 

Duplex Ultrasonography 

• In experienced hands, duplex ultrasonography (US) provides 
extremely sensitive and specific information regarding the 
chronicity and extent of infrainguinal venous obstruction. 
Diagnostic accuracy in the iliocaval venous system is less 
predictable due to the presence of overlying bowel gas and 
abdominal adiposity. 

• Duplex-derived criteria for acute venous occlusion in
clude incompressibility under direct vision, partial luminal 
obstruction within the normally echo-free lumen, and absent 
or abnormal venous flow characteristics with respiration or 
following a Valsalva maneuver or distal compression. 8  

• The primary advantages of  duplex imaging include its nonin
vasive nature, avoidance of ionizing radiation or nephrotoxic 
contrast agents, easy reproducibility, portability, and accessi
bility in the outpatient setting. Additionally, substantial cost 
savings are realized compared to other imaging modalities. 
Other advantages include the ability of duplex scanning to 
differentiate hematomas, lymphatic system obstruction, su
perficial thrombophlebitis, and other soft tissue abnormal
ities from deep venous obstruction. Thus, duplex scanning 
is the initial imaging modality of choice in all patients with 
suspected iliofemoral DVT. When sufficient imaging parame
ters are met, definitive therapeutic intervention may be safely 
performed based on duplex-derived anatomic and diagnostic 
imaging alone. 

Computed Tomography Venography 

• CT phlebography is frequently ordered for assessment of 
limb swelling in the inpatient setting. Advantages of this 
modality include nearly universal availability day or night, 
less reliance on skill and experience of the technical staff 
performing the procedure, outstanding spatial resolution, 
reproducibility and sensitivity throughout the entire venous 
system, the simultaneous ability to image pulmonary arterial 
flow and lung perfusion, freedom from limb pain induced 
by direct probe compression during ultrasound examina
tions, and the ability to incidentally diagnose concurrent 
conditions (such as solid organ neoplasia) that may influ
ence thrombogenicity or suitability for treatment with open 
versus endovascular techniques. 

• The modern helical CT phlebogram provides a diagnostic 
sensitivity and a specificity of nearly 100% per year and was 
found to detect previously unsuspected venous thrombosis 
at a prevalence of 1 . 1  % .9•10 

• CT phlebography also provides useful information regard
ing thrombus density (and thus chronicity) ,  the presence of 
residual luminal patency in obstructed veins, and the na
ture and severity of extrinsic iliac vein compression when 
present. 

• The applicability of CT phlebography to the diagnosis of 
venous obstruction is limited by the volume of iodinated in
travenous contrast required to obtain optimal spatial reso
lution in target vessels, as well as considerable whole-body 
radiation exposure inherent in CT imaging. On average, 
the radiation dosage delivered by diagnostic CT phlebogra
phy is equivalent to that of over 1 ,200 chest x-rays or over 
10 years environmental exposure at sea level (dosage equiv
alents courtesy of Radiation Physics Department, Stanford 
Hospital & Clinics ) .  This is particularly true in patients 
with reduced creatinine clearance, women of childbearing 
age who may be pregnant, or in children. For many rea
sons, including the considerable expense associated with the 
study, CT phlebography should not be considered a first-line 
study but rather reserved for patients in whom duplex scan
ning does not provide sufficient anatomic guidance or where 
additional diagnoses (e .g . ,  pulmonary embolization, solid 
organ malignancy, or external iliac vein compression, etc . )  
merit evaluation or exclusion. 

Magnetic Resonance Venography 

• MR phlebography shares many of the advantages and dis
advantages of CT-derived cross-sectional imaging, including 
the ability to obtain high-quality, high-resolution images of 
surrounding soft tissues and delineate the extent of accom
panying lymphadenopathy, soft tissue sarcomas, venous an
eurysms, malformations, and compression syndromes that 
may influence treatment and long-term management consid
erations. MR phlebography also provides a sensitivity and 
specificity of nearly 1 0 0 % ,  respectively, in the diagnosis of 
acute iliofemoral venous occlusion. 1 1 

• However, unlike computed tomography venography (CTV) ,  
magnetic resonance venography (MRV) can be used during 
pregnancy and provide reduced risk of nephrotoxicity in 
patients with reduced creatinine clearance (although gadolin
ium is contraindicated in patients with an estimated glomeru
lar filtration rate [eGFR] of more than 60 mL per minute) .  

• Contraindications for MR-based venous imaging include the 
presence of implantable pacemakers/defibrillators/infusion 
systems or other ferromagnetic devices and surgical clips/ 
endografts, as well as claustrophobia in affected patients. 
MR studies are also expensive compared to duplex US, and 
dedicated personnel and equipment are less widely available 
than are modern, multirow-detector CT imaging capabili
ties. Thus, MR phlebography is considered most appropri
ate as a secondary examination in the absence of suitable 
duplex imaging or in the presence of contraindications to 
CT phlebography. MR phlebography may be particularly 
useful in the evaluation of coexisting or complicating ipsilat
eral or central venous vascular malformations. 

Catheter-Based Contrast Phlebography 

• Despite continuing improvements in the quality and wide
spread availability of noninvasive imaging, catheter-based 
contrast phlebography remains the gold standard for ilio
femoral venous evaluation. Sensitivity and specificity are 
also nearly 100%,  and in addition to anatomic information, 
physiologic venous pressure and flow information are also 
provided throughout the iliocaval system when accessed in a 
retrograde fashion from the CFV. 
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• Typical fluoroscopic findings include abrupt vessel cutoff in 
the case of total occlusion or visualization of a filling defect 
with residual luminal flow around the margins, a phenom
enon known as "tram tracking. "  

• A n  obvious limitation i s  the relatively high degree of 
operator dependency, both in terms of physician and facility 
capabilities. Catheter-based contrast phlebography may be 
nondiagnostic in up to 1 8 %  of cases due to misinterpreta
tions, artifacts, or superimposition of overlying structures. 12 

Thus, experience and suitable infrastructure are necessary to 
ensure accuracy and precision. 

• Other major drawbacks include the inherent invasiveness 
of the procedure and attendant procedural risk, radiation 
and contrast exposure (although significantly less than that 
required for CT imaging) ,  and cost. Thus, contrast phle
bography is also inappropriate as the initial diagnostic mo
dality for most patients and best employed in conjunction 
with planned interventions directed at active thrombus 
removal. 

Intravascular Ultrasound 

• Intravascular ultrasound (IVUS) with the 9F Volcano IVUS 
catheter (Volcano Corporation, San Diego, CA) provides 
direct intraluminal visualization during catheter-based phle
bographic assessment and intervention. 

• IVUS-based imaging allows for precise measurement of cross
sectional area and maximum and minimum lumen diameter. 
Flow within the residual lumen may be determined, as well 
as precise analysis of residual luminal irregularities. The 
superior two-dimensional imaging characteristics of IVUS 
compared to contrast phlebography make this modality the 

PERCUTANEOUS MANAGEMENT OF 

ILIOFEMORAL DEEP VEIN THROMBOSIS 

( +/- VENOUS COMPRESSION SYNDROMES) 

Duplex-Guided Femoral Vein Access 

• Access s ite is chosen based on d u p lex US f ind i ngs, proxi
mal (per iphera l )  to the site of th rom botic occ lus ion .  Th i s  
may be the CFV i n  patients with isolated i l i ac  DVT or  the 
popl itea l o r  t ib ia l  ve i n s  i n  patients with i l iofemora l  DVT. 

• U n d e r  u ltrasou n d  g u i d a nce, a 0 .01 8- in  m icropu ncture 
set is  used to access the ta rget ve i n .  In the sett i n g  of 
proxi m a l  o bstruct ion,  the ve i n  i s  typ ica l ly l a rge  and eas i ly  
identifi ed .  Wi re a n d  catheter exchanged i s  performed to 
u ps ize to a 5-Fr  i ntervent iona l  sheath . 

Baseline Phlebography 

• The i n it i a l  p h l e bogram is performed e ither  through the 
i nterventiona l  sheath o r  through a d i a g n ostic catheter 
adva nced to the suspected site of occl us ion .  When us ing  
d i g ita l s u btract ion  a n g iography, a m ixtu re of  50% Vis i 
paque and 50% sa l i n e  provides adequate vo l u m e  a n d  
v isua l i zat ion w h i l e  m i n i m iz i n g  contrast l o a d .  

• The ease with which g u idewire passage is accomp l ished, 
as wel l  as h istor ical  i nformation regard i n g  d u ration 
of sym ptoms, i nforms i nterventiona l  decis ion mak ing .  

measurement instrument of choice when assessing extrinsic 
iliac vein compression from tumors or overlying iliac arteries 
(e .g. ,  May-Thurner syndrome) . 

INTERVENTIONAL AND SURGICAL 

MANAGEMENT 

Preoperative Planning 

• Serologic and hematologic evaluation should include the 
basic metabolic panel {to assess renal function and concomi
tant electrolyte abnormalities ) ,  complete blood count, and a 
coagulation profile. It is also important to ascertain the sta
tus of anti platelet or anticoagulation therapies when present 
(e .g. ,  dose, dosing frequency, prior complications, etc . ) .  

• Prior to  operative intervention, the index treatment limb 
should be marked as required for World Health Organiza
tion's preoperative checklist and "time-out" requirements 
and extent and severity of edema " baselined" for future 
comparison. 

• When appropriate access requires multiple sites (e .g . ,  bilat
eral femoral and/or internal jugular vein approaches) ,  those 
should be marked and initialed as well. 

Positioning 

• Patients can be placed supine or prone depending on the 
site necessary for access .  On the operating table, the pa
tient should be placed supine, with their arms secured at 
the side to facilitate ancillary access from the groin or 
neck. When popliteal access is required, prone positioning 
is required. 

Patients with sym ptoms of less than 7 days d u ration a re 
freq uently conc lusively treated with s ing le-sess ion phar
macomechan ica l  throm bectomy, whereas patients with 
longer d u ration w i l l  more freq uently req u i re pretreat
ment with m u ltiday cou rses of catheter-d i rected throm
bo lyt ic thera py. The i n it ia l  ph lebogram is i nstru mental  in  
determ i n i n g  the cou rse of therapy i n  th i s  regard .  Regard
less of approach, the goa l  of thera py i s  to ach ieve rapid 
thrombus remova l, m i n i m ize venous obstruct ion, reduce 
the l i ke l i h ood of venous valvu l a r  damage, uncover under
ly ing venous com p ress ion syndromes, and  at least theo
retica l ly, reduce l i ke l i hood of symptomatic recu rrence. 

Catheter-Directed T hrombolysis 

• U nt i l  recently, catheter-d i rected throm bolysis has been 
the m a i nstay of i ntervent iona l  ma nagement for i l i o
femora l DVT. Fo l lowing g u i dewire traversa l of thrombus, 
treatment length i s  determi ned via i nsert ion of a ma rker 
catheter. Subsequently, a n  appropr iately s ized s ide
hole i nfus ion catheter i s  positioned over the occl u d i n g  
thrombus .  I nfus ion catheters come w i t h  i nfus ion (perfo
rated segment lengths) ra n g i n g  from 5 to 50 em or  lon
ger, and  i nfus ion segment length shou ld  be se lected to 
d i rect i nfusate specifica l ly  i nto l u m i n a l  thrombus on ly
for exa m p l e, not i nto patent l u m i n a l  seg ments where it 
w i l l  be rap id ly  d issi pated i nto the venous  and system i c  
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c i rcu lat ion .  P r io r  to i n it iati ng i nfus ion,  the m u lt ipu rpose 
g u idewire used to position the catheter i s  exchanged for 
a p u rpose and  catheter-specific end-occ lus ion wi re, wh ich 
typica l ly forces the i nfusate to exit th roug h the s ide holes 
rather  than  leak out coaxia l l y  a long the g u idewire l u m e n .  
Once proper posit i o n i n g  is  obta i n ed, a conti n uous i nfu
s ion of t issue p lasm i nogen activator (tPA o r  a ltep l ase, 
Gene ntech, San Franc isco, CA) i s  i n it iated at the rate 
of 0 .25  to 1 .0 mg per h o u r, depen d i n g  on the extent of 
thrombus  burden a n d  perceived chron ic ity. A concur
rent, coaxia l  hepar in  i nfus ion (400 to 700 u n its per h o u r) 
is a d m i n istered through the sheath to p revent thrombus  
accu m u lat ion around the i nfus ion system .  
Mon itor ing i n  a step-down or  i ntensive care environment 
i s  a n  essenti a l  safety req u i rement dur ing extended per i
ods of catheter-d i rected i ntravenous throm bolysis outs ide 
of the cath lab .  F ibr inogen levels, coagu lat ion profi l e, and  
hematocrit a re assessed every 4 to  6 hours.  Typica l ly, tPA 

reduce the d u rat ion of i nfus ion a n d  tota l tPA dose. Th i s  
6-Fr catheter is  a l so ava i l a b l e  i n  m u lt ip l e  i nfus ion lengths  
a n d  conta in s  a core  w i re prod uc ing  u ltraso u n d  energy 
that may d i s rupt f ibr in  bonds and i ncrease tPA d iffus ion 
with i n  thrombus .  C l i n ica l  stu d ies h ave demonstrated 
equ iva lent c l i n ica l  o utcomes with red uced i nfus ion t imes 
us ing  the E KOS system .  

Pharmacomechanical Thrombectomy 

• Pha rmacomech a n ica l  t h rom bectomy (PMT) uses mechan
ica l  forces to ass ist tPA d i spers ion with i n  the thromb us, 
typica l ly d u ri n g  a s i n g l e  treatment sess ion .  Concu rrent 
asp i rat ion capa b i l it ies h e l p  rem ove th rom bus  fragments 
d u r i n g  treatment sess ions .  Devices cu rrently used for th i s  
pu rpose i n  the venous  system inc lude the Ang ioJet cath
eter ( M E D RAD, Wa rrenda le,  PA) and Tre l l i s (Covid ien ,  
M a nsfie ld ,  MA)  i nfus ion systems.  

infus ion is ha lted if/when f ibr inogen levels d rop below • The Ang ioJet systems comprise an i nfus ion catheter a n d  
ded icated reusa b le  d r ive u n it .  Rad i a l ly or iented i nfus ion 200 mg/d l or evidence of bleed ing  i s  present. Repeat ph le-

bography i s  performed every 12 to 24 hours to assess ther
a peutic prog ress and  res idua l  thrombus load.  As thrombus 
burden recedes, rep lacement catheters with shorter infu-
s ion segments a re typica l ly chosen to concentrate drug • 

de l ivery with i n  the rem a i n i n g  c lot. I nfus ion rarely cont in
ues beyond 48 hours regard less of  prog ress, as exper ience 
has demonstrated that com p l icat ion rates va ry d i rectly 
with tota l tPA dosage and length of infus ion.  Also, infu
s ion rates may be reduced when s ign ificant prog ress is  
noted d u ring  per iodic ph lebograph ic  assessment, aga in  
to red uce risks of  dosage-related b leed ing  com p l icat ions 
whi le  sti l l  pursu ing  com plete d isso l ut ion of c lot. 
U ltrasound-ass isted thrombolysis u s i ng  the E KOS i n 
f u s i o n  catheter (E KOS Corporation, Bothe l l ,  WA) may 

A B 

ports generate h igh-press u re jets to d isperse hepari n i zed 
sa l i ne,  with o r  without tPA, i nto the thrombus  and an 
adjacent asp i rat ion port to export fragments and debr is .  
The Ang ioJet catheter i s  most common ly  used i n  acute 
i l iofemora l  occ lus ion  in the " power pu lse"  mode; in th i s  
sett ing ,  the  asp i rat ion funct ion of the catheter is  tem po
rar i ly  d isab led,  whereas tPA pu l sat ion i s  de l ivered d i rect ly 
i nto the thrombus .  Typ ica l ly, 6 to 8 m g  of tPA is  de l ivered 
i n  this fash i o n  at the beg i n n i n g  of a treatment sess ion .  
With  power p u lse activated, the catheter is  repeated ly  
advanced a n d  withd rawn through the thrombus  over 
the g u idewire (FIG 1 ) .  After a l lowing the tPA to dwe l l  
f o r  1 0  t o  1 5  m i n utes, the asp i rat ion funct ion  i s  activated 
and thrombus  rem oved to the g reatest extent poss ib le .  

FIG 1 • A. The 6-Fr Ang ioJet throm bectomy catheter i s  usefu l i n  the treatment of DVT. Th is  catheter i s  advanced through a 
sheath s ituated i n  the popl itea l or femora l  ve i n  over a 0 .035- in  g u idewire.  The catheter has  rad i a l l y  or iented i nfus ion s ide  ho les  
that de l iver sa l i n e  a n d  tPA d i rect ly i nto the thrombus  (B) a n d  asp i rat ion ports that remove d issolved thrombus  a n d  debris .  

2 1 1 9  



2 1 20 P a r t 6 OPERATIVE TECHNIQUES IN VASCULAR SURGERY 

FIG 2 • The Tre l l i s per iphera l i nfus ion system is an 8-Fr 
catheter with a s i n g l e-use d isposa b le  d r ive u n it .  The catheter 
has  com p l iant  occ lus ion  ba l loons that a re i nflated o n  e ither  
s ide  of the treatment zone after advanc ing  the catheter over 
the g u idewire through the thrombus .  The treatment zone 
of the catheter (e ither  1 5-cm o r  30-cm length) conta ins  both 
i nfus ion side ho les  and asp i rat ion ports. (F ig u re cou rtesy of 
Covid ien ,  © 201 4.) 

• The Tre l l i s system is com posed of an i nfus ion catheter 
of either 1 5- or  30-cm i nfus ion length,  with com p l i a nt 
occ lus ion  ba l loons at e ither  end of the i nfus ion ports 
(FIG 2) .  Fo l lowing p l acement over the g u idewi re, the 
end occ lus ion  ba l loons a re i nf lated i n  order  to i so late 
the a rea of p l a n ned p h a rmacomech a n ica l  t h rombo lysis 
(FIG 3) .  A s i n uso ida l  d i spers ion wi re i s  then advanced 
through the core of the catheter and attached to a d is
posa b l e  d rive u n it, wh ich  when activated uses mechan i 
ca l  forces to d i sperse the tPA through the thrombus .  
After a n  i nfus ion of  6 mg of tPA over  the span of 10  min
utes, asp i rat ion of thrombus  a n d  debris  i s  performed 
from the treated segment. The occ lus ion  ba l loons con
centrate tPA with i n  the treatment seg ment, e n a b l i n g  
m u lt i p l e  i nfus ion a n d  d ispersa l sess ions  d u ri n g  the s a m e  
proced u re w i t h  m i n i m a l  system i c  de l ivery o f  t h rom bo
lyt ic  agent (FIG 4) .  

Stenting of  Underlying Venous Stenoses or  Venous 
Compression Syndromes 

• Fo l lowing c learance of acute thrombus from the i l iofem
ora l  system, u nder ly ing venous lesions that provoked DVT 

B c 

FIG 3 • Once the Tre l l i s catheter is i n  posit ion, the g u idewire 
is rep laced by the mech a n ica l  d ispers ion wi re, which i s  
attached to the d rive u n it a n d  enab les the treatment port ion 
of the  catheter to osci l l ate back a n d  forth (arrow) to fac i l itate 
tPA d ispers ion .  Dur ing  the 1 0-m i n ute treatment t ime, tPA is 
i nfused thro u g h  the i nfus ion port at a rate of 1 mg ( 1  m l) per 
m i n ute, and fo l lowi n g  treatment, the d i ssolved thrombus a n d  
rem a i n i n g  tPA i s  asp i rated thro u g h  the asp i rat ion  port .  

• 

formation, or foca l externa l  compress ion may become 
apparent on com p l et ion ph lebography. These les ions 
should be add ressed dur ing the same treatment sess ion 
to m i n i m ize the r isk of recu rrence. IVUS may be part icu
l a r ly usefu l  i n  th i s  regard .  
Altho u g h  f ixed stenoses may occur  t h roug hout the 
venous  system, the most com m o n  location for extr ins ic  
compress ion  occu rs at the point  where the left common 
i l i ac  ve i n  passes beneath the over ly ing r ight  common 
i l i ac  a rtery (RC IA) (FIG S) .  After recog n i z i n g  th i s  com
p ress ion  a n d  successfu l  remova l of  thrombus  p roxi m a l  or  
d ista l to th i s  les ion,  the stenosis  may be safely resolved 
with stent ing (FIG 6) .  This i s  best performed by ups iz ing  
the i ntervent iona l  sheath to at least 10  F r  fo l l owed by 

FIG 4 • Patient with  l eft i l iofemoral  venous throm bosis 
secondary to M ay-Thurner  syndrome.  Note the extensive 
thrombus with i n  the i l iac and femoral ve ins  (A). B,C. The 
patient is be ing treated i n  the prone posit ion through 
popl itea l vei n  access. The Tre l l i s  catheter has been i nserted 
and advanced through the thrombus, and the occl us ion 
ba l loons a re i nflated on e ither s ide of the treatment 
zone (arrows). Note the osc i l lat i ng d ispersion wire that 
i m p roves tPA de l ivery dur ing  infus ion.  
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F IG S • I ntravasc u l a r  u ltraso u n d  i s  the most sens itive 
assessm ent tool for detect ing  M ay-Th u rner  com p ress ion of 

i l i ac  ve i n  p lacement i n  May-Thurner  patients range from 
1 6  to 20 mm. In this a p p l icat ion, it i s  i m portant to choose 
longer  stents that p rovide  add it iona l  su rface a p posit ion 
i n  the com mon o r  even externa l  i l i ac  ve in s  to present 
stent d is lodgement and m i g rat ion .  Wa l l stents a re par
t i cu la r ly appropr iate i n  th i s  rega rd as they w i l l  shorten or  
exten d  i n  p roport ion to the u lt imate treatment d i a m eter 
and featu re exposed wi res at e ither end  to opt im ize ve i n  
wa l l  engagement.  

the left common i l i ac  ve i n .  A. The RCIA i s  lyi n g  d i rect ly over • Once a ppropr iately s ited a n d  dep loyed, poststent d i l a 
t ion  i s  necessa ry to ensure opti m a l  dep loyment a n d  
m i g rat ion resista nce.  S o m e  d i scomfort w i l l  be exper i 
enced by the "awake" patient d u ri n g  these proced u res, 
a n d  stent ing m o l d i n g  shou ld  be g u ided by patient to ler
ance u n d e r  these c i rcumstances. 

and compress ing  the  left common i l iac  ve i n  (between yellow 
arrows). B. Fo l lowing stenti n g  of the l eft com m o n  i l iac  ve in ,  
there i s  com p l ete reso l ut ion of  the compress ion  by  the RCIA. 

• 

dep loyment of a se lf-exp a n d i ng ,  bra ided,  sta i n l ess stee l  
Wa l l stent (Boston Sc ient if ic, Watertown, MA) .  I n  con
j u nct ion  with com p l et ion  venography, IVUS i s  then used 
to q u a ntify the extent of res i d u a l  compression .  
Stent d i a m eter i s  chosen based on IVUS-obta ined mea
s u rements, but d i a m eters com m o n ly chosen for com m o n  

FIG 6 • Stent ing o f  the left c o m m o n  i l i ac  ve i n  f o r  M ay
Thurner  synd rome is  performed with a bra ided se lf-expa n d i n g  
sta i n less stee l  stent, usua l ly i n  d i a meters ra n g i n g  from 1 6  to 
20 m m .  

OPERATIVE MANAGEMENT OF 

ILIOFEMORAL DEEP VEIN THROMBOSIS 

Iliac Venous T hrombectomy 

• For most c l i n ica l  scenar ios, open venous  throm bectomy 
has l a rge ly  been s u p p l a nted by the i ntervent iona l ,  
image-g u ided tech n i q ues descri bed i n  the p reced i n g  
sect ions .  I n  patients w i t h  l i m b-th reate n i n g  p h legmas ia  
ceru lean  do lens  o r  those with contra i n d icat ions  to lyt ic  
thera py or  contrast a d m i n i strat ion ,  open s u rg ica l  t h rom-

Completion Imaging 

• Co m p l et ion  p h l ebography documents reso l ut ion  of 
target ste nos i s  a n d  rec i p roca l reduct i o n  i n  co l l atera l 
ve nous  f l ow. 

• The presence of pers i stent co l l atera ls  suggests res i d u a l  
venous  stenos is  or  compress ion;  I V U S  shou ld  be reper
formed in th i s  c i rcu msta nce to confi rm wa l l  a p posit ion 
and stent expa ns ion .  Repeat ba l loon d i lat ion may be 
necessa ry i n  these c i rcumstances unti l  suffic ient expa n
s ion i s  ach ieved . 

Closure of the Femoral Vein Access 

• Fo l l owi n g  sheath rem ova l ,  m a n u a l  pressu re is he ld  over 
the venous  p u nctu re site. C losure devices a re not appro
pr iate o r  i n d icated for m a nagement of venous  access. 

• 

• 

• 

Patients need to rem a i n  sup ine  for at l east 1 h o u r  fo l l ow
ing  sheath remova l .  
Therapeut ic  i ntravenous  a nticoa g u lat ion with u nfrac
t ionated hepar in  i s  i n it i ated at the com p l et ion of the 
p roced u re .  M a i ntenance of fu l l  a nt icoag u l at ion without 
i nterrupt ion throug hout the ear ly postoperative per iod 
i s  i m perative to proced ura l  success. 

venous  structures h ave exposed, the pat ient i s  system i 
ca l l y  a nt icoa g u l ated w i t h  1 00 u n its/kg o f  i ntravenous  
hepa r i n .  

bectomy rema ins  a n  effect ive a n d  necessa ry treatment • 

A long itud i n a l  venotomy is made i n  the CFV, a n d  a no .  8 
or no .  1 0  venous  throm bectomy catheter is then passed 
up to the level of the com m o n  i l iac  ve i n  and throm
bectomy is  performed.  Attem pts a re made to c lear  the 
majority of the i l i ac  thrombus  before pass ing  the throm
bectomy catheter i nto the vena cava i n  order to reduce 
the l i ke l i hood of p u l m o n a ry embo l izat ion .  
Back-bleed ing  may not  be p resent d u e  to com petent 
i l i ac  ve i n  va lves, or  back-bleed i n g  can occur  from the hy
pogastr ic ve i n  even without c leara nce of the thrombus  
with i n  the common i l i ac  ve i n .  Therefore, back-b leed i n g  
shou ld  n ot be u s e d  as  a n  i n d icator o f  effect ive throm
bus  c leara nce a n d  venography shou ld be performed 
as a rout ine  after comp let ion of i l iac  a n d  i nfra i n g u i n a l  
throm bectomy. 

moda l ity. 
• Whenever poss ib le,  surg ica l  throm bectomy is performed 

under genera l  a nesthes ia  with pos it ive pressu re venti la 
t ion  to reduce the r isk of i ntraoperative PE .  

• A vert ica l i n g u i n a l  i nc i s ion is made to a l l ow expos u re 
a n d  control  of the  CFV, femora l  ve in ,  saphe nofemora l  
j u nct ion,  a n d  the  profunda  femor i s  ve i n .  Once these 
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Infrainguinal Femoral Venous T hrombectomy 

• Fo l lowing i l i ac  venous  throm bectomy, hepar in ized sa l i n e  
s h o u l d  be used t o  f l u s h  the i l i ac  ve in ,  the prox ima l  exter
n a l  i l i ac  ve i n  (or d i sta l  CFV) shou ld  be c lam ped, a n d  then 
any thrombus  at the prox i m a l  (per iphera l )  aspect of the 
venotomy shou ld be extracted with forceps. 

• l nfra i n g u i n a l  thrombus  ca n then be removed by m a n u a l  
massage o r  b y  exsa n g u i nati ng the  leg w i t h  a n  Esm a rch 
bandage, seq uenti a l ly a p p l ied from the foot to the 
groin, with suffic ient over lap  to prov ide conti nuous  com
p ress ion (FIG 7) .  C lot i s  de l ivered thro u g h  the ve notomy 
at the g ro i n .  

• After open t h rom bectomy is com p l ete, the venotomy is  
c l osed with r u n n i n g  conti n uous  monofi l a m ent sutu re, 
avo i d i n g  postc losure str ictu re of the CFV by p recis ion  
suture  p lacement.  I f  na rrowing i s  apparent, ve i n  or  
bov ine  per icard i a !  patch ang iop lasty may be performed 
as necessa ry to restore l u m i n a l  d i a m eter. 

Adjunct Arteriovenous Fistula Creation 

• Rates of rethrom bosis fo l lowi ng surg ica l  throm bectomy 
can be as  h i g h  as  80 % .  Creat ion of an a rter iove nous  fis
tula (AVF) may s ign if icant ly reduce this r i sk and a re i n co r
porated i n  the p roced u re by most s u rgeons .  

• B a l loon throm bectomy can be performed us ing a no. 3 • The same gro in  inc i s ion may be e m p l oyed for AVF cre
ation, transposi n g  the proxi m a l  segment of the i ps i l at
era l  g reater saphenous  ve i n  to the su perfic i a l  femora l  
a rtery (FIG 8) .  

throm bectomy catheter passed from t h e  venotomy in  the 
CFV in  a retrograde fash ion down toward the popl itea l and 
tibial ve ins .  Fol lowing throm bectomy, the infra i ngu ina l  ve-
nous circulation should be f lushed vigorously with hepar in- • Surg ica l  l igat ion or i nterventiona l  occ lus ion of the AVF i s  

u lt i mately req u i red for opti m a l  long-term outcome, usu
a l ly emp loyed with i n  6 weeks fo l lowing  the proced u re . 
Docu mented patency of the venous system shou ld  be 
demonstrated on fo l l ow-u p  d u plex i m a g i n g .  Fa i l u re to 
close th i s  fistu la  may resu lt in s ign if icant long-term l i m b  
and  card iovascu l a r  com p l i cat ions, and  fo l l ow-u p  i s  essen
t ia l  to ensure that th i s  part of the procedure i s  com pleted. 
Open t h rom bectomy proced u res by their nature a re 
associated with s ign if icant b lood loss from the centra l 
venous  system, a n d  preparat ions shou ld  be made both 
to crossmatch and bank suffic ient packed red b lood ce l l s  
(RB Cs), as we l l  as  e m p l oy operative scave n g i n g  systems t o  
recycle  a n d  rei nfuse l ost b l ood to ensure t h a t  appropr iate 

• 
ized sa l i ne before c losure of the venotomy. 
I f  i nfra i n g u i n a l  thrombus  pers ists after t h rom bectomy, 
a d d it iona l  tech n i q ues for thrombus  rem ova l i nc l ude  
on-ta b le  tPA a d m i n istrat ion .  For on-ta b le  tPA a d m i n 
i strat ion,  6 m g  o f  a ltep lase i n  2 0 0  m l  s a l i n e  i s  i nfused 
retrog rade i nto the  femora l  ve i n  through the ve notomy 
i n  the CFV, then the ve i n  i s  c l am ped and the solution i s  
a l lowed to dwe l l  for 10 to 30 m i n utes. • 

• If the i nfra i n g u i n a l  venous  t h rom bectomy is not success
ful d u e  to chron ic  thrombus  in the femora l  ve in ,  the fem
o ra l  ve i n  is  then l igated be low the p rofu nda,  and ba l l oon 
throm bectomy i s  then performed on the profu nda ve i n  
a n d  its branches .  

FIG 7 • Acute thrombus can genera l ly be extracted d u r i n g  
o p e n  surg ica l  throm bectomy b y  exsa n g u i nat i ng the l e g  
w i t h  a n  e la st ic  Esma rch tourn iq uet. After perform ing  t h e  
venotomy i n  the CFV i n  the g r o i n ,  the tou r n i q uet i s  wra pped 
from the foot u p  to the groin,  expe l l i n g  thrombus thro u g h  
the venotomy. 

FIG 8 • Patency rate fo l lowi ng open surg ica l  throm bectomy 
is  s ign if icant ly i m p roved by creat ion  of an AVF. Fo l lowing 
t h rom bectomy of the  i l i ac  a n d  femora l  vei ns, the venotomy 
is  c losed with r u n n i n g  monofi l a m ent suture and an end-to
side anastomosis  i s  created between the sa phenous  ve i n  a n d  
superfi c i a l  femora l  a rtery. 
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hemodyn a m i c  co n d it ions  may be m a i nta ined through
out the p roced u re .  

Completion Imaging 

• 

• 

Com p l et ion  venography of the i l iac  venous  system shou ld  
be performed fo l lowi ng open s u rg ica l t h rom bectomy to  
assess the  adequ acy of  the t h rombectomy. 
Fo l lowing c losure of the venotomy a n d  reesta b l i shment 
of venous f low through the i l iofemora l  venous system, 
a n  1 8-gauge access needle and g u idewire can be used to 
pu nctu re the CFV and p lace a 5-Fr sheath.  Contrast i njec
t ion d i rectly through th i s  sheath is performed to eva l uate 

POSTOPERATIVE CARE 

• Following open surgical thrombectomy, full therapeutic 
anticoagulation is imperative to prevent rethrombosis. An 
intravenous heparin infusion is immediately initiated and 
maintained for 24 to 48 hours before the patient is transi
tioned to oral anticoagulation with a low-molecular-weight 
heparin bridge prior to discharge. 

• Ambulation should begin on the first postoperative day. 
Patients may usually be discharged within 48 to 72 hours 
following thrombectomy. 

• On discharge, the patient should be placed in elastic com
pression stockings ( 30- to 40-mmHg ankle gradient) ,  and 
the importance of compression should be stressed to the 
patient in the discharge instructions. 

OUTCOMES 

Endovascular Intervention 

• Pharmacomechanical venous thrombectomy provides clinical 
success rates of 70% to 100% and may reduce the incidence of 
the PTS, although this latter conclusion remains controversial. 

• Following successful procedures, long-term venous patency 
is reported at 84% in 5 years. 

• Valvular competence is preserved at 8 0 %  in 5 years and 
56% in 10 years in recent series. 

Surgical T hrombectomy 

• Surgical thrombectomy provides long-term iliac venous pa
tency, with rates approaching 80% when combined with in
clusion of a temporary AVE 

• At 5 years, over one-third of patients can be expected to be 
symptom free and have retained valvular competence. 

the i l iac  ve in s  and assess for resid u a l  thrombus .  Fo l lowing 
venography, the sheath i s  rem oved, a n d  a s ing le  mono
f i lament stitch can be used to close the p u nctu re site. 

Wound Closure 

• A ca refu l sea rch for a ny transected lymphat ics shou ld  be 
con d u cted prior to wound c losure .  

• A closed suction d ra i n  shou ld  be p laced in the gro in  
wo u n d  to prevent seroma form atio n .  

• The wou n d  is then closed with m u lt i layered r u n n i n g  
a bsorba b l e  sutures f o r  hemostat ic  a n d  lym p hostat ic  
c losure .  
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